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This thesis is dedicated to all these women suffering from endometriosis.






ABSTRACT

Endometriosis is a common gynaecologic disorder, affecting women of fertile age with
pelvic pain and infertility, and is characterized by the presence of endometrial glands
and stroma outside the uterine cavity. Retrograde shed endometrial fragments are
presumed to adhere to pelvic structures and grow invasively, thereby creating
endometriotic tissue.

Different factors might participate in the invasive process. The plasminogen activating
system (PAs) is involved in tissue degradation and remodelling under both normal and
pathological conditions. The activation of plasminogen, leading to the formation of
plasmin, is catalysed by tissue-type PA (tPA) or by urokinase plasminogen activator
(uPA) when bound to its receptor uPAR. Receptor binding of uPA initiates pericellular
proteolysis and cell migration, two processes required for tissue invasion. Two
plasminogen activator inhibitors PAI-1 and PAI-2 regulate the plasminogen activating
system.Plasmin, a highly potent protease, is able to degrade a broad spectrum of matrix
and basement membrane proteins and plasmin also activates zymogens of other matrix-
degrading proteases.

In this thesis we hypothesize that the PAs are important contributors both to menstrual
shedding, endometrial adhesion and endometriotic invasion.

We investigated endometriotic and endometrial tissue as well as peritoneal fluid (PF)
from women with endometriosis and used endometrium and PF from healthy women as
controls. We analysed the concentrations of plasminogen activators and inhibitors and
the IL-1p, IL-6 and TNFa in homogenates of endometriotic and endometrial tissue as
well as in peritoneal fluid and in culture medium from isolated, separated epithelial and
stromal cells. With in situ hybridisation (ISH) and immunohistochemistry (IHC) we
investigated in which type of cells, glandular and/or stromal cells, the mRNA and the
protein for uPA, PAI-1 and uPAR were expressed in endometriotic and endometrial
tissue samples.

We found an up-regulation of mRNA for uPA, PAI-1 and uPAR and higher
concentrations of uPA, and PAI-1 in endometriotic and endometrial tissue from women
with endometriosis compared to endometrial tissue from control women.

These findings might be of importance for menstrual shedding and adhesion of viable
endometrial fragments to other structures and for the invasive growth of endometriosis.
The differences found between the three tissue types concerning IL-18, [L-6 and TNFa
might have importance for the inflammatory reaction at the endometrial adhesion and
in the growth regulation of endometriotic tissue. The higher level of PAI-2 in PF from
women with endometriosis might be a consequence of the inflammatory process and
contribute to the development of adherences in the peritoneal cavity.

Above all the studies have shown, that there is an important difference in the
expression of the components of the PAs in endometrium from women with
endometriosis compared to healthy endometrium supporting the hypothesis that ectopic
endometrial invasion takes place at least partly as a consequence of a disturbed
fibrinolytic activity in the eutopic endometrium.

Key words: Endometriosis, endometrium, PF, tPA, uPA, uPAR, PAI-1, PAI-2, IL-1j,
IL-6, TNFa.
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1 INTRODUCTION

1.1 ENDOMETRIOSIS

Endometriosis is defined as the presence of endometrial-like tissue outside the uterus. It
is one of the most common benign gynaecologic disorders and affects about 10 % of
women in reproductive age (Wheeler, 1989). Endometriosis is associated with
abdominal and pelvic pain as well as infertility. The incidence will increase up to 20 %
in women with infertility and 25 % in women with pelvic pain (Eskenazi and Warner,
1997). The aetiology of endometriosis is not clear, but there is increasing evidence for a
genetic factor in developing endometriosis (Kennedy, 2003). There is a sevenfold
increased risk of endometriosis in a first-degree relative of patients with endometriosis
(Moen and Magnus, 1993). The histogenesis of endometriosis has been explained by
three different theories described below, of which the implantation theory is the most
accepted.

1.1.1 Implantation theory

The implantation theory is proposed as a consequence of retrograde menstruation,
when endometrial tissue passes through the fallopian tubes into the peritoneal cavity
where it attaches and proliferates at ectopic sites (Sampson J, 1927). The viability of
sloughed endometrial cells and the capacity of these cells to implant have been
demonstrated in studies both in humans and in primates (Ridley and Edwards, 1958,
TeLinde and Scott, 1950, D"Hooghe ez al., 1995).Since retrograde menstruation occurs
in up to 90 % of women, an additional factor is likely to contribute to the development
of endometriosis (Halme et al., 1984). Alterations in the immunologic response to
refluxed menstrual debris have been implicated in the genesis and maintenance of the
endometriotic lesion. This defective immunosurveillance may lead to decreased
clearance of sloughed off endometrial fragments from the peritoneal cavity and may
allow for attachment of ectopic endometrium to peritoneal surfaces. An abnormal
immune response could also promote the persistence and growth of ectopic endometrial
tissue (Lebovic et al., 2001).

1.1.1.1 Lymphatic/haemotogenous theory

This theory is proposed by Halban (1925) and might explain endometriosis at
extragenital tracts. It is supported by the findings of endometrial fragments in lymph
nodules (Lamm et al., 1974, Ueki, 1991).

1.1.1.2  Direct mechanical implantation theory

This theory applies to women with endometriosis in whom it can be shown that a
surgical operation, i.e. hysterotomy, may have been responsible for the dissemination
or direct ingrowth of endometrial tissue into wounds (Anderson, 1993).

1.1.2 Coelomic metaplasia theory

The theory of coelomic metaplasia proposes that endometriosis may develop from
metaplasia of mesothelial cells lining the pelvic peritoneum (Ridley, 1968). An



attractive component of the theory is that it can explain the occurrence of endometriosis
anywhere mesothelium is found e.g. in the pleural cavity (Foster et al., 1981).

1.1.3 Induction theory

The induction theory is an extension of the coelomic metaplasia theory. It is based on
the proposition that menstrual endometrium produces substances that induce peritoneal
tissue or embryonic rests, e.g. Miillerian remnants, to form endometriotic lesions (Fujii,
1991).

1.1.4 Appearance and location of endometriotic lesions

In its earliest stage, peritoneal endometriosismay not always be visible to the eye.
Biopsies from normal-appearing peritoneum have detected histological proven
endometriosis in 6 % of cases (Nisolle et al, 1990). The first visible sign of
endometriosis could be areas of hypervascularization of the peritoneum and/or
transparent vesicular lesions easy to miss (Fig 1A). Later the lesions become red
because of bleeding since the ectopic lesions respond to cyclic hormonal changes with
shedding like the eutopic endometrium (Fig 1B). Debris of hemosiderin will give the
lesions their typical appearance with a brownish, blue or black colour (Fig 1B, D). This
appearance represents an advanced stage of endometriosis and the lesions will now
become fibrotic as a consequence of the chronic inflammatory process that encloses the
ectopic lesion (Fig 1C). This scarification process sometimes totally devascularizes the
endometriotic foci and the lesion becomes white and is considered as healed
endometriosis or quiescent lesions (Nisolle ez al., 1993).

Endometriotic cysts, so-called endometriomas are found in the ovaries and can reach a
size of ten centimeters or more (Fig 1D). The inside of the cyst is covered with
endometriotic tissue that menstruates and an accumulation of menstrual debris together
with glandular secretion gives the content its typical appearance and name “chocolate
cysts”.

The most common location for endometrial implants in the pelvic cavity is in fossa
Douglasi followed by the ovarian fossae, uterosacral ligaments and bladder peritoneum
(Stratton et al., 2002). Endometriosis can also be found at extra-genital sites as on the
bowel, bladder, lung and in scars (Bergqvist ef al., 1993).

1.1.5 Endometrial adhesion

According to the implantation theory of endometriosis, refluxed endometrial cells must
have the ability to implant outside the uterus. Models of amniotic membranes to study
adhesion of endometrial fragments have been used (van der Linden er al, 1996,
Groothuis et al, 1998). An intact layer of ammniocytes prevented endometrial
attachment and the authors concluded that the initial attachment of menstrual
endometrial cells to peritoneum must depend on breaches in the mesothelial layer.
Later Groothuis and co-workers (Groothuis et al.,, 1999) used peritoneal explants to
study the adhesion of proliferative phase endometrium from women without
endometriosis. Adhesion of endometrial fragments was observed with light field
microscopy and transmission electron microscopy (TEM), only at locations where the
mesothelium was absent or damaged and the basement membrane was exposed. Similar
work by this group using antegrade-shed menstrual tissue also failed to demonstrate



Fig 1A Fig 1B

Fig 1. Early stage of endometriosis is demonstrated with hypervascularization of the
peritoneum and subtle, transparent vesicles. Sign of a biopsy is seen to the right of the
vesicles, taken to verify the diagnosis of endometriosis (A). Endometriotic lesions of
mixed colour (red and black) on the surface of the ovary represent different ages of the
implants (B).

