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SUMMARY

Normal pregnancy is accompanied by extensive changes in the coagulation 

and fibrinolytic systems. Within the uteroplacental vasculature decidual 

spiral arteries undergo extensive morphological changes to allow for 

increased blood flow to the placenta. These changes include fibrin 

deposition in the placenta and placental bed. Cjrtotrophoblasts have been 

found in  proximity to these fibrin deposits. In pre-eclampsia (PET) and 

in trauterine growth retardation (lUGR) increased deposits of fibrin are 

found in the placenta and placental bed. Poor im plantation into the 

placental bed by trophoblast cells is associated with PET and lUGR.

In this study the fibrinolytic abOity of trophoblast cells from the placenta 

and placental bed were examined following cell culture. In addition the 

tissue levels of PAI-1, PAI-2, t-PA and u-PA were measured following 

organ culture. In addition the invasive properties of trophoblast ceUs was 

examined.

In placental and placental bed extracts PAI-1 was predominately secreted 

by the placenta. In pre-eclampsia and lUGR, PAI-1 levels are significantly 

increased while PAI-2 levels decreased. This suggests a decrease in 

placental expression of PAI-2 due to placental dysfunction. The raised 

levels of PAI-1 in extracts are supplemented by the secretion of PAI-1 from 

endothelial cells within the placenta. CeU culture identified that 

trophoblast ceUs produced and secreted PAI-1 and PAI-2. Increased PAI-1 

levels are found in trophoblasts of pre-eclamptic and lUGR placenta and



placental bed. Invasion assays showed a decrease in invasive activity 

through fibrin and matrigel for trophoblast cells derived from the placenta 

of pre-eclamptic and lUGR pregnancies. The results suggest that PAI-1 

may be involved in regulating trophoblast invasion. Furthermore, cell 

associated plasminogen activator activity is reduced in pre-eclamptic 

patients when compared to normal pregnancy. The results suggest that 

the fibrinolytic system is not only important in regulating fibrin deposition 

in the spiral arteries but in regulating trophoblast migration in the 

placental bed.



CHAPTER 1 
INTRODUCTION



1.1 Haemostasis

Haemostasis is a complex process which depends upon the interaction of the 

vessel wall, platelets, blood coagulation and fibrinolysis. The primary role is 

to prevent blood loss and to restore the function of injured vessel walls.

1.2 Coagulation

Coagulation involves a complex interaction of soluble enzymes and 

substrates leading idtimately to the conversion of fibrinogen to fibrin. Fibrin 

acts locally at the site of vessel injury to stabilise the platelet dot. The dot so 

formed will be dissolved by the process of fibrinolysis. The haemostatic 

process by which excessive blood loss is prevented involves a dynamic 

interaction between coagulation, platelets, the vessel wall and fibrinolysis. 

The coagulation system is organised into two pathways; the intrinsic 

pathway in which aU the components are present within the blood and the 

extrinsic pathway so called because some of the key factors he outside the 

blood.

Intrinsic Blood Coagulation

Activation of the intrinsic pathway in vivo is probably the residt of blood, at 

the site of a damaged vessel, coming in contact with collagen elastic fibres 

and other tissues (Walsh, 1972). The coagulation system is organised so that 

the product of each reaction acts as the enz5nne in a subsequent reaction. 

This is known as the “cascade” or “waterfall” system (Davie and Ratnoff,
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1964; MacFarlane, 1964). The key contact factor is factor XII (Hageman 

factor) which interacts with prekaUikrein and high molecvdar weight 

kininogen to form an active serine protease (factor Xlla) which in turn 

activates factor XI to XIa. Subsequently activated factor XI (XIa) clears the 

factor IX molecules by a two-step reaction to give an active molecule which 

then complexes with factor VIII and caldimi ions on phosphohpid micelles 

which have been produced from the aggregated blood platelets. The complex 

formed by the adsorption of Vlll-IXa-Ca ions on the phospholipid then acts 

on factor X in the final common pathway.

Extrinsic Coagulation

The extrinsic pathway is initiated by the release of tissue factor 

(thromboplastin) from injtired tissue. Tissue factor consists of a specific 

protein (apoprotein HI) and a mixture of phosphohpids (Nemerson and 

PitUck, 1970). Tissue factor activates plasma factor VII in the presence of 

calcium ions and in turn activates factor X in small amounts (Jesty and 

Nemerson, 1977). This response is amplified by a feedback mechanism as 

factor Xa further activates Vila to a more active enzyme form a  - Vila which 

accelerates the conversion of prothrombin to thrombin (Blomback et al., 

1978; Jackson et al., 1984; Bajal et al., 1981).

The Final Common Pathway

A complex of activated factor X, calcium, factor V and phospholipid activates
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prothrombin by two proteolytic cleavages to the active enzyme thrombin 

(Milstone, 1964). This complex provides a powerful feedback mechanism by 

altering the molecular structure of factor Vm and enhancing its proteolytic 

action (Marler et al., 1982). Thrombin's proteolytic action cleaves inactive 

fibrinogen to fibrin ia a two-step reaction. The triggering event for the 

transformation of fibrinogen into fibrin is the thrombin-catalysed release of 

the fibrinopeptides A and B. As a result of the removal of these relatively 

small, polar peptides, the parent molecules spontaneously polymerise into 

the fibrin network. Cross-linking by FXIIIa makes fibrin less susceptible to 

lysis by fibrinolytic enzymes (Gormsen et al., 1967).

Although the intrinsic and extrinsic systems have been described separately 

there are cross over activities which are of chnical relevance. These include 

the fact that factor Xlla can activate factor VII; factor Vila can activate 

factor IX; factor VIII is activated by Ila and Xa and factor IXa can activate 

factor VII.

Inhibitors of Coagulation

A  system of naturally occurring coagulation inhibitors prevent inappropriate 

activation of coagulation and maintain homeostatic balance.

Antithrombin III (ATIII) is a glycoprotein of molecular weight 58kDa which 

is produced in the hver. It is the principal inhibitor of blood coagulation. It is 

present in a concentration of 3(imol/L and it is a major inhibitor of thrombin 

and activated factor X (Biggs, 1970). The formation of thrombin -
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antithrombin III complex involves initial cleavage of a peptide bond in ATIII 

between Arg-385 and Ser-386, near the carboxy-terminal (Bjork and 

Lindahl, 1982). Upon dissociation of the complex, active thrombin is 

hberated (Seegers, 1980) but the antithrombin in is in a proteolyticaUy 

modified form which has lost the abihty to neutralise thrombin (Danielsson 

and Bjork, 1980). Critical to the function of ATIII is the presence of minute 

amounts of heparin which wiU enhance its actions (Rosenberg and Damus, 

1973). Antithrombin HI also inhibits factors DCa, XIa and Xlla (Barrowdiffe 

and Thomas, 1987).

Intravascular activation of coagulation results in the formation of thrombin 

which, in turn, is inactivated by a complex formed with its major inhibitor, 

antithrombin m . This process leads to the appearance of thrombin- 

antithrombin III (TAT) complexes in peripheral blood (Kobayashi and Terao, 

1987). Consequently measurement of plasma TAT concentrations allows the 

detection of an activation of the coagulation cascade.

Protein C is a serine protease, a glycoprotein of molecular weight 62kDa, 

which is produced by the hver. It circulates in the plasma in a concentration 

of approximately 0.08)imol/L. Protein C was found to be an anticoagulant 

(EQsiel, 1976) and to be the anticoagulant previously identified as 

autoprothrombin Ila (Seegers et al., 1976). Cleavage of an N-terminal 

tetradecpeptide from the heavy chain of protein C converts the zymogen into 

the fuUy active enzyme. The activating reaction is regulated in the manner 

of the family of Vitamin K dependent zymogens: the activating proteinase

4



(thrombin) associates with a cell surface cofactor to attain the catalytic 

efficiency required to activate Protein C under physiological conditions. The 

rate of conversion is enhanced many thousand fold by the presence of 

thrombomodulin (Esmon, 1982). Activated protein c is a powerful inhibitor of 

both activated factors VIII and V and is one of the prime methods of control 

of coagulation activation (Kisiel, 1977; Vehar and Davie, 1980).

Protein S acts sjmergistically with activated protein C. it is a glycoprotein of 

molecxxlar weight 69kDa and it is present in plasma at a concentration of 

0.3|imol/L (Forbes and Greer, 1992). It was reported in 1980 that protein S 

enhances both the binding of activated protein C to phospholipids and the 

degradation of factor Va (Walker, 1980). Protein s exhibits anticoagulant 

activity which is independent of the presence of activated protein C and is 

mediated by competitive inhibition of factor Xa (MitcheU, 1988). Protein S 

has also been shown to accelerate the inactivation of purified factor VIII by 

activated protein C (Gardiner et al., 1984). Thrombin degrades protein S to 

its inactive form. As with protein C, protein S deficiency has been described 

and is associated with venous thrombosis (Comp, 1984; Schwarbz, 1984).

Cl inactivator has inhibitory activity on the initial phases of the intrinsic 

pathway, inhibiting factors Xlla, XIa and kallikrein. It is a 

neurominogiycoprotein with a molecular weight of 104kDa and is a single 

chain structure (Harpel et al., 1976). It has a broad spectrum of activity but 

was first described as an inhibitor of the first step of complement (Harpel et 

al., 1976). It has also been described as an inhibitor of the fibrinolytic and
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esterolytic activities of plasmin (Schreiber, 1973).

Other thrombin inhibitors include a-2-macroglobulin (Jesty, 1986), a-1- 

antitrypsin (Learned, 1976) and heparin co-factor (ToUesfon, 1982). a-2- 

macroglobiilin is capable of inactivating a large number of serine proteases 

such as plasmin, thrombin, kallikrein and factor Xlla (Harpel, 1970; 1976; 

Jesty, 1976).), a-1-anti.trypsin inhibits a niunber of proteases in irreversible 

reactions. The main coagulation components inhibited are kaUikrein, factor 

XIa and thrombin (Learned, 1976; Scott, 1982). Heparin co-factor has 

relatively Httle action on activated factor X (ToUefson, 1982).

1.3 Fibrinolysis

Fibrinolysis is a Latin-Greek hybrid and means “fiber dissolution”. It is best 

summarised as the enzymatic breakdown of fibrinogen and fibrin by 

plasmin. The fibrinolytic system acts as the major defence against fibrin 

deposition on the vessel wall and is thus an important protection against 

thrombosis. It plays a role not only in the removal of fibrin from the vascular 

bed (Astrup, 1956; Feamley, 1973; Astrup, 1978; CoUen, 1980) but also in 

many other biological processes including macrophage migration, ovulation, 

blastocyst implantation, tissue remodelling and malignant cell invasion 

(Gafi&iey, 1994).

The basic components of the fibrinol5rtic system include plasminogen and 

plasmin, plasminogen activators, inhibitors of fibrinolysis and fibrin 

degradative products. The proenzyme, plasminogen can be converted into an
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active form, plasmin, by plasminogen activators (CasteUino, 1979). The 

active enzyme then attacks and breaks down the insoluble polypeptide into a 

number of small soluble peptides called fibrin degradative products. These 

soluble products are then carried by the bloodstream to the kidneys and 

excreted.

1.4 Historical Background

In 1893, Dastre coined the term "fibrinolysis", which he proposed after his 

experiments on the disappearance of fibrin from blood of dogs stressed by 

repeated haemorrhagic shocks (for review, see Marsh, 1981).

At the beginning of the twentieth century Morawitz (1906) showed that post

mortem fluidity of blood was due to an absence of fibrinogen and conjectured 

that this resulted from enzyme digestion. In 1908, Nolf proposed the 

existence of a dynamic eqvulibriiun, where fibrin formed during coagulation 

was removed by an active Ijrtic substance released fi:om the vessel wall.

In 1933, TiUet and Gamer observed that culture filtrates from B-haemolytic 

streptococci could dissolve fibrin. They suggested that the streptococcus 

produces a fibrinolytic enzyme which they termed "streptococcal 

fibrinolysin". It was later shown that, apart from the streptococcal factor, 

lysis was also dependent on some "lytic factor" present in plasma globulins 

(Milstone, 1941). Christensen and MacLeod (1945), believing that the active 

factor produced by streptococci was an enzyme, named it streptokinase. 

