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Abstract
Peritoneal fluid is a specific microenvironment. It originates mainly as an ovarian exudation product due to
increased vascular permeability, and contains large
amounts of macrophages and their secretion products,
which include growth factors, cytokines and angiogenic
factors. Similarly, within the ovary, there is also a specific
microenvironment, best characterised by the follicular
milieu with steroid hormone concentrations that are
1,000 times higher than in plasma. Since endometrial
cells in peritoneal fluid and superficially implanted cells
will be influenced by peritoneal fluid concentrations, any
differences found between minimal endometriosis and
eutopic endometrium could be the consequence of their
different local environments, rather than inherent cellular differences. Superficial endometrial implants may be
regulated by factors in peritoneal fluid, while deep endometriosis and cystic ovarian endometriosis may be
under the influence of factors in blood and within the
ovary, in which case minimal endometriosis may be
physiologic only, while deep endometriosis and cystic
ovarian endometriosis, both associated with pelvic pain
Adapted from the presentation given at the First Japan Conference
on Endometriosis and extended from [1].
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and infertility, may be a pathological state. In conclusion,
the local endocrine environment, that is, in blood, peritoneal fluid, and within the ovary, should be taken into
account to explain the differences between superficial,
deep and cystic ovarian endometriosis, together with
inherent differences in the endometrial cells of women
with and without endometriosis.

Introduction

Endometriosis, defined as the presence of endometrial
glands and stroma outside the uterine cavity, is observed
in 5–40% of ‘normal’ women and in up to 60–80% of
women with pelvic pain and/or infertility [2]. Its clinical
manifestation is heterogeneous, ranging from a few subtle
or typical spots to severe forms, such as deeply infiltrating
endometriosis, with pelvic pain as the predominant
symptom [2, 3] and cystic ovarian endometriosis, which is
associated with extensive intrapelvic adhesions, pain, and
infertility.
The widely accepted theories to explain the pathophysiology of endometriosis are the Sampson and the metaplasia theory. According to the Sampson theory, viable endometrial cells, shed in the peritoneal cavity by retrograde
menstruation, may attach, implant and grow. This hypothesis is attractive since the mechanisms involved have
been supported by data [for review, 1, 4]. Retrograde
menstruation is a frequent phenomenon in most women
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Peritoneal Fluid: The Intraovarian Milieu as a
Specific Microenvironment
Peritoneal Fluid

Peritoneal fluid volume is highly variable, ranging
between 5 and 200 ml. It can be considered as an ovarian
exudate [20]. This exudation is caused by the locally
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increased vascular permeability around the developing
follicle and the corpus luteum, probably a consequence of
the high local estrogen concentrations. This mechanism
explains that the volume of peritoneal fluid increases progressively during the follicular phase of the menstrual
cycle and decreases thereafter, that the volume is increased during ovarian hyperstimulation, and that the
volume is low in men and in women without ovarian
activity, that is, those with ovariectomy, postmenopausal
status, or those taking oral contraceptives [20]. Since
endometriosis induces a sterile low-grade inflammation
of the peritoneal cavity, a higher volume in peritoneal
fluid was anticipated. It remains unclear, however [for
review, 21], whether peritoneal fluid volume is similar
[22] or slightly higher in women with endometriosis [23].
It is clear that differences in peritoneal fluid volume will
not explain the pathophysiology of endometriosis.
Ovarian steroid hormone concentrations in peritoneal
fluid are always higher in peritoneal fluid than in plasma,
since the ovarian exudate occurs mainly from the developing follicle and the corpus luteum. From the early follicular phase onwards, free 17ß-estradiol concentrations in
peritoneal fluid are slightly higher than in plasma. Indeed,
the total concentration is comparable to the plasma concentration, but the sex hormone binding globulin concentration is only 67% of the plasma concentration. The concentration differences with plasma increase progressively,
and when the content of the follicle is released into the
peritoneal fluid after ovulation, the 17ß-estradiol concentrations increase abruptly, reaching concentrations 100
times higher than in plasma [24, 25–28]. During the luteal
phase the 17ß-estradiol concentrations decrease progressively, but remain always higher than the plasma concentrations. For progesterone concentrations, a similar picture can be drawn. The concentrations in peritoneal fluid
also are much higher, being 5 and 10 ng/ml in the follicular phase, which is comparable to luteal phase concentrations in plasma. The concentrations increase abruptly
after ovulation, reaching 2,000 ng/ml in some women,
and decrease slowly thereafter.
To emphasise this phenomenon of ovarian exudation,
it has been calculated that during the early luteal phase,
little progesterone is secreted directly into the bloodstream. Until the corpus luteum is vascularized, a process
that takes days to be completed, an exudate containing
progesterone leaks from the corpus luteum and is subsequently reabsorbed from the peritoneal cavity. Also, the
slightly higher peritoneal fluid protein concentration in
the late follicular and early luteal phases in comparison
with the follicular phase [24] has been considered as an
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[5–9] and peritoneal fluid contains viable endometrial
cells [10, 11] that can attach to the peritoneum [12, 13].
Also the metaplasia hypothesis has been proven experimentally, since it can be induced with menstrual debris.
The metaplasia theory is necessary to explain some occurrences of endometriosis, as endometriosis in the absence
of menstruation [14, 15], while it is attractive to attribute
a role to the secondary müllerian system [16]. It should be
realised, however, that both theories, the implantation
and the metaplasia theory, can be viewed to a large extent
as complementary or similar, since it is not very important to understand growth and development of endometriosis to know whether it started as metaplasia or as
implantation.
Neither theory explains the growth and development
of endometriosis. This is assumed, and is based upon
indirect observations such as disruption of the basal
membrane [17]. These theories do not explain why implantation and endometriosis do not occur in most women, considering that retrograde menstruation occurs in
almost all women. They do not explain why severe
endometriosis, that is, deep and ovarian endometriosis or
endometriotic disease, does not develop in all women
with subtle and/or minimal endometriosis. They also do
not explain why some women develop cystic ovarian and
other deep endometriosis, nor why deep lesions can
present as infiltration, or retraction or adenomyosis externa [18]. To explain the growth and development of endometrial cells to severe endometriosis, three concepts were
explored: first, cellular differences between endometriosis
and endometrium; second, immunologic deficiencies in
women with endometriosis; and third, differences in the
endocrine environment of the endometrial cells, that is,
the bloodstream and the peritoneal fluid. Since the late
seventies, over 600 articles have investigated in peritoneal fluid those factors, which might explain the growth of
endometrial cells and their development into endometriotic disease [for review, 19]. We want to review critically whether these data improve our understanding of
the aetiology, pathophysiology, and natural history of
endometriosis and endometriotic disease.

Peritoneal Fluid in Pathogenesis of
Endometriosis

Fig. 1. Steroid hormone concentration gradient in peritoneal fluid,

which is formed mainly as an ovarian exudate from the growing follicle and/or corpus luteum (reprinted with permission of Human
Reproduction).

we still do not know whether aspiration of the oocyte from
the peritoneal fluid is the rule rather than an occasional
mechanism. The pregnancy rates after intraperitoneal
insemination suggest, however, that this mechanism and
peritoneal fluid circulation might be important [34]. This
mechanism could, however, explain the effect of intraperitoneal adhesions upon fertility.
The Intra-Ovarian Milieu
If the concentrations of steroid hormones and other
substances in follicular fluid reflect [for review, 35, 36–
41] the intra-ovarian concentrations, these are much higher than both the plasma and the peritoneal fluid concentrations. Specific effects of these very high concentrations,
such as direct membrane effects of estrogens and immunosuppressive effects of progesterone, could be important
to understand why cystic ovarian endometriosis develops
almost exclusively in the ovary.