Fig 1C Fig1 D

Fig 1. Black endometriotic lesions covered with a fibrous film and surrendered by
white lesions i.e. scar formation on the peritoneum (C). Opening and draining of an
endometrioma with its typical content of chocolate like fluid that also has given it its
name “chocolate cyst”. Brownish-black lesions are also seen in the punch behind the
endometrioma (D). Photo Fredrik Nordenskjold.



adhesion of endometrial fragments to intact mesothelium (Koks et al, 1999). The
authors hypothesized that trauma to the mesothelial lining was a prerequisite for
endometrial cell adhesion.In contrast to this, Witz and co-workers (Witz et al., 2001,
2002) showed, using confocal laser-scanning microscope (CLSM) and TEM, that both
proliferative, secretory and menstrual phase endometrium adhere to peritoneum
explants with an intact layer of viable mesothelial cells and that this will occur within
one hour.

1.1.6 Invasive capacity of early endometriotic lesions

In vitro studies of collagen gel invasion have shown that the invasive potential of
endometriotic cells is comparable to that of cell lines from a metastatic carcinoma
(Gaetje et al., 1995), and it has long been recognized that early endometriosis invades
the ECM (Spuijbroek et al., 1992). Following endometrial attachment to mesothelium,
transmesothelial invasion of endometrial epithelial and stromal cells occurs rapidly
(Witz et al., 2002, 2003). Using a technique where fluorescence-labelled peritoneal
mesothelial cells (PMCs) were cultured on cover slips and fluorescence-labelled
endometrial epithelial cells (EECs) and stromal cells (ESCs) were plated on the PMCs
the investigators could follow the transmesothelial invasion through a confocal laser-
scanning microscope.

After one hour of culture both epithelial and stromal cells had adhered to PMCs. After
three hours both epithelial and stromal cells had migrated to intercellular junctions in
PMC and after six hours, extension of pseudopodia from the invading cells was seen
under the mesothelial cell layer. By 12 hours, there was vacuolisation and lifting of the
mesothelial cell layer that had been undermined by endometrial cells. The invasion was
completed after 2427 hours when there was evidence that PMCs had proliferated and
migrated over the invaded endometrial cells (Witz et al., 2003). In a recent study
Fasciani and co-workers (Fasciani et al, 2003) demonstrated that cells from
endometrial explants could proliferate and invade a fibrin matrix in vitro generating
new glands, stroma and vessels consistent with endometriosis. This suggests that
menstrual endometrial fragments reaching pelvic fibrin adhesions would be able to
proliferate as the first step of endometriosis in vivo.

1.2 THE PLASMINOGEN ACTIVATING SYSTEM

The plasminogen activating system (PA system), also called the fibrinolytic system, is
involved in tissue degradation and remodelling under both physiologic, normal and non
neoplastic pathological conditions as well as in neoplastic conditions (Dang et al.,
1985). Physiologic, normal conditions include involution of mammary glands after the
termination of lactation (Ossowski et al., 1979, Politis, 1996), disruption of the follicle
wall involved in ovulation (Strickland et al 1978) as well as blastocyst implantation
into the uterus (Strickland et al., 1992). Non-neoplastic, pathological conditions include
inflammatory processes (Reich et al., 1978) and wound healing (Schafer et al., 1994).
In neoplastic conditions, the PA system plays an important role in tumour invasion and
metastasis (Andreasen et al., 2000). Moreover, the system plays a role in cell adhesion,



migration and intracellular signal transduction, through a protease independent function
(Irigoyen et al., 1999, Andreasen et al., 2000, de Bock and Wang, 2004).

The PA system is composed of two serine proteases, tissue-type plasminogen activator
(tPA) and urokinase plasminogen activator (uPA) and its receptor (uPAR). The PA
system also includes two serine proteinase inhibitors (SERPINS), plasminogen
activator inhibitor PAI-1 and PAI-2, and the zymogen plasminogen. The proteolytic
effect of the PA system is generated through the potent protease plasmin, which is
converted from its pro-form plasminogen to plasmin by cleavage catalyzed by uPA or
tPA.

1.2.1 Plasminogen activators
1.2.1.1 Tissue type plasminogen activator (tPA)

The serine proteinases tPA is a 70 kDa protein, which is synthesized and secreted as a
single-chain precursor mainly by endothelial cells but also by epithelial cells,
fibroblasts and macrophages as well as by tumour cells (Rijken and Collen, 1981,
[rigoyen et al,, 1999, Andreasen et al., 2000). The single-chain precursor can be
proteolytically converted to a two-chain form by cleavage of a single polypeptide bond.
The plasminogen activation activity of the two-chain tPA is 10- to 50-fold higher than
that of the single-chain form (Andreasen et al., 2000).Due to its high affinity for fibrin
and its activation by fibrin binding, the main biological role of tPA seems to be
associated with fibrinolysis (Irigoyen et al 1999, Andreasen et al., 2000).

1.2.1.2 Urokinase plasminogen activator (uPA)

uPA or urokinase, so named because of its initial early detection in urine, is a serine
protease that is highly specific for the activation of plasminogen. It is produced as a
single-chain glycoprotein, pro-uPA or scuPA, with a molecular weight around 55 kDa.
When secreted, pro-uPA is converted to the active two-chain form uPA by proteolytic
cleavage of a single peptide bond, mainly by plasmin. Pro-uPA bound to its receptor,
uPAR, is activated by plasmin much faster than when free in the fluid phase (Ellis et
al., 1989, Duval-Jobe et al., 1994). Disulfide bridges link the two peptide-chains of
uPA, and the molecule contains three functional domains. In the carboxyl-terminal
region is a serine protease domain, SPD, also called the B chain. The non-catalytic
amino-terminal fragment, ATF, corresponding to the A chain, contains the kringle
domain and the growth factor, GF, domain, which is responsible for its interaction with
uPAR (Appella et al., 1987). The two-chain uPA has an activity about 250-fold higher
than that of pro-uPA (Petersen et al., 1988). Besides the activation of plasminogen to
plasmin, uPA directly activates pro-hepatocyte growth factor/scatter factor and
macrophage-stimulating protein (Naldini et al., 1992, Mars et al., 1993). uPA also
cleaves fibronectin (Keski-Oja and Vaheri, 1982), as well as its own receptor uPAR
(Hoyer-Hansen et al., 1992, 1997) and inhibitor PAI-1 (Andreasen et al., 1986, Nielsen
et al.,, 1986). uPA activity is controlled by binding of PAIs and by endocytosis
(Andreasen et al., 1997, Irigoyen et al., 1999).



1.2.2 Urokinase plasminogen activator receptor (UPAR)
1.2.2.1

The receptor for urokinase plasminogen activator (WPAR/CD87) is a multifunctional
cell surface protein, synthesized as a 313 amino acid residue polypeptide that is
carboxyl-terminally processed and attached to the cell membrane by a glycosyl-
phosphatidyl-inositol (GPI) anchor (Plough et al, 1991, Dang et al, 1994). An
anchorless, soluble variant of uPAR (suPAR) may arise by differential splicing, or by
different cleavage of the GPI anchor (Pyke et al., 1993). The uPAR consists of three
homologous, internally disulphide-bonded domains (D 1-3), numbered from the N-
terminus. The amino-terminal domain of uPAR (D1) contains the main uPA-binding
site (Behrendt et al., 1991), whereas the next two domains (D2-3) bind the extracellular
matrix protein vitronectin (VN) (Wei et al., 1994). uPAR also binds integrins at sites
distinguishable from its uPA- and vitronectin-binding sites (Wei et al., 1996). Pro-uPA
and active uPA binds with the same affinity to intact uPAR, and binding of uPA
promotes besides plasmin generation also non-proteolytic events as cell adhesion by
increasing the affinity of the receptor for vitronectin and integrins (Deng et al., 2001).
Moreover, the uPA:uPAR binding promotes cell migration, differention and
proliferation, that requires intracellular signaling. uPAR lacks a cytosolic domain but
transmits intracellular signals through its association with transmembrane proteins, e.g.
integrins (Wei et al., 1996).

The region linking D1 and D2D3 in uPAR (and suPAR) is prone to cleavage by several
proteases including uPA and this cleavage abolishes the uPA binding. The uPAR
fragments D1 and D2D3 have been shown as active inducers of chemotaxis and cell
adhesion in vitro and both fragments have been identified in vivo (Sidenius et al.,
2000).Binding of PAI-1 to receptor bound uPA triggers internalization of the complex,
mediated by low-density lipoprotein receptor-related protein (LRP). After
internalization and clearance of uPA: PAI-1, uPAR recycles back to the cell surface
(Cubellis et al., 1990, Nykjaer et al., 1997).

