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Endometriosis: harmful survival of an ectopic tissue
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1. ABSTRACT

Endometriosis results from implantation of
endometrial tissue outside the uterine cavity. Endometriosis
might remain asymptomatic and discovered accidentally.
However, it may cause symptoms, which include chronic
pelvic pain, bleeding, infertility, and increases
susceptibility to development of adenocarcinoma. The most
prevailing hypothesis is that endometriosis results from
implantation of endometrial tissue that gains access to
peritoneal cavity by retrograde flow during menstruation.
The factors contributing to the establishment and
persistence of the endometriotic lesions (plaques) most
probably include abnormalities of the genital tract, genetic
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predisposition, hormonal imbalance, altered immune
surveillance, inflammatory response and abnormal
regulation of the endometrial cells. The mediators that
contribute to survival and progression of endometriosis are
likely involved in the development of the symptoms of this
process. Genomic studies have started to delineate the wide
array of mediators involved and the complex genetic
background required in the development of endometriosis.
This review summarizes our current knowledge regarding
the pathogenesis of endometriosis, including progress made
with transgenic animals, and a clinical perspective on the
diagnosis and management of this common process.
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Figure 1. Pelvic and abdominal predilection sites of
endometriosis and adenomyosis. 1: Adenomyosis of the
uterine myometrial wall;Endometriotic implants on/in the -
2: Sacrouterine ligament, 3: Ovary (superficial, deep
endometriomas and chocolate cysts), 4: Cul de Sac, 5:
Rectovaginal septum,6: Tubal wall, 7: Bowel wall, 8:
Urinary bladder, 9: Inguinal canal, 10: Abdominal wall

2. INTRODUCTION

2.1. Disease or “condition”?

Endometrium constitutes the lining of the uterine
cavity. Endometriosis is the condition when endometrial
tissue persists outside the uterine cavity (Figure 1). It is
recognized as the third leading cause of gynecologic
hospitalization in developed countries, and a leading cause
of hysterectomy (1). This entity has been described long
ago (2) and termed first “adenomyoma”.

It may occur in up to 45% of reproductive age
women if the existence of ectopic endometriotic lesions
verified by laparoscopy is the sole parameter considered
(3). Not all these women, however, present with the typical
clinical symptoms and consequences: chronic pelvic pain,
pelvipathy, infertility, and increased pelvic cancer
susceptibility (4).

It is peculiar, that symptom severity does not
correlate well with the extent or progression of the lesions
(5). Minor laparoscopic findings might come with severe
complaints, while extensive lesions might remain
undetected and revealed only accidentally. The exact roles
of the different factors contributing to the establishment
and persistence of the endometriotic lesion (plaque) are still
not fully understood. These most probably include

596

developmental or acquired abnormalities of the uterus
and/or the tuba, genetic constitution, hormonal anomalies,
altered immune surveillance as well as deranged cellular
regulation of the ectopic endometrial cells.

The factors involved in development of the
symptoms and consequences of endometriosis also await
further clarification. Among them inflammatory mediators
are suspected to be responsible for a major part of the
untoward effects: pain of dysmenorrhea, altered tubal
motility and eventually for the infertility as well. It seems,
nevertheless, that certain inflammatory mediators also
contribute to enhance the ability of the endometriotic cells
to survive in a hostile environment like the peritoneal
cavity and to evade immuno-surveillance.

The occasional and transient occurrence of
dislocated endometrial tissue at ectopic sites may be a norm
for almost every fertile woman (6). Hence its milder forms
have been proposed to represent a condition rather than a
disease (7). Nonetheless, the factors that permit or favor the
survival and progression rather than disappearance of this
tissue, as well as the consequences inevitably turn this
condition into a — sometimes debilitating — disease.

3. ETIOLOGY AND PATHOGENESIS

3.1. Dislocation or metaplasia?

The first attempt to address the pathogenesis of
endometriotic lesions is often cited and referred as
Sampson’s theory (8). According to his theory the disorder
results from retrograde menstruation sloughed through
patent fallopian tubes into the peritoneal cavity (Figure 2).
Currently it represents the most recognized pathogenic
model for pelvic endometriosis. The presence of
endometrial tissue in certain distant extrapelvic sites has
been explained by possible lymphatic or vascular
metastasis (9). The major shortcoming of this theory is the
fact that nearly all women of reproductive age exhibit some
degree of retrograde menstruation (10), but only 10-16%
develops symptomatic endometriosis.

The metaplastic theory (11) is based on the
ability of coelomic epithelium to convert into different
types of tissue. The induction theory extends the
metaplastic theory by emphasizing the role of menstrual
effluent in the initiation of coelomic metaplastic process
(12). Endometrial metaplasia might be induced by soluble
factors released from the effluent (13). Although these two
chief theories might be considered complimentary the most
evidence has been accumulated in support of Sampson’s
theory.

Nonetheless, not a single theory can explain the
versatile occurrence of endometriosis. Coelomic metaplasia
theory might account to some extent for the development of
endometriosis in the ovaries, peritoneum, and urinary
bladder due to their common origin in the coelomic
epithelium. Lesions in the rectovaginal space and uterine
ligaments are predominantly characterized by smooth
muscle hyperplasia more resemblant to adenomyotic tissue,
while menstrual shedding occurs predominantly in
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endometriosis (14, 15). Others propose that metaplasia of
primitive pericytes serve as the source of aberrant
endometrial proliferation in both, adenomyosis that
infiltrates the uterine wall and endometriosis outside of the
uterus (16, 17).

A third theory has been put forward to explain
isolated endometriotic lesions in distant organs without
signs of pelvic endometriosis, or where reflux menstruation
can be excluded as a source: e.g. prostate of estrogen-
treated men (18), or in teenage girls prior to the menarche
(19). The “embryonic rest millerianosis” (20) considers
embryonic residuals of the Millerian duct that have
preserved their ability to proliferate as the source of
isolated endometriosis.

3.2. Endogenous etiologic factors
3.2.1. Genital tract abnormalities

Women suffering from endometriosis tend to
have higher volumes of refluxed menstrual blood and
endometrial-tissue fragments than women without the
disorder (21). Obstructions affecting the route of the
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dissemination of the shed endometrial fragments. Mullerian
duct abnormalities (22) especially outflow obstructions (23)
and narrowing of the cervical os (24) are considered the
main contributing factors. Abnormal motility of the uterus
(hyperistalsis) may also play a role (25, 26).

3.2.2. Alterations of the eutopic endometrium

It has been shown recently, that the eutopic
endometrium of women with endometriosis shares certain
alterations with the ectopic lesions that are not found in the
endometrium of disease-free women. It implies that the
primary defect is actually rooted in the eutopic
endometrium of affected women. This is reflected in
enhanced proliferation (27), aromatase activity (28) and
cytokine expression (29) or decreased apoptosis (30), as
well as altered local hormone metabolism detailed below.
Endometrial cells from women with endometriosis seem to
over-express the anti-apoptotic gene Bcl-2 (31, 32). As a
ramification a new concept holds that the basal endometrial
layer with stem cell characteristics exhibits enhanced
potential for dislocation and proliferation in women
suffering from endometriosis (33).
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Support for this theory might come from studies
investigating stem cell factor and its receptor in
endometriosis (see the section on endometriosis related
carcinogenesis)

3.2.3. Hormonal factors

Clinical wisdom and laboratory evidence support
the role of estrogen in the establishment and maintenance
of endometriosis (34, 35). Active disease used to affect
almost exclusively menstruating women and regress after
the menopause (1, 36). The recent practice of menopausal
hormone  replacement,  however, brought some
postmenopausal cases to attention (37), sometimes even in
women who have not had symptoms during their fertile
period (38, 39).