Furthermore, they showed that the "lytic factor" described by Milstone was

7



plasminogen and that plasminogen could be converted into its active form, 

plasmin, by streptokinase (Christensen and MacLeod, 1945).

In 1947, Astrup and Permin demonstrated that a tissue activator of 

plasminogen was responsible for cellular fibrinolysis. Todd (1959) showed 

that the tissue plasminogen activator is localised to the endotheUal cells of 

the vasculature.

Fibrinolytic activity in urine was first observed by MacFarlane and Pilling 

(1947). Williams (1951) recognised that this fibrinolysin in urine was a 

plasminogen activator and Sobel and his coworkers coined the term 

"urokinase" in 1952.

In 1963, Brakman and Astrup noted that plasma fi*om pregnant women 

inhibited urokinase-induced fibrinolysis. Further studies demonstrated that 

plasminogen activator inhibitor activity was present in placenta (Kawano et 

al., 1968, 1970; Kawano & Uemura, 1971) and produced by placental tissue 

explants in vitro (Bemik & Kwaan, 1971; Astedt et al., 1972). However, in 

these early studies inhibition of plasmin was not excluded, as inhibition of 

plasminogen activator activity was measured via plasmin-mediate 

degradation of fibrin. In 1978, Holmberg et al. purified an inhibitor fi:om 

placental homogenates that rapidly formed complexes with urokinase. 

Luskutoff and Edington (1977) reported that endotheUal cells secreted a 

molecule with plasminogen activator inhibiting activity. Some years later 

several groups demonstrated that human plasma did contain a specific 

plasminogen activator inhibitor which rapidly inactivated physiological
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concentrations of t-PA (Kruithof et al., 1983; Chmielewska et al., 1983; 

Verheijen et al., 1984; Wiman et al., 1984a).

1.5 Plasminogen-Plasmin

Plasminogen is the inactive precursor of plasmin and is produced in the hver 

(Raum et al., 1980, Saito et al., 1980) and is found in small quantities in 

most tissues where it is involved in physiological cell migration and repair 

processes. It is a single-chain glycoprotein of 92kDa, containing 791 amino 

adds and 2% carbohydrate. The native form of plasminogen has glutamic 

acid at the N-terminal and is called Glu-plasminogen. It has a clearance rate 

of 2.2 days. A slightly degraded form, Lys-plasminogen is cleared more 

rapidly with a half-hfe of 0.8 days (CoUen & de Maeyer, 1975).

The domains that can be recognised in plasminogen are the preactivation 

peptide, five kringles and the protease domain. The preactivation peptide is 

located at the N-terminal sequence. Plasmin cleaves the plasminogen 

molecule at several peptide bonds within this sequence giving rise to a 

shorter molecule with Met, Lys or Val at the new N-terminal. AH these forms 

are commonly called Lys-plasminogen. The peptide bonds which xmdergo 

proteolytic cleavage by plasmin are the Arg 68 - Met 69, Lys 77 - Lys 78 or 

Lys 78 - Val 79 (Wallen & Wiman, 1970, 1972). This cleavage results in 

profound conformational changes that render Lys -  plasminogen more easily 

activatable by plasminogen activators. In addition, this step plays an 

important role in regulating fibrinolysis because Lys -  plasminogen has a
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higher affinity for fibrin than Glu -  plasminogen. Kringles 1 and 5 have 

been shown to have high affinity for native fibrin (Petersen and Suenseon, 

1990; Wu et a l, 1990). In the presence of partially digested fibrin, the 

afELnity of Glu -  plasminogen approaches that of the Lys -  form. This is due 

to a conformational change in the structure of Glu -  plasminogen (Tran -  

Thang et al., 1986; Fleviry and Angles -  Cano, 1991).

The five kringles confer to plasminogen the ability to bind (x2-antiplasmin 

(Wiman et al., 1979), histidine-rich glycoprotein (Lijnen et al., 1980), 

thrombospondin (Silverstein et al., 1984), tetranectin (Clemmensen et al., 

1986), extracellxdar matrix (Knudsen et al., 1986).

The protease domain is located at the C-terminal end of the molecule. It 

contains 230 amino adds and resembles that of other serine proteases. The 

catalytic site contains regions of high homology surrovmding the three amino 

adds His 603, Asp 646 and Ser 741.

Two distinct glycoforms are found in plasma. Variant I plasminogen is 

glycosylated at Asn 289 and Thr 346. Variant II plasminogen is glycosylated 

only at the threonine site (CasteUino, 1984).

Conversion of plasminogen to plasmin is accomplished by proteolytic 

deavage of a single bond, Arg 560 — Val 561, which transforms the molecule 

to plasmin, a two chain serine protease linked by internal disidphide bonds. 

The larger A chain (60kDa) and the smaller B chain (25kDa) are connected 

by disulphide bridges at Cys 547 -  Cys 665 and Cys 557 -  Cys 565. The first 

bond is homologous to the interchain disulphide bonds of thrombin and
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factor X, while the activator -  sensitive Arg 560 -  Val 561 is located within 

the Cys 557 — Cys 565 distilphide bridge; this arrangement is unique to 

plasmin and appears to facilitate interaction between activators and the 

cleavage site (Summaria et aL, 1972; Sottrup -  Jensen et al., 1978). The 

serine active site of plasmin is located on the B chain. The active centre is 

formed by His 602, Asp 645 and Ser 740.

Plasmin fimctions as an endopeptidase acting spedfically as a serine 

protease. It cleaves only peptide bonds having either Lys or Arg on the 

carboxyl side of the molecule.

1.6 Plasm inogen Activation

The conversion of plasminogen to the active protease plasmin is central to 

fibrinolysis. Plasminogen activation can occur by three different 

mechanisms; the intrinsic pathway, the extrinsic pathway and exogenous 

activation.

The intrinsic pathway has a common link with blood coagulation as all the 

factors involved in initiating fibrinolysis are present in the blood (factor XII, 

high molecular weight kinnogen and pre-kallikrein) (Niewiarowski and 

Prou-WarteUe, 1959; Colman, 1969). While the extrinsic system is activated 

by fibrin, the physiological trigger of the intrinsic system remains unknown. 

In the extrinsic pathway of plasminogen activation, the tissue plasminogen 

activator (tPA) is released from the tissues or endothehum in response to 

various stimuli. The exogenous pathway is activated by urokinase (uPA),
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streptokinase, APSAC (anisoylated plasminogen streptokinase activator) 

and staphylokinase.

1.7 Physiological (Endogenous) Plasminogen Activators 

Tissue Plasm inogen Activator

The principal site of sjmthesis of tPA is the endothelial ceU (Levin & 

Loskutofif, 1982; Kristensen et al., 1984). Further studies have shown that 

mesothehal cells, megakaryocytes and monocj^s are also capable of 

synthesising tPA (Brisson-Jeanneau et al., 1990a, 1990b; Hart et al. 1989; 

Van Hindsbergh et al., 1990; Latron et al., 1991).

tPA, like other serine proteases, is synthesised and released from ceUs 

in a single chain form. It is a glycoprotein with a molecular weight of 

approximately 69kDa. The native molecule consists of a single polypeptide 

chain of 527 or 530 amino adds and contains between 7 and 13% 

carbohydrate. The A-chain of tPA contains four distinct domains. At the N- 

terminus is the finger domain which extends from residues 6 to 43 and 

exhibits homology with the first finger of bovine fibronectin (Petersen et al., 

1983). The epidermal growth factor (EGF) domain is homologous to the 

murine and human EGF (Savage et al., 1973) and extends from residues 44 

to 92. This region probably is responsible for the recognition of clearance 

receptors on cell surfaces. There are two kringle domains. Most investigators 

have not discovered a particular function for kringle 1 (van Zonneveld et al.,



1986a; Verheijen et al., 1986a; de Munk et al., 1989), except one group who 

claim that kringle 1 has a lysine-binding site and thus binds to fibrin 

(Gething et a l, 1988) and another which reported that a tPA mutant which 

lacked the finger- and the kringle 2 domain stimulated plasminogen 

activation in the presence of fibrin (Stem & Weidle, 1990). Kringle 2 has an 

affinity for fibrin, and for lysine and oo-amino carboxyhc adds, such as e- 

amino caproic add (EACA) (van Zonneveld et al., 1986a, 1986b; Verheijen et 

al., 1986a). The protease domain, also called B-chain, shows homology with 

the B-chains firom other serine proteases. It spans 230 amino adds and 

contains the active site made up of three amino adds: His 322, Asp 371 and 

Ser 478 (Pennica et al., 1983). The histidine residue is methylated when tPA 

is irreversibly inhibited by the inhibitor D-Phe-Pro-Arg chloromethyl ketone 

(PPACK). The serine residue is blocked when tPA is irreversibly inhibited by 

diisopropylflourophosphate (DFP) or phenyl methyl sulphonyl flouride 

(PMSF). Cleavage at Arg 275 -  He 276 converts the single chain to the two- 

chain form, which is held together by a single disulphide bond. The B-chain 

is involved in the activation of plasminogen while the A-chain is required for 

the stimulation of tPA by fibrin (Rijken & Groeneveld, 1986).

The activity of tPA is fibrin specific. In the absence of fibrin, tPA is a very 

poor plasminogen activator. In the presence of fibrin, the catalytic activity of 

tPA is up to 1000-fold higher and may be attributed to the formation of a 

ternary complex between tPA, plasminogen and fibrin (Ranby, 1982; 

Hoylaerts et al., 1982).
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Single-chain tPA (sctPA) has a shghtly lower catalytic activity in activating 

plasminogen in the absence of fibrin than tctPA (Ranby, 1982; Rijken et a l, 

1982). However, these differences disappear in the presence of fibrin, 

probably because sctPA bound to fibrin takes on a configuration that is 

similar to tctPA.

Urokinase Plasm inogen Activator

In human plasma, \iPA antigen concentrations range from 2 to 7 ng/ml 

(Kirchheimer & Binder, 1984; Darras et al., 1986). There is no sex difference, 

but values tend to be higher in older subjects and higher concentrations are 

found in patients with liver cirrhosis, and hepatoma (Kirchheimer et al, 

1985). uPA is synthesised widely by fibroblasts, epithelial cells and 

macrophages (Bachmann, 1994; Grav and Moroz, 1989).

Unlike tPA, uPA does not form complexes with PAI-1 in normal human 

plasma. Single- (scuPA) and two-chain (tcuPA) are rapidly cleared fi*om the 

circulation with a half-Ufe of approximately 5 to 10 minutes (Stump et al., 

1987; Kohler et al., 1991).

The mature xiPA is a single chain glycoprotein ^ro-uPA or scuPA) with a 

molecular weight of 55kDa, consisting of 411 amino adds and containing 

about 7% carbohydrates (Gunzler et al., 1982a, 1982b; Steffens et al., 1982; 

Kasai et al, 1985). A number of pro teases are able to convert scuPA to tcuPA 

(also called HMW - uPA) by cleavage of the Lys 158 - He 159 bond. In human 

plasma these are plasmin, kallikrein, factor Xlla (Idiinose et al., 1986;
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Hauert et al., 1989) and in tissues cathepsin B and L (Kobayashi et al., 1991; 

Goretzki et al., 1992).

tcuPA is a multidomain protein in which the N-tenninal A chain (20kDa) 

and the C-terminal catals^ic, serine protease B chain (34kDa) are hnked by 

a single disulphide bond (Gunzler et al., 1982a, 1982b). A low molecular 

weight uPA (LMW - uPA), which is endowed with catal5rtic activity and 

inhibitor - binding capacity but is missing the amino-terminal 135 residues, 

can be isolated after cleavage of the bond between Lys 135 and Lys 136 by 

plasmin.

The A chain contains the receptor binding region of viPA, corresponding to 

amino acid residues 20 - 32, in the so- called Growth Factor Domain (GFD), 

and a kringle domain (Appella et al., 1987). Pro-uPA, active uPA and the 

amino - terminal 135 residues long fragment of uPA (ATF) bind to cell 

surface urokinase receptor (uPAR) with high ajB&nity unlike LMW uPA, 

which does not bind uPAR. The kringle domain of scuPA lacks high affinity 

for fibidn and its analogs. scuPA does not circulate complexed to PAI-1. 

However, the free molecule has comparatively low intrinsic catalytic activity 

(Petersen et al., 1988; Kasai et al., 1985; Hussain, 1991).