1.2.3 Plasminogen activator inhibitors

Plasminogen activator inhibitors PAI-1 and PAI-2 and o2-antiplasmin, the primary
inhibitor of plasmin, are members of the SERPIN family. For theirs inhibitory
mechanism is the surface-exposed reactive center loop of importance since the reactive
center peptid bond interacts with the active site of the proteinases and stably coupling
them in an inactive conformation.

1.2.3.1 Plasminogen activator inhibitor 1 (PAI-1)

PAI-I is a single-chain 50 kDa glycoprotein produced by many cell types, e.g
endothelium, platelets, fibroblasts and macrophages. PAI-1 is rapidly secreted after
synthesis and reacts quickly with uPA and/or tPA or binds with high affinity to the
adhesive glycoprotein vitronectin, a common component of the ECM, to stabilize its
active form. PAI-1/vitronectin complex gives PAI-1 other functions not related to its
proteinase inhibitory effect i.e. involvement in the regulation of cell adhesion and
inhibiting vitronectin/integrin-dependent cell migration (Stahl and Mueller 1997,
Kjeller et al., 1997).
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When coupled to uPAR-bound uPA, PAI-I inhibits ECM degradation and the uPA:
PAI-1 complex is internalized and degraded in lysosomes. Binding to uPAR and the ;-
macroglobulin receptor is required for uPA: PAI-1 internalization.

1.2.3.2  Plasminogen activator inhibitor 2 (PAI-2)

PAI-2 is a more specific inhibitor of uPA but reacts more slowly than PAI-1 with the
proteinases. PAI-2 exists in one secreted and one cytosolic form (Astedt ef al., 1987).

[t is rapidly induced in macrophages in response to TNFa and lipopolysaccarid, and
most of the newly synthesized PAI-2 remains intracellular with only a fraction secreted.
In its cytosolic form, it plays an important role in intracellular proteolysis involved in
processes such as apoptosis and inflammation. In its secreted form, PAI-2 participates
in control of tissue remodelling and fibrinolysis (Wohlwend et al., 1987, Dickinson et
al., 1995).

1.2.4 Plasminogen and plasmin

The one-chain precursor of plasmin, plasminogen, is synthesized in the liver and is
present in high concentrations in blood and in extracellular fluids. It converts into the
two-chain structure of plasmin by proteolytic cleavage of a single peptide bond. The
cleavage is catalysed by uPA or tPA and the conversion is enhanced when plasminogen
interacts with its cell surface receptors of various cell types (Ellis et al., 1991).Cell-
surface-associated plasmin has broad substrate specificity and catalyses the breakdown
of many extracellular matrix proteins, either directly or indirectly via activation of other
matrix-degrading proteases. Plasmin also converts latent forms of growth factors and
cytokines into active forms (Irigoyen ef al., 1999, Andreasen et al., 2000).The primary
inhibitor of plasmin is o2-antiplasmin which rapidly inactivates the soluble forms of
plasmin, while cell and fibrin bound plasmin is protected from inhibition (Plow et al.,
1986).

1.2.5 The PA system in adhesion, migration and invasion

The knowledge about the role of the PA system in cell adhesion, migration and
invasion is based upon studies on cell lines in different in vitro assays.

The plasmin activation of pro-uPA, bound to its cell surface receptor uPAR, proceeds
much faster than activation of fluid-phase pro-uPA. Furthermore, uPAR bound uPA
catalyses plasminogen activation more efficiently than fluid-phase uPA (Ellis et al.,
1989, Andreasen et al., 1997). This enhancement of plasminogen activation seems to
be due to co-accumulation of uPA and plasminogen on the same cell
surface.Pericellular plasmin generation leads to the degradation of fibrin and ECM
proteins and to the activation of latent growth factors and of the zymogen of matrix
metalloproteinases (MMPs) (Andreasen et al., 1997, Matrisian, 1992). MMPs are able
to degrade native collagen, which is resistant to plasmin (Mignatti and Ritkin, 1993).
The plasmin generation is controlled by PAI-I, which reacts with uPAR bound uPA.
The uPAR/UPA/PAI-1 complex is then rapidly endocytosed and degraded (see above
1.1.3.1).

Binding of uPA to uPAR stimulates intracellular signaling and induces conformational
changes in uPAR, which increase its affinity for the adhesive protein vitronectin and
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integrins, which promotes cell adhesion (Ossowski and Aguirre-Ghiso, 2000; Kjeller,
2002). PAI-I competes with uPAR for the binding site on vitronectin, and thus the
affinity of PAI-I for the somatomedin B domain of vitronectin is much higher than the
affinity of uPAR for this domain, PAI-1 can competitively inhibit the uPAR dependent
attachment of cells to vitronectin and cells attached to vitronectin through uPAR can be
detached by PAI-1 (Deng ef al., 1996, 2001).

Cell migration or the locomotion of a cell on a surface involves extension at the leading
edge and retraction at the trailing edge of the cell. Extension is associated with adhesion
to and retraction involves detachment from the extra cellular matrix. The effects of uPA
on cell migration may be caused by proteolytic as well as non-proteolytic mechanisms.

Binding of uPA to uPAR would stimulate cell migration through plasmin generation at
focal adhesion sites, which would lead to degradation of extra cellular matrix proteins
and adhesion receptors, which would help detachment of the trailing edge.

A non-proteolytic stimulatory effect on cell migration of uPA-uPAR binding would
involve stimulating adhesion at the leading edge, through binding of uPAR to
vitronectin. uPA may also act by initiation of signal-transduction cascades at the
leading edge and/or regulation of integrin-binding activity at both the leading and the
trailing edge. It seems possible that both mechanisms are operating simultaneously in
individual migrating cells (Andreasen et al., 1997, 2000). PAI-I inhibits cell migration
by interfering with the interactions between vitronectin and vitronectin binding
integrins (Kjeller et al., 1997).

Invasion involves not only cell migration but also an active penetration of cells into the
extra cellular matrix. The plasmin generation catalyzed by uPA upon binding to uPAR
on the surface of invading cells, seems to be the rate-limiting factor for invasion. The
observed effects of PAI-lon invasion has been variable, but the effect is expected to
depend on expression of the other components of the PA system by the invading cell,
of endocytosis receptors, integrins and on the composition of the extracellular matrix
(Andreasen ef al., 1997, 2000).

1.2.6 The PA system in human endometrium.

The fibrinolytic activity, i.e. the result of the action of plasminogen activators and
inhibitors, in uterine fluid shows an increasing activity during the proliferative phase to
a maximum at midcycle and then falls to its lowest level during the secretory phase and
then increases again premenstrually (Casslén, 1981, Casslén and Astedt, 1981). Casslén
(1981) found that in contrast to the activator activity the uPA concentration decreased
in the midcycle and increased again in the premenstrual phase in uterine fluid. The
plasminogen activator concentrations in endometrial homogenates studied by Rybo
(1966) shows a successive increase during the premenstrual days and reach the highest
value on the first day of the menstruation. Koh et al. (1992) found significantly higher
concentrations of tPA and PAI-1 in endometrium in the late secretory phase compared
to the proliferative or the early secretory phase. uPA concentration did not differ
significantly. The release of uPA but not tPA from endometrial tissue explants varied
over the menstrual cycle with a maximum at midcycle, was low in the secretory phase
and increased again premenstrually (Casslén and Astedt, 1983). The number of
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receptors for uPA is higher in the secretory than in the proliferative phase (Casslén and
Gustavsson, 1991). Progesterone reduces the release of uPA but not of tPA in stromal
cell cultures (Casslén er al.,, 1992) and stimulates degradation of uPA in endometrial
stromal cells by increasing PAI-1 and uPAR (Casslén et al., 1995, 1998). Guan and co-
workers (Guan et al., 2002) later confirmed this regulatory effect of progesterone on
the release of uPA and PAI-1 in stromal cell cultures.

MMPs play a key role in the cyclical breakdown of ECM that leads to menstruation
(Rodgers et al, 1994, Salamonsen et al., 1996). Progesterone withdrawal initiates
endometrial secretion of pro-MMPs (Hampton and Salamonsen, 1994, Lockwood et
al., 1998). MMP-1 and MMP-3 are expressed only at menstruation and it is likely that
both have important roles in tissue degradation that initiates menstruation (Hampton
and Salamonsen, 1994). Pro-MMPs are activated by proteases and plasmin is a key
activator of the zymogens (Carmeliet ef al., 1997).