Physiopathology of Endometriosis
Peritoneal Fluid in Endometriosis [for review, 19, 42]

Endometriosis is associated with the luteinized unruptured follicle (LUF) syndrome and with a sterile low-grade
inflammatory reaction in the peritoneal cavity as judged
by an increased amount of activated macrophages and
their secretion products.
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indirect argument for an estrogen-driven vascular permeability as the mechanism of peritoneal fluid formation.
The total surface area of the peritoneal cavity is estimated to be larger than 2 m2 [for review, 29]. This large
area permits a quantitatively important passive dialysis of
substances between peritoneal fluid and the bloodstream,
a phenomenon that is clinically used in peritoneal dialysis. Small molecules, such as urea and electrolytes, diffuse
rapidly. Diffusion rates decrease with the molecular
weight and become slow for molecules larger than
100,000 as molecular weight [30]. From this it can be anticipated that the concentrations of small molecules in peritoneal fluid and plasma are similar, whereas the concentrations of larger molecules from the blood stream are
lower in peritoneal fluid. Prolactin (molecular weight
20,000) and albumin (molecular weight 60,000) concentrations are 67% of those in plasma whereas the concentration of clotting factors (molecular weight larger than
100,000), is less than 30% of the plasma concentrations
[24, 31].
Peritoneal fluid also contains cellular elements such as
monocytes (mainly macrophages), red blood cells, and
endometrial cells, which secrete a range of products as glycodelins (formerly called PP14) [32] and a 60-kD heat
shock protein [33]. The peritoneum secretes substances as
CA125 [32], and macrophages secrete a range of products
as cytokines, growth factors, and angiogenic factors. Since
they are secreted locally, these substances are all present
in supraphysiologic concentrations, especially those with
larger molecular weight.
Peritoneal fluid thus is a specific microenvironment,
with concentrations and time courses during the cycle
which are different from plasma. Moreover, peritoneal
fluid is not circulating rapidly as plasma, but can circulate
slowly or not at all. It also can be considered to be compartmentalised, that is, with local concentrations that can
be very different. Peritoneal fluid compartmentalisation
is well recognised in processes such as postoperative adhesion formation, abscess formation, and peritonitis. Similarly, local concentrations around endometriotic implants, especially when accompanied with adhesions,
might be very different. The compartmentalisation concept was used to postulate that ovarian secretion products
directly influence the ipsilateral oviduct, since they are
drained locally into the peritoneal fluid (fig. 1).
Peritoneal fluid circulates slowly around the abdominal cavity [for review, 29], but this has not been investigated in relation to reproductive biology and endometriosis. Fertilisations have been observed in women with an
oviduct on one side, and an ovary on the other side, but
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Macrophages of women with endometriosis were reported to secrete higher amounts of fibronectin [76] and
mild endometriosis is associated with decreased plateletactivating factor acetylhydrolase activity in peritoneal
fluid [77]. Peritoneal fluid also contains the complete
insulin-like growth factor (IGF) system, that is, IGFs,
their binding proteins (BPs) and an IGFBP protease [78].
Peritoneal fluid of women with endometriosis contains
potent mitogens for fibroblasts and endometrium-derived
epithelial cells [79], such as the N-terminal truncated
form of IGFBP-3 with a preferential mitogenic action on
epithelial-derived endometrial cells [80]. Women with
endometriosis have higher concentrations of inflammatory prostaglandins in their peritoneal fluid [81–86], and a
higher phospholipase-A2 activity [87–89].
Women with endometriosis have a decreased cellular
immunity, and more specifically, a decreased natural killer (NK) activity in peripheral blood [for review, 90] and
in peritoneal fluid. This decrease in NK cell activity [91]
is due to an inhibition of their function [92, 93]. The factor(s) responsible for this were shown to be different from
those in follicular fluid [92]. Candidates are intracellular
adhesion molecule (ICAM)-1 with an increased shedding
by endometrial cells [94] and glycodelins known to be
present [32] in concentrations so high that they can inhibit NK activity [95]. Peripheral monocytes from women
with endometriosis have a reduced capacity to mediate
the destruction of endometrial cells, whereas ectopic endometrial cells have an increased resistance to macrophage-mediated cytolysis [96]. The proportion of Baxpositive peritoneal fluid macrophages is elevated in women without endometriosis, which could have important
consequences for the survival and proliferation of the
ectopic endometrial tissue by resisting apoptosis [97, 98].
Women with endometriosis have higher concentrations of glycosidases [99] and of a protease inhibitor [100],
possibly related to an altered fibrinolytic system [31, 101].
The concentration of the tissue inhibitor of metalloproteinase-1 is decreased [102]. Other proteins in peritoneal
fluid with an uncertain role comprise a 32-kD protein
[103], glycodelins and CA-125 [32]. Finally, not only macrophages, but also the concentrations of other monocytes
[104] were reported to be different in peritoneal fluid of
women with endometriosis.
The Intra-Ovarian Milieu and Cystic Ovarian
Endometriosis
Isolated reports showed differences in follicular fluid
of women with and without endometriosis, such as higher
levels of NK cells, B lymphocytes and monocytes [105].
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The association between the LUF syndrome and endometriosis was described in women [27, 28, 43–45] and
primates [46]. Although this association was challenged in
the second half of the eighties, this was recently shown to
be due to the changing definition of minimal endometriosis after the description of nonpigmented endometriosis
[47], whereas the association between typical endometriosis and LUF syndrome remains valid [48, 49]. In healthy
women, the steroid hormone concentrations in peritoneal
fluid are much higher after ovulation, but this is not
observed in women with LUF syndrome [27, 28, 50].
Since high doses of progesterone were used as a medical
treatment of endometriosis, the hypothesis was put forward that an ovulatory cycle is detrimental for endometriosis development, while LUF may facilitate the development of endometriosis. It was therefore suggested that
the LUF syndrome was not a consequence, but rather a
cause or cofactor, in the development of endometriosis
[5].
Peritoneal fluid of women with endometriosis contains
more macrophages and activated macrophages, which
was initially considered a consequence of low-grade inflammation. More recently, it was recognised that women
with endometriosis have higher chemotactic activity for
macrophages in their peritoneal fluid, [51] and that medical treatment of endometriosis can reduce this [52]. Candidate molecules are monocyte chemotactic protein-1,
secreted by cytokine-stimulated endometriotic cells in
vitro [53], the increased concentration of lipid peroxidation products [54] and RANTES, also increased in peritoneal fluid of women with endometriosis [55, 56] which
both have potent chemotactic activity for human monocytes and T lymphocytes. These activated macrophages
have higher scavenger receptor activity [57] peritoneal
fluid of women with endometriosis contains higher concentrations of many macrophage secretion products.
The angiogenic activity in vivo [58] is increased, possibly mediated by increased concentrations of transforming
growth factor-beta (TGF-ß) [59], or vascular endothelial
growth factor (VEGF) [60], secreted by activated macrophages under direct steroid regulation [61]. In peritoneal
fluid of women with endometriosis, increased concentrations of cytokines were found for tumor necrosis factoralpha (TNF-·) [62–64], interleukin (IL-8) [62, 65], IL-10
[62], IL-6 [66–68], the IL-6 soluble receptor [69], IL-8,
[67, 68, 70] IL-13 [71], macrophage derived growth factor
[72], and macrophage colony stimulating factor (M-CSF)
[73]. Interferon-Á [56, 68] was reported not to be elevated, whereas some reports did not confirm the increased concentration of TNF-· [74, 75] and IL-13 [71].