The B chain contains the fuU proteolytic activity (Simii & Robbins, 1983). In 

analogy to other serine proteases, the amino adds His 204, Asp 255 and Ser 

356 form the catalytic site.

Binding to uPAR regulates uPA activity by mechanisms that either 

accelerate its conversion from pro-uPA to its active form or inhibit the active
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enzyme through specific inhibitors (CuheUis et al., 1989; Ellis et al., 1989, 

1990,1991; Stephens et al., 1989; Berkenpas & Qui^ey, 1991; Manchanda & 

Schwartz, 1991).

1.8 Exogenous Plasm inogen Activators 

Streptokinase

Streptokinase (SIQ is a non-enzyme protein which requires the formation of 

a complex with plasminogen to act upon other plasminogen molecules. It has 

a molecular weight of 47 kDa and contains 414 amino adds. SK forms a 1: 1 

stoichiometric complex with human plasminogen (Wohl et al., 1978, 

CasteUino, 1979) which results in a conformational change of the 

plasminogen molecule exposing the active site. The SK-plasminogen complex 

is then converted into a SK-plasmin complex in which SK undergoes 

proteolytic degradation.

Both the SK-plasminogen and the modified SK-plasmin complex are 

efELdent activators of plasminogen. Plasminogen and plasmin have some 

affinity for fibrin which is not lost upon complex formation with SK 

(Cederhohn-WiUiams, 1980). o2-antiplasmin rapidly inactivates plasmin 

which is not bound to fibrin but the SK-plasmin(ogen) complexes are 

protected to a certain extent from this deactivation (Cederhohn-Williams et 

al., 1979). Streptokinase has a half-hfe of 20 to 30 minutes in himians 

(Pfeifer et al., 1969; Gonias et al., 1982) and has been widely used for the
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thrombol5^ c treatment of venous and arterial thrombosis.

APSAC

The Anisoylated Plasminogen -SK  Activator (APSAC) is a man-made astute 

modification of the SK-plasminogen complex, which is based on the idea of 

utilising the preserved fibrin binding capacity of the SK-plasminogen 

complex, but rendering the active site centre temporarily inactive until the 

complex has bound to fibrin. This was achieved by coupling of p — anisoyl to 

the active site serine of plasminogen (Smith et al., 1981).

Staphylokinase

The thrombol5rtic properties of staphylokinase have been known for more 

than 40 years (Lewis and Ferguson, 1951). It is a protein produced by 

Staphylococcus aureus with a molecular weight of 15 kDa (Lack, 1948). As 

with SK, staphylokinase is not an enzyme, but form 1: 1 stoichiometric 

complexes with plasminogen which act as plasminogen activator. In the 

absence of fibrin, the activator complex is rapidly inhibited by ct2- 

antiplasmin (Lijnen et al., 1991,1992). The fibrin afiGnity of plasminogen is 

preserved in the activator complex and fibrin-bound complex is somewhat 

protected fi*om inactivation by o2-antiplasmin. In vitro, staphylokinase 

appears to be more effective and fibrin specific than SK (Matsuo et al., 1990; 

Lijnen eiaZ., 1991, 1992).
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1.9 Inhibitors of Fibrinolysis

Inhibitors of the fibrinolytic system constitute two main types: 

antiplasmins which inhibit plasmin and anti-activators, the inhibitors of 

plasminogen activation.

The majority of fibrinolytic inhibitors are members of the serine protease 

inhibitor (SERPIN) family. Serpins are highly homologous proteins th a t 

are derived from a common ancestral gene some 500 million years ago 

(Travis and Salvesen, 1983; Carrell and Boswell, 1986; Huber and 

Carrell, 1989). Inhibition of serine proteases by serpins occurs through 

interaction of the catalytic centre of the protease with the exposed loop of 

the inhibitor. The interaction of a serpin with its target protease may 

foUow either one of two pathways, denoted the ‘substrate’ and ‘suicide’ 

pathway, respectively.

Four immunologicaUy distinct molecules with plasminogen activator 

inhibitor (PAI) activity have been identified. These include PAI-1, PAI-2, 

PAI-3 and protease nexin.

Plasm inogen A ctivator Inhibitor 1

Plasminogen activator inhibitor 1 (PAI-1) is a 50kDa glycoprotein that 

rapidly forms inactive, 1:1 equimolar complexes with tPA and uPA with 

second-order association rate constants ki of 1-2 x 10“̂ M’̂  s’̂  (Kruithof et 

al.y 1984; Thorsen et al., 1988).

PAI-1 was first identified in conditioned media of hum an endotheUal cells
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(Loskutoff et al., 1977; 1983) and rat hepatoma cells (Seifert & Gelehrter, 

1978; Colman, et al., 1982). It is found in a variety of other sources such 

as human liver and spleen (Simpson et al., 1989). In 1986, Philips et al. 

suggested a placental source for PAI-1. This was confirmed when 

Feinberg et al. (1989) demonstrated the presence of PAI-1 mRNA in 

cultured trophoblast from term placenta.

Blood contains two pools of PAI-1 (Erickson et al., 1984; Sprengers et al., 

1984). Platelets constitute the main reservoir (100-200 ng/ml blood), 

while a minor pool is present in plasma (10 ng/ml) (Kruithof et al., 1984). 

Studies have indicated that PAI-1 is stored in an active configuration 

within the a-granules of platelets (Sprengers et al., 1984).

In 1986, four groups independently isolated full-length human PAI-1 

cDNAs (Andreasen et al., 1986; Ginsburg et al., 1986; Ny et al., 1986; 

Pannekoek et al., 1986). The cDNA encodes a precursor protein of 402 

amino adds, consisting of a single peptide (23 residues) and a mature 

protein of 379 amino acids. The reactive centre is located 33 residues 

from the carboxyl-terminus and comprises the amino acids Arg-346 and 

Met-347 (Andreasen et al., 1986). The mature protein is devoid of 

cysteine residues and thus contains no disulphide bonds. PAI-1 has three 

asparagine-linked glycosylation sites which do not affect its biological 

function. Sequence comparisons reveal tha t PAI-1 is approximately 30% 

homologous with ai - antitrypsin and antithrombin III.

PAI-1 exists in at least four different structural forms: the active form,
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the latent form, a non-inhibitory substrate form and the inactive cleaved 

form. Pai-1 is synthesised as an active inhibitor. It is not stable, but is 

spontaneously converted into a latent, non-inhibitory form. The half-life 

is 2 and 4 hours in a purified system and in plasma, respectively. The 

longer half-life in plasma is ascribed to the binding of PAI-1 to 

vitronectin. The stability can be dramatically improved by lowering the 

pH from 7.4 to 5.5.

Latent PAI-1 can be partially reactivated in vitro by treatment by 

denaturing agents such as sodium dodecyl sulphate, guanidinium 

chloride and urea, followed by renaturation of the unfolded protein. In 

vitro experiments suggest that some reactivation of latent PAI-1 occurs in 

the circulation possibly on negatively charged phospholipids of vascular 

endothelial cell membranes (Vaughan et ah, 1990).

A non-inhibitory substrate form of PAI-1 has been isolated which, in 

contrast to active PAI-1, does not form stable complexes with tPA but is 

cleaved at the Pi-Pi’ bond (Declerck et al., 1992).

PAI-1 is the primary inhibitor of both tPA and uPA. The second-order 

rate constant for the inhibition of sctPA by PAI-1 is 5.5 x 10® M'  ̂ s *, 

which is about three times lower than tha t of tctPA and tcuPA (1.8 x 10̂  

M'  ̂s’̂ ) (Thorsen et al., 1988).

The absence of the growth factor-like domain and the kringle domain in 

LMW tcuPA does not affect the inhibition of PAI-1, suggesting that only 

the protease domain is responsible for the interaction (Thorsen et al.,
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1988). Furthermore, Bjorquist et al. (1994) reported that no important 

interaction sites for PAI-1 are present or exposed in the nonenzymatic 

part of tPA.

Within the protease domain of uPA and tPA two sites are essential for 

the rapid interaction with PAI-1. The first is the active centre, which 

recognises PAI-1 as a pseudo-substrate. The second site is located on a 

positively charged surface loop adjacent to the active centre of the 

enzymes. This site is comprised of residues 296 — 302 in tPA (Madison et 

al., 1990) and residues 179 -  184 in uPA (Adams et al., 1991). Deletions 

of or mutations in the surface loop result in PAI-1 resistant activators (Li 

et al., 1992; Keyt et al., 1994).

A well-established cofactor of PAI-1 is vitronectin which binds active PAI- 

1 but not latent PAI-1 (Seiffert and Loskutoff, 1991). Complexes of 

vitronectin and PAI-1 have been demonstrated in plasma as well as the 

matrix of cultured endothelial cells. Vitronectin may regulate the 

pericellular distribution of PAI-1. In addition, it may protect PAI-1 

against inactivation by oxidants (Reilly et al., 1994).

Vitronectin has only a modest effect on the interaction between PAI-1 

and tPA or uPA (Edelberg et al., 1991; Keijer et al., 1991). However, 

binding results in an altered specificity, as the vitronectin -  PAI-1 

complex becomes an efficient inhibitor of thrombin (Ehrlich et al., 1990). 

A second potential cofactor of PAI-1 is heparin, which specifically binds 

the inhibitor. Although heparin does not increase the reaction rate
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between PAI-1 and tPA or uPA, heparin, like vitronectin, strongly 

accelerates the inhibition of thrombin by PAI-1 (Keijer et al., 1991). In 

contrast to vitronectin, heparin does not stabilise PAI-1 activity.

PAI-1 has an affinity for fibrin which may result in the accumulation of 

the inhibitor in thrombi (Wagner et al., 1989). Two binding sites have 

been identified on fibrin: a small number of high affinity sites and a large 

number of low affinity sites (Reilly and Hutzelmann, 1992). Occupation 

of these sites with PAI-1 protects fibrin fî om proteolytic degradation.

Plasminogen Activator Inhibitor 2

Plasminogen activator inhibitor 2 (PAI-2) is the second well-characterised, 

rapid and specific PA inhibitor relevant to the in vivo regulation of PA 

activity. PAI-2 was initially named placental-type plasminogen activator 

inhibitor as a result of its discovery as a PA inhibitory activity in placenta 

(Kawano et al., 1968). Further studies indicated that PAI-2 is an alpha 

globulin molecule, which is stable at pH 5.0 - 7.5 (Kawano et al., 1970). By 

immunohistochemical staining, PAI-2 has been localised to the trophoblastic 

epithelium (Astedt et al., 1986). This was in accordance with an early 

observation of absence of fibrinoljrtic activity in syncytiotrophoblastic cells 

(Sheppard & Bonnar, 1978). Further studies have shown that PAI-2 is 

identical to the inhibitor isolated firom monocytes, macrophages, 

granulocytes and human U937 monocyte-Uke cells (Kopitar et a l, 1985; 

Chapman & Stone, 1985; Kruithof ef al., 1986).
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Two forms of PAI-2 exist, both of which have identical inhibition 

characteristics (Mikus et al., 1993); a nonglycosylated form with a molecular 

weight of 47kDa (Krmthof et al., 1986) and a 60kDa, glycoslyated form 

(Kruithof et al., 1986; Genton et al., 1987; Wohlwend et al., 1987). A distinct 

difference in ceUular localisation has been noted: 47kDa PAI-2 being 

intracellular and 60kDa PAI-2 being secreted (Genton et at., 1987; 

Wohlwend et al., 1987a; Wohlwend et al., 1987b).

Partial amino add  and cDNA sequencing has demonstrated tha t PAI-2 is a 

member of the serpin superfamily of proteins (Kruithof et al., 1986; Kiso et 

al., 1988). PAI-2 is a single chain protein of 415 amino adds. The reactive 

centre (Arg-380 and Thr-381) corresponds to the Arg-Val bond in the 

plasminogen molecule, which is cleaved by plasminogen activators. PAI-2 

has three potential N-linked glycosylation sites (asn-75, asn-115 and asn- 

339), which aU appear to be occupied in glycosylated PAI-2 (Ye et al., 1988). 