1.3 CYTOKINES IN HUMAN ENDOMETRIUM

Cytokines are multifunctional glycoprotein produced not only by resident leucocytes in
endometrial stroma but also by endometrial epithelial and stromal cells (Tabibzadeh
1991). Diverse functions for cytokines in endometrium have been suggested, e.g. as
regulators of cell growth, cellular proliferation and differention (Karyia et al., 1991).
Cytokines acts in a endocrine, paracrine and autocrine way and their synthesis is under
the hormonal control of steroids (Tabibzadeh and Sun, 1992, Kelley et al., 2001).

1.3.1 Interleukin-1

[L-1 comprises of two different molecules, a and B, which bind to the same receptor
and mediate similar biological activities (Arai ef al., 1990). [I-1a and P are present in
endometrium in epithelial, stromal and lymphoid cells but IL-1B appears normally in
lower amounts (Tabibzadeh and Sun, 1992). IL-1B mRNA is expressed both in
proliferative and secretory phase with its lowest and highest level in the early and late
secretory phase respectively (von Wolff et al., 2000). IL-1 is involved in the regulation
of immune response and inflammation and also induces secretion of IL-6. IL-1P
stimulates endometrial epithelial cells to produce monocyte chemotactic protein-1
(MCP-1) (Akoum et al, 1996). In vitro studies on cultured human endometrium
stromal cells have shown that both the mRNA expression and protein levels of PAI-1,
uPAR and suPAR were up-regulated by IL-1p in a dose-dependent manner and is
suggested to play a role in regulating PAI-1 and uPAR during stromal cell
decidualization before implantation (Chung et al., 2001).

1.3.2 Interleukin-6

[1-6 is present in human endometrium during the proliferative phase in epithelial cells in
low levels, and increases 5-10 fold in the mid- to late secretory phase. IL-6 mRNA is
expressed at low levels in the proliferative phase in epithelial, stromal and CD45-
positive leucocytes, and the expression increases progressively in the secretory phase.
A high concentration of IL-6 in the late secretory phase and its function as an
inflammatory cytokine suggests a role in menstrual shedding (von Wolff ef al., 2002).



IL-6 secretion is stimulated by IL-1 and by tumour necrosis factor oo (TNFa), another
cytokine that has been associated with menstrual shedding (Tabibzadeh, 1996).

1.3.3 Tumor necrosis factor a (TNFa)

TNFa exerts a variety of effects ranging from pro-inflammatory and cytotoxic, to
growth and immunomodulatory, stimulating angiogenesis and induces apoptosis in host
cells (Tabibzadeh, 1996). TNFa mRNA and protein has been localized in endometrium
and is expressed, to a large extent, in the endometrial epithelial cells and, to a lesser
extent, in the stromal and lymphoid cells (Tabibzadeh, 1991). Both mRNA and the
protein are present in the proliferative phase and increase during the secretory phase
and are expressed at maximum levels in the late secretory phase (von Wolff et al.,
2000). TNFa has been identified as a factor inducing apoptosis and tissue oedema by
damaging endothelial cells, which is characteristic for the late secretory phase. Like IL-
1B, TNFa stimulates endometrial epithelial cells to produce MCP-1.
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2 AIMS OF THE STUDY

The general aim of these studies has been to evaluate the hypothesis that the
plasminogen activating system might participate in and promote the invasive growth of
endometriotic tissue and that there might be a dysfunction in the regulation of the PA
components already in the endometrium in women with endometriosis.

More specific aims has been

¢ To study the concentrations of plasminogen activators and their inhibitors in
homogenates from endometriotic and endometrial tissue, as well as in peritoneal fluid
and plasma from women with endometriosis, and from control women (Paper I).

¢ To study the tissue distribution of the mRNA and the protein for urokinase,
urokinase receptor and the inhibitor (PAI-1), in eutopic and ectopic endometrium
(Paper Il and III).

¢ To study in vitro the release of uPA, suPAR and PAI-1 in epithelial and stromal
cells in endometriotic tissue and endometrium, both from women with and without
endometriosis (Paper IV).

¢ To study the concentrations of some important growth regulators, as IL-1, IL-6

and TNF-o, in homogenates from endometriotic tissue and endometrium, both from
women with and without endometriosis (Paper V).
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3 MATERIALS AND METHODS

3.1 ETHICAL CONSIDERATIONS

The local ethics committee at Huddinge University Hospital had approved the studies
and the women had given their oral informed consent for the samples to be collected.

3.2 STUDY POPULATION

All women, contributing with endometriotic or endometrial tissue, peritoneal fluid or
plasma were regularly menstruating, and none of them had received any hormonal
treatment or contraceptives or been pregnant or breast-feeding for at least 2 months
before surgery.

3.3 MATERIALS
3.3.1 Endometriotic and endometrial tissue samples

Endometriotic tissue samples were obtained at laparoscopy or laparotomy performed
because of ultrasound-verified endometriotic cysts, pelvic pain or dysmenorrhea. The
tissue samples were mainly obtained from endometriotic cysts, but also from peritoneal
lesions, ovarian lesions, omental endometriosis, a submucous vaginal lesion and from
scars in the abdominal wall. From most of the women contributing with endometriotic
tissue an endometrial sample could be obtained simultaneously by uterine curettage.

Control endometrium was obtained by uterine curettage mainly from women
undergoing laparoscopic sterilization, but also from women undergoing surgery for
benign cysts, cone biopsy, myomas and in one case surgery for uterine prolapse.

The endometriotic and endometrial tissue samples were immediately after surgical
extirpation rinsed in saline to remove blood and mucous. The endometriotic cysts were
scraped inside with the back edge of a knife to obtain endometriotic tissue as pure as
possible and endometriotic samples from other locations were separated from
inappropriate tissue as thoroughly as possible.

Part of the tissue was thereafter snap frozen in liquid nitrogen or on dry ice and stored
at - 70° C (Paper 1, I, IIT and V). The rest was sent for histopathologic diagnose and
dating of the endometrial samples, according to Noyes et al., (1950).

Tissue samples for isolation and culture of cells (Paper IV) were transported in cold
phosphate buffered saline (PBS) to the laboratory for further processing.

3.3.2 Peritoneal fluid

Peritoneal fluid (PF) was obtained from women with endometriosis at laparoscopy for
infertility or pelvic pain, and from control women at laparoscopy for sterilization,
pelvic pain or benign ovarian cysts. The PF was aspirated from the pouch of Douglas
before other surgical interventions were done. The aspiration was performed using of a
syringe attached to a baby-feeding catheter through the laparoscope and the fluid was
collected in sterile vacuum tubes. PF contaminated with blood was avoided.

The samples were centrifuged and the supernatants were stored in —70° C.
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3.3.3 Blood samples

Blood samples were obtained in the morning before surgery. For PA and PAI antigen,
blood was collected in citrated vacuum tubes (Diatube H®) and for assays of serum
level of estradiol and progesterone blood was collected in sterile vacuum tubes. The
samples were centrifuged at 2,000x g for 10 minutes at room temperature and the
plasma was stored at -70° C.

3.4 LABORATORY PROCEDURES

3.4.1 Tissue homogenate (Paper | and V)

The frozen samples of endometriotic and endometrial tissue were thawed, rinsed in
PBS added with 0.5 M sodium chloride and dried on filter-paper before they were
weighed. The tissue samples were then homogenized with 1 mL PBS plus 0.5 M
sodium chloride by the use of a Polytron homogeniser and centrifuged at 10,000 x g for
10 minutes at 4° C. The supernatants were diluted with PBS plus 0.5 M sodium
chloride to contain 0.01 g tissue/mL, and stored at -70° C until assayed. The PBS was
added with 0.5 M sodium chloride in order to release the PAs and PAIs from the tissue.

3.4.2 lIsolation and culture of cells (Paper V)

The following procedures were performed under sterile conditions. The fresh tissue
was cut with scissors into small pieces of about 1 mm?® and rinsed carefully in PBS to
remove blood. Digestion of the tissue was performed for 1 hour at 37°C with shaking
every 15 minutes with 0.25 % type 1 A collagenase (Sigma, St Louis, MO) in
Dulbecco’s Modified Eagle Medium Nutrient Mixture F-12 (D-MEM/F-12) without
phenol red, containing 10 % fetal bovine serum (FBS), | % of 1000 U / mL penicillin,
1000 pg / mL streptomycin, and 1 % glutamine (the medium and its supplements were
obtained from Invitrogen, Life Technologies, Carlsbad, CA). Stromal and epithelial
cells were separated by a series of filtration and centrifugation steps. The first filtration
step was performed through a 100 um cell stainer (Becton Dickinsson Labware,
Franklin Lakes, NJ) to remove mucous material, debris and undigested tissue. The cells
were freed from collagenase by centrifugation (5 min, 400 x g). The pellet was then re
suspended in D-MEM/F-12. Following centrifugation at 55 x g for 2 min, the
supernatant contained the stromal cells, and the epithelial cells were collected in the
pellet.