Numerous studies investigated the content and
fluctuations of the ovarian steroid hormone receptors in the
endometriotic lesions in comparison with the eutopic
endometrium, as well as in the endometrium of affected
subjects compared with disease free women (for a review
see:(40, 41)). The results remain inconsistent. There are
data on receptor polymorphisms of both estrogen receptor
subtypes, ERalpha and ERbeta, in endometriosis (42, 43,
44). Alterations in progesterone receptors’ (PR-A and PR-
B) expression and receptor polymorphism has also been
found in association with endometriosis (45, 46, 47).

Tamoxifen, a selective estrogen receptor
modulator (SERM) long used in the adjuvant endocrine
therapy of breast cancer has been repeatedly reported to
induce growth of endometriotic tissue (48, 49, 50). The
partial estrogen agonistic behavior of tamoxifen in the
uterus is the probable explanation for these cases. Local
production of estradiol by aromatase or deficient
inactivation of the hormone by 17beta hydroxysteroid
dehydrogenase  (17beta-HSD) enzyme might also
contribute to the development of endometriosis (28, 51).

3.2.4. Genetic factors

The risk for first-degree relatives of women with
endometriosis has been reported to be higher compared
with the general population (52, 53, 54). Familial
aggregation of endometriosis has also been observed in
non-human primates (55). Studies of monozygotic twins
found high concordance for endometriosis (56, 57, 58). It
has been suggested that the genetically transmitted trait
alters immune surveillance to allow for the attachment and
growth of ectopic endometrium (59).

By use of linkage analysis and affected siblings,
various groups have reported candidate genes, among them
alterations of detoxification enzymes, which could lead to
susceptibility to environmental stimuli. These include
Glutathione-S-transferase, = N-acetyltransferase, =~ AHR,
PPAR-gamma and Cytochrome-P450 (60, 61, 62, 63).
Involvement of Galactose-1-phosphate uridyl transferase
(GALT) is debated (64, 65). Genes possibly associated with
malignant  transformation (PTEN, p53, estrogen-
progesterone- and androgen receptors) have also been
studied in conjunction with endometriosis (66, 67, 68). A
comprehensive list of these candidate genes and their
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polymorphisms described is accessible at:
http://www.well.ox.ac.uk/~krinaz/genepi_endo.htm.

3.2.5. Altered immune surveillance and immune-evasion
of the endometriotic tissue

Subtle peritoneal implants (flame-like or red
lesions) may represent ‘physiological endometriosis’ (7).
These tend to evolve toward cicatrisation, resolve or stay
steady (white or black lesions). Some implants in certain
women could, however, develop into ‘endometriotic
disease’ presenting with either considerable adherences,
endometriotic ovarian cysts or profound endometriotic
nodules. The peritoneal environment of most women is
capable of resorbing misplaced endometrial tissue. In some
women - who become endometriotic - this system of
cleansing is inefficient or overwhelmed. Underlying factors
might be anomalies of the endometrial tissue or of the
peritoneal microenvironment (69).

Endometriotic cells seem to resist cell mediated
immune attack (70). Endometrial cells from women with
endometriosis are resistant to in vitro cytolysis by
autologous peritoneal macrophages (71). Their antigenicity
seems to be altered in a way that could be protective
against cytotoxicity of Natural Killer cells (NK cell) due to
overexpression of HLA class | (72, 73).

Decrease of cell-mediated immunity against
ectopic endometriotic tissue in women with endometriosis
has been amply documented (74, 75, 76). Studies
concerning T-helper to T-suppressor ratio produced
inconsistent results (77). Natural killer cell activity is
suppressed by sera (78) or by peritoneal fluid (PF) (79) of
women with endometriosis. Mediators derived from
peripheral blood monocytes (PBMs) or peritoneal
macrophages (PMs) might be responsible for this
suppressive effect, since these are known modulators of
immune cells. Alterations of both, PBM and PM have been
reported in endometriosis (80, 81).

Eutopic and ectopic endometrial tissue of women
with early stage (I-11) endometriosis is infiltrated by higher
number of macrophages when compared either to non-
affected women or to women with advanced stage (l11-1V)
endometriosis (82). These data correlate with macrophage
numbers found in PFs of affected and non-affected women
(83). On the other hand, in the early proliferative phase
decreased number of macrophages has also been reported
in eutopic endometrium of women with endometriosis
when compared with healthy women (84). This study found
a correlation between the decreased number of apoptotic
endometrial cells and the lower macrophage infiltration.
Whether these discrepancies are attributable to the (minor)
differences of the process used to prepare the tissue
samples for immunohistochemistry, or to the different anti-
CD68 antibody clone used to detect the infiltrating
macrophages remains to be resolved.

The proliferative activity of endometrial cells
from women with endometriosis is enhanced when
cocultured with autologous monocytes, whereas the
proliferation of endometrial cells from controls is
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suppressed by autologous monocytes (85). Macrophages of
the PF from patients with endometriosis might be resistant
to apoptosis due to increased Bcl-2 expression and
decreased expression of Bax, the opponent of Bcl-2 (86).
Increased FAS ligand expression has also been suggested
as a mechanism making ectopic endometrium able to gain
an ‘immuno-privileged’ status (87).

Another aspect of the deranged immune
surveillance is the high prevalence of certain autoimmune
diseases among women with endometriosis (88, 89).
Autoantibodies against cardiolipin, carbonic anhydrase,
smooth muscle cells and antinuclear antibodies have been
reported in conjunction with endometriosis (90, 91, 92).

3.2.6. Cytokines, chemotactic factors, inflammatory
mediators

The PF of women with endometriosis has high
concentrations of immune- and inflammatory mediators.
Chemotactic factors recruit macrophages and lymphocytes
to the lesion sites (93, 94, 95). Among these, RANTES
(Regulated upon Activation Normal T-cell Expressed and
Secreted) has been claimed to be responsible for about two
third of monocyte migration in PF from women with
endometriosis (96). Granulocyte—macrophage colony-
stimulating factor (GM-CSF) expression is increased in
endometriotic lesions compared with matched eutopic
endometrium during the luteal phase (97).

Cytokines are thought to play a role in the
development of the endometriosis-related chronic
inflammatory processes (98, 99). Hsu et al. investigated the
expression of Thl (IL-2 and interferon-gamma) and Th2
(IL-4 and IL-10) cytokines in peripheral blood monocytes
and PF from patients with endometriosis (100). The shift in
the balance toward the Th2 cytokine products is proposed
to contribute to the derangement of the immune defense in
endometriosis.

Haptoglobin is synthesized in large amounts by
endometriotic lesions that acts on PMs to block their
phagocytic function while also upregulates production of
inflammatory cytokines, including interleukin-6 (IL-6)
(101). IL-6 in turn exaggerates haptoglobin production of
the endometriotic tissue (102) hence establishing a feed-
forward circuitry. Haptoglobin seems to have a role in
embryo implantation and fertility as well (103).