Two common variants of PAI-2 have been described differing at three 

positions; one having Asp-120, Asn-404, Ser-413 (type A), the other having 

Asp-120, Lys-404, Cys-413 (type B), both of which have been identified in U- 

937 ceUs (Ye et al., 1987; Webb et al., 1987; Schleuning et al., 1987; Antalis et 

al., Ny et al., 1989; Ye et al., 1989). The presence of transglutamination sites 

(gln-83, gln-84 and gln-86) provides a mechanism for the localisation or 

concentration of both tj^es of PAI-2 to cellular or extracellular structures 

such as trophoblast membranes (Jensen et al., 1989; Jensen et al., 1993; 

Jensen efaZ., 1994).
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PAI-2 is £in efB.cient inhibitor of uPA (rate constant 10® M'̂  s'O and two chain 

tPA (2 X 10® ŝ ), albeit slower than PAI-1, by a factor of 10 and 50 times,

respectively (Kruithof et al., 1986; Mikus et al., 1993; Thorsen et a l, 1988; 

Kruithof, 1988). In comparison with PAI-1, PAI-2 is a poor inhibitor of single 

chain tPA (10  ̂ M'  ̂ s’̂  v 10”̂ M’̂  s‘0, which makes it unlikely that PAI-2 

contributes to the inhibition of single chain tPA in vivo (Kruithof et al., 1986; 

Astedt et al., 1985). Furthermore, since fibrin-boxmd tPA appears to be 

protected from inhibition by PAI-2 (Leimg et at., 1987), it is generally 

accepted that PAI-2 functions primarily to inhibit uPA in the extravascular 

space and plays only a minor role in controlling tPA-mediated fibrinolysis. 

PAI-2 binds irreversibly to its target protease, is cleaved in the process and 

rendered completely inactive; behaving therefore, as a suicide substrate, a 

feature common to SERPINS in general (Potempa et al., 1983; Remold- 

O'DonneU, 1983).

Plasm inogen Activator Inhibitor 3

Plasminogen activator inhibitor 3 (PAI-3) was purified from human urine by 

Stump et al. (1986) and has a molecular weight of 50kDa (Geiger, 1988). 

PAI-3 inhibits uPA and thrombin in reactions stimulated by heparin while 

tPA is weakly inhibited by PAI-3. Its primary role may in fact be as an 

inhibitor of activated protein C rather than plasminogen activators.
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a2-Antiplasmin

o2-antiplasmin (o2-AP) was discovered independently by three groups 

(CoUen, 1976; MuUertz and Clemmensen, 1976; Moroi and Aoki, 1976). It is 

the major fast-acting plasma inhibitor of plasmin, for which it has a high 

affinity. It is a glycoprotein with an apparent molecular mass of 70kDa; the 

actual mass based on amino add content is 50.5kDa (Holmes et a l,  1987). It 

is present in plasma at a concentration of l(oM. Therefore, it can neutralise 

the plasmin produced, even if a relatively high proportion of the plasma 

plasminogen is activated.

Two forms of o2-AP are detectable in normal human plasma (Clemmensen et 

al., 1981). One form binds plasminogen and this is the native form of 0 2 -AP. 

The second form retains its inhibitory capacity but it cannot bind 

plasminogen because of its lack of a C-terminal peptide (Sasaki et al., 1986). 

The C-terminal end of the molecule contains a second site of interaction 

between plasmin(ogen) and <x2-AP, in addition to the reaction at the plasmin 

active site. This second site is of great biological significance, in that it 

reinforces the fibrin specificity of physiological plasminogen activation. Since 

both tPA and plasminogen bind to fibrin, plasmin can be formed on the 

fibrin surface. In that situation, both the active site for plasmin and the 

other site for interacting with aa-AP are occupied by fibrin. Therefore, the 

fibrin-bound plasmin is relatively protected fi-om the action of o2-AP (CoUen, 

1980).

(X2-AP has three fiinctional roles. The inhibitor's main target is plasmin with
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which it forms a 1:1 stoichiometric complex - the inhibition process is 

dependant upon the presence of free lysine binding sites and an available 

binding site on the plasmin molecule. Earlier studies described a two stage 

binding mechanism whereby, a reversible step is followed by an irreversible 

transition to the final inhibited complex (Christensen and Clemmensen, 

1977; Wiman and CoUen, 1978). However, a mechanism of reaction in which 

both steps are reversible has been described (Longstafif and Gaffiaey, 1991, 

1992).

Apart from rapidly inactivating plasmin, o2-AP also interferes with 

plasminogen adsorption to fibrin. Fvirthermore, the inhibitor cross-links with 

the a-chains of forming fibrin within which it is thought to neutralise the 

active plasmin (Sakata and Aoki, 1980; Ichinose et al., 1983). 0 2 -AP is 

crosshnked to fibrin by the action of factor Xm. The Unkage occurs between 

Gln-2 of (X2-AP and a lysine residue in the fibrinogen Aa chain (Kimura and 

Aoki, 1986). This process delays the premature dissolution of the dot.

a2-Macroglobulin

o2-macroglobulin is a large glycoprotein and is made up of four identical 

subunits with a total molecular weight of 740kDa (Barrett, 1981). It 

inhibits plasmin in a slow non-specific mginner. It appears to inhibit 

plasmin formed in excess of the inhibitory capacity of a 2-antiplasmin 

(Collen, 19760. It is a proteinase inhibitor of wide specificity that inhibits 

tPA and uPA (Aoki and Harpel, 1984).
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ai-A ntitrypsin

ai-antitrypsin is a glycoprotein of the serpin family with a molecular 

weight of 55kDa. It inhibits plasmin in a time dependent reaction. 

Although the exact mechanism of this inhibition is unknown, it is 

believed to involve enzymatic clearance (Rimon et al., 1966).

C l-In h ib ito r

C 1-inhibitor is a neuroamino-glycoprotein with a molecular weight of 

105kDa (Ratnoff and Lepow, 1957). It is a member of the serpin family 

but it is unusual in having a large N-terminal domain. I t is heavily 

glycosylated. It is not a significant inhibitor of plasmin or uPA but can 

form complexes with tPA during exercise and in various pathological 

states (Booth et al., 1984, 1987).

A n tith rom bin  III

Antithrombin III inhibits plasmin in a time -  dependent manney*, the 

inhibitory reaction is accelerated greatly in the presence of heparin 

(Highsmith and Rosenberg, 1974; Crawford and Ogston, 1975; Machovich 

et al., 1981). The inhibitor is a glycoprotein of molecular weight 65kDa 

and is composed of a single poljT)eptide chain with three disulphide 

bonds and four oligosaccharides (Petersen et al., 1978). Antithrombin III 

is synthesised in the Hver and has a half-hfe in the circulation of about 

three days (CoUen et al., 1977).
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1.10 Fibrin(ogen)

Fibrinogen is defined as that soluble protein in blood and tissue extract, 

which, in presence of thrombin, is transformed into the insoluble fibrin 

network structure.

Fibrinogen is estimated to have a molecular weight of 340kDa (Caspary and 

Kekwick, 1957). Recently, a new form of fibrinogen has been described which 

has a molecular weight of 420kDa (Fu et al., 1992; Fu and Grieninger, 1994). 

This variant occurs in homodimeric form in plasma and constitutes 1 - 2% of 

the total fibrinogen pool.

Fibrinogen is a dimeric molecule. The two halves consist of three polypeptide 

chains with a molecvdar formula of (Aa, bB, y)2. The half molecvdes are 

covalently linked through symmetrical disulphide bonds at the N-terminal 

ends. Structurally, fibrinogen contains a central nodule and two larger outer 

nodules (Fowler and Erickson, 1979). The central nodide contains the N- 

terminal ends of all six polypeptides and is called the E-domain or N-DSK. 

The outer nodules are known as the D-domains and contain the middle and 

C-terminal segments of the six chains (Doolittle, 1987).

Fibrin formation is initiated by the thrombin - mediated release of small 

polar peptides known as fibrinopeptides A and B (FPA and FPB) fijom the N- 

terminal portion of the Aa and BC chains, respectively (Blomback, 1978). 

FPA is always released at the fastest rate and appears to be required for the 

activated molecule to be incorporated into the growing polymer (Blomback 

and Vestermark, 1958; Blomback ei aZ., 1978; 1984).
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At the time of gel formation, only small amounts of FPB have been released. 

Subsequent to gel formation, FPB is release is greatly accelerated and this 

acceleration may be associated with conformational changes occurring as a 

result of polymer organisation.

The current view is that polymerisation of activated fibrinogen molecules 

involves complementary intermolecular interactions of domains in fibrinogen 

following release of fibrinopeptides. The functional sites uncovered following 

the release of FPA and FPB are denoted A  and B, respectively, and are 

located in the N - DSK. The diaieric fibrinogen molecvile has two A and two 

B sites. Complementary site, a, is located in the fragment D domain. The h 

site may be in the fi*agment D or aC domain. In the dimeric molecule there 

are two a and two b sites. In the early phase of polymerisation the A site of 

one molecule interact with the a site of another in a half - staggered fashion 

as was originally suggested by Ferry (1952).

The early fibrin polymers serve as substrate for thrombin in release of FPB 

and the following interaction of 5:b sites. The release of FPB is accompanied 

by increased calcium ion binding and pH shift (Mihalyi, 1988a, 1988b; 

Mihalyi et al., 1988). This leads to a lateral aggregation of polymers or 

branching or both (Laurent and Blomback, 1958). The mature fibrin 

products where A:a sites are involves is called fibrin I (or des AA fibrin) and 

the one when A:a as weU as B:b sites are operative is names fibrin II (or des 

AABB fibrin). The domains are functional in fibrinogen as it circulates in 

blood, but prior to activation of the A or B domains no polymerisation and
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dot formation occurs (Blomback, 1996).

The fibrin poljnner that is formed after activation with thrombin undergoes 

secondary transformation through factor XIII catalysed formation of covalent 

crosslinks between glutamine and lysine residues in fibrin (Loewy, 1972; 

Lorand, 1972; Doohttle et al., 1972; McKee et al., 1972). Crosslinking of 

fibrin involves both y and a  chains in fibrin protomers. s(y-glutamyl) lysine 

bonds are formed between a glutamine residue in one chain and a lysine 

residue in another chain, y chains of juxtapositioned fragment D domains 

are crosslinked in an antiparallel fashion, thus forming fibrin dimers 

(Doohttle et al., 1972). These crosslinks are by some investigators beheved to 

be longitudinally arranged between contacting ends of two fibrin D domains 

in one strand of the protofiber (Weisel et al., 1993), whereas others find 

evidence for the crosslinks to be between firagment D domains of opposing 

strands in the protofiber (Siebenhst et al., 1995).

1.11 Fibrin Degradation Products

The molecular firagmentation of fibrinogen was first investigated in 1945 

(Seegars et al., 1945). Five major fragments, A, B, C, D and E were obtained 

firom the interaction of fibrinogen with plasma and were identified in 1961 

(Nussenzweig, 1961). It was subsequently shown that fi-agments D and E 

were synonymous with the a and p fragments demonstrated earher by 

Seegars et al. (1945). Intermediate fibrinogen degradation products, named 

X and Y fragments, were also reported (Nussenzweig, 1961).



The first major fi’agment to appear when plasmin digests fibrinogen is 

termed fragment X and its formation coincides with the appearance of low 

molecular weight peptides (fragments A, B and C). Fragment X is spht 

further to form two fi:agments called Y and D. Fragment Y is finally cleaved 

by plasmin to provide an additional fragment D and fragment E. Fragment 

D and fi*agment E are the plasmin resistant core of products of fibrinogen 

degradation (Marder, 1969; Gafi&iey, 1987).

While the natural substrate for plasmin is fibrin, much of the 

experimental data on fibrin dissolution has been obtained from studies on 

fibrinogen. The conversion of fibrinogen to fibrin which has been described 

earher results in the formation of at least three different types of fibrin: non

cross linked, partly cross linked (being joined by y chains only), or fuUy cross 

linked (having both y - y and a  - a  cross links). Since non-cross linked fibrin 

resembles fibrinogen, digestion by plasmin yields fragments similar to those 

observed for fibrinogen (GafGaey, 1973; Slade et al., 1976). The spectrum of 

fragments obtained from partly or fully cross-linked fibrin are similar 

(GafGaiey et al., 1975). Cross-hnked fibrin jdelds a large plasmin resistant 

fi'agment termed D dimer (Gaffiiey, 1973). In addition to D dimer, complexes 

of D dimer with fi’agment E have been found in plasmin digests (Hudry- 

Clergeon et al., 1974). Using chromatography a number of soluble cross- 

linked fibrin fi-agments have been obtained afi;er digestion by plasmin 

(Gaf&iey, 1980), and have been classified as cross-linked X-oUgomers. It has 

now been established that X-ohgomers are the earliest firagments produced
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jErom cross-linked fibrin (Gaffiiey and Philo, 1981).