3.4.2.1 Culture of stromal cells

The supernatant containing isolated stromal cells was transferred into a 25 cm? plastic
culture flask. After one passage for removing macrophages the cells were seeded at
50,000 cells/well (24-well plates), and an adhesion period of one week followed of
which the cells were incubated with D-MEM/F-12, containing 10 % FBS. The cells
were incubated in an atmosphere of 5 % CO,/ 95 % air and the medium was changed
every second day. After completed adhesion period, the medium was changed and
collected after 24 hours. The media were centrifuged at 2860 x g for 5 min to remove
dead cells, and stored at —20 °C until assayed for uPA, PAI-1 and suPAR. The stromal
cell cultures were 99 % pure when analyzed by immunocytochemistry using antibodies
against vimentin and cytokeratin (ZYMED, San Fransisco, CA).



3.4.2.2 Culture of epithelial cells

The epithelial cell pellet was washed again and centrifuged at 55 x g for 2 min and the
new pellet was re-suspended in 5 ml D-MEM/F-12. Filtration of the epithelial cell
suspension was then carried out through a 40 um sieve (Becton Dickinson Labware ),
allowing passage of contaminating stromal cells as well as of single epithelial cells. The
retained large glands were backwashed from the sieve with 5 ml D-MEM/F-12 and
again centrifuged at 55 x g for 2 min. The final cell pellet was resuspended in defined
keratinocyte serum-free medium (Invitrogen, Life Technologies) supplemented with
insulin, epidermal growth factor (EGF 0.03 uM), and fibroblast growth factor (FGF).
The epithelial cells were seeded with a density of 2-5 x 10° cells/cm” on a transparent
Transwell Clear membrane insert with a membrane poor size of 0.4 um (Invitrogen,
Life Technologies). The membrane insert had previously been coated with 40 pL
matrigel (Invitrogen, Life Technologies, Carlsbad, CA, USA) diluted 1:3 with PBS and
allowed to gel for one hour at 37 °C. The inserts were placed in a 24-well tissue culture
plate, so that a dual-chambered system resulted, which provided access of the medium
to both sides of the membrane. The medium was replaced every second day, 0.25 mL
in the apical compartment and 0.5 mL in the basal compartment. As this was a short-
term study, we did not wait for cells growing into confluence. After an adhesion period
of four days in an atmosphere of 5 % CO,/95% air in 37 °C, the culture medium from
the basal compartment was collected, centrifuged at 2860 x g for five min to dispose
dead cells, and stored at —20 °C until assayed for uPA, PAI-1 and suPAR. The
epithelial cell cultures were 98 % pure when analyzed by immunocytochemistry using
antibodies against vimentin and cytokeratin (ZYMED).

3.4.2.3 Macrophage staining

Both stromal and epithelial cell cultures were checked for contamination of
macrophages by the use of a primary mouse-antihuman monoclonal CDy4 antibody
(ZYMED) as previously described by Guan et al. (2002). Briefly, stromal and epithelial
cells were incubated with the antibody in parallel with macrophages obtained from
peripheral venous human blood. Following incubation with the primary antibody, a
detection kit (ZYMED) including a secondary antibody was used to identify
macrophages. 0.1 % of CD14 positive staining was obtained from cultured stromal cells
and 1 % from cultured epithelial cells compared with cultured macrophages from
human peripheral venous blood. The degree of macrophage contamination in the cell
cultures was thus very small and seems very unlikely to have affected our results.

3.4.3 Immunoassays (Paper I, VI and V)

3.4.3.1 Paperl

The antigen levels of tPA, uPA and PAI-1 in tissue homogenates, PF and plasma were
assayed by enzyme linked immunosorbent assay (ELISA) using commercial kits from
Biopool AB, Umed, Sweden. The immunoassay for tPA (IMULYSE tPA) detects free
as well as tPA in complex with PAI-1. The uPA assay (TintElize uPA) detects single-
chain, high- and low molecular weight forms of uPA. The immunoassay for PAI-1
(IMULYSE PAI-1) detects unbound active and latent PAI-1 and PAI-1 in complex
with PAs to>70%. PAI-2 was assayed with the use of an in house ELISA using
monoclonal and polyclonal antibodies (Lecander et al., 1987) detecting 60 % of the
inhibitor in complex with PAs. Detection limits were for tPA 1.5 pg /L, for uPA 0.1
ug/L, for PAI-1 1 pg/L and for PAI-2 5ug/L respectively.
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3.4.3.2 Paper IV

The levels of uPA, PAI-1 and suPAR released from cultured endometriotic and
endometrial stromal and epithelial cells, were assayed by ELISA using commercial kits
from Biopool AB (uPA) and from American Diagnostica Inc., Greenwich, CT,
(Imubind PAI-1 and suPAR). The PAI-1 assay detects latent and active forms of PAI-1
and PAI-1 complexes and the uPAR assay soluble, native and recombinant uPAR as
well as uPAR/UPA and uPAR/UPA/PAI-1 complexes. The detection limits were for
PAI-1 0.05 pg /L and for uPAR 0.1 pg/L, respectively.

3.4.3.3 PaperV

The levels of IL- in the tissue homogenates were assayed by ELISA using commercial
kit from R&D Systems, Minneapolis, MN and IL-6 and TNFa by immunoradiometric
methods using commercial kits from Medgenix SA, Fleurus, Belgium.The detection
limits were for IL-1B | ng/L, and for IL-6 and TNFa Sng/L respectively.

3.4.4 In situ hybridisation (Paper II)

The method is described in detail in Paper [I. Briefly, to obtain sense and anti sense
probes for uPA, PAI-1 and uPAR, cRNA probes were transcribed from DNA
templates and labelled with **S-UTP. Prior to hybridisation, cryostat sections of
endometriotic and endometrial tissue were fixed, deproteinated, and dehydrated. The
sections were then incubated in a hybridisation buffer with labelled probes over night
at 55° C. After hybridisation, the sections were washed, immersed in RNase, de-
salted, dehydrated and air-dried. The slides were coated with nuclear track emulsion
and after a exposure at 4°C for 3-14 weeks the slides were developed and
counterstained with Cresyl Violet. Radiolabelled sense probes served as negative
controls. The sections were analysed in a microscope with light- and dark-field
illumination. A semi quantitative, four-grade scale was used for evaluation of the
mRNA expression in the tissues.

3.4.5 Immunohistochemistry (Paper IIl)

The method is described in detail in Paper III. Monoclonal antibodies against human
uPA, PAI-1 and uPAR were used (American Diagnostica Inc.). Immunostaining was
performed on cryostat sections of endometriotic and endometrial tissue. Briefly, the
sections were fixed, and endogenous peroxidase activity blocked. Non-specific staining
was blocked with normal horse serum and to reduce background staining a
avidin/biotin blocking kit were used. The sections were incubated with primary
antibodies overnight at 4° C. The biotinylated second antibody was added followed by
the avidin-biotin-peroxidase complex and antibody binding was visualized by the
addition of 3-amino-9-ethyl-carbazole (AEC). Repeated rinses in PBS with Triton X-
100 were performed during the immunostaining process. Finally, the sections were
counterstained with haematoxylin and mounted. PBS replaced the primary antibody on
sections that served as negative controls. Slides of human breast cancer served as
positive controls. A semi quantitative, four-grade scale was used for evaluation of the
staining.
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3.4.6 Statistical analyses (Paper I, II, IV and V)

The Kruskal-Wallis test, followed by post hoc analysis by Mann-Whitney U-test, was
used when comparing differences between three different groups and the Mann-
Whitney U test to analyse differences between two different groups (Paper I, 11, IV and
V). Differences between paired observations were analysed by Wilcoxons signed rank
test or t-test for paired observations (Paper I and IV). Correlations were tested by
Spearman’s rank correlation test (Paper [V and V). The values were not normally
distributed and are given as median and range. P<0.05 was defined as statistically
significant.
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4 RESULTS
41 PAPERI

To determine whether there is a difference in the components of the PA system, that
might be of importance for the invasive growth of endometriosis, homogenates of
endometriotic tissue and endometrium from women both with and without
endometriosis was assayed for the antigen concentrations of tPA, uPA, PAI-I and PAI-
2. Furthermore, the antigen concentrations in PF and plasma from women with
endometriosis as well as in PF from women without endometriosis were assayed.