Interleukin-6 is one of the key mediators in the
cytokine cascade of endometriosis, its elevated levels
correlate with disease activity (104) and it is also derived
from the endometriotic cells themselves (105, 106, 107).
IL-6 inhibits proliferation of endometrial stromal cells
derived from the secretory phase endometrium, but the
stromal cells of ovarian chocolate cysts are resistant to this
inhibitory effect (108). IL-6 promoter polymorphism 174
G/C predispose the carrier to development of endometriotic
ovarian chocolate cysts, but does not increase the overall
risk of endometriosis (109). Though increased levels of IL-
1beta were also reported in PFs of endometriotic women
(110), no association was found between IL-1lbeta
polymorphism and endometriosis (111, 112).
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Women suffering from endometriosis have higher
levels of tumor necrosis factor alpha (TNF-alpha) in their
PF when compared to non-affected women (113). TNF-
alpha  stimulates  the  expression  of  matrix
metalloproteinases and inhibits their inhibitors’ expression,
hence contributing to the invasion and extracellular matrix
remodeling of endometrioid lesions (114, 115). Association
between endometriosis and polymorphism of TNF-alpha
gene promoter has been reported (116). Prostaglandin
Faaipha and Prostaglandin E, production of endometrial cells
is promoted by TNF-alpha (117).

PMs from women with endometriosis release
significantly more prostaglandins (PGE, and PGFyupna)
(118) and express the cyclooxigenase COX-2 at higher rate
than macrophages from healthy women (119). COX-1
enzyme was found elevated only in advanced stages. These
prostaglandins have become acknowledged pathogenic
factors involved in the development and complications of
endometriosis (120); moreover, they have a role in
inducing pelvic pain and contribute to excessive local
estrogen production (121). Estrogen promotes PGE,
synthesis, establishing a positive feedback loop to induce
transcription of COX-2, synthesis of PGE, and expression
of aromatase (122, 123). Dietary supplementation with fish
oil containing omega-3 polyunsaturated fatty acids (PUFA)
was reported to retard the growth of surgically induced
endometriotic implants in rabbits attributable to
suppression of peritoneal prostaglandins (124). Human
endometrial explant cultures also show reduced survival
when grown in medium supplemented with high omega-3:
omega-6 PUFA ratios (125). It remains to be determined
whether women suffering from endometriosis respond
favorably to dietary intervention with food containing high
amounts of omega-3 PUFA. It has been postulated that
elevated peritoneal level of lipoxigenase products —
leukotrienes — might also have a role in the development of
the untoward consequences of endometriosis including
dysmenorrhea and infertility (126).

Both TNF-alpha and IL-8 concentrations in PF
have been reported to correlate with the size and number of
active endometriotic lesions (127). TNF-alpha induces 11-8
expression in endometriotic stromal cells that might
contribute to its proliferative action (128). Activation of
NF-kappaB is critical for TNF-alpha-induced IL-8
expression in endometriotic stromal cells and treatment
with GnRH agonist attenuates the expression of IL-8 by
reducing TNF-alpha-induced NF-kappaB activation (129).
IL-8 production of ectopic endometrium is promoted by
estradiol (130) Adhesion to the extracellular matrix via
integrins is also an important stimulus for IL-8 secretion
from endometrial stromal cells (131).

Upregulation of fas ligand by IL-8 may produce a
local immunotolerant environment for the development of
ectopic endometriotic implants (132). The
lipopolysaccharide-driven  inflammatory  response  of
endometriotic stromal cells promotes their proliferation
through concerted induction of TNF-alpha and IL-8 (133).
It has been suggested therefore, that pelvic infections might
also contribute to development of endometriotic lesions.
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Ligands of the peroxisome proliferator-activated
receptor-gamma (PPAR-gamma) stimulate 1L-6, IL-8 and
CSF-1 secretion of cultured human endometrial cells
(EM42) (134). It is worth mentioning that the ligands for
this receptor include prostaglandin derivatives, non-steroid
anti-inflammatory drugs (135), lipid components of
oxidized LDL (ox-LDL) (136), and thiazolidinedione
antidiabetic drugs (137) since these might have either

pathogenetic or therapeutic relevance concerning
endometriosis.
Endothelial NO synthase (eNOS) protein

expression was found higher in the endometrial epithelium
of patients with endometriosis compared with fertile
controls (138). Excessive amounts of NO are expected to
modulate endometrial inflammation, and vasodilation.
Genotyping by PCR amplification revealed that a common
polymorphism of exon 7 at nucleotide 894 (Glu298>Asp
mutation) in the eNOS gene is associated with high incidence
of endometriosis (odds ratio: ~10) in a genetically
homogeneous Greek population (139). Exaggerated NO
production in women with endometriosis has been implicated
as a causative factor of their infertility (140).

Chronic inflammation in the pelvis with
endometriosis constitutes oxidative stress (141, 142). This
is reflected by the accumulation of malondialdehyde-
modified and oxidized proteins — like ox-LDL - in the PF
(143). Peritoneal macrophages of women with endometriosis
avidly take up ox-LDL by their abundant scavenger receptors
(144) that leads to macrophage activation. Peritoneal
mesothelial and endometriotic stromal cells respond to ox-
LDL exposure by releasing monocyte chemotactic protein-1
(MCP-1) (145). MCP-1 levels are elevated in the PF of women
with endometriosis (146, 147), and correlate with the stage of
the disease (29, 148). The mere presence of syngenic epithelial
and stromal endometrial cells in the peritoneal cavity of mice is
able to elicit an inflammatory response of the mesothelium
with release of MCP-1 and other mediators (149).

The complexity and interrelatedness of the vast
array of mediators described in conjunction with the
development and maintenance of endometriotic lesions
might give the perception of an orchestra without a
conductor. At the present stage of our knowledge, however,
it would be rather premature to pinpoint one or even only a
couple of these mediators as more relevant than the other
ones. In fact, the disarrayed regulation of the several
mediators might be the major pathogenetic factor for
endometriosis. Chemotactic factors, cytokines,
prostaglandin derivatives and free radicals (including NO)
surely contribute either to the pathogenesis or to the
consequences of endometriosis. Due to its multifaceted
effects one particular cytokine, the migration inhibitory
factor (MIF) might still deserve special attention, since it
seems to behave not only as a cytokine, but also as an
angiogenic- and growth promoting agent in endometriosis.

3.2.7. Macrophage migration inhibitory factor: an
emerging key mediator in endometriosis

The first cytokine described, macrophage
migration inhibitory factor (MIF) (150), has recently gained

600

particular interest concerning endometriosis. Yang et al.
have identified MIF as an endometriotic cell-derived
product that promotes growth of endothelial cells (151),
hence they postulated that it could contribute to the
enhanced angiogenesis of endometriomas. Elevated level of
MIF immunoreactivity was found in PF of women with
endometriosis especially with active disease at the early
stages (I-11) (152). There was no correlation of PF MIF
levels with the depth of invasion or with the stage of the
disease in another study, though levels were significantly
higher in affected women (153).

Macrophages isolated from PF of affected women
have a tendency to secrete more MCP-1 and MIF, and
respond to LPS stimulus with higher secretions of these
mediators when compared to PF macrophages of controls
(154). Elevated levels of MIF were detected by
immunohistochemistry in the endometrium of women with
endometriosis and its cycle dependence has been noted
(155). The endometriotic cells seem to express higher
levels of MIF mRNA at the early stage active lesions (156).
Human chorial gonadotrophin (hCG) induces MIF
expression and secretion of endometrial stromal cells (157)
similarly to the ovarian granulosa cell MIF secretion (158).