1.12 C ellu lar R eceptors for P lasm in  G eneration

Plasmin generation is fundamental to the solubilisation of fibrin 

containing thrombi as well as many other biological processes (CoUen and 

Lijnen, 1994; Hajjer and Nachman, 1994). There has been increasing 

realisation over the past number of years tha t binding of components of 

fibrinolysis to surfaces other than fibrin may play a vital role in the 

regulation of plasmin generation. New studies have investigated the 

plasmin generating properties of endothelial cells, blood cells, neuronal 

ceUs and tum our cells. Of particular in terest are cellular receptors, which 

regulate cell surface plasmin generation.

1.13 P la sm in o g en  R ecep to rs

The plasminogen receptors represent a widespread group of structurally 

diverse molecules tha t serve to localise plasminogen on cell surfaces 

(Hajjer and Nachman, 1994; Plow et al., 1991; Miles and Plow, 1988). 

They have been reported, for example, on hum an platelets, monocytes, 

granulocytes and lymphocytes (Miles and Plow, 1988) and on endothelial 

cells from several species (Hajjer and Nachman, 1994). The binding of 

plasminogen to these receptors is rapid, reversible and of physiologically 

significant affinity and capacity (Miles and Plow, 1988; H ajjar et a l ,  

1988). Glu — plasminogen interaction with the cell surface shows an order
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of magnitude increase in the catalytic efficiency of plasmin generation by 

tPA (Hajjar et al., 1988; Schafer et al., 1989). Lys—plasminogen does not 

appear to represent a physiologic intermediate in the fibrin-free fluid 

phase activation of plasminogen (CoUen and Lijnen, 1994). However, it 

may represent a significant intermediate in the ceU surface activation of 

plasminogen (Hajjar and Nachman, 1988).

1.14 Control and Regulation of Fibrinolysis

In the late 1950s theories were published regarding the roles of 

plasminogen, plasminogen activator and o2-antiplasmin in the fibrinolytic 

process. The localisation of fibrinolytic activity, upon the fibrin surface, is 

common to each of the theories presented (Astrup, 1956; Alkjaersig et al., 

1959; Ambrus and Markus, 1960).

In 1980, CoUen proposed a model for the regulation and control of 

fibrinolysis upon the fibrin surface. In the absence of fibrin, tPA interacts 

quite weaMy with plasminogen. However, during fibrin formation, tPA and 

plasminogen absorb onto the dot and the activation of plasminogen is 

enhanced greatly. This can be explained by an increase in the affinity of 

fibrin - bound tPA for plasminogen. The resulting plasmin proceeds to 

proteolytically degrade the dot. Any fi:ee plasmin is inactivated by 0 2 - 

antiplasmin in order to avoid unwanted fibrinolj^c digestion in the general 

circulation (CoUen, 1980).

The role of uPA in the fibrinolytic process is stiU under investigation. At the
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present time, uPA is thought to be involved in locahsed fibrinolj^c activity 

within tissue. In tPA-mediated fibrinolysis in the general circulation, uPA 

appears to play a secondary role. Following activation by tPA, high affinity 

sites become available in the fibrin-bound plasminogen which induce 

conformational changes in the molecule. scuPA binds to these sites and 

assist tPA in breaking down the fibrin structure.

tPA circulates in plasma complexed to PAI-1. Gaf&iey (1987) suggested that 

this tPA/PAI-1 complex dissociates in the presence of forming fibrin and 

activates plasminogen but that it is relatively inactive in the presence of 

preformed dots. Subsequently, it was reported that tPA is inhibited by fibrin 

-boimd PAI-1 and that free tPA competes with tPA/PAI-1 complexes for 

common binding sites (Wagner et al., 1989). This study suggested that PAI-1 

activity is controlled by and confined to the fibrin surface. In 1990, Paramo 

suggested that oa-antiplasmin is the major inhibitor in the fluid phase of 

blood. In recent years, many studies have to examine the role of cell 

receptors in cell surface fibrinolysis. Receptors for both plasminogen (Mdes 

and Plow, 1988) and plasminogen activators have been isolated from 

endothelial cells.

It has been suggested that these cell surface receptors may play a 

significant role in the regulation of plasmin generation (Hajjar, 1995). 

Although structurally diverse, these receptors can be classified on a 

fixnctional basis into two groups. Activation receptors for plasminogen and 

plasminogen activators serve to localise, and in some cases, potentiate
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plasminogen activation and are expressed on endothelial cells, blood cells, 

neuronal cells and tumour cells. Clearance receptors, on the other hand, 

serve to eliminate plasmin and plasminogen activators from blood focal 

microenvironments. They are found mainly on parenchymal hepatocytes and 

tissue macrophages. The integrated actions of both classes of receptors are 

essential to the homeostatic control of plasmin activity.

1.15 Normal Pregnancy

The placenta, essentially a foetaUy derived organ, has evolved as an 

indispensable element of pregnancy in mammals. It is a structure that 

allows maternal and foetal blood to come into dose proximity to each other 

for an ef&dent and proper exchange of molecvdes. In humans, the 

establishment of the haemochorial placenta requires that the trophoblast 

invade the endometrium penetrating into its deep layers until it locates an 

abundant supply of maternal blood. The human placenta receives its blood 

supply from more than 100 uteroplacental arteries (Brosens and Dix&n, 

1966; Boyd and Hamilton, 1970) which are elaborated by the action of 

migratory interstitial and endovascular trophoblast on the spiral arteries 

in the placental bed (Harris and Ramsey, 1966; Brosens et al., 1967; Boyd 

and Hamilton, 1970). To achieve this, trophoblast cells breach the uterine 

epithehum indusive of its basement membrane, as weU as the subepithehal 

connective tissue, and eventually invade maternal vessels to come into 

contact with maternal blood. The mechanisms by which trophoblast cells

35



invade the uterus, as well as those which control this invasion, have been 

under investigation for many years. The concept of the trophoblast as an 

invasive cell was proposed by Graf von Spee at the turn of the century (for 

review, see Denker, 1977). From histological analysis of implantation sites in 

the guinea pig, he suggested that trophoblast cells secrete degradative 

enzymes since the uterine tissue surrounding the trophoblast cells showed 

signs of degeneration. Kirby (1960, 1963a, 19636, 1965) demonstrated that, 

at least in the mouse, the decidual tissue of the pregnant uterus is Kkely to 

prevent trophoblast cells from excessive invasiveness.

Although chemical, physical and immunological mechanisms were 

proposed for the putative anti-invasive role of the decidual tissue (for review, 

see BiUington, 1971), the precise mechanisms remained to be identified.

1.16 Placentation

The formation of the hiunan placenta begins when the blastocyst penetrates 

the maternal endometrium to become rapidly embedded in the uterine 

stroma. As the morula is converted into a blastocyst, trophoectoderm cells 

form a layer encircling the blastocyst with an inner cell mass at one pole. 

The human blastocyst usually attaches via its embryonic pole to the 

posterior wall of the uterus on the sixth day after fertilisation (for review, see 

Moore, 1988). By the eight day, the blastocyst has differentiated into a 

peripheral layer of syncytiotrophoblast and an inner layer of cytotrophoblast. 

The syncytial mass penetrates between epithehal cells and rapidly expands
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into the underlj^g stroma. Cells from the inner cytotrophoblast cell mass 

contribute to the syncytial mass by proliferation and fusion. By the ninth 

day, vacuoles or lacunae appear in the sjnacytium and these rapidly enlarge 

and ftise. The establishment of a potential uteroplacental circulation occurs 

when maternal venous capillaries are eroded by the syncytium thus allowing 

blood to seep into the lacxmae system. The lacunae will eventually evolve 

into the intervillous space of the definitive placenta. By 12 - 13 days after 

fertilisation, the blastocyst is completely embedded in the decidual stroma. 

After this initial phase of implantation, trophoblast differentiation may be 

considered to occur along two main pathways - villous and extravillous. 

Villous trophoblast ultimately covers all the chorionic villi of the definitive 

placenta and is concerned with oxygen and nutrient transport from mother 

to child. The villi are bathed with blood and hence contact is only made with 

maternal cells present in the circulation. In contrast, extravillous 

trophoblast migrates deep into the uterine mucosa as far as the myometrium 

and encounters many maternal cell types as it invades through uterine 

tissues.

1.17 Villous Trophoblast

The main function of the complex villous tree, which eventually forms the 

defiimtive placenta, is the transfer of nutrients and oxygen from the 

maternal to the foetal circulation. During the second week of gestation buds 

of cytotrophoblast start to protrude into the primitive syncytium. These
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primary viUi are converted into secondary villi by the penetration of the solid 

cytotrophoblast buds by mesenchymal cells and then into tertiary villi when 

the mesenchymal core are supplied by embryonic blood vessels. These 

embryonic vessels link with vessels in the mesoderm of the chorionic plate 

and ultimately with vessels in the foetus so that by the fourth week the 

fetoplacental circulation is established.

During the second and third months of pregnancy, rapid extension and 

branching of the viUi residt in the viUous tree characteristic of the mature 

placenta. Two layers of trophoblast cover the viUi. The inner cytotrophoblast 

cells sit on a basement membrane covered by the outer syncytiotrophoblast 

layer. Consequently, it is this syncytiotrophoblast, which lines the entire 

intervillous space, which comes into contact with maternal blood in a 

manner similar to endothelial cells. The viQous syncytiotrophoblast is also 

the major source of placental proteins produced during pregnancy.

1.18 Extra villous Trophoblast

Interstitial trophoblast

During the second week of gestation, cytotrophoblast cells rupture the 

primitive syncytium. At the tips of these early vilH, cytotrophoblast cells 

form a solid core known as the cytotrophoblast cell columns, which fix the 

vilh to the decidua. These early vilh are termed anchoring villi. The 

cytotrophoblast cell columns spread laterally and fuse with neighbouring
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columns to form a cj^otrophoblast shell. Once the shell has come into contact 

with the decidua, invading trophoblast ceUs known as interstitial 

trophoblast ceUs enter the uterine mucosa. These cells apparently move 

towards the decidual spiral arteries, as trophoblast is always concentrated 

arovmd the arteries with a much sparser number of invading cells in the 

intervening areas.

Spiral arteries in the decidua basahs that are surrounded by trophoblast 

show endothelial swelling and a characteristic destruction of the muscular 

media, which is replaced with fibrinoid material. By 8 weeks of pregnancy 

interstitial trophoblast has invaded the ftdl thickness of the decidua. As the 

cells move deeper into the decidua, they become multinudeated and more 

rounded. These trophoblast cells are known as placental bed giant cells, and 

are regarded as the terminally differentiated sessile end-point of the 

extravillous pathway.

During the second trimester a second wave of trophoblast invasion occurs 

into the myometrium. Destruction of the musculo-elastic tissue of the 

intramyometrial segments of the spiral arteries occurs with similar fibrinoid 

deposition ensvung. However, the infiltration in the myometrivmi is diffuse 

and the trophoblast cells have the morphology of placental bed giant cells.

Endovascular trophoblast

The cytotrophoblast shell formed fi:’om the cell columns of the anchoring villi 

provides almost a continuous and complete rim around the developing
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villous tree during the first trimester. In addition to the interstitial 

trophoblast, this shell is the origin of endovEiscular trophoblast.

Where the cytotrophoblast comes into proximity to maternal spiral arteries, 

the trophoblast cells form a plug seemingly occluding the lumen. From these 

plug-like areas of the shell, trophoblast move in a retrograde manner down 

the spiral arteries "like wax dripping down a candle" (Ramsey and Donner, 

1980). Endovascular trophoblast invasion continues into the spiral arteries 

throughout the first trimester. However, this invasion is incomplete and 

sections of the lumen furthest firom the intervillous space may retain 

residual endothelial cells.