Are Endometriotic Cells Different from Endometrial
Cells or Are Endometrial Cells Different in Women with
Endometriosis? The growth, implantation, and development of endometriosis could be due to differences in the
endometriotic cell instead of in the endocrine environment. Therefore, much effort was devoted to find differences between eutopic and ectopic endometrial cells. Numerous reports describe differences in steroid hormone
receptors between eutopic and ectopic endometrium. Ectopic endometrium has a higher angiogenesis ans a higher
density of mast cells [106, 107] The level of the proteolytic
enzyme cathepsin D is higher in endometriotic tissue than
in endometrium [108]. The fibronectin receptor expression was different [109], whereas no differences were
found in the expression of the adhesion glycoproteins
laminin and fibronectin, their receptors alpha 1 beta 1,
alpha 2 beta 1, alpha 3 beta 1, alpha 4 beta 1, alpha 5 beta
1, and alpha 6 beta 1, and E-cadherin [110]. In comparison with endometrium, the integrin alpha 3 subunit was
up-regulated; the alpha 6 integrin subunit was down-regulated, and the cycle stage-dependent expression of alpha 5
and beta 3 was absent in endometriosis [111]. The expression pattern of IGF-II and IGF-I was different in endometrium and endometriosis, suggesting an alteration in cell
proliferation and differentiation in endometriosis [112].
The expression of plasminogen and plasmin was cycle
dependent in endometrium, was maintained continuously at a high level in endometriosis [113], suggesting that
this could reflect the more invasive nature of the endometriotic implants. These observations should, however, be
interpreted with great caution, since it is unclear whether
they reflect real differences between eutopic and ectopic
endometrium, or whether the differences found are a
mere consequence of differences in the endocrine environment between peritoneal fluid and plasma.
Therefore differences in endometrium between women with and without endometriosis could be more important. The observation of a loss in E-cadherin receptors in
some foci of endometriosis [114], and the fact that suppressing metalloproteinase secretion in vitro with progesterone or with a natural metalloproteinase inhibitor, inhibits endometriosis formation in an animal model [115]
makes it attractive to consider endometriosis as a benign
(infiltrating) tumour. Studies on NK cell activity and

Peritoneal Fluid in Pathogenesis of
Endometriosis

endometriosis showed that the endometrium of women
with severe endometriosis was more resistant to lysis by
NK cells than the endometrial cells of normal women.
Since the NK cells were derived from a male control person, the defect must be localised in the endometrial cell
[116], a conclusion supported by the recent observation
that endometrium from women with endometriosis releases more ICAM-1, known to inhibit NK activity [94].
P450arom transcripts, indicating aromatase activity,
and IL-6 and IL-11 transcripts were detected in endometriotic implants and in eutopic endometrium from patients with endometriosis, but not in endometrium from
women without endometriosis [117]. Increased expression of heat shock protein 27, regardless of the menstrual
phase, was found in eutopic endometrium from patients
with endometriosis or adenomyosis [118]. The dominantpositive behaviour of the estrogen receptor exon 5 splicing
variant might be masked by the functional cascade of
estrogen receptor wild type in normal endometria, but not
in endometriotic tissue. This might result in an incomplete response to endogenous steroids, and contribute to
the growth potential of endometriosis [119]. Finally, angiogenesis is increased in women with endometriosis
[120].

Conclusions and Discussion

The role of peritoneal fluid in the pathophysiology of
endometriosis is undoubtedly important. Peritoneal fluid
is a self-contained microenvironment with specific products and hormones in concentrations which are very different from those in plasma. This milieu is likely to play a
crucial role in the implantation and growth of endometriosis. The studies which investigated cytokines, growth
factors, angiogenic factors, and others in peritoneal fluid
were performed because of the hypothesis that these substances might stimulate implantation of endometrial cells
and growth and development into endometriotic disease.
Although stimulatory effects of individual substances are
obvious, the concept that peritoneal fluid could explain
the development of endometriotic disease has never been
proven. Indeed, the overall effect in vitro of peritoneal
fluid upon the proliferation of purified endometrial stromal and epithelial cells was stimulatory, but no differences were found between women with and without
endometriosis [121].
Possibly more important is the observation that the
area of pelvic endometriosis is not directly, but inversely,
proportional to the pelvic inflammatory macrophage re-
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To the best of our knowledge, there have been no data
linking the development of ovarian cystic endometriosis
to the intra-ovarian milieu, although the extremely high
(steroid) hormones may be a significant factor explaining
why large ‘chocolate’ cysts, only occur in the ovary.

superficial and deep endometriosis suggest that deep endometriosis
has ‘escaped’ from peritoneal fluid (reprinted with permission of
Human Reproduction).

sponse, since it suggests that the overall effect of peritoneal fluid upon growth and development of endometriosis
may be inhibitory rather than stimulatory [122]. Considering the variety of secretory products, both concepts that
peritoneal fluid may stimulate and inhibit growth of
endometriosis, are not necessarily contradictory, since
peritoneal fluid could be overall inhibitory for endometrial cells in most women, whereas in some women stimulatory effects could prevail.
Although the precise role of factors such as the LUF
syndrome and macrophage secretory products remains
unclear, it is obvious that the peritoneal fluid microenvironment regulates endometrial cells floating in peritoneal
fluid and superficial endometriosis, whereas the endometrium is regulated by factors in the bloodstream. This concept of different environment and regulation of endometrium and of superficial and deep endometriosis is rarely
considered when eutopic endometrium and endometriosis are compared. The observed differences have generally
been interpreted as differences in tissue characteristics,
rather than a result of the different environment of hormones.
It is well known that estrogens induce progesterone
receptors, whereas progesterone decreases the concentration of both receptors in the endometrium. Taking into
account the high concentrations of progesterone in peritoneal fluid throughout the menstrual cycle, it is not surprising that the receptor concentrations in superficial endometriosis are different from those in the endometrium.
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Fig. 2. Endocrine gradients from peritoneal fluid and their effect on

Similarly, the conclusion that deep endometriosis is different from superficial endometriosis because its mitotic
activity and vascularization are different, and because the
effects of medical therapy are different [123] might be
wrong, since the observed differences could result simply
from the different local environment.
We believe that this concept of the local endocrine
environment is essential for our understanding of the
pathophysiology of endometriosis. The Sampson theory
emphasises retrograde menstruation and implantation as
driving forces, which is not necessarily very different from
the metaplasia theory, since degenerating endometrium
may release biochemical factor(s) into the peritoneal environment, which induces ectopic endometrium formation
[42]. What these theories have in common is that they
explain why endometrial cells appear on the peritoneum,
assuming that their subsequent growth, albeit at a different speed through modulation by peritoneal fluid, is
unavoidable. The newer concept proposed by us, also
emphasising the local microenvironment of peritoneal
fluid, considers endometrial cells that are implanted superficially on the peritoneum as a normal condition and
relatively unimportant. The key question to ask is why
these cells infiltrate and behave more aggressively in some
women and not in others. Without an answer to this question, endometriosis or rather endometriotic disease cannot be understood. A first element of this answer could be
that endometriotic disease has ‘escaped’ from the influence of peritoneal fluid (fig. 2) [for review, 124, 125]. In
addition, other factors such as genetic and immunologic
factors, either acquired or hereditary, should be considered.
The role attributed to peritoneal fluid thus varies,
whether the implantation theory as opposed to the endometriotic disease theory is considered. In the former
theory, peritoneal fluid will stimulate growth and development. If, however, superficial endometriosis is considered a physiologic condition, and if superficial endometriosis is normally removed by the body’s defence mechanisms, our concepts of the role of peritoneal fluid need to
change. Indeed, instead of considering peritoneal fluid as
a stimulus towards endometrial implantation and growth,
it may be more appropriate to see it as having a protective
role in preventing the development of endometriosis
through various mechanisms such as macrophage digestion and the release of inhibitory factors. This is consistent with the observation that peritoneal inflammation is
inversely and not directly proportional to the extent of
pelvic endometriosis [122]. When the normal peritoneal
defense mechanisms fail – for example, because of low