Enzymatic tautomerase (159, 160) and thiol-
protein oxidoreductase (161) activities of this cytokine
have been revealed recently. There is a notion that some
aspects of MIF signaling might involve its enzymatic action
on target proteins and/or on small molecule substrates. We
have evaluated tautomerase activities of peritoneal fluids
obtained from women who underwent diagnostic
laparoscopy due to infertility (162). No correlation could
have been obtained between enol-keto conversion rates of
phenylpyruvate and MIF immunoreactivities assessed by
Duo-Set MIF ELISA kit from R&D Sciences. On the other
hand, compelling correlation was found between
phenylpyruvate keto-enol conversion rates and MIF
immunoreactivities (Figure 3). Both of these parameters
show significantly higher values in PFs of women with
stage | and Il endometriosis compared to patients without
endometriosis.

The exact role of the enigmatic enzymatic
activity of this cytokine remains to be delineated.
Nevertheless, MIF tautomerase has already attained a
reputation as a promising pharmacologic target in
inflammatory conditions (163). Overexpressed in many
types of tumors, MIF has been shown to facilitate
malignant cell transformation, inhibit tumor cell-specific
immune cytolytic responses and promote
neovascularization (164). It counteracts growth inhibitory
and pro-apoptotic functions of the p53 tumor suppressor
(165), activates mitogen activated protein kinases (166) and
modulates AP-1 transcription factor activity that
participates in the transcription of IL-1, IL-2, IFN-gamma
and other pro-inflammatory proteins (167). Therefore
Thierry Calandra’s term on MIF - “most interesting factor”
(168) - also appears to apply in endometriosis research
owing to its proinflammatory, angiogenic and growth
promoting activities. Its action mechanism needs to be
further investigated to establish whether targeting MIF in
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Figure 3. MIF immunoreactivity and tautomerase activity in peritoneal fluid samples.A: MIF levels by ELISA, Serum MIF
levels were measured in each stage by an enzyme-linked immunosorbent assay (ELISA) with a Duo set ELISA Development
System from R&D Systems, Minneapolis, MN, US according to the manufacturer’s instructions. Amount of MIF was calculated
to pmol/mg protein. Control n=11; stage | n=20; stage Il n=6; stage Il n=6; stage IV n=3. Mean + SE values, Statistical
significance compared to control group has been obtained by two tailed Student (t) test. B: MIF enolase activity, The keto-enol
tautomeric conversion of sodium-phenylpyruvate was assessed at room temperature by monitoring the increase in absorbance at
300 nm on a dual path Shimadzu 2100 UV spectrophotometer. The reaction mixture contained in 200 mM sodium-phosphate
reaction buffer (pH 6.2) 0.9 M boric acid, 200 microM sodium-phenylpyruvate, and 100microL abdominal lavage (containing
MIF). The reaction was followed for 15 minutes according to Stamps (346). Statistical significance compared to control group
has been obtained by two tailed Student (t) test.C: Correlation of MIF immunoreactivity with the tautomerase (enolase) activity
of MIF, Correlation coefficient (r) = 0,624 + 0.013 (SE); Dotted lines represent 95% confidence intervals.Analysis of variance for

regression: P=0.0001 (F: 19.74) at DF 1.
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endometriosis therapy (or prevention?) could qualify as a
viable concept.

3.2.8. Angiogenic- and growth factors

Increased serum levels of soluble intercellular
adhesion molecule-1 (ICAM-1) have been noted in women
with endometriosis (169, 170). Shedding of the protein is
significantly increased in women with endometriosis (171).
ICAM-1 is believed to interfere with immune surveillance,
promoting cellular spreading potential (172). Interferon-
gamma stimulates peritoneal ICAM-1 secretion hence it
might also be a factor in the establishment of endometrial
lesions (173, 174).

Endometrioid plaques depend on angiogenesis for
survival. Vascular endothelial growth factor (VEGF) has
been detected in high concentration in PFs from women
with moderate to severe endometriosis (175, 176) and
ovarian steroids directly regulate its expression (177). It is
proposed as the main angiogenic factor secreted by
endometriotic cells. Endometrial grafts implanted into
Institute of Cancer Research (ICR) strain mice expressed
more VEGF and matrix metalloproteinase -2 (MMP-2)
when obtained from patients with endometriosis in
comparison with healthy donors (178). These findings
suggest that the increased production of VEGF and MMP-2
might play a role in adhesion and development of ectopic
endometrioid plaques.

Endometrioid cysts have high levels of both,
VEGF and IL-8 (179). VEGF secretion of endometrioid
cysts’ stromal cells was found inhibited by IFN-beta, but
not by IFN-alpha (180). Elevated VEGF serum levels
decline with successful treatment of endometriosis (181).
The levels of angiogenin (ANG) - another factor involved
in vessel formation - was also found elevated in PFs of
endometriosis patients especially at the advanced stages
(111-1V) (182). Platelet-derived endothelial cell growth
factor has been implicated in angiogenesis of ovarian
endometriomas (183).

Macrophage-produced  transforming  growth
factor beta 1 (TGF-betal) and platelet-derived growth
factor (PDGF) are elevated in PFs when endometriosis is
present and have been shown to upregulate fas ligand in
endometriotic cells (184). In endometriosis there are
alterations in the insulin-like growth factor (IGF) system.
IGF-1 levels in eutopic endometrium are lower in severe
endometriosis (185), whereas ectopic endometrium and
peritoneal fluids show higher levels (186, 187). There was
no association found, however, between serum levels of
IGFBP-3, alpha-fetoprotein (AFP) and EGF and the
existence of endometriosis (188).

Hepatocyte growth factor and its transmembrane
tyrosine kinase receptor, c-Met - the product of c-met
proto-oncogene — are reportedly elevated in the eutopic
endometrium of women with endometriosis and in their
ectopic peritoneal red lesions (189). A correlation with
microvessel density, proliferating cell nuclear antigen and
VEGF was also detected in this study.
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3.3. Exogenous etiologic factors
3.3.1. Endocrine disruptors

Endocrine disruptors are exogenous substances
that alter functioning of the endocrine system - either alone
or in mixtures -, and consequently cause adverse health
effects in an intact organism, or its progeny, or
(sub)populations. Compounds that affect the function(s) of
the nuclear receptors, such as the estrogen receptor(s)
and/or the aryl-hydrocarbon receptor (AhR) (190), are of
particular interest concerning the pathomechanism of
endometriosis. Female offspring exposed in utero to the
synthetic estrogen diethylstilbestrol (DES) presents with
increased frequency of endometriosis (191, 192).

Polyhalogenated aromatic hydrocarbons like
(among others) polychlorinated biphenils (PCBs) or
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) are known to
act through the AhR (193). The target genes include
cytochrome P450 and genes involved in cellular growth,
differentiation and inflammation (194). Rier et al. reported
a dose-response increased incidence and severity of
endometriosis in adult Rhesus monkeys exposed to TCDD
in food (195). Their results have recently been confirmed in
Cynomolgus monkeys (196). In subchronic exposure,
higher doses resembling to occupational or accidental
exposure in humans promoted survival of plaques, while a
lower dose was found to exert inhibitory effect in this
species (197). TCDD could promote the growth of
surgically induced endometriosis in rats and mice as well
(198). Nevertheless, plasma estrogen levels, sub-acute
dosing or TCDD treatment prior to surgical induction of the
lesions might all have an influence on the effect.
Regression of the endometrial implants has been observed
when mice were exposed to TCDD and high levels of
exogenous estrogen after the induction of the disease (199).
It has been proposed, that dioxin might promote ectopic
endometrial cell proliferation by inducing CYP450-1A1
enzyme that in turn activates procarcinogens or produces
catecholestrogens (200). Alternatively activation of AhR
and PPAR might induce estrogen responsive genes
independent of the estrogen receptor (201). A cell-specific
interaction between ER and AhR system in the action of
TCDD has also been described (202).