In the second trimester intramyometrial arterial segments also come to be 

lined partly by endothelial cells overlying the fibrinoid material and 

trophoblast. Endovascular trophoblasts are only seen in vessels svirrounded 

by interstitial trophoblast and imdergone medial disruption. The end result 

of endovascular trophoblast invasion is the establishment of the so-caUed 

physiological changes within the spiral arteries (Brosens et al., 1967; 

Sheppard and Bonnar, 1974). These physiological changes convert the 

vessels fi:om muscular end arteries to wide — mouthed sinusoids, so 

transforming the vasciilar supply fi:’om a high pressure -  low flow system to 

a low pressure -  high flow system (MoU et al., 1975). Furthermore, loss of the 

endothehum and muscular layers render the vessels xmable to respond to 

vasomotor stimuli.

Fibrin deposition occurs in uterine spiral arteries of the placental bed as the
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vessels undergo physiological adaptations, required to facilitate increased 

blood flow to the fetoplacental unit, following the invasion of endovascidar 

trophoblast in early pregnancy (Brosens et al., 1967; Sheppard and Bonnar, 

1974). In normal pregnancy, these trophoblast-induced vascular 

adaptations extend back from their openings into the intervillous space to 

where the spiral arteries originate from their parent radial arteries in the 

myometrium. It is thought tha t these physiological changes are effected 

in two stages, the conversion of the decidual segments of the spiral 

arteries by a wave of endovascular trophoblast migration in the first 

trimester and the myometrial segments by a subsequent wave in the 

second trimester (Robertson et al., 1975; Pijnenborg et al., 1983). The 

physiological fibrin deposition within the spiral arteries in normal 

pregnancy may be due either to an accelerated fibrin formation or an 

inhibition of fibrinolytic activity. Degenerative changes of placental viUi 

have been shown to be related to the degree of luminal occlusion of decidual 

spiral arteries (Sheppard and Bonnar, 1980). These changes may cause 

alterations in fibrinoljiic activity within the placenta resulting in greater 

intervillous and perivUlous fibrin deposition.

In preeclampsia trophoblast invasion is somewhat impaired and only about 

half to two — thirds of the decidual spiral arteries undergo physiological 

changes (Khong et al., 1986). Furthermore, the conversion of myometrial 

components of the spiral arteries fails to occur even in vessels where the 

decidual segments have undergone physiological change (Brosens et al..
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1972; Sheppard and Bonnar, 1981; Gerretsen et al., 1981). This suggests 

that the primary invasion of trophoblast is partially impaired, and the 

second wave fails to occur or is inhibited. Thus, a quahtative and 

quantitative restriction in the physiological process of trophoblast invasion 

results in reduced placental blood flow (Robertson and Khong, 1987). This 

wUl become more threatening as the pregnancy advances and the demands 

of the conceptus increases. Additionally, as the vessels maintain muscular 

coats, they remain sensitive to vasomotor stimuh.

Preedampsia is also associated with a typical though non-specific muscular 

legion termed ‘acute atherosis” (Zeek and Assah, 1950; Sexton et al., 1950; 

Labarrere, 1988) which can be seen in the intramyometrial segments of the 

spiral arteries in the placental bed, the basal arteries and the decidual 

parietalis but not in the intradeddual vessels of the placental bed which 

have undergone physiological change. This was first noted by Hertig in 1945 

and was subsequently termed acute atherosis because of the presence of 

foam cells in the damaged vessel wall (Hertig, 1945).

Acute atherosis is a necrotizing arteriopathy characterised by fibrinoid 

necrosis, accumulation of Hpid-laden macrophages and damaged ceUs, 

fibroblast proliferation and a mononuclear cell perivascular infiltrate 

(Labarrere, 1988). In the early stages, this lesion is characterised by 

endothehal damage, insudation of the plasma constituents into the vessel 

wall, cell proliferation and medial necrosis of the lipid containing muscle 

cells (de Wolf et al., 1975). The Mpid released is subsequently taken up by

42



macrophages which accumulate in the vessel wall. More recently, ShankUn 

and Sibai (1989) have shown that endothelial damage can be seen 

ultrastructurally in the decidua at sites outwith the placental bed 

throughout the maternal — foetal boundary.

Failure of trophoblast invasion and acute atherosis are not specific to 

preedampsia as these lesions can be seen in normotensive intrauterine 

growth retardation (Sheppard and Bonnar, 1976, 1981; de Wolf et al., 1980), 

chronic and nonproteinuric gestational hypertension (Pijnenborg et al., 

1991). Furthermore, this is not an aU or none phenomenon as there is a 

great deal of variation in the extent of these pathological findings in the 

hypertensive disorders of pregnancy (Pijnenborg et al., 1991).

These abnormalities in the maternal placenta may produce ischaemia of the 

foetal placenta. Pathological examination of the foetal placenta in 

preedampsia reveals infarcts, patchy necrosis and intracellular damage of 

the syncytiotrophoblast, and an increase in viUous cytotrophoblastic ceUs 

(Fox, 1988).

1.19 Matrix-Degrading Proteinases

Enzymes that can digest matrix proteins are beheved to play an important 

role in the invasion by trophoblasts of the placental bed. There are two main 

families of enz5ones that have been implicated in the degradation of the 

protein components of the extracellular matrix (ECM). The two families of 

enzymes are interactive, initiating a cascade of proteolytic events that result
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in matrix degradation.

The first of these families include the plasminogen activators (t-PA, u-PA) 

and their inhibitors (PAI-1, PAI-2 and PAI-3). The second important family 

of enzjnnes are the metaUoproteinases. These are usually secreted as latent 

proenzymes which need to be activated and u-PA has been imphcated as an 

important physiological activator. Metalloproteinases are usually described 

under three subclasses - collagenases, gelatinases and stromelysins - with 

distinctive but overlapping substrate specificities.

The coUagenase cubdass (MMP-1, MMP-5) act on fibrillar coUagens. The 

substrates for the gelatinases (MMP-2, MMP-9) is gelatin (denatured 

coUagen) as well as intact type IV basement membrane collagen and type V 

collagen. The stromolysins (MMP-3, MMP-10, MMP-7) have broad substrate 

specificity, which include fibronectin and laminin. Like the plasminogen 

activators, the activities of metalloproteiaases are subject to tight control by 

a special class of tissue inhibitors of metalloproteinases (TLMP) which 

complex with the enzymes and thus inhibit their proteolytic action.

1.20 Trophoblast Degradation o f ECM Proteins

It has been recognised that trophoblast cells have proteolytic activity for over 

50 years. Subsequent studies have shown that explant cultures of chorionic 

viUi would adhere to and then degrade the surrounding ECM proteins on 

which they were seeded (Fisher et a l, 1985). The same research later 

confirmed that it is the cytotrophoblast cells migrating out of the chorionic
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viUi which are responsible for the matrix degradation (Fisher et al., 1989). 

Available evidence indicates that trophoblast degradation of matrix proteins 

is by the production of appropriate proteins. Immunohistology has 

demonstrated the presence of coUagenase in extravillous cytotrophoblast 

cells (MoE and Lane, 1990; Fernandez et al., 1992). Fisher et al. (1989) have 

shown that first trimester trophoblast express a wide range of cell-associated 

gelatin-degrading proteinases ranging fi:om 68 to >200kDa in size.

Bischof et al. (1991) demonstrated that first trimester culture supernatants 

exhibit an array of seven bands of digestion ranging from 59 to 230 kDa, 

with three of these (230, 94, 64kDa) being particularly intense. Only four of 

these seven bands (230, 128, 94, 65 kDa) were seen in ceU lysates. There are, 

therefore, more proteinases secreted by trophoblast than associated with the 

ceU membrane. Furthermore, Bischof et al. (1991) identified four secreted 

gelatinases of 197, 94, 64 and 59 kDa which were considered to be 

trophoblast -specific products.

1.21 Trophoblast Plasm inogen Activators and their Inhibitors

Cultured human trophoblast cells have also been demonstrated to secrete u- 

PA with proteolj^c activity (Martin and Arias, 1982; Queenan et al., 1987). 

Using specific rabbit antisera, Feinberg et al. (1989) localised both PAI-1 and 

PAI-2 in cultured trophoblast, with PAI-1 being present in the cjdoplasm 

and cell surface membrane while PAI-2 occurs only in the cytoplasm. 

Immunohistological staining of placental sections localised PAI-2 only to
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villous syncytiotrophoblast, suggesting a possible role of this inhibitor in 

regulating fibrinolysis within the intervillous space. In contrast, PAI-1 is 

found mainly among the invading population of extravillous cytotrophoblast, 

which could reflect a role in trophoblast migration. More recently, an 

immunological study claimed to detect u-PA as weU as both PAI-1 and PAI-2 

in aU trophoblast populations (Hofinann et al., 1994), although the tissues 

used were from ectopic rather than uterine pregnancies.

1.22 Trophoblast Invasion In Vitro

Yagel et al. (1988) demonstrated trophoblast invasion through human 

amnion. This invasion was prevented by a coUagenase inhibitor (HCI), a 

metalloproteinase inhibitor (1-10 phenanthrolin), a serine proteinase 

inhibitor (trasylol) and an antibody directed against u-PA. In contrast, 

mersalyl, a mercvirial compound known to activate procoUagenase, enhanced 

trophoblast invasion. These observations are in support of the role of 

proteases in trophoblast migration. A further study demonstrated that ~ 

conditioned media from first trimester decidual cells could suppress 

trophoblast invasion (Graham and Lala, 1991). This study concluded that 

the cytokine, TGF-p and the metalloproteinase inhibitor, TTMP, were the 

main components in decidual cell supernatants which inhibited trophoblast 

invasion. Both TGF-p and TIMP are produced by trophoblast cells (Yagel et 

al., 1988) and this suggests trophoblast cells may be able to control their 

ability to invade through ECM. librach et al. (1991) demonstrated
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trophoblast invasion through an artificial ECM (Matrigel). Both TIMP and 

TIMP-2 effectively blocked trophoblast invasion in this assay. Furthermore, 

they ascertained that it is the 92 kDa type IV coUagenase which is an 

important mediator of trophoblast invasion. Specific antibodies to u-PA and 

exogenous PAI-1 and Pai-2 only resulted in partial inhibition. They 

concluded that the metaUoproteinase rather than the serine proteinase 

enzyme system plays the major role in the final pathway of first trimester 

trophoblast invasion (librach et al. 1991).

1.23 F ib rino ly tic  C hanges d u rin g  N orm al P regnancy  

The central role of the fibrinolytic system during pregnancy is believed to be 

the control of physiological fibrin deposition in the uteroplacental circulation 

and the prevention of fibrin deposition in the vascular bed. As will be 

discussed in greater detail in the following chapters, profound changes occur 

in coagulation and fibrinolysis in normal pregnancies and pregnancies 

complicated by pre-eclampsia and intrauterine growth retardation (lUGR). 

During normal pregnancy, the fibrinolytic system appears to be actively 

diminished. Plasminogen activator levels are believed to reflect fibrinol5dic 

potential. Studies have shown high levels of circidating immunologic t-PA 

and u-PA during normal pregnancy. Accumvdated evidence suggests the 

placenta to be a producer of uPA (Shimada et al., 1989). The decrease in 

fibrinolytic activity may be due to increased levels of PAI-1 and PAI-2 which 

circulate during pregnancy. Several studies have reported an increase in
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PAI-1 activity as pregnancy progresses (Estelles et al., 1989; Bonnar et al., 

1990; Halligan et al., 1994). PAI-2 appears in increasing amounts during 

pregnancy (Kruithof et al., 1987; Lecander and Astedt, 1987; Wright et al., 

1988; Booth et al., 1988; Estelles and Gilabert, 1989; EsteUes and Gilabert, 

1990; Halligan et al., 1994; He et al., 1996). The placenta has been cited the 

source responsible for increased PAI-1 and PAI-2 during pregnancy 

(Phillips et al., 1986; Astedt et al. 1986; Feinberg et al., 1989).

The placenta plays a central role in pre-edampsia. This is supported by the 

observation that the condition resolves itself when the placenta is removed 

and that pre-edampsia can occur without the presence of the foetus, £is in 

cases of hydatidiform mole (Newman and Eddy, 1988). A haemostatic 

imbalance between fibrin deposition and fibrinolysis is now known to occur 

in pre-edampsia (Hathaway and Bonnar, 1987). The origin of these 

haemostatic changes remains unknown. As yet, the possible role of the 

fibrinoljiic system in the pathogenesis of pre-edampsia is not fully 

understood. It can be stated that the consistentiy higher levels of tPA _ 

antigen observed suggests higher fibrinolytic potential in pre-edampsia 

compared with normal pregnancy.