progesterone concentrations associated with LUF, massive retrograde menstruation, of defective NK cell function [126] – even temporarily, endometriotic cells could
infiltrate and escape from the direct influence of peritoneal fluid. These cells may change their behaviour and give
rise to deeply infiltrating and cystic ovarian endometriosis, the two forms of severe endometriosis, we suggest,
represent the expression of endometriotic disease.
In addition to the concept that endometriotic disease
has escaped from peritoneal fluid, compartmentalisation
of peritoneal fluid should be considered. Compartmentalisation of peritoneal fluid is well recognised in processes
such as local ischemia and adhesion formation. Similarly,
in endometriosis associated with adhesions, peritoneal
fluid should not be considered an homogenous fluid, and
factors secreted locally by endometrial cells, such as glycodelins and ICAM-I, which can inhibit NK function
[95], could ‘shield’ the endometriotic implant from immunologic attack.
Endometrial cells will behave differently in different
hormonal environments. We therefore question whether
the observed differences between ectopic and eutopic
endometrium reflect true differences in tissue characteristics, or whether they are merely the result of the different
hormonal environments. Importantly, these observations
have been made in superficial endometriotic implants
clearly influenced by peritoneal fluid in contrast with the
endometrium, which is influenced by the circulation.
More important for the endometriotic disease theory are
the recent data describing differences between the endometrial cells of women with and without endometriosis,
possibly pointing to genetic/hereditary differences between those women. Also the observation that cystic ovarian endometriosis might be monoclonal in origin [127]
and the increase in severe endometriosis in rhesus monkeys exposed to dioxin [128] and total body irradiation
[129] with a delay of many years, and the metalloproteinase activity, support the concept that endometriotic disease might be considered as a benign tumour.
Besides local hormonal concentrations in peritoneal
fluid and cellular differences, the pathophysiology of endometriosis undoubtedly involves genetic and immunologic factors [130, 131]. Affected women have a decreased
cellular immunity and decreased natural killer (NK) cell
activity [126] both in plasma and in peritoneal fluid. It is
still unclear, however, whether this decrease in NK activity is the cause of endometriosis or the mere consequence
of inhibition by factors associated with endometriosis. In
this context, it is possibly important that decreases in NK
activity were not found in baboons with endometriosis

[132]. The argument for a genetic factor in the aetiology of
endometriosis is strong in both humans and nonhuman
primates [133, 134]. The age of onset of pain symptoms is
identical in non-twin sisters concordant for endometriosis
[135], and there is an increased prevalence among sisters
of affected women compared to the general population
[136–138]. We therefore believe that ultimately the identification of susceptibility genes could prove to be the best
way of identifying those molecular and cellular mechanisms that are aberrant in endometriosis.
In conclusion, we suggest that the endometriotic disease theory could become more important than the implantation/metaplasia theory. We believe that the risk of
developing endometriotic disease varies with the type of
genetic differences, spontaneous or induced mutations
(from environmental agents such as dioxin or total body
irradiation). One must acknowledge that the susceptibility may depend on hereditary factors, and take into
account tumour mechanisms such as critical mass, extracellular matrix breakdown, and local shielding from immunologic attack. All these factors, in addition to the local
hormone concentrations in the ovary and in the peritoneal fluid, will determine whether endometriotic disease is
expressed as cystic ovarian endometriosis, as invasive
deep endometriosis, or adenomyosis externa, and whether this disease is associated with adhesions.

Peritoneal Fluid in Pathogenesis of
Endometriosis

Gynecol Obstet Invest 1999;47(suppl 1):23–33

Acknowledgements
Mrs. Wolput is thanked for taking care of the manuscript. Mr.
Benijts and Dr. Lempereur, Ipsen N.V. Belgium are thanked for their
support. This work was partially supported by the NFWO Grant
No. 1.5436.97N.

Downloaded by:
KU Leuven University Library
149.126.75.1 - 1/5/2016 3:43:04 PM

29

Reference

30

16 Fujii S: Secondary mullerian system and endometriosis. Am J Obstet Gynecol 1991;165:
219–225.
17 Evers JLH, Willebrand D: The basement membrane in endometriosis. Fertil Steril 1987;47:
505–507.
18 Koninckx PR, Martin DC: Deep endometriosis: A consequence of infiltration or retraction
or possibly adenomyosis externa? Fertil Steril
1992;58:924–928.
19 Oral E, Olive DL, Arici A: The peritoneal environment in endometriosis. Hum Reprod Update 1997;2:385–398.
20 Koninckx PR, Renaer M, Brosens IA: Origin of
peritoneal fluid in women: An ovarian exudation product. Br J Obstet Gynaecol 1980;87:
177–183.
21 Hurst BS, Rock JA: The peritoneal environment in endometriosis; in Thomas EJ, Rock JA
(eds): Modern Approaches to Endometriosis.
Norwell, Kluwer Academic, 1991, pp 79–96.
22 Koninckx PR, Ide P, Vandenbroucke W, Brosens IA: New aspects of the pathophysiology of
endometriosis and associated infertility. J Reprod Med 1980;24:257–260.
23 Mahmood TA, Templeton A: Peritoneal fluid
volume and sex steroids in the pre-ovulatory
period in mild endometriosis. Br J Obstet Gynaecol 1991;98:179–183.
24 Koninckx PR, Heyns W, Verhoeven G, Van
Baelen H, Lissens W, De Moor P: Biochemical
characterisation of peritoneal fluid in women
during the menstrual cycle. J Clin Endocrinol
Metab 1980;51:1239–1244.
25 Scheenjes E, te Velde ER, Kremer J: Inspection
of the ovaries and steroids in serum and peritoneal fluid at various time intervals after ovulation in fertile women: Implications for the
luteinized unruptured follicle syndrome. Fertil
Steril 1990;54:38–41.
26 Scheenjes E, Thijssen JH, te VE, Blankenstein
MA, Kremer J: The origin of estrogens, progesterone, androgens and sex hormone binding
globulin in peritoneal fluid in the immediate
postovulatory period in normal ovulating
women. Gynecol Endocrinol 1991;5:157–166.
27 Donnez J, Langerock S, Thomas K: Peritoneal
fluid volume, 17beta-estradiol and progesterone concentrations in women with endometriosis and/or luteinized unruptured follicle
syndrome. Gynecol Obstet Invest 1983;16:
210–220.
28 Dhont M, Serreyn R, Duvivier P, et al: Ovulation stigma and concentration progesterone
and estradiol in peritoneal fluid: Relation with
fertility and endometriosis. Fertil Steril 1984;
41:872–877.
29 Dizerega GS, Rodgers KE (eds): The peritoneum. New York, Springer, 1992.
30 Dunselman GA, Bouckaert PX, Evers JL: The
acute-phase response in endometriosis of women. J Reprod Fertil 1988;83:803–808.