In 1976, an explosion in Seveso, Italy exposed
the surrounding population to among the highest levels of
TCDD recorded in humans. The “Seveso Women’s Health
Study” that has addressed the relation between TCDD
exposure and endometriosis in the largest population of
women so far with a wide range of exposure found a
doubled but statistically nonsignificant risk (OR: 2.1; CI:
0.5-8.0) for endometriosis in women with serum TCDD
levels of 100 ppt or higher (203). There was also no
statistically convincing evidence of a dose-response
relationship. The existence of endometriosis, however, has
not been verified by surgery in this study. Consonant
results were obtained in a small-scale study (204)
conducted in Belgium where endometriosis incidence and
severity, as well the dioxin pollution are among the highest
in the world (205). Paradoxical decrease in endometriosis
incidence was detected in women who have possibly had
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been exposed to dioxin in mother’s milk while breast-fed in
their infancy (206). Nevertheless, the possibility that
breast-feeding per se decreases the occurrence of
endometriosis cannot be ruled out.

The possible adverse effects of phytoestrogens
are of concern in relation with estrogen dependent diseases.
In a rat model of endometriosis induced by surgical
implantation dietary genistein was unable to support
survival of endometriotic implants, but high pharmacologic
doses administered parenterally exerted growth promoting
effect comparable to the estrogen treatment (207).

3.3.2. Miscellaneous factors

Although  cadmium is a  cumulative
environmental toxicant that might mimic estrogen’s action
under certain experimental conditions no association was
found between endometriosis and cadmium exposure in a
pilot study (208). A large scale study in the US found
increased risk of endometriosis in women born with low
birth weight or from twin deliveries (192). The mechanism
underlying this association remains to be revealed.

Analysis of data collected from a huge
prospective cohort study of premenopausal U.S. nurses
identified 1,721 women with laparoscopically confirmed
endometriosis but with no past infertility (209). Greater
incidence of endometriosis was observed among women
who have gone through menarche at earlier age or who
have had shorter cycle length during late adolescence.
Among parous women, a linear decrease in risk was
observed with number of live born children and lifetime
duration of lactation.

The behavior of endometriosis during pregnancy
has not been thoroughly documented. In the spontaneous
endometriosis model of baboons no significant change was
observed in the stage of endometriosis, or in the number,
size and type of endometriotic lesions during gestation
(210).

3.4. Is endometriosis a natural model for inflammation-
driven carcinogenesis?

Endometriosis shares features of cancer: it
invades, metastasizes to, and compromises the function of
various organs, and it is associated with a heightened risk
for malignant transformation. Virchow’s theory on
inflammation-driven cancer (211) may well apply to
cancers developing in endometriosis. Epidemiologic
observations have amply documented the malignant
potential of endometriosis, in particular, the association
between endometriosis and ovarian carcinomas (212, 213).
Endometriosis may be the precursor for most of
endometrioid and clear-cell ovarian cancers (214).

Malignant transformation-associated genes (i. e.,
PTEN, p53, estrogen- progesterone- and androgen
receptors) are implicated in the development of
endometriosis (66, 67). Defects in the p53 gene may be
involved in the malignant transformation of endometriosis.
Overexpression of this tumor suppressor, on the other hand,
potentially might become an immunohistochemical marker
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for patients with endometriosis having higher risk of
developing atypia and cancer (68). A Taiwanese study
found that Arg homozygosity at the codon 72 of the p53
gene is related to lower risk for endometriosis, while Pro
homozygosity and heterozygosity are related to higher risk
for endometriosis in Chinese women (215). However, no
association was found between p53 codon 72
polymorphism and endometriosis in Japanese women
(216).

Changes in the expression of the proto-oncogene
c-kit are associated with aggressive behavior of malignant
tumors. C-kit and its ligand, stem cell factor (SCF) might
also be involved in the pathogenesis of endometriosis.
Women with stage | and 1l disease have higher SCF levels
in PF, compared with those without endometriosis or with
stage 111 and 1V disease, while the expression of mMRNA for
c-kit was detected in both the endometriotic tissue and the
eutopic endometrium (217). Strong c-kit protein expression
by immunohistochemitry was found associated with
invasive endometriotic lesions (218).

Genes of detoxifying enzymes might also be
altered in both endometriosis and cancer (60, 219). In
patients being treated with unopposed estrogen,
adenocarcinoma has been reported arising in pelvic
endometriosis (220, 221, 222). Adenosarcoma of the
vaginal cuff has developed after several years in a patient
who had been administered conjugated estrogens
transiently following hysterectomy and bilateral salpingo-
oophorectomy due to treatment of resistant pelvic
endometriosis  (223).  Extraovarian  cancer  arising
concomitant with endometriosis is more likely to be
associated with hormone replacement therapy (HRT) use
than ovarian cancer (224). Higher prevalence of
adenomyosis uteri and myoma uteri in the patients with
endometrial carcinomas was detected (225) that could
possibly be attributed to hyperestrogenism, a common risk
factor for these conditions. Endometrial adenocarcinomas
accompanied by adenomyosis or endometriosis externa and
myoma uteri are likely to be well-differentiated and have a
relatively good prognosis (226).

Danazol, a 17-ethinyltestosterone derivative that
has been widely used as a therapeutic agent for
endometriosis, efficiently decreased endometrial expression
of c-fos and c-jun mRNA and their oncoproteins induced
by estradiol in mice (227). Atypical and complex
endometrial hyperplasias were also prevented by the
danazol treatment. Its androgenic action, however, might
also contribute to the decrease in endometrial growth.

4. EXPERIMENTAL
ENDOMETRIOSIS

MODELS OF

Endometriosis occurs naturally only in humans
and nonhuman primates that have menstrual cycles. The
rhesus monkey (228) the cynomolgus monkey and the
baboon (229) are known to be afflicted with spontaneous
endometriosis. The baboon model of spontaneous
endometriosis has been documented in the most detail (230,
231).
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Induction of endometriosis has been successful in
baboons by injecting menstrual endometrium into the
pelvic cavity (232). Injection of dispersed endometrial cells
has also been used in rabbits (233), as well as surgical
implant techniques (234, 235). Implantation is useful for
induction of endometriosis in mice (236, 237) and rats
(238, 239). Injecting human endometrium into the
peritoneal cavities of severely combined immunodeficient
(SCID) nude mice is an established xenograft model of
endometriosis (240, 241). Biopsied human endometrium is
able to invade and form endometriosis-like lesions even on
chicken chorioallantoic membrane (242).