Several studies have shown that uteroplacental blood flow is impaired in 

pre-edampsia (Browne and Veall, 1953; LiumeU et al., 1982; Trudinger et 

al., 1985; Leiberman et al., 1988). A failure of physiological changes to 

extend into the spiral arteries of the placental bed has been well documented 

in pregnandes complicated by pre-edampsia (Brosens et al., 1972; Sheppard
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andBonnar, 1976, 1981, 1988; Gerretsen et al., 1981; Robertson and Khong, 

1987). The absence of these physiological changes is a prerequisite for the 

development of pathological lesions termed "acute atherosis" (Zeek and 

Assali, 1950). The lesion is characterised by fibrinoid necrosis, accumidation 

of hpophages in the damaged arterial walls and plaques on the intimal 

surface of the vessels containing large amount of hpids, smooth muscle cells 

and fibrin (Brosens et al., 1972; Sheppard and Bonnar, 1976; Sheppard and 

Bonnar, 1988). Vascular occlusion vdtimately occurs and the blood flow to the 

placenta, and the supply of essential nutrients to the developing baby, is 

compromised.

In pre-eclampsia, the defective physiological changes of the spiral arteries 

are due to a failure of complete trophoblastic invasion (Robertson et al., 

1975; Khong et al., 1986).

Higher levels of tPA antigen are observed during pregnancy which suggest 

higher fibrinolj^c potential in pre-edampsia compared with normal 

pregnancy. A decrease in plasma fibrinoljiic activity caused by increased 

PAI-1 levels has been reported in pre-edamptic patients (Estelles et al., 

1989; EsteUes et al., 1991; Estelles et al., 1994; Balleger et al., 1991; Caron et 

al., 1991; Reith et al., 1993; Sheppard et al., 1990; HaUigan et al., 1994; 

Friedman et al., 1995).). In 1976, Elder suggested that the altered placenta 

may be the source of increased PAI-1 (Elder, 1976). Similarly, lower levels of 

both antigenic and fiinctional PAI-2 in severe pre-edampsia compared with 

a normal pregnant group have been reported (Estelles et al., 1989; EsteUes et
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al., 1991; Reith et a l, 1993; HaUigan et a l, 1994; He et al., 1996). In pre- 

edampsia, the defective physiological changes of the spiral arteries are due 

to a failure of complete trophoblastic invasion (Robertson et al., 1975; Khong 

et al., 1986). Trophoblast cells lining decidual spiral arteries are known to 

have a reduced capacity for fibrinolysis in normal pregnancy (Sheppard and 

Bonnar, 1978). In a recent study, the in vitro degradative properties of 

trophoblast cells isolated from placentas of pre-edamptic pregnandes were 

compared with trophoblast cells isolated fi*om normal placentas. This study 

revealed that the trophoblast ceUs firom normal and preedamptic placentas 

secreted similar amounts of uPA and PAl-1. However, the pre-edamptic 

trophoblast cells expressed significantly less ceU surface plasminogen 

activator activity (Graham and McCrae, 1996).

Several studies have examined plasminogen activator activity and 

plasminogen activator inhibitor activity in placental extracts of pre- 

edamptic pregnandes. A significant increase in PAI-1 antigen levels and a 

significant decrease in PAI-2 antigen levels in placental extracts from pre- 

edamptic pregnandes comphcated with lUGR have been reported (EsteUes 

et al. 1994, 1998). In contrast, Kanfer et al. (1996) could find no differences 

in PAI-1 antigen levels while the PAI-2 content was significantly increased. 

Placental abnormahties such as a reduction in mass and area, altered 

function and abnormal placental location are known causes of growth 

retardation (Baur, 1977; Hoogland et al., 1980). Maternal vascular disease 

whether it is chronic hypertension, pre-edampsia or diabetes has been
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associated with impaired foetal growth (Long et al., 1980; Katz et al., 1980). 

Idiopathic lUGR is associated with reduced blood placental perfusion. At 

least 35% of cases of lUGR are attributable to a disturbance in the 

uteroplacental circulation (Dawes, 1974). The pathological role of fibrin, or 

the factor(s) that stimvdates its excessive deposition within the 

uteroplacental vasculature of these complicated pregnancies, is as yet 

unknown. Several studies have reported only shght changes in the levels of 

components of the haemostatic mechanism in normotensive patients with 

intrauterine growth retardation when compared with normal pregnancy 

(Frigoletto et al., 1971; Howie et al., 1971; Elder andMyatt, 1976; Persson et 

al., 1982). It is generally beheved in lUGR, disordered activity of platelets 

and the coagulation system is confined to the uteroplacental drcvQation 

(Howie et al., 1971; Howie, 1977; McKillop et al., 1978; WaUenburg and van 

Kessel, 1979; Persson et al., 1982).

Boyle (1992) found similar levels of tPA antigen and activity in normotensive 

lUGR compared with normal pregnancy. EsteUes et al. (1991) suggested that .. 

uPA might correlate with placental function. Later, Lindoff and Astedt 

(1994) reported a significant decrease in uPA antigen in plasma fi:om lUGR 

pregnancies in comparison to normal pregnancy. Furthermore, they reported 

that uPA antigen were significantly correlated with placental and foetal 

growth and suggested that uPA plasma levels appear to reflect placental 

remodeUing and fiinction.

Many studies have investigated PAI-1 and PAI-2 levels in pregnancies
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complicated by lUGR. PAI activity and PAI-1 antigen were found to be 

significantly higher in pre-edamptic patients with lUGR (Estelles et al., 

1991). In a recent study, the authors confirmed that plasma levels of PAI-2 

antigen were also decreeised in both hypertensive and normotensive lUGR 

groups (Estelles et al., 1991). The reduced circulating levels of this 

pregnancy-spedfic inhibitor were proposed £is an adequate marker of 

impaired placental function.

Endothelial cells line vessels in every organ system and regulate the flow 

of nutrient substances, diverse biologically active molecules and the blood 

cells themselves. Studies with endothelial cells cviltured from various 

tissues have lead to the inference that t-PA production and secretion is a 

property of all endothelial cells (Hirsh et al., 1994). U-PA is expressed by 

endothelial cells involved in wound repair or angiogenesis (Bacharach et 

al., 1992), consistent with the hypothesised importance of u-PA in ceU 

migration and tissue remodelling. Endothelial cells in culture produce 

abundant PAI-1 that is associated primarily with its extracellular matrix. 

PAI-2 is found normally in plasma only during pregnancy (Astedt et al., 

1986) and is not synthesised by endothelial ceUs to an appreciable extent. 

Alterations in endothelial cells morphology occur within the placenta 

(Khong et al., 1992) and in glomeriilar capillaries (glomerular 

endotheliosis), the latter being characterised by endothelial cell swelling 

and Hpid accumulation (see Ferris (1995) for review). Fibrin deposition in 

microvasculature is common. Alterations in the extent of plasminogen
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activator and inhibitor levels in endothelial ceUs may account for the 

increased fibrin deposition seen in the placenta and the placental bed.

The decidua at term is made up of a number of cell types, stromal cells, 

epithelial cells, endothelial cells, vascular smooth muscle ceUs and 

leukocytes. Sheppard et al. (1990) studied the levels of PAI-1 and PAI-2 

in the placental bed decidua. They showed that the decidual extracts 

contained greater amounts of PAI-1 than PAI-2. In both pre-eclampsia 

and lUGR the levels of both PAI-1 and PAI-2 increase. However, these 

increases are not significant. A decreased ability of trophoblast cells to 

generate plasmin due to increased levels of PAI-1 and PAI-2 may result 

in decreased basement membrane degradation and thus result in 

impaired invasion into the placental bed. The presence of plasminogen 

activator inhibitors within the placental bed covdd yield the same result.

1.24 Objectives of the Study

As discussed above profound changes occur to the fibrinolytic system during 

pregnancy. It is marked with increased levels of both plasminogen activators 

and their inhibitors, which leads to an overall reduction in fibrinolytic 

activity. These changes are seen not only in the systemic system but also in 

the uteroplacental circulation. Many studies have suggested that the 

placenta is a major source for PAI-1 and PAI-2. These inhibitors have been 

immunologically associated with the placenta and have been shown to be 

present in placental extracts. However, no study has measured the secretory
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levels of the inhibitors by the placenta and placental bed. Therefore, the 

contribution of these inhibitors to the local uteroplacental circulation has not 

been measured. In pre-edampsia and intrauterine growth retardation there 

is an incregise in fibrin deposition in the placenta and placental bed. This 

may be the result of increased PAI activity in these tissues.

The placenta and placental bed are made up of many different cell types 

including trophoblast ceUs, stromal cells and endothehal cells. The 

contribution of these cells to the levels of PAs and PAIs in the local tissue 

has not been measured. Significant changes of PAIs, in some but not all of 

these types may contribute to the changes in fibrin deposition seen in 

pregnancies associated with pre-edampsia and intrauterine growth 

retardation. One aim of this study was to try and identify any changes in the 

levels of secretion.

Over the last decade, cultured trophoblast cells have been used to try and 

examine the invasive behaviour of trophoblast cells seen in vivo. 

Plasminogen activators and their inhibitors are beheved to play a crucial 

role in the invasive abihty of trophoblast cells. As stated earher, pre- 

edampsia and intrauterine growth retardation are assodated with reduced 

trophoblast invasion. This decrease in invasive abihty by trophoblast may be 

due to changes in secretory levels of plasminogen activators and their 

inhibitors by trophoblast cells. Furthermore, within the placental bed, it may 

be due to changes in secretory levels of PAs and PAIs by endothehal and 

deddual cells. In this study, changes in overall PA and PAI activity within
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the placental bed were to be examined. Furthermore, the secretory levels of 

PAs and PAIs by trophoblast cells, decidual cells and endotheUal cells were 

examined.

The first aim of this project was to determine the contribution of cells from 

the placenta and placental bed to the uteroplacental drcvilation in normal 

pregnancy. This was achieved by maintaining placenta and placental bed 

biopsies fi:om normal pregnancies in organ culture and measuring the in situ 

secretion and fibrinoljrtic enzymes by ELISA.

Secondly, fibrinolytic enzyme levels within homogenised uteroplacental 

tissue were measured by ELISA in order to determine their contribution to 

localised fibrin deposition.

Thirdly, trophoblast cells were isolated from the placenta and placental bed, 

cultured and their fibrinolytic activity measured so as to determine their 

contribution to the overall fibrinolytic activity seen in the uteroplacental 

compartment.

Furthermore, cultured term villous trophoblasts have been suggested to 

display characteristics to extravillous trophoblast, which invade the 

placental bed. As discussed earher, plasminogen activators and their 

inhibitors may play a role in trophoblast invasion. Therefore, the invasive 

properties of term trophoblasts were investigated by cvilture on fibrin and 

extracellular matrix.

Further studies assessed the levels of production of fibrinolytic activators 

and inhibitors by cultured endothelial cells isolated fi:‘om placentas and
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placental beds from healthy pregnant women and those with PET and 

lUGR.

In addition, the levels of production of fi.brinolytic activators and inhibitors 

by decidual cells isolated from placental beds from healthy pregnant women 

and those with PET and lUGR were analysed.
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CHAPTER 2 
PATIENTS AND METHODS



2.1 Patients

2.1.1 Caesarean Section (Group 1)

Nineteen women who were delivered by elective Caesarean section were 

recruited to the study. Reasons for delivery of these women by 

Caesarean section included breech or complicated presentations, 

cephalopelvic disproportion and a history of previous Caesarean section. 

Four patients smoked between 5 and 20 cigarettes a day while the rest 

were non-smokers. Patients sectioned for placenta praevia, diabetes 

mellitus or any cases where pathology of the uteroplacental bed and/or 

placenta was suspected, were excluded from this group. Having given 

full and informed consent to take part in the study, these patients had 

the required tissue samples of placenta and placental bed taken 

following Caesarean section. Full patient details are given in Table 

2 . 1. 1.

2.1.2 Normal Pregnancy (Group 2)

Seventeen healthy primigravidae aged between 16 and 33 were 

recruited as a control group. All of the women had normal deliveries 

with a mean gestational age of 35 weeks (range 32 -  37). Five of the 

women smoked 6- 22 cigarettes per day; the remaining twelve were non- 

smokers. None of the women had raised blood pressure during their 

pregnancy or had any history of thromboembolic disorders. All patients 

were delivered normally. Full patient details are given in Table 2.1.2.
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2.1.3 Pre-eclam psia (Group 3)

Thirty-four women aged between 22 and 33 years with diagnosed pre

eclampsia, having given full and informed consent were recruited for 

the study.