Gynecol Obstet Invest 1999;47(suppl 1):23–33

31 Pattinson HA, Koninckx PR, Brosens IA, Vermylen J: Clotting and fibrinolytic activities in
peritoneal fluid. Br J Obstet Gynaecol 1981;88:
160–166.
32 Koninckx PR, Riittinen L, Seppala M, Cornillie FJ: CA-125 and placental protein 14 concentrations in plasma and peritoneal fluid of
women with deeply infiltrating pelvic endometriosis. Fertil Steril 1992;57:523–530.
33 Kligman I, Grifo JA, Witkin SS: Expression of
the 60 kDa heat shock protein in peritoneal
fluids from women with endometriosis: Implications for endometriosis-associated infertility.
Hum Reprod 1996;11(12):2736–2738.
34 Campos Liete E, Insull M, Kennedy SH, Ellis
JD, Sargent I, Barlow DH: A controlled assessment of direct intraperitoneal insemination
[see comments]. Fertil Steril 1992;57:168–
173.
35 Hillier SG: Intrafollicular paracrine function of
ovarian androgen. J Steroid Biochem 1987; 27:
351–357.
36 Lopez Bernal A, Newman GE, Phizackerley
PJ, Laird E, Ross C, Barlow DH: Platelet-activating factor levels in human follicular and
amniotic fluids. Eur J Obstet Gynecol Reprod
Biol 1992;46:39–44.
37 Hsueh AJ: Paracrine mechanisms involved in
granulosa cell differentiation. Clin Endocrinol
Metab 1986;15:117–134.
38 Channing CP, Schaerf FW, Anderson LD, Tsafriri A: Ovarian follicular and luteal physiology. Int Rev Physiol 1980;22:117–201.
39 Edwards RG, Steptoe PC, Fowler RE, Baillie J:
Observations on preovulatory human ovarian
follicles and their aspirates. Br J Obstet Gynaecol 1980;87:769–779.
40 McNatty KP, Smith DM, Makris A, DeGrazia
C, Tulchinsky D, Osathanondh R, Schiff I,
Ryan KJ: The intraovarian sites of androgen
and estrogen formation in women with normal
and hyperandrogenic ovaries as judged by in
vitro experiments. J Clin Endocrinol Metab
1980;50:755–763.
41 Baird DT, Fraser IS: Concentration of oestrone
and oestradiol in follicular fluid and ovarian
venous blood of women. Clin Endocrinol (Oxf)
1975;4(3):259–266.
42 Ramey JW, Archer DF: Peritoneal fluid: Its relevance to the development of endometriosis
[see comments]. Fertil Steril 1993;60:1–14.
43 Brosens IA, Koninckx PR, Corveleyn PA: A
study of plasma progesterone, oestradiol17beta, prolactin and LH levels, and of the
luteal phase appearance of the ovaries in patients with endometriosis and infertility. Br J
Obstet Gynaecol 1978;85:246–250.
44 Holtz G, Williamson HO, Mathur RS, et al:
Luteinized unruptured follicle syndrome in
mild endometriosis: Assessment with biochemical parameters. J Reprod Med 1985;30:643–
645.
45 Koninckx PR, Oosterlynck D, D’Hooghe T,
Meuleman C: Deeply infiltrating endometriosis is a disease whereas mild endometriosis
could be considered a non-disease. Ann NY
Acad Sci 1994;734:333–341.

Koninckx/Kennedy/Barlow

Downloaded by:
KU Leuven University Library
149.126.75.1 - 1/5/2016 3:43:04 PM

1 Koninckx PR, Kennedy SH, Barlow DH: Endometriotic disease: The role of peritoneal
fluid. Hum Reprod 1998, in press.
2 Koninckx PR, Meuleman C, Demeyere S, Lesaffre E, Cornillie FJ: Suggestive evidence that
pelvic endometriosis is a progressive disease,
whereas deeply infiltrating endometriosis is associated with pelvic pain. Fertil Steril 1991;55:
759–765.
3 Cornillie FJ, Oosterlynck D, Lauweryns JM,
Koninckx PR: Deeply infiltrating pelvic endometriosis: Histology and clinical significance. Fertil Steril 1990;53:978–983.
4 van der Linden PJQ: Theories on the pathogenesis of endometriosis. Hum Reprod 1996;11
(3):53–65.
5 Koninckx PR, Ide P, Vandenbroucke W, Brosens IA: New aspects of the pathophysiology of
endometriosis and associated infertility. J Reprod Med 1980;24:257–260.
6 Badawy SZ, Cuenca V, Marshall L, Munchback R, Rinas AC, Coble DA: Cellular components in peritoneal fluid in infertile patients
with and without endometriosis. Fertil Steril
1984;42:704–708.
7 Halme J, Hammond MG, Hulka JF, et al: Retrograde menstruation in healthy women and in
patients with endometriosis. Obstet Gynecol
1984;64:151–154.
8 Bartosik D, Jacobs SL, Kelly LJ: Endometrial
tissue in peritoneal fluid. Fertil Steril 1986;46:
796–800.
9 van der Linden PJ, Dunselman GA, de Goeij
AF, van der Linden EP, Evers JL, Ramaekers
FC: Epithelial cells in peritoneal fluid – of
endometrial origin? Am J Obstet Gynecol
1995; 173:566–570.
10 Kruitwagen RFPM, Poels LG, Willemsen
WNP, De Ronde IJY, Jap PHK, Rolland R:
Endometrial epithelial cells in peritoneal fluid
during the early follicular phase. Fertil Steril
1991;55:297–303.
11 Willemsen WN, Mungyer G, Smets H, Rolland
R, Vemer H, Jap P: Behavior of cultured glandular cells obtained by flushing of the uterine
cavity. Fertil Steril 1985;44:92–95.
12 van der Linden PJ, de Goeij AF, Dunselman
GA, van der Linden EP, Ramaekers FC, and
Evers JL: Expression of integrins and E-cadherin in cells from menstrual effluent, endometrium, peritoneal fluid, peritoneum, and endometriosis. Fertil Steril 1994;61:85–90.
13 D’Hooghe TM, Bambra CS, Raeymaekers BM,
De Jonge I, Lauweryns JM, Koninckx PR:
Intrapelvic injection of menstrual endometrium causes endometriosis in baboons (Papio
cynocephalus and Papio anubis). Am J Obstet
Gynecol 1995;173:125–134.
14 Doty DW, Gruber JS, Wolf GC, Winslow RC:
46,XY pure gonadal dysgenesis: Report of 2
unusual cases. Obstet Gynecol 1980;55:61S–
65S.
15 Mahgoub S El, Yaseen S: A positive proof for
the theory of coelomic metaplasia. Am J Obstet
Gynecol 1980;137:137–140.

Peritoneal Fluid in Pathogenesis of
Endometriosis

60 McLaren J, Prentice A, Charnock Jones DS,
Smith SK: Vascular endothelial growth factor
(VEGF) concentrations are elevated in peritoneal fluid of women with endometriosis. Hum
Reprod 1996;11:220–223.
61 McLaren J, Prentice A, Charnock Jones DS,
Millican SA, Muller KH, Sharkey AM, Smith
SK: Vascular endothelial growth factor is produced by peritoneal fluid macrophages in endometriosis and is regulated by ovarian steroids. J Clin Invest 1996;98:482–489.
62 Rana N, Braun DP, House R, Gebel H, Rotman C, Dmowski WP: Basal and stimulated
secretion of cytokines by peritoneal macrophages in women with endometriosis. Fertil
Steril 1996;65:925–930.
63 Halme J: Release of tumor necrosis factoralpha by human peritoneal macrophages in
vivo and in vitro. Am J Obstet Gynecol 1989;
161:1718–1725.
64 Taketani Y, Kuo TM, Mizuno M: Comparison
of cytokine levels and embryo toxicity in peritoneal fluid in infertile women with untreated
or treated endometriosis. Am J Obstet Gynecol
1992;167:265–270.
65 Ryan IP, Tseng JF, Schriock ED, Khorram O,
Landers DV, Taylor RN: Interleukin-8 concentrations are elevated in peritoneal fluid of
women with endometriosis. Fertil Steril 1995;
63:929–932.
66 Boutten A, Dehoux M, Edelman P, Seta N,
Menard A, Madelenat P, Durand G: IL6 and
acute phase plasma proteins in peritoneal fluid
of women with endometriosis. Clin Chim Acta
1992;210:187–195.
67 Rier SE, Zarmakoupis PN, Hu XL, and Becker
JL: Dysregulation of interleukin-6 responses in
ectopic endometrial stromal cells: Correlation
with decreased soluble receptor levels in peritoneal fluid of women with endometriosis. J Clin
Endocrinol Metab 1995;80:1431–1437.
68 Keenan JA, Chen TT, Chadwell NL, Torry DS,
Caudle MR: Interferon-gamma (IFN-gamma)
and interleukin-6 (IL-6) in peritoneal fluid and
macrophage-conditioned media of women
with endometriosis. Am J Reprod Immunol
1994;32:180–183.
69 Schroder W, Gaetje R, Baumann R: Interleukin-6 and soluble interleukin-6 receptor in peritoneal fluid and serum of patients with endometriosis. Clin Exp Obstet Gynecol 1996; 23:
10–14.
70 Gazvani MR, Christmas S, Quenby S, Kirwan
J, Johnson PM, Kingsland CR: Peritoneal fluid
concentrations of interleukin-8 in women with
endometriosis: Relationship to stage of disease.
Hum Reprod 1998;13:1957–1961.
71 McLaren J, Dealtry G, Prentice A, CharnockJones DS, Smith SK: Decreased levels of the
potent regulator of monocyte/macrophage activation, interleukin-13, in the peritoneal fluid of
patients with endometriosis. Hum Reprod
1997;12 (6):1307–1310.