5. PROGRESS
TRANSGENESIS
ENDOMETRIOSIS

WITH
IN THE

GENOMICS  AND
INVESTIGATION OF

Several groups have applied genetic techniques to
identify the aberrant molecular and cellular mechanisms in
endometriosis with the intention of providing much-needed
insights that might, in turn, lead to new therapies (243).
Because of its complexity, endometriosis is ideally suited
as a target for genome-wide scanning. Affymetrix chips with
microarrayed oligonucelotides were used to confirm that
glycodelin-A mRNA expression was reduced in mid-secretory,
eutopic endometrium of women with endometriosis compared
to levels in mid-secretory, eutopic endometrium from normal
subjects (244,245). This finding bears relevance concerning
effects on fertility since endometrial glycodelin-A has strong
local immune modulatory functions related to e.g. embryo
implantation (246).

In human endometriotic stromal cells, markedly
high levels of aromatase P450 (P450arom) mRNA and its
promoter Il (gonadal type promoter) activity are present
whereas aromatase expression is either only barely
detectable or most commonly absent in the eutopic
endometrium (28). Experiments conducted in transgenic
mice with disrupted P450arom gene (ArKO) (247) showed
that intact P450arom gene and the presence of aromatase
enzyme activity were essential for the growth of ectopic
uterine tissue.

Aromatase is overexpressed in the ovaries of
C/EBPbeta knockout mice, indicative of an inhibitory role
of C/EBPbeta for the P450arom gene (248). By disrupting
several potential sequences in cis-acting elements in
promoter Il of the P450arom gene it was found that
mutations of a -211/-197-bp cAMP-response element
(CRE) and a -317/-304-bp C/EBP binding site abolished
both baseline and cCAMP (prostaglandin) -induced promoter
Il activity. It was concluded that in vivo down-regulation of
C/EBPbeta in endometriotic stromal cells and its up-
regulation in endometrial stromal cells may in part account
for the induction of P450arom expression in endometriosis
(249). Site-directed disruption of the steroidogenic factor-1
(SF-1) binding site (-136/-124 bp) in the P450arom
promoter-11 also abolished basal or cAMP/SF-1-induced
promoter activity (250).

Progesterone is known to inhibit estrogen-
induced proliferation of the uterine epithelium. In a mouse
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model of surgical endometriosis progesterone treatment
was able to antagonize estrogen’s proliferative effect on the
ectopic endometrium of ovariectomized wild type mice, but
was ineffective in progesterone receptor knockout (PRKO)
mice (251). Endometriosis is one of the diseases associated
with infertility due to implantation failure that is
attributable in part to decreased expression of the HOXA10
gene (252). Eutopic uterine endometrium in mice has been
successfully transfected by lipofection with HOXA10
phosphothiorated antisense DNA (blocks HOXA10
expression) or pcDNA3.1/HOXA10 (a plasmidic construct
that constitutively expresses HOXA10) to delineate the role
of this gene in the implantation (253). A phase | clinical
trial has used lipofection-mediated E1A gene transfer via
the peritoneal route in ovarian cancer patients to enhance
apoptosis and decrease DNA replication (254). Perhaps in
the future a similar approach might also prove itself useful
in severe cases of endometriosis.

Transient transfection of endometriotic stromal
cells with RANTES promoter vectors with and without a
mutagenized PPAR-gamma response element (PPRE), and
treatment with PPAR-gamma ligands showed the inhibitor
effect of PPAR-gamma on RANTES expression of
endometriotic lesions (255). Since RANTES is considered
a major chemokine in endometriosis (96) this finding might

have relevance in alleviating concomitant peritoneal
inflammation.  Successful  treatment  of  induced
endometriosis has been demonstrated in estrogen-

supplemented ovariectomized mice by transient over
expression of the natural angiogenesis inhibitor angiostatin,
delivered to the peritoneum with a replication-deficient
adenovirus vector (AdAngiostatin) (256).

Specific immunologic aspects of endometriosis have
been studied in beta2-microglobulin-deficient (beta2-m-/-) and
in IL-12p40—deficient (p40 -/-) mice (257). While the former
are known to have a greatly reduced number of CD81 T cells
(258), IL-12 is known to have a role in the implantation of
ectopic endometriotic lesions (259). Markedly reduced total
weight and surface area of endometriotic lesions was found in
beta2-microglobulin—deficient BALB/c mice than in wild-type
BALB/c controls. A slight but nonsignificant increase in these
parameters was observed in interleukin-12— deficient C57BL/6
mice compared to wild-type C57BL/6 controls A xenograft
endometriosis model has been developed by injecting human
endometriotic cells into the lymphoid-specific
immunoglobulin heavy chain recombinase activating gene 2
(RAG-2 -/-)- and IL-2 receptor gamma (common gamma-
chain  -/-) double knockout (RAG/gamma-c KO)
immunodeficient mice.(260)

6. CLINICAL ASPECTS

6.1. Symptomatology and quality of life issues

Endometriosis is a disease that is wide-ranging in
location and highly varied in clinical presentation (261).
This condition is a significant public health issue because
of the large number of women it affects and because of its
associated morbidities. It is one of the most commonly
encountered gynecologic diseases requiring medical and/or
surgical therapy.
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The most frequent symptoms of genital tract
endometriosis are dysmenorrhea, dyspareunia, chronic
pelvic pain, and infertility. It affects quality of life that can
be quantified (262). Endometriosis occurs in the pelvis,
most commonly the ovaries and the dependent areas
covered with peritoneum. Diagnosis requires surgical
intervention performed usually by laparoscopy. In women
being evaluated for pelvic pain, the diagnosis of
endometriosis is made frequently (40-60%) and varies with
the population being studied. Pelvic pain and dysmenorrhea
might be related to hypermotility and adenomyosis often
observed in endometriosis (263). Endometriotic infiltration
in deep adenomyotic nodules might be a determinant of
dysmenorrhoic pain. Although women with infertility may
have pelvic pain, often subfertility (20-30%) can be the
only presenting symptom. In asymptomatic reproductive-
age women the diagnosis of endometriosis might reach
22%. Its true incidence and natural history, however,
remain to be clarified (264) since not all women with
infertility undergo laparoscopy.

Association of infertility and endometriosis has
long been purported, but the issue remains controversial,
especially for milder presentations of the disease. In
baboons stage II, 11l and 1V but not stage | endometriosis
decreases fertility (265). Discussion continues as to
whether endometriosis produces infertility, and if so,
whether it should be treated and in what way (266, 267).
Abnormal uterine motility might contribute to defective
sperm transport to the presumed tubal site of fertilization
(268). The aberrant tissue appears to incite an inflammatory
reaction and its extent seems to affect symptom severity:
chronic pelvic pain and subfertility. Although the immune
response is ineffective in eliminating the disease, it can be
quite effective in causing fibrosis and adhesions.
Macrophage  secretory  products  contribute  to
endometriosis-associated infertility through the interference
of sperm binding to the zona pellucida (269). TNF-alpha is
a key cytokine responsible for this effect.

6.2. Diagnostic tools & Classification

The clinical presentation of endometriosis is by
either pelvic pain, infertility, the finding of a pelvic mass at
gynecological examination or sonography or, rarely, its
complications, such as rupture or infection. In the absence
of typical symptoms, the detection and characterization of
ovarian masses by imaging techniques is a continuing
challenge. The laparoscopy, however, remains the gold
standard for diagnosis (270).