Pre-eclampsia was defined according to the classification approved by 

the International Society for the Study of Hypertension in Pregnancy 

(Davey and MacGilHvray, 1986).

Under this classification hypertension is defined as one diastofic blood 

pressure reading of at least 1 lOmmHg or two consecutive diastolic blood 

pressure readings of at least 90 mmHg no less than four hours apart. 

Significant proteinuria is defined as greater than or equal to 300mg of 

total protein in a twenty -  four hour urine collection or if this is not 

available 1+ dipstick proteinuria on two consecutive occasions four or 

more hours apart.

Using this definition, pre-eclampsia is defined as hypertension in 

combination with proteinuria developing after twenty weeks gestation 

in a previously normotensive non-proteinuric woman. The pre-eclamptic 

group was subdivided according to the birth weight of the baby:

A. Seventeen women with diagnosed pre-eclampsia whose babies’ 

weights were above the 10* centile. AU were dehvered by Caesarean 

section. This group included a 35-year old para 3, who delivered a well 

grown baby at 39 weeks’ gestation. In older women there may be a 

possibility of a co-existing medical condition. This patient was initially
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removed from the patient group and the statistics of the study 

examined. However, no significant differences could be seen having 

removed the patient from the group. In the light of this result, the 

patient was included in the study.

B. Seventeen women with pre-eclampsia who were also diagnosed as 

having intrauterine growth retardation (lUGR). Antenatal diagnosis 

was made using ultrasound techniques. At delivery, lUGR was 

confirmed if the baby birth weight was less than the 10*'’ centile. Of 

these patients six smoked an average of 5-20 cigarettes per day and the 

remaining ten were non-smokers. Having given fuU and informed 

consent to take part in the study, these patients had the required tissue 

samples of placenta and placental bed taken following Caesarean 

section. Patient details are given in Tables 2.1.3 and 2.1.4.

2.1.4 Intrauterine Growth Retardation (Group 4)

Seventeen normotensive women aged between 23 and 37 who were 

diagnosed as having lUGR (baby birth weight less than the 10‘'' centile) 

were recruited for the study. Of these patients twelve smoked an 

average of 5-25 cigarettes per day. Diagnosis was made using 

ultrasound techniques and patients who were diagnosed before delivery 

as having lUGR but whose baby birth weights on delivery were greater 

than the lO*** centile were excluded from the study. Having given full 

and informed consent to take part in the study, these patients had the
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required tissue samples of placenta and placental bed taken following 

Caesarean section. Patient details are given in Table 2.1.5.
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No. Age Parity Gestation Baby Sex Placenta Del. Gest. Cigs/day 

(y) (weeks) (g) (g) (weeks)

1 29 1 37 3420 M 585 37 -

2 38 2 42 3760 M 790 42 -

3 27 0 38 3585 F 630 38 -

4 34 2 38 3675 M 620 38 5

5 23 0 36 2860 F 590 36 -

6 32 1 40 3820 F 760 40 -

7 35 1 42 3905 M 860 42 10

8 28 0 39 3720 F 720 39 -

9 31 2 38 3360 F 680 38 -

10 24 0 36 3480 M 545 36 -

11 33 1 39 3580 M 640 39 20

12 34 2 38 2950 F 570 38 -

13 30 0 36 2885 M 510 36 -

14 28 1 40 3515 F 660 40 -

15 29 2 42 3940 F 850 42 -

16 32 0 41 3865 F 740 41 5

17 35 1 38 3390 M 510 38 -

18 26 0 40 3410 F 620 40 -

19 28 0 42 3890 M 820 42 .

Mean gestation at delivery = 39.0 (S.D. = 2.1)

Mean baby weight = 3527 (S.D. 336)

Mean placental weight = 668 (S.D. = 110)

Mean maternal age = 30y (S.D. = 4)

Table 2.1.1: Control Caesarean Section (Group 1) -  Patient Details
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No. Age

(y)

Cigs/day Gestation

(weeks)

Baby

(g)

Sex Placenta

(g)

1 32 34 3240 F 630

2 28 10 37 4100 F 790

3 24 - 35 3935 F 660

4 3 - 37 3745 M 640

5 25 15 33 3150 M 570

6 28 - 35 3230 M 620

7 32 10 36 3710 F 660

8 20 - 35 3690 M 690

9 25 6 36 3440 M 520

10 31 - 34 3180 F 580

11 30 - 34 2770 M 455

12 16 5 35 3640 M 720

13 28 - 32 3280 F 615

14 24 - 37 3975 M 560

15 26 ■ 33 3120 M 515

16 31 22 36 3025 F 685

17 30 36 3270 F 595

Mean gestation at delivery = 35.0 weeks (S.D. = 1.5)

Mean baby weight = 3441g (S.D. = 375)

Mean placental weight = 617g (S.D. = 82)

Table 2.1.2: Normal Pregnancy Section (Group 2) -  Patient Details
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No. Parity Gestation Baby Sex Placenta D.B.P. Protein Uric Acid 

(y) (weeks) (g) (g) (mmHg) (g/L) (̂ M)

1 36 1 34 3160 M 595 105 2.0 310

2 32 0 34 2750 M 530 100 10.0 345

3 33 1 35 1590 F 555 110 10.0 413

4 28 0 30 2340 M 480 105 5.0 427

5 29 1 34 2860 F 625 95 10.0 382

6 25 2 37 3665 M 740 110 3.0 441

7 35 3 39 3790 M 780 105 1.0 354

8 31 0 36 3384 M 665 100 3.1 458

9 33 0 34 3420 F 510 110 1.0 479

10 22 0 37 2996 F 590 105 3.2 296

11 23 0 35 2180 M 540 110 3.0 267

12 28 0 36 2340 M 550 110 4.3 385

13 35 2 32 1780 F 380 105 10.0 367

14 29 0 31 1540 M 340 110 5.1 239

15 28 0 33 2160 F 465 95 1.0 359

16 30 1 36 3125 M 660 100 10.0 395

17 33 1 36 3255 F 595 100 5.5 390

Mean gestation at delivery = 34.7 weeks (S.D. = 2.3)

Mean baby weight = 2725g (S.D. = 714)

Mean placental weight = 565g (S.D. = 114)

Mean Blood Pressure = 104mm hg (S.D. = 5.3)

Proteinuria = 5.1g/L (S.D. = 3.5)

Uric acid = 371)iM (S.D. = 66)

Table 2.1.3 Pre-eclampsia (without lUGR) (Group 3A) -  Patient Details

63



No. Age Parity  

Centile

<y)

Gestation

(weeks)

Baby

(g)

Sex Placenta

(g)

D.B.P. Protein 

(mmHg) (g/L)

Uric Acid 

(mM)

Cigs/day

1 25 0 39 2480 F 640 110 10.0 358 - <5

2 33 0 34 1350 M 380 90 8.4 505 5 <10

3 36 0 36 1945 M 450 130 10.0 425 - <5

4 31 0 35 2565 M 560 125 5.8 631 - <10

5 26 0 33 1770 F 600 100 2.9 547 - <10

6 33 0 38 2315 F 530 110 10.0 440 10 <5

7 36 1 31 1190 M 240 130 1.0 335 - <10

8 28 0 34 1860 F 490 120 10.0 601 - <5

9 30 0 36 1585 M 390 120 3.2 580 20 <10

10 34 0 33 1790 M 420 110 9.0 624 - <5

11 31 0 38 2605 M 620 130 5.0 597 - <5

12 27 0 37 2035 M 550 90 10.0 316 - <10

13 35 1 34 1930 F 370 100 1.0 495 20 <10

14 33 0 38 2160 F 430 110 3.8 578 - <5

15 33 0 35 2380 M 570 125 10.0 465 - <5

16 34 0 34 1855 F 440 95 5.3 411 10 <5

17 32 0 34 2080 F 510 105 3.0 378 5 <10

Mean gestation at delivery = 35.0 weeks (S.D. = 2.2)

Mean baby weight = 1994g (S.D. = 402)

Mean placental weight = 482g (S.D. = 105)

Mean Blood Pressure = 112mm hg (S.D. = 4)

Proteinuria = 6.4g/L (S.D. = 3.5)

Uric acid = 48?nM (S.D. = 106)

Table 2.1.4: Pre-eclampsia with lUGR (Group 3B) -  Patient Details
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No. Age Parity Gestation Baby Sex Placenta Gentile Cigs/day

(y) (weeks) (g) (g)

1 32 0 32 1170 M 220 <5 10

2 36 1 37 2140 F 420 <10 -

3 23 0 39 2570 F 610 <10 25

4 35 2 35 1745 F 350 <5 5

5 36 2 36 2080 M 540 <5 5

6 33 0 33 1330 F 270 <5 20

7 37 1 38 2270 M 495 <5 -

8 33 2 34 1620 M 330 <5 20

9 31 0 40 2890 M 705 <10 -

10 36 1 35 1530 M 310 <5 15

11 36 2 36 1865 F 410 <10 20

12 34 2 34 1326 M 250 <5 -

13 24 0 39 2455 F 530 <10 10

14 38 1 38 2285 F 460 <5 10

15 36 3 36 2010 F 490 <10 4

16 32 0 35 2185 M 505 <10 -

17 33 1 36 2070 M 447 <10 15

Mean gestation at delivery = 36.0 weeks (S.D. = 2.2)

Mean baby weight = 1973g (S.D. = 472)

Mean placental weight = 432g (S.D. = 132)

Table 2.1.5: Intrauterine Growth Retardation (Group 4) -  P atien t  

D etails
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2.2 Methods

2.2.1 Preparation o f Placental Cells

Human cytotrophoblasts were purified from placentas following Caesarean 

section using the method of Morrish et al. (1986). Placental tissue was gently 

separated by sterile dissection from different cotyledons, exdudtng chorionic 

and basal plates, minced with scalpel blades, and washed repeatedly with 

0.9% NaCl to remove blood from the intervillous space. This process was 

continued until approximately 50g of placental tissue was collected. The 

tissue was then minced into smaller pieces of about 0.2 cm across. 150ml of 

warmed CMF Hank's was added to enzjmae flask 1 which contained the 

Trypsin/DNAase (0.18% trypsin and 500 Kunitz imits of DNAase 1) and 

mixed. 1ml of the PS solution was added along with the CaCk and MgS04 

solutions to this flask. Finally, the placental tissue was added to the flask, 

mixed weU and placed in the water bath at 37°C. The digestion flask was 

removed from the water bath every five minutes and swirled vigorously in 

order to resuspend the tissue. After 30 minutes, the flask was removed from 

the water bath and allowed to stand at a 45-degree angle for 1 minute. 

Approximately 80 ml of the supernatant was removed using a sterile pipette 

and this supernatant was discarded. 100 ml of CMF Hank's was added to 

enzyme flask 2 and mixed well. After addition of the CaCh and MgS04 

solutions, the solution was added to the digestion flask containing the tissue 

fragments, returned to the water bath for a further 30 minutes. As before.
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Enzymatic Incubation 
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I 1
Tropholast Cells Trophoblast Cells

Table 2.2.1 Flowchart for isolation of trophoblast cells



the solution was vigorously shaken every 5 minutes.

After 30 minutes, the flask was removed, placed at a 45-degree angle and the 

tissue allowed to settle for 1 minute. With a clean 10 ml pipette the 

supernatant was slowly removed from just below the surface at a point which 

is farthest away from the tissue fragments. This 10ml aliquot of supernatant 

was layered onto 1.5 ml foetal calf serum (FCS)in a 15 ml centrifuge tube. 

This step was repeated for 5 more centrifuge tubes. AU six tubes were topped 

off up to the 15ml mark and centrifuged at 2.200RPM for 15 min at 25“C. 

The resultant pellet revealed a lower red blood cell (RBC) with an upper 

white layer which contained the trophoblasts. The supernatants were 

removed and discarded while the peUet was resuspended in 1 ml of DMEM- 

HG containing PS. The six resuspended peUets were pooled, set aside, hghtly 

capped and stored at room temperature.

75 ml of warm CMF Hank's was added to enzyme flask 3 and mixed weU. 

After addition of the CaCl2