The major differences found in this study were related to uPA and PAI-1 in tissue
homogenates and PAI-2 in PF. When comparing the three types of tissue we found that
the concentrations of uPA and PAI-I, were significantly higher in endometriotic tissue
and in endometrium from women with endometriosis compared to control
endometrium (p<0.001, p<0.01 and p<0.001, p<0.05 respectively). In paired samples
from the same women, we found that the concentration of PAI-1 was significantly
higher in endometriotic tissue than in endometrium (p<0.05). Later calculations, not
shown in the paper, reveal a significantly positive correlation for both PAI-1 and PAI-2
in endometriotic tissue and in endometrium from the same women (r; = 0.81, p<0.05
and r;=0.76, p<0.05).

In PF the concentration of PAI-2 was significantly higher in women with endometriosis
than in controls (p<0.01). In paired samples of PF and plasma from women with
endometriosis, the concentration of tPA was significantly higher in PF (p<0.05). When
all samples of PF and plasma were compared, the concentrations of both tPA and PAI-2
were significantly higher in PF (p<0.001 and p=0.051, respectively). The only
statistically significant difference concerning cycle phases was in the proliferative
phase for PAI-2 and in the secretory phase for uPA in PF, where the concentrations of
the antigens were higher in women with endometriosis (p<0.01, and p<0.05,
respectively).

4.2 PAPERII

In this study we investigated the expression of mRNA for uPA, PAI-1 and uPAR by in
situ hybridisation in glandular and stromal cells from endometriotic tissue and
endometrium from patients with endometriosis and from control endometrium. We also
wanted to see if there were any differences in the mRNA expression related to the
menstrual cycle phase.

uPA mRNA was mainly expressed in stromal cells in the three types of tissue, but also
in endometriotic glandular cells. Endometrial stromal cells from women with
endometriosis, expressed significantly stronger signals for uPA mRNA than stromal
cells from control endometrium both in proliferative and secretory phase (p<0.05).
There were, however, no statistically significant differences in uPA mRNA expression
between cycle phases, either in glands or in stroma, in the three types of tissue. In
endometriotic glands and stroma and in endometrial stroma from women with
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endometriosis, the hybridisation signals were frequently localized in clusters. In
endometrial stromal cells from controls, the signal pattern was more dispersed.

PAI-1 mRNA was exclusively expressed in stromal cells in the three types of tissue.
Both endometriotic and endometrial stroma from patients with endometriosis expressed
significantly stronger signals for PAI-1 mRNA than endometrial stroma from controls
(p<0.01 and p<0.05, respectively). There were no statistically significant differences in
the expression for PAI-1 mRNA between cycle phases in the three types of tissue. Like
uPA mRNA, PAI-1 mRNA was frequently localized in clusters in endometriotic and
endometrial stroma from women with endometriosis, while in endometrial stroma from
controls the signal pattern was more dispersed.

uPAR mRNA was expressed both in glands and in stroma in the three types of tissue.
In endometrial glandular cells from women with endometriosis the hybridisation
signals were expressed with extraordinarily varying intensity, from weak to strong. In
endometriotic glands and stroma the uPAR mRNA expression was significantly
stronger than in endometrial glands and stroma from women without endometriosis
(p<0.01 respectively) as well as in endometrial stroma from women with endometriosis
(p<0.05). There was also a statistically significant difference in uPAR mRNA
expression between endometrial glands from women with endometriosis versus
controls (p<0.01). In endometrial glands from women with endometriosis as well as in
controls there was significantly stronger signals for uPAR mRNA in proliferative phase
compared to the secretory phase for both (p<0.05 respectively). There were however,
no statistically significant differences in the expression of hybridisation signals for
uPAR between the cycle phases in stroma from the three tissue types.

4.3 PAPERII

The aim of this study was, following the results from our previous studies (Paper I and
1I), to localize uPA, PAI-1 and uPAR in morphologically intact endometriotic and
endometrial tissue slices, and to study the expression of the proteins in situ when
stromal and glandular epithelial cells may interact in a paracrine way and all cells are
exposed to the variations in the circulating hormonal levels.

uPA and uPAR were localized in both epithelial and stromal cells in the three tissue
types, above all to the cytoplasm, but uPA and in a few cases uPAR, was also found in
the nuclei. PAI-1 was above all localized in the cytoplasm in stromal cells, but a faint
staining was also observed in a few cases in the cytoplasm in epithelial cells in
endometriotic and endometrial samples from women with endometriosis.

When comparing the three tissue types, the immunostaining of uPA was most
prominent in the proliferative phase in endometrial tissue from women with
endometriosis compared to the two other. In the secretory phase, there was a slight
tendency to stronger staining in endometriotic tissue compared to endometrial tissue
from women with endometriosis, but there was an obvious stronger staining in both
endometriotic and endometrial tissue from women with endometriosis for uPA than in
endometrial tissue from controls. When comparing the two menstrual phases in each
tissue type, there was a tendency to stronger staining in the secretory phase in
endometriotic tissue, but in the two endometrial tissue types there were a tendency to
stronger staining in the proliferative phase.
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Comparing the three tissue types, it seemed to be a slight stronger staining for PAI-1 in
endometriotic stroma than in endometrial stroma, both in the proliferative and in the
secretory phase. There was no difference between the cycle phases when comparing the
proliferative and the secretory phase in each tissue type. But there was an obvious
difference in stromal staining in endometrium from two women with endometriosis,
whom were in menstrual phase, staining moderate to strong for PAI-1.

The staining for uPAR was most prominent in stromal cells, both in proliferative and
secretory phase, in endometrium from women with endometriosis.

In control endometrium it seemed to be a slight stronger staining in glandular cells in
proliferative phase compared with endometriotic and endometrial tissue from women
with endometriosis. There was a difference in immunostaining in both glandular and
stromal cells in endometrium from controls, between the two cycle phases, with
stronger staining in the proliferative phase.

44 PAPERIV

[n this study, we cultured separated and isolated stromal and epithelial cells from
endometriotic and endometrial tissue from women with and without endometriosis, to
find out what endogenous potential each of these cell types has in vitro, to release uPA,
PAI-1 and suPAR without any influence of endogenous or exogenous hormones or
growth factors or other paracrine interactions.

Both stromal and epithelial cells from endometriotic and endometrial tissue released the
three types of antigens, but the release of PAI-1 was significantly higher from stromal
cells in the three types of tissue than from epithelial cells (p<0.01 respectively).
Furthermore, the release of PAI-1 from endometriotic stromal cells was significantly
higher than from endometrial stromal cells from women with endometriosis and from
controls (p<0.05 and p<0.01 respectively). A significantly positive correlation between
PAI-1 in epithelial and stromal cells from the same patient were found in culture
medium from endometrium both from women with endometriosis and controls (r;
=0.79, p<0.05 and r,=0.72, p<0.05).

The release of uPA from stromal cells from control endometrium was significantly
higher in the proliferative phase than in the secretory phase (p<0.05).

The release of uPAR from epithelial cells from control endometrium was also
significantly higher in the proliferative phase compared with the secretory phase
(p<0.05).

45 PAPERYV

To obtain more information about the possible roles of cytokines in the autocrine and
paracrine growth regulation of endometriosis, we measured the concentrations of IL-
1B, IL-6 and TNFa in homogenates from endometriotic tissue and endometrium, both
from women with and without endometriosis.

In endometriotic tissue the concentration of IL-1p was significantly higher than in

endometrium both from women with and without endometriosis (p<0.05 and p<0.001
respectively).
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In unpaired samples both endometriotic tissue and endometrium from women with
endometriosis had significantly higher concentrations of IL-6 compared to control
endometrium (p<0.001 respectively). In paired samples from women with
endometriosis, the concentration of I[L-6 was significantly higher in endometriotic
tissue than in endometrium from the same women (p<0.05).

In contrast to the two other cytokines, the concentration of TNFa was significantly
lower in endometriotic tissue compared to control endometrium (p<0.01).

When comparing the three types of tissue in each cycle phase, the levels of IL-1f in the
proliferative phase was significantly higher in endometriotic tissue than in
endometrium, both from women with and without endometriosis (p< 0.01 and p<0.001
respectively). In secretory phase a significant difference was found for [L-6 in
endometrium from women with endometriosis compared with control endometrium
(p<0.01). When comparing the two cycle phases in each tissue type, the only statistical
significant difference found was in endometrium from women with endometriosis
where the level of [L-1P was higher in the secretory phase (p<0.01).

The tissue concentrations of IL-1p and IL-6 showed significant positive correlations in
endometriotic tissue and in endometrium from controls (r; =0.65, p<0.01 and r; =0.44,
p<0.05).