72 Halme J, White C, Kauma S, Estes J, Haskill S:
Peritoneal macrophages from patients with endometriosis release growth factor activity in
vitro. J Clin Endocrinol Metab 1988;66:1044–
1049.
73 Fukaya T, Sugawara J, Yoshida H, Yajima A:
The role of macrophage colony stimulating factor in the peritoneal fluid in infertile patients
with endometriosis. Tohoku J Exp Med 1994;
172:221–226.
74 Vercellini P: Tumor necrosis factor in plasma
and peritoneal fluid of women with and without endometriosis. Gynecol Obstet Invest
1993;36:39–41.
75 Keenan JA, Chen TT, Chadwell NL, Torry DS,
Caudle MR: IL-1 beta, TNF-alpha, and IL-2 in
peritoneal fluid and macrophage-conditioned
media of women with endometriosis. Am J
Reprod Immunol 1995;34:381–385.
76 Kauma S, Clark MR, White C, Halme J: Production of fibronectin by peritoneal macrophages and concentration of fibronectin in
peritoneal fluid from patients with or without
endometriosis. Obstet Gynecol 1988;72:13–
18.
77 Hemmings R, Miron P, Falcone T, Bourque J,
Lepage N, Langlais J: Platelet-activating factor
acetylhydrolase activity in peritoneal fluids of
women with endometriosis. Obstet Gynecol
1993;81:276–279.
78 Giudice LC, Dsupin BA, Gargosky SE, Rosenfeld RG, Irwin JC: The insulin-like growth factor system in human peritoneal fluid: Its effects
on endometrial stromal cells and its potential
relevance to endometriosis. J Clin Endocrinol
Metab 1994;79:1284–1293.
79 Koutsilieris M, Niklinski W, Frenette G, Lemay A: Heparin-sepharose binding growth factors in peritoneal fluid of women with endometriosis. Fertil Steril 1993;59:93–97.
80 Koutsilieris M, Akoum A, Lazure C, Frenette
G, Lemay A, Bergeron J, Maheux R, Quesnel
G, Villeneuve M: N-terminal truncated forms
of insulin-like growth factor binding protein-3
in the peritoneal fluid of women without laparoscopic evidence of endometriosis. Fertil Steril 1995;63:314–321.
81 Mudge TJ, James MJ, Jones WR, Walsh JA:
Peritoneal fluid 6-keto prostaglandin F1 alpha
levels in women with endometriosis. Am J Obstet Gynecol 1985;152:901–904.
82 Morita M, Yano Y, Otaka K, Kojima E, Momose K: Minimal and mild endometriosis.
Nd:YAG laser treatment and changes in prostaglandin concentrations in peritoneal fluid. J
Reprod Med Obstet Gynecol 1990;35:621–
624.
83 Koskimies AI, et al: Peritoneal fluid 6-ketoprostaglandin F1 alpha, thromboxane B2 in
endometriosis and unexplained infertility. Am
J Obstet Gynecol 1984;123:19–21.
84 Drake TS, O’Brien WF, Ramwell PW: Peritoneal fluid prostanoids in unexplained infertility. Am J Obstet Gynecol 1983;147:63–64.
85 Dawood MY: Peritoneal fluid prostaglandins
and prostanoids in women with endometriosis,
chronic pelvic inflammatory disease, and pelvic pain. Am J Obstet Gynecol 1984;148:391–
395.

Gynecol Obstet Invest 1999;47(suppl 1):23–33

31

Downloaded by:
KU Leuven University Library
149.126.75.1 - 1/5/2016 3:43:04 PM

46 D’Hooghe TM, Bambra CS, Raeymaekers BM,
Koninckx PR: Disappearance of the ovulation
stigma in baboons (Papio anubis, Papio cynocephalus) as determined by serial laparoscopies
during the luteal phase. Fertil Steril 1996;65:
1219–1223.
47 Jansen RP, Russell P: Nonpigmented endometriosis: Clinical, laparoscopic, and pathologic
definition. Am J Obstet Gynecol 1986;155:
1154–1159.
48 Koninckx PR, Barlow D: Principles of management of endometriosis: surgical treatment; in
Shoham Z, Howles CM, Jacobs HS (eds): Female Infertility Therapy. London, Martin Dunitz, 1998, pp 373–389.
49 Koninckx PR: Biases in endometriosis literature as illustrated by 20 years of endometriosis
research in Leuven. Eur J Obstet Gynecol Reprod Biol 1998, in press.
50 Koninckx PR, De Moor P, Brosens IA: Diagnosis of the luteinized unruptured follicle syndrome by steroid hormone assays on peritoneal
fluid. Brit J Obstet Gynaecol 1980;87:929–
934.
51 Weil SJ, Wang SY, Perez MC, Lyttle CR: Chemotaxis of macrophages by a peritoneal fluid
protein in women with endometriosis. Fertil
Steril 1997;67(5):865–869.
52 Leiva MC, Hasty LA, Pfeifer S, Mastroianni L
Jr, Lyttle CR: Increased chemotactic activity of
peritoneal fluid in patients with endometriosis.
Am J Obstet Gynecol 1993;168: 592–598.
53 Akoum A, Lemay A, Brunet C, Hebert J: Cytokine-induced secretion of monocyte chemotactic protein-1 by human endometriotic cells in
culture. Le groupe d’investigation en gynécologie. Am J Obstet Gynecol 1995;172:594–
600.
54 Murphy AA, Santanam N, Morales AJ, Parthasarathy S: Lysophosphatidyl choline, a chemotactic factor for monocytes/T-lymphocytes
is elevated in endometriosis. J Clin Endocrinol
Metab 1998;83:2110–2113.
55 Hornung D, Ryan IP, Chao VA, Vigne JL,
Schriock ED, Taylor RN: Immunolocalization
and regulation of the chemokine RANTES in
hunan endothelial and endometriosis tissues
and cells. J Clin Endocrinol Metab 1997;82(5):
1621–1628.
56 Khorram O, Taylor RN, Ryan IP, Schall TJ,
Landers DV: Peritoneal fluid concentrations of
the cytokine rantes correlate with the severity
of endometriosis. Am J Obstet Gynecol 1993;
169:1545–1549.
57 Murphy AA, Palinski W, Rankin S, Morales
AJ, Parthasarathy S: Macrophage scavenger receptor(s) and oxidatively modified proteins in
endometriosis. Fertil Steril 1998;69:1085–
1091.
58 Oosterlynck D: Angiogenic activity of peritoneal fluid from women with endometriosis. Fertil
Steril 1993;59:778–782.
59 Oosterlynck DJ, Meuleman C, Waer M, Koninckx PR: Transforming growth factor-beta
activity is increased in peritoneal fluid from
women with endometriosis. Obstet Gynecol
1994;83:287–292.