Ultrasound investigation fails to demonstrate
superficial ~ implants and small  endometriomas.
Endometriomas present different sonographic patterns,
such as purely cystic, cystic with few septations or minimal
debris, complex combinations of cystic and solid elements
and largely solid (271, 272). The sensitivity and specificity
of this method is reported as 75% and 75% respectively
(273). Aspiration of the cyst under ultrasonographic
guidance can reveal the chocolate content but a similar
chocolate-colored hemorrhagic content may be found in
some follicle hematomas or even cystadenomas.
Transvaginal ultrasound was found reliable in detecting
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ovarian but not extraovarian endometriosis (274). A
technically improved ultrasound method
(sonovaginography) has been proposed to perform better
than traditional transvaginal ultrasound in detection of
rectovaginal endometriosis (275). “Kissing ovaries” has
been recognized as a special ultrasonographic sign
particularly ~ associated ~ with infiltrating  ovarian
endometriomas (276).

Magnetic resonance imaging (MRI) has a higher

accuracy than ultrasonography and appears to be the most
accurate method of differentiating an endometrioma from
other gynecologic masses. In addition, MRI can reflect
some specific macroscopic features of endometriomas,
such as the anatomical localization of the adhesions, by the
indistinct interface and irregular lining of the wall in this
area. The overall diagnostic sensitivity, specificity and
accuracy for MRI diagnosis of endometrial cyst are
reported as 90%, 98% and 96%, respectively (277). For this
reason MRI is an acceptable and useful technique for the
diagnosis of endometrioma.
Laparoscopy is the gold standard for the diagnosis of
endometriosis. As there is no correlation between the
anatomical lesions and the clinical findings in patients with
endometriosis, the term pelvic endometriosis has to be
illustrated using a score to provide some information about
the extent of the disease (278). Because it included a
complete and simple description of surgical findings and
easily comprehensible, the American Fertility Society
(AFS) endometriosis classification system became
internationally accepted (279). Going through the scoring
scheme and summing up scores results in the following
categories of endometriosis: minimal (scores 1-5: stage 1);
mild (scores 6-15: stage Il); moderate (scores 16-40: stage
1) and severe (scores over 40: stage IV). Nevertheless,
even the revised American Fertility Society (RAFS)
classification (280) needed to be perpetually improved and
adapted to new treatments.

A classification should be a broadly accepted expert
system, in order to provide guidelines for the treatment and
prognosis for post-treatment fertility, relief of pelvic pain
and recurrences. Although surgical staging is now
considered the gold standard, no statement has been made
concerning the best surgical approach, laparoscopy or
laparotomy, and what surgical procedures are required to
accurately stage a patient. Operative laparoscopy is the best
surgical staging technique. As ovarian punctures and
adhesiolysis are often required, prerequisites for
laparoscopic staging are very similar to those for
laparoscopic treatment of endometriosis (281). The
laparoscopic staging includes the following steps:

1. The bowel and the omentum are pushed over the
superior pelvic brim (Trendelenburg position, atraumatic
forceps).

2. The magnification provided by the laparoscope is used to
inspect the anterior and posterior cul-de-sac, looking for
small and atypical peritoneal implants.

3. Peritoneal cytology is sampled.

4. The tubes and the ovaries are mobilized, looking for
tubal and ovarian adhesions.
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5. To diagnose ovarian endometriomas a complete
ovariolysis is required.

6. The broad ligaments and the anterior ovarian surface are
inspected.

7. Enlarged ovarian scars are routinely punctured, looking
for small endometriomas.(282)

8. The posterior cul-de-sac and the rectum are assessed,
using vaginal examination and/or vaginal and rectal probes
(283).

9. If an ovarian endometrioma has been opened, the pelvis
is copiously irrigated; the internal cyst wall is inspected and
biopsied in order to rule out malignancy and to differentiate
endometriomas from functional chocolate cysts (284, 285)
10. The upper part of the abdomen is carefully inspected,
looking for bowel or appendicular endometriosis.

Concerning the implants and their peritoneal
environment it has been proposed to evaluate endometriosis
activity, because clinical consequences of endometriosis are
more related to the “activity” than the extent of the disease. In
the last decade, increasing attention has been drawn to atypical
forms of endometriosis (286, 287, 288). Atypical lesions are
thought to be more biologically active than the typical forms
(289, 290) and red petechial lesions of endometriosis produce
higher amounts of prostaglandin F than typical powder-burn
implants.

The American Society for Reproductive Medicine
(ASRM) has recently produced a new classification of
endometriosis (291). The only difference between the former
and new classification is that the latter includes information on
the morphologic appearance of the disease. In the new ASRM
classification, peritoneal and ovarian implants are categorized
into three subgroups: red, white, and black. The percentage of
surface involvement of each implant type must be recorded on
the apposite form. The new ASRM classification is more
accurate, although a study (292) could not demonstrate any
correlation between the ASRM classification of endometriosis,
and disease-associated dysmenorrhea. In addition, the
biochemical activities of the different implants seemed similar,
although the sample size in this study was relatively small to
draw firm conclusions. The new ASRM classification of
endometriosis remains, however, the gold standard to clearly
document the extent and location of the disease.

Non-invasive laboratory tests has long been sought
to detect early forms of endometriosis, since therapeutic
success is expected there to be the highest — especially
concerning pregnancy rates. A recent review found, however,
that the most extensively studied and used marker, serum CA-
125, has limited diagnostic utility (293). Serum interleukin-6
and peritoneal fluid TNF-o were found to show some promise
as possible diagnostic markers for endometriosis (294). Others
found preoperative CA-125 levels useful in predicting the
extent of bowel adhesions (295). Urinary VEGF levels were
unable to predict presence of endometriosis (296).

6.3. Extragenital, extrapelvic and extraabdominal
locations of endometriosis

Endometriosis affects the intestinal tract in 15%
to 37% of patients with pelvic endometriosis (297) and it
may mimic a number of GI (gastrointestinal) tract diseases
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both clinically and pathologically. Endometriosis often
seems to coexist with certain bowel motility dysfunction
(298). Alteration of the intestinal microflora and higher
prevalence of bowel inflammation has been reported in
rhesus monkeys affected by endometriosis (299).

Extrapelvic endometriotic lesions might be
detected in up to 12% of all cases (300). These could be
most commonly encountered in the abdominal wall,
especially with cesarean section scars or other incisions
(301, 302). They might present as vulvar mass (303), or
even as a mass in the buttock in a case of sciatic nerve
associated endometriosis (304). Endometriotic lesions
could be found in the upper abdomen as far as the
diaphragm (305). Hepatic endometriosis is rare and it might
be attributed to rest millerianosis (306). Ascites due to the
rupture of endometriotic cysts also represents a rarity (307).

Thoracic endometriosis is the most common extra
abdominal location (308) signified by periodic hemoptysis
occurring at the time of menstruation (309). Exotic
locations of endometriosis have been reported in the
meninges, in vertebrae (310) and the pleural membranes
(312).

Endometriosis between thelarche and menarche
although not common might occur with unexpected
frequency (312). A diligent diagnostic workup therefore
has to take this possibility into account in case of typical
signs even at this age group.

6.4. The oncologic awareness

Endometriosis is a common disease that does not
create a cachectic or catabolic state, and is rarely fatal. Still,
like cancer, endometriosis can be both locally and distantly
metastatic; it attaches to other tissues, invades, and
damages them. There are numerous reported cases of
malignancy arising from endometriotic deposits and
substantial histologic evidence that endometriosis is
associated with endometrioid carcinoma and clear cell
carcinoma of the ovary. A review article by Mostoufizadeh
and Scully investigated the association between
endometriosis and endometrioid carcinoma, noting that
women who had both diseases tended to be younger (313).
They found no association between endometriosis and
serous or mucinous carcinoma of the ovary, and reported
that malignant transformation of endometriosis was rare
and associated with the use of exogenous estrogens.