Concerning the type of endometriotic lesion, endometriotic cysts had significantly
higher [L-1p content than lesions from other locations (p<0.01).
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5 DISCUSSION

Endogenous up-regulation of uPA, PAI-1 and uPAR or a product of
leukocyte infiltration?

The results show that there is a significant difference in both the mRNA expression
(Paper 1I) and the protein levels (Paper I, III) for uPA, PAI-1 and uPAR as well as the
release of these factors (Paper IV) in endometriotic and endometrial tissue from women
with endometriosis compared with endometrial tissue from women without
endometriosis. The higher levels of uPA, PAI-1 and uPAR found in women with
endometriosis, may be due to either an up-regulation of the factors by stromal and/or
epithelial cells in endometriotic and endometrial tissue or the factors may be produced
by infiltrating inflammatory cells.We observed that the mRNA for uPA and PAI-I in
endometriotic and endometrial stroma from women with endometriosis was more often
expressed in clusters compared to controls (Paper II). This cluster formation may
represent one single inflammatory cell, but the method did not allow discriminating
between cells. The cluster formations did not show any cycle variation.

Leukocyte infiltration in normal endometrial stroma begins at the end of the secretory
phase, reaches a maximum at the first day of menses and then declines and disappears
in early proliferative phase (Noyes et al., 1950). Klentzeris and co-workers (1995)
showed that the endometrial leukocyte contents of women with endometriosis did not
differ from that of women without endometriosis. In both groups, the number of
endometrial granulated lymphocytes and macrophages increased significantly between
the early and late secretory phase. Neither Fernandez-Shaw and co-workers (1995) nor
Jones and co-workers (1996) found any differences in stromal leukocyte infiltration
between eutopic endometrium from women with endometriosis and control
endometrium.

When studying macrophage infiltration of the endometrial stroma, Braun and co-
workers (2002) however saw a reduced number of macrophages during early
proliferative and late secretory phases in woman with endometriosis compared to
controls. Thus, there is a cyclic variation of infiltrating inflammatory cells in
endometrium both from women with and without endometriosis. Accordingly, it is not
likely that the cluster formation observed in endometrial stroma from women with
endometriosis, not varying during the menstrual cycle, would correspond to uPA and/or
PAI-1 mRNA producing inflammatory cells, unless there is a functional difference of
endometrial leukocytes between the two groups. However, in ectopic endometrium, the
number of leukocytes is within the same range as that of eutopic endometrium in late
secretory phase without any obvious cycle variations (Fernandez-Shaw et al., 1995,
Jones et al., 1996). The percentage of macrophages is significantly reduced in ectopic
compared to eutopic endometrium in proliferative and early secretory phase (Jones et
al., 1996). Thus it cannot be excluded that the cluster formations observed in
endometriotic glands and stroma represent uPA and PAI-1 mRNA producing
inflammatory cells.
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Cytokines as regulators of PAI-1

In cell culture, however, isolated endometriotic stromal cells released significant
amounts of PAI-1 into culture medium without any paracrine influence as in vivo. The
contamination degree of macrophages in the cell cultures was very low, 0.1 %, why it
seems unlikely that macrophages have affected the result. The culture medium we used
contained 10 % FBS. It has been reported that PAI-1 mRNA level increases rapidly
following serum stimulation (Ryan ef al., 1996) but we have shown in another study
that PAI-1 is released from endometriotic stromal cells also when serum free culture
medium is used (Guan et al., 2003). Thus the addition of FBS to the culture medium
does not explain the enhanced release of PAI-1. Taken together, our results suggest an
endogenous up-regulation of PAI-1 in endometriotic stromal cells but not in
endometrial cells. Known inducers of the gene are different growth factors as TGFp,
EGF, inflammatory cytokines as IL-1, and TNFa.

The level of IL-1B was significantly higher in endometriotic tissue compared to
endometrial tissue both from women with and without endometriosis (Paper V). The
level of IL-1p was significantly higher in proliferative than in secretory phase,
indicating that migrating leucocytes including tissue macrophages are presumably not
the main source of IL-1p in endometriotic tissue as migrating leukocytes present no
cycle phase variation and there is a reduced number of macrophages in proliferative
phase (Fernandez-Shaw et al., 1995, Jones et al., 1996). Moreover, we have previously
in fact shown that both stromal and epithelial cells from endometriotic as well as from
endometrial tissue are capable of producing IL-1 in vitro (Bergqvist ef al., 2000).

The level of TNFa in endometriotic tissue was significantly lower compared to the
concentrations in endometrial homogenates from controls (Paper V), indicating that
TNFa is not the inducer of PAI-1.

TGFB, which is mainly produced by activated lymphocytes and macrophages (Sporn et
al., 1986) but also by epithelial and stromal cells in endometrium (Chegini et al., 1994)
and endometriotic tissue (Tamura et al., 1999), induces PAI-1 expression as shown by
Lund and co-workers (1987) and Keski-Oja and co-workers (1988) in lung fibroblasts
and carcinoma cells in vitro. We have shown that addition of TGFp to the culture
medium increased the release of PAI-1 from endometriotic stromal cells but not from
endometrial stromal cells (Guan et al., 2003). Others have reported increased release of
PAI-1 from endometrial stromal cells stimulated in vitro with TGF (Sandberg et al.,
1998). However, irrespective the fact that exogenous stimulation of TGFp enhance the
production of PAI-1 in vitro, the question remains whether endogenous TGFp in
endometriotic stromal cells but not epithelial cells increases PAI-1 release by an
autocrine way. The same could be argued for the PAI-1 release from endometrial
stromal and epithelial cells.Consequently, IL-1 remains as a possible endogenous
inducers of PAI-1 in endometriotic stromal cells.

PAI-1, TNFa and apoptosis

An impaired spontaneous apoptosis in the endometrial glands in women with
endometriosis during late secretory/menstrual and early proliferative phases has been
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demonstrated by Dmowski and co-workers (2001) and this may contribute to an
increased viability of shed endometrial cells in these women. The same group have also
shown a decreased apoptosis in ectopic endometrium (Dmowski et al., 1998, Gebel et
al., 1998). Addition of PAI-1 inhibits apoptosis of tumour cells in vitro (Kwaan et al.,
2000). This anti-apoptotic effect of PAI-1 was also observed when PAI-1 was added to
non-tumoral cells in culture (Kwaan et al., 2000). The authors suggested that this could
explain why high levels of PAI-1 have been found to be a bad prognostic factor in a
number of tumours.

[t can be hypothesized that the higher levels of PAI-1 in endometriotic and endometrial
tissue from women with endometriosis have significance for the impaired apoptosis in
endometrial glands and for the invasiveness of endometriotic tissue. Using [HC we
demonstrated a stronger expression of PAI-1 in endometriotic tissue, but not in
endometrium from women with endometriosis compared to controls.

TNFa is regarded as a primary local signal initiating and modulating apoptosis during
menstruation (Tabibzadeh ef al., 1996). The lower levels of TNFa in endometriotic and
endometrial tissue from women with endometriosis compared to control endometrium
(Paper V) might also contribute to the impaired spontaneous apoptosis, resulting in
survival of the refluxed endometrial tissue, more prone to adhere to other structures in
the pelvis and to the invasive property of endometriotic tissue.

Menstrual shedding and adhesive properties

A prerequisite for the development of endometriosis is probably the adhesion of viable
endometrial fragments to the peritoneum. This has been demonstrated in vitro by
several studies (van der Linden et al., 1996, Groothuis et al., 1998, Koks et al., 1999,
Witz et al, 2001, 2002). Shed fragments of endometrium from women with
endometriosis might possess the necessary proteolytic properties for adhesion and
implantation. The over expression of uPA and uPAR in endometrial tissue and of uPA
and PAI-1 in ectopic implants from women with endometriosis predispose to both. The
environment in the peritoneal cavity with activated macrophages producing excess
amounts of cytokines and growth factors in the PF might contribute to the adhesion and
implantation. Production of fibronectin important for the adhesion process has been
reported (Kauma et al., 1988) as well as secretion of [L-1, TNFa, EGF, and TGFa and
of the angiogenic cytokines VEGF, TGFp and IL-8 (Arici et al., 1996, McLaren et al.,
1996) contributing to proliferation of the endometrial tissue (Zhang et al., 1991, Braun
et al., 1994).