32

100 Fazleabas AT, Khan Dawood FS, and Dawood MY: Protein, progesterone, and protease inhibitors in uterine and peritoneal
fluids of women with endometriosis. Fertil
Steril 1987;47:218–224.
101 Dunselman GA, Bouckaert PX, van Wersch
JW, Brommer EJ, Evers JL: Fibrinolytic
properties of peritoneal fluid in endometriosis. Gynecol Obstet Invest 1988;26:302–
307.
102 Sharpetimms KL, Keisler LW, McIntush
EW, Keisler DH: Tissue inhibitor of metalloproteinase-1 concentrations are attenuated in
peritoneal fluid and sera of women with endometriosis and restored in sera by gonadotropin-releasing hormone agonist therapy.
Fertil Sterili 1998;69:1128–1134.
103 Nothnick WB, Curry TE Jr, Muse KN, London SN, Vernon MW: Detection of a unique
32-kD protein in the peritoneal fluid of women with endometriosis. Fertil Steril 1994;61:
288–293.
104 Oosterlynck DJ, Meuleman C, Lacquet FA,
Waer M, Koninckx PR: Flow cytometry analysis of lymphocyte subpopulations in peritoneal fluid of women with endometriosis. Am
J Reprod Immunol 1994;31:25–31.
105 Lachapelle MH, Hemmings R, Roy DC, Falcone T, Miron P: Flow cytometric evaluation
of leukocyte subpopulations in the follicular
fluids of infertile patients. Fertil Steril 1996;
65:1135–1140.
106 Matsuzaki S, Canis M, Darcha C, Dechelotte
P, Pouly JL, Bruhat MA: Angiogenesis in
endometriosis. Gynecol Obstet Invest 1998;
46:111–115.
107 Matsuzaki S, Canis M, Darcha C, Fukaya T,
Yajima A, Bruhat MA: Increased mast cell
density in peritoneal endometriosis compared with eutopic endometrium with endometriosis. Am J Reprod Immunol 1998;40:
291–294.
108 Bergqvist A, Ferno M, Mattson S: A comparison of cathepsin D levels in endometriotic tissue and in uterine endometrium. Fertil Steril
1996;65:1130–1134.
109 Beliard A, Donnez J, Nisolle M, Foidart JM:
Localization of laminin, fibronectin, E-cadherin, and integrins in endometrium and endometriosis. Fertil Steril 1997;67(2):266–
272.
110 Sillem M, Prifti S, Schmidt M, Rabe T, Runnebaum B: Endometrial integrin expression is
independent of estrogen or progestin treatment in vitro. Fertil Steril 1997;67(5):877–
882.
111 Rai V, Hopkisson J, Kennedy SH, Bergqvist
A, Barlow DH, Mardon HJ: Integrins alpha 3
and alpha 6 are differentially expressed in
endometrium and endometriosis. J Pathol
1996;180:181–187.
112 Sbracia M, Zupi E, Alo P, Manna C, Marconi
D, Scarpellini F, Grasso JA, Di Tondo U,
Romanini C: Differential expression of IGF-I
and IGF-II in eutopic and ectopic endometria
of women with endometriosis and in women
without endometriosis. Am J Reprod Immunol 1997;37(4):326–329.

Gynecol Obstet Invest 1999;47(suppl 1):23–33

113 Fernandez Shaw S, Marshall JM, Hicks B,
Barlow DH, Starkey PM: Plasminogen activators in ectopic and uterine endometrium.
Fertil Steril 1995;63:45–51.
114 Gaetje R, Kotzian S, Herrmann G, Baumann
R, Starzinski-Powitz A: Nonmalignant epithelial cells, potentially invasive in human
endometriosis, lack the tumor suppressor
molecule E-cadherin. Am J Pathol 1997;150
(2):461–467.
115 Bruner KL, Matrisian LM, Rodgers WH,
Gorstein F, Osteen KG: Suppression of matrix metalloproteinases inhibits establishment of ectopic lesions by human endometrium in nude mice. J Clin Invest 1997;99(12):
2851–2857.
116 Oosterlynck DJ, Cornillie FJ, Waer M, Vandeputte M, Koninckx PR: Women with endometriosis show a defect in natural killer
activity resulting in a decreased cytotoxicity
to autologous endometrium. Fertil Steril
1991;56:45–51.
117 Noble LS, Simpson ER, Johns A, Bulun SE:
Aromatase expression in endometriosis. J
Clin Endocrinol Metab 1996;81:174–179.
118 Ota H, Igarashi S, Hatazawa J, Tanaka T:
Distribution of heat shock proteins in eutopic
and ectopic endometrium in endometriosis
and adenomyosis. Fertil Steril 1997;68(1):
23–28.
119 Fujimoto J, Ichigo S, Hirose R, Sakaguchi H,
Tamaya T: Expression of estrogen receptor
wild type and exon 5 splicing variant mRNAs
in normal and endometriotic endometria during the menstrual cycle. Gynecol Endocrinol
1997;11(1):11–16.
120 Hii LP, Rogers PW: Endometrial vascular
and glandular expression of integrin alpha(v)beta(3) in women with and without endometriosis. Hum Reprod 1998;13:1030–
1035.
121 Overton CE, Fernandez Shaw S, Hicks B,
Barlow DH, Starkey P: In vitro culture of
endometrial stromal and gland cells as a model for endometriosis: The effect of peritoneal
fluid on proliferation. Fertil Steril 1997;67:
51–56.
122 Haney AF, Jenkins S, Weinberg JB: The stimulus responsible for the peritoneal fluid inflammation observed in infertile women with
endometriosis. Fertil Steril 1991;56:408–
413.
123 Donnez J, Nisolle M, Casanas Roux F, Brion
P, Da Costa Ferreira N: Stereometric evaluation of peritoneal endometriosis and endometriotic nodules of the rectovaginal septum.
Hum Reprod 1996;11:224–228.
124 Koninckx PR, Martin D: Treatment of deeply
infiltrating endometriosis. Curr Opin Obstet
Gynecol 1994;6:231–241.
125 Oral E, Arici A: Pathogenesis of endometriosis. Obstet Gynecol Clin North Am 1997;24
(2):219–233.
126 Vinatier D, Dufour P, Oosterlynck D: Immunological aspects of endometriosis. Hum Reprod Update 1996;2:371–384.