Significantly increased risk was observed for
ovarian cancer, breast cancer and hematopoietic cancer
(chiefly due to an excess of non-Hodgkin lymphoma) in a
large Swedish study that followed over 20,000 women with
proven diagnosis of endometriosis for a mean of 11.4 years
(314). The risk for ovarian cancer was particularly elevated
among patients with ovarian endometriosis, but no
association was observed for endometrial cancer in this
study. Endometriotic implants share not only a common
histology with the endometrium, but also similar function
and responsiveness to the hormonal milieu. Hence the use
of unopposed estrogen may present a risk factor for
malignant transformation of endometriosis (315).
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6.5. Management
6.5.1. Primary treatment options

Symptomatic endometriosis can be managed
surgically and/or medically. The aim is pain relief and/or
amelioration of infertility. It is achieved by removal of the
ectopic endometrial tissue. In case of surgery it is
performed nowadays almost exclusively by laparoscopy in
a way very similar to the diagnostic staging procedure
(281). In the infertility treatment assisted reproduction
techniques are used, including controlled ovarian
hyperstimulation and intrauterine insemination or in vitro
fertilization and embryo transfer (IVF-ET).

Some authors report no improvement in IVF
outcome after operative endometriosis therapy (316, 317).
Others find that IVF outcome for women with
endometriosis is not posterior to women with tubal disease
(318). A recent meta-analysis, on the other hand, has
described considerable reduction in clinical pregnancy rate
in endometriosis versus tubal factor infertility (319). A
particular aspect is that recurrence is lower and fertility is
higher when endometriosis is located only in the right side
of the pelvis (320). Sufficient underlying basic knowledge
would be desperately needed to design proper trials for
testing key questions and devise new treatment strategies
concerning infertility in endometriosis (321).

All medical treatments seem to be equally
effective in managing endometriosis; about 80-85% of
patients have improvement in their symptoms (322)
Medical treatment tends not to remove the implants but
merely to suppress them. Consequently amenorrhea
develops, since all endometrial tissue becomes inactive. It
is now universally accepted that there is no place for
medical treatment with drugs that are also potent
contraceptives in the treatment of infertility related to
endometriosis.

The difference between various medical
treatments is in their side effects, with some treatments
being more acceptable than others (4). Agents used to
suppress ovarian function hence limit growth and activity
of endometriosis and the associated pain include steroidal
contraceptives,  androgens  (Danazol;  Gestrinone),
progestagens (Norethisterone acetate,
Medroxyprogesterone acetate; Dydrogesterone), GnRH
analogues (Leuprorelin; Buserelin; Goserelin; Triptorelin;
Nafarelin) (323). To alleviate the consequences of
hypoestrinism elicited by the GnRH analogues “addback”
hormone replacement could be used (324). It does not
reduce the efficacy of GnRHa treatment. Non-steroid
antiinflammatory drugs might be supplemented to control
pain (325). It has been argued recently that hormonal
suppressive therapy confers oncologic risks to the patient
that have been overlooked (326). Medical treatment is
usually long term, and recurrence is frequent after its
cessation.

The recurrence of pelvic endometriosis some time
after the initial treatment is a common finding in clinical
practice. When symptoms of endometriosis reappear
several months after treatment, it is difficult to distinguish
between recurrence and persistence of the disease.
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Recurrence rates vary considerably following different
treatment modalities because investigators fail to agree on
specific definitions of recurrence and persistence. Tools
available for the diagnosis of recurrent endometriosis and
some therapeutic options to treat recurrent endometriosis
have been discussed by Revelli et al. (327). It has been
argued that the only definitive cure for the woman with
endometriosis is total hysterectomy and bilateral salpingo-
oophorectomy, and yet the rates of recurrence after
“curative” surgery are as great as 5-10% (328).

6.5.2. Second line and experimental treatments

Innovative new treatment modalities are about to
enter the clinical praxis these years. These are mostly
targeted against steps of the pathomechanism that have
been delineated in the last decades.

6.5.2.1. Treatments targeting hormone mechanisms

Aromatase inhibitors are promising options to
suppress estrogen levels (329, 330). Furthermore,
aromatase activity is blocked not only within the ovary but
also in the endometriotic tissue, lowering local estrogen
levels and PGE2 production as well (331). These agents,
nevertheless, are still considered being in the experimental
phase for treatment of endometriosis.

Antiestrogens or SERMs (selective estrogen
receptor modulators) might also counteract the hormone
action on endometriotic tissue proliferation. Raloxifene is
used against menopausal bone loss. There has been a single
human trial that reported success so far with this drug in
endometriosis (332). Likewise, the progesterone antagonist
Mifepristone (RU486) has also been evaluated for the
treatment of endometriosis (333).
6.5.2.2. Treatments immune-and
inflammatory mechanisms

Laparoscopic intraperitoneal (i.p.) injection of
human interferon-alpha-2b to women with pelvic
endometriosis has shown clear benefits in a small scale
clinical study (334). Recombinant human tumor necrosis
factor-binding protein-1 (r-hTBP-1), - a soluble form of
tumor necrosis factor-alpha receptor type-1 — was able to
reduce the size of endometriotic peritoneal lesions in an
experimental endometriosis model of rats (335). TNF
neutralization by Etanercept -a fusion protein consisting of
human recombinant soluble TNF receptor-2 conjugated to a
human Fc antibody subunit — has been shown to suppress
the development of spontaneous endometriotic lesions in
baboons (336). Antiangiogenic therapy targeting VEGF has
also been successful in preventing proliferation of human
endometrial cells transplanted into nude mice (337).

targeting

Based on its immunmodulatory activity
pentoxyfilline has been tried with limited success in a pilot
study against infertility associated with endometriosis
(338). Apart from their analgesic effect, cyclooxigenase-2
inhibitors might also have suppressive effect on the
establishment of the endometriotic tissue (339, 340).
PPARgamma ligands seem to counteract chemokine
production and inflammation, therefore also show promise
in future endometriosis therapy (341). The inflammatory
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oxidant damage might possibly be alleviated by
antioxidants (342). Since most herbal remedies contain
antioxidant agents, it is peculiar that a literature survey
could not identify randomized controlled trials that would
have addressed efficacy of herbal treatments in
endometriosis (343).

7. CONCLUSIONS AND PERSPECTIVES

Endometriosis remains an enigmatic condition
that deserves further efforts to delineate its pathogenetic
mechanisms. That approach will surely lead to more
sophisticated treatment options in the near future
concerning either infertility or pelvipathic complaints.
Despite the huge number of mediators studied in
conjunction with the endometriotic process there are still
some aspects that have not been addressed in depth so far.
The improvement in the spontaneous endometriosis of
monkeys kept on a calorically restricted diet for a longevity
study (344) brings metabolism to the agenda of
endometriosis research. Moreover, it is perplexing, that
only three genes have been found to show parallel changes
in three longevity models (two genetic and one calorically
restricted): 17-beta hydroxysteroid dehydrogenase 2 (17-
beta HSD); IGF binding protein-2 (IGFBP-2) and MIF
(345). All of them are directly or indirectly involved with
endometriosis as well.
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