The probably most important consequence of the increased expression of uPA and
uPAR in endometrium from women with endometriosis might be an enhanced
pericellular proteolysis of the ECM leading to a disturbed menstrual shedding. Also the
higher levels of IL-6 in endometrium from women with endometriosis compared to
control endometrium might have consequences for the menstrual shedding. IL-6 has
been proposed to contribute the maintenance of homeostasis in normal endometrium
and that disturbances of IL-6 mediated responses may play a role in disorders of the
endometrium in women with endometriosis (Zarmakoupis ef al., 1995). This might
result in a retrograde transportation of viable endometrial tissue fragments with a higher
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potential to implant and invade other structures. Endometrial fragments with an intact
microstructure express adhesion molecules (van der Linden, 1995) and invade ECM
earlier than isolated endometrial stromal cells (Wild et al., 1994).

Cell adhesion to components of the ECM is largely determined by the integrin
composition of the individual cell, but integrin-independent cell adhesion may also be
important (Gumbiner 1996, Deng et al, 2001). uPAR can act as a cell adhesion
receptor through its interaction with vitronectin in the ECM, and the adhesive
properties of cells depend on the relative number of uPAR on their surface (Deng et al.,
2001). Binding of uPA to uPAR increases the binding affinity of uPAR to the somato
medin B domain of vitronectin, which promotes cell adhesion (Deng et al., 1996). It
also stimulates cell migration by plasmin-catalyzed degradation of adhesion receptors,
i.e. integrins (Andreasen et al., 2000). The higher expression of uPA and uPAR and the
low expression of PAI-1 (Palmieri et al., 2002) in endometrium from women with
endometriosis may contribute to adhesion of shed endometrial fragments to other
structures and to cell migration.

Over expression of suPAR in vitro from endometrial cells from women with
endometriosis was reported by Sillem and co-workers (1997, 1998). We found no
difference between women with or without endometriosis in the release of suPAR from
endometrial stromal and epithelial cells in vifro. But they used a different culture
technique. They used enzymatically digested endometrial tissue containing mixed cell
types, which might result in paracrine influences between the cells, affecting the
release. We found that uPAR mRNA was up-regulated in endometrial glands from
women with endometriosis compared to control endometrium, and we also saw a
difference in protein staining using IHC, with stronger staining in both glands and
stroma in the secretory phase in women with endometriosis. We did not assay suPAR
in homogenates, but it might be hypothesized that an over expression of cell membrane
anchored uPAR also reflects an over expression of suPAR. It has been suggested that
suPAR promotes cell adhesion and chemotaxis of monocytotic cells (Sidenius et al.,
2000).

Invasion

PAI-1 shares the binding-site on vitronectin with uPAR and since the affinity is higher
than that of uPAR, PAI-1 competitively inhibits the attachment of cells to vitronectin
(Deng et al., 1996). Moreover, PAI-1 also blocks integrin-mediated cell adhesion and
migration (Stefansson and Lawrence, 1996; Kjoller er al., 1997). Furthermore PAI-I1
detaches cells by disrupting uPAR-vitronectin and integrin-vitronectin interactions
(Czekay et al., 2003). The classic role of PAI-1 is to act as an inhibitor of uPA (and
tPA) and a regulator of plasminogen-mediated degradation of ECM in order to inhibit
invasion. Contradictory, high levels of PAI-1 in several types of cancer have been
reported to relate to poor prognosis for patients (Duffy, 1996). The reason is unclear,
but PAI-1 induced cell detachment that facilitates metastatic spreading might be one
reason (Deng et al., 1996, Czekay et al., 2003). Another explanation to a high
expression of PAI-1 in tumours is that PAI-1 is presumed to protect the cancer tissue
itself against the destructive effect of uPA (Pappot et al., 1997). We can only speculate
about the significance of the over expression of PAI-1 in endometriotic tissue. However
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the simultaneously higher expression of uPA in endometriotic tissue makes it tempting
to compare endometriotic tissue with malignant tissue in its capacity to invade
surrounding structures.

The higher level of uPA in endometrium from women with endometriosis compared to
controls, and the higher level of PAI-1 in endometriotic tissue was recently confirmed
by another group (Gilabert-Estellés er al., 2003). They could not find any increased
level of uPA in endometriotic tissue, but these diverging results compared to ours might
however be referred to the method used.

Production of the angiogenic cytokines VEGF, TGFp and IL-8 in endometrial tissue
has been reported (Arici ef al., 1996, McLaren ef al., 1996). TGFp and VEGF are
suggested to contribute to the development of endometriosis by promoting
neovascularization of endometrial cells attached to the peritoneum (Wieser et al., 2002,
Harada et al., 2001). The higher levels of PAI-1 found in endometriotic implants might
also contribute to angiogenesis. PAI-1 is highly expressed in angiogenic endothelial
cells in neuroblastoma tumours (Sugiura ef al., 1999) and PAI-1-deficient mice are
resistant to cancer invasion and vascularization but reestablishment of PAI-1 expression
in host cells restored tumour vascularization and invasion (Bajou ef al.,, 1998). These
data suggest that PAI-1 has a stimulatory function in angiogenesis and Isogai and co-
workers demonstrated in vitro that PAI-1 promotes angiogenesis by stimulating
endothelial cell migration toward fibronectin (Isogai et al., 2001).

PAI-2 in peritoneal fluid

The only significant difference found for fibrinolytic factors in PF was for PAI-2. The
higher concentrations of the inhibitor might be a consequence of the inflammatory
process related to the acute and chronic inflammation taking place at the adhesion sites
in the peritoneal cavity. Recruited, activated macrophages release PAI-2 and high
concentrations of PAI-2 have been found in inflamed peritoneal tissue in patients with
appendicitis (Whawell et al., 1995). A reduced fibrinolytic activity in peritoneal
biopsies from patients with peritonitis, was shown by Ince and co-workers (2002).
Reduced fibrinolytic capacity is associated with the development of adhesions
(Holmdahl, 1997). IL-1 stimulates fibroblast proliferation, collagen deposition and
fibrinogen formation, is elevated in PF in women with endometriosis and is suggested
to be responsible for the adhesions and peritoneal fibrosis in women with endometriosis
(Haney, 1993). Thus taken together, the higher concentration of PAI-2 in PF and of IL-
1B in ectopic implants may reflect the increased adhesion formation in women with
endometriosis.

Limitations

The discussion above is an attempt to illustrate the possible significance of the results
from the different studies in this thesis and to connect the results for further
conclusions. However, it is important to be aware of that the knowledge of processes
involving the PA system as adhesion, migration and invasion is entirely based on in
vitro studies and might only reflect a widely more complex situation in vivo. There are
also limitations in the methods used to try to identify processes involving the PA
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system (Andreasen et al., 1997), e.g. there is not necessarily a correlation between the
amount of a certain protein in a certain localization and its functional importance there.
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6 CONCLUSIONS AND FUTURE PERSPECTIVE

¢ The results in this thesis have shown that there is a significant difference between
endometriotic tissue and endometrium from women with endometriosis compared to
endometrium from women without endometriosis concerning the expression of both the
fibrinolytic factors uPA, PAI-1 and uPAR and the cytokines IL-1p, [L-6 and TNFa.

¢ The increased expression of uPA and uPAR in endometrium from women with
endometriosis will possibly enhance the pericellular proteolysis and degradation of
ECM and lead to a disturbed menstrual shedding resulting in a retrograde rejection of
intact, viable endometrial tissue fragments with higher potential to implant and invade.

¢ The spontaneous apoptosis in endometrial and endometriotic tissue might be
impaired by the over expression of PAI-1. This may lead to an increased survival of
shed endometrial fragments with an enlarge potential to implant and invade the
peritoneal lining.

¢ The lower levels of TNFa in endometriotic and endometrial tissue from women
with endometriosis may also contribute to an impaired spontaneous apoptosis.

¢ The higher levels of PAI-1 in endometriotic implants may contribute to
angiogenesis by stimulating endothelial cell migration.

¢ The simultaneously increased expression of both uPA and PAI-1 in endometriotic
tissue may contribute to the conflicting result of higher potential to invade surrounding
tissue.

¢ IL-1B is a possible endogenous inducers of PAI-1 in endometriotic stromal cells.

¢ The higher concentration of PAI-2 in PF reduces the fibrinolytic capacity and the
higher level of IL-1p in ectopic implants stimulates fibroblast proliferation, collagen
deposition and fibrinogen formation and this may contribute to the development of
adhesions in the pelvis.

Studies by our group and others referred to in this thesis, have demonstrated important
differences between eutopic endometrium from women with endometriosis compared
to endometrium from healthy women, indicating a disturbance that might be
fundamental for the development of endometriosis. Further comparing studies are
necessary for the understanding of the pathogenesis of this enigmatic disease.
Established methods for cell cultures could be used, as tools to increase our knowledge
of how possible therapeutic compounds might act on the release of the PA system
components. Especially PAI-1 would be of interest because its possible role in
angiogenesis, apoptosis and invasion.
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