Koninckx/Kennedy/Barlow

Downloaded by:
KU Leuven University Library
149.126.75.1 - 1/5/2016 3:43:04 PM

86 Alber D, Moussard C, Agnani G, et al: Peritoneal fluid prostanoids in infertile patients with
and without pelvic lesions (endometriosis, adhesions). Pathol Biol 1986;34:101–107.
87 Sano M, Morishita T, Nozaki M, Yokoyama
M, Watanabe Y, Nakano H: Elevation of the
phospholipase A2 activity in peritoneal fluid
cells from women with endometriosis. Fertil
Steril 1994;61:657–662.
88 Sharma SC, Barrykinsella C, Cottell E, Harrison RF: A mid-luteal phase comparison of peritoneal fluid volume and its content of PGF(2
alpha) and PGE(2) in women with minimal
stage endometriosis and a normal pelvis. Prostaglandins 1994;47:9–16.
89 De Leon FD, Vijayakumar R, Brown M, et al:
Peritoneal fluid volume, estrogen, progesterone, prostaglandin, and epidermal growth factor concentrations in patients with and without
endometriosis. Obstet Gynecol 1986;68:189–
194.
90 Hill JA: Immunology and endometriosis –
Fact, artifact, or epiphenomenon? Obstet Gynecol Clin North Am 1997;24(2):291–306.
91 Oosterlynck DJ, Meuleman C, Waer M, Vandeputte M, Koninckx PR: The natural killer
activity of peritoneal fluid lymphocytes is decreased in women with endometriosis. Fertil
Steril 1992;58:290–295.
92 Oosterlynck D: Immunosuppressive activity of
peritoneal fluid in women with endometriosis.
Obstet Gynecol 1993;82:206–212.
93 Ho HN, Chao KH, Chen HF, Wu MY, Yang
YS, Lee TY: Peritoneal natural killer cytotoxicity and CD25+ CD3+ lymphocyte subpopulation are decreased in women with stage III–IV
endometriosis. Hum Reprod 1995;10:2671–
2675.
94 Somigliana E, Vigano P, Gaffuri B, Guarneri
D, Busacca M, Vignali M: Human endometrial
stromal cells as a source of soluble intercellular
adhesion molecule (ICAM)-1 molecules. Hum
Reprod 1996;11:1190–1194.
95 Okamoto N, Uchida A, Takakura K, Kariya Y,
Kanzaki H, Riittinen L, Koistinen R, Seppala
M, Mori T: Suppression by human placental
protein 14 of natural killer cell activity. Am J
Reprod Immunol 1991;26:137–142.
96 Braun DP, Gebel H, Rana N, Dmowski WP:
Cytolysis of eutopic and ectopic endometrial
cells by peripheral blood monocytes and peritoneal macrophages in women with endometriosis. Fertil Steril 1998;69:1103–1108.
97 McLaren J, Prentice A, Charnock-Jones DS,
Sharkey AM, Smith SK: Immunolocalization
of the apoptosis regulating proteins Bcl-2 and
Bax in human endometrium and isolated peritoneal fluid macrophages in endometriosis.
Hum Reprod 1997;12(1):146–152.
98 Gebel HM, Braun DP, Tambur A, Frame D,
Rana N, Dmowski WP: Spontaneous apoptosis
of endometrial tissue is impaired in women
with endometriosis. Fertil Steril 1998;69:
1042–1047.
99 Brandelli A, Passos EP: Glycosidases in the
peritoneal fluid from infertile women with and
without endometriosis. Clin Biochem 1998;31:
181–186.

127 Tamura M, Fukaya T, Murakami I, Uehara S,
Yajima A: Analysis of clonality in human
endometriotic cysts based on evaluation of X
chromosome inactivation in archival formalin-fixed, paraffin-embedded tissue. Lab Invest 1998;213–218.
128 Rier SE, Martin DC, Bowman RE, Dmowski
WP, Becker JL: Endometriosis in rhesus
monkeys (Macaca mulatta) following chronic
exposure to 2,3,7,8-tetrachlorodibenzo-pdioxin. Fund Appl Toxicol 1993;21:433–
441.
129 Wood DH, Yochmowitz MG, Salmon YL,
Eason RL, Boster RA: Proton irradiation and
endometriosis. Aviat Space Environ Med
1983;54:718–724.

130 Dmowski WP, Steele RW, Baker GF: Deficient cellular immunity in endometriosis. Am
J Obstet Gynecol 1981;141(4):377–383.
131 Steele RW, Dmowski WP, Siegel I, Liu TL,
Friberg J, Radwans R, R: Immunologic aspects of human endometriosis. Am J Reprod
Immunol 1984;6:33–36.
132 D’Hooghe TM, Scheerlinck JP, Koninckx
PR, Hill JA, Bambra CS: Anti-endometrial
lymphocytotoxicity and natural killer cell activity in baboons (Papio anubis and Papio
cynocephalus) with endometriosis. Hum Reprod 1995;10:558–562.
133 Kennedy SH, Mardon H, Barlow DH: Familial endometriosis. J Assist Reprod Genet
1995;12:32–34.
134 Hadfield R, Yudkin PL, Coe C: Risk factors
for endometriosis in the rhesus monkey (Macaca mulatta): A case control study. Hum
Reprod Update 1997;3:109–115.

135 Kennedy S, Hadfield R, Mardon H, Barlow
D: Age of onset of pain symptoms in non-twin
sisters concordant for endometriosis. Hum
Reprod 1996;11:403–405.
136 Simpson JL, Elias S, Malinak LR, Buttram
VCJ: Heritable aspects of endometriosis. I.
Genetic studies. Am J Obstet Gynecol 1980;
137:327–331.
137 Coxhead D, Thomas EJ: Familial inheritance
of endometriosis in a British population. A
case control study. J Obstet Gynecol 1993;13:
42–44.
138 Moen MH, Magnus P: The familial risk of
endometriosis. Acta Obstet Gynecol Scand
1993;72:560–564.

Discussion
Prof. Terakawa: Could you comment on why peritoneal fluid is
stimulatory for endometriosis growth in vitro but inhibitory in
vivo?
Prof. Koninckx: I know this is provocative and is not mainstream
scientific thinking. I tried to take all the data which we have and look
at them from a different angle. When you look at each factor in peritoneal fluid separately, we can find many reasons why it would stimulate endometriosis, but if you take the entire fluid in the peritoneal
cavity, this seems not to be stimulatory for endometriosis growth. I
am only reporting these results and it is too early to interpret them.
Prof. Taketani: In your previous talk you postulated that minimal
and mild endometriosis is a normal condition and not a disease,
whereas rAFS stage III and IV cases should be regarded as a disease
state. You have now clearly presented characteristic peritoneal environmental changes associated with endometriosis. Are these characteristic changes in peritoneal fluid a common finding in both the normal minimal and disease states?
Prof. Koninckx: Yes, because when you have endometriosis in the
pelvic cavity, at that moment, you have an attraction of macrophages
and all molecules there are operational. This is a sign that endometriosis is present, but this is not necessarily the cause of the endometriosis. I believe this data supports the tumor concept of endometriosis in which small lesions can be attacked and managed by the
immune system. However, once the lesion is large enough, the
immune system is no longer able to control the disease.
Prof. Taketani: If the LUF syndrome is highly associated with
endometriosis in humans and baboons, do you think this syndrome
is a causative factor for endometriosis and is it specific to advanced
cases?
Prof. Koninckx: The LUF syndrome is definitely associated with
cystic ovarian and advanced stages of endometriosis as well as typical
disease, and there is no evidence that LUF is associated with mini-

mal disease. I would be hesitant about to say that the LUF syndrome
causes endometriosis, but perhaps it is more likely that LUF is a factor which can facilitate the development of endometriosis. It is one of
a series of predisposing candidates, including genetic predisposition,
the environment, and the presence of typical cells. LUF syndrome
can be the cause or can be the consequence of endometriosis. There is
a series of evidence that women with factors such as atypical psychology, or in a chronic stress situation, have a much higher incidence of
LUF, and that these women have a lower pregnancy rate.
Prof. Taketani: So do you think there is some mechanism explaining the development of LUF, not a mechanical factor due to the presence of endometrioma?
Prof. Koninckx: Yes. Psychology certainly plays a role in the LUF
syndrome, although these two factors may be coincident and not
directly related. LUF probably helps the endometriotic cells to grow
and this may be hormonally related.
Dr. Harada: In your remodeling model do you think endometriosis is a progressive disease?
Prof. Koninckx: Once it has reached a certain critical point, I
believe endometriosis becomes a progressive disease. That is, once
there are deep lesions, they increase with age. Also, the size increases
with age. Large areas increase with age. Cystic ovarian endometriosis
increases with age. When you look at subtle endometriosis, I think
there is no evidence that this is progressive in all women.
Dr. Harada: If the endometriosis starts from subtle lesions, why
not treat all endometriosis at an early stage?
Prof. Koninckx: I always treat minimal endometriosis although I
think it is not logical and is probably not useful. However, when performing a laparoscopy, it takes only a few minutes using a CO2 laser
to treat and I cannot find a reason as a clinician not to do it. Scientifically, I think for most of these women it does not make sense to treat
subtle lesions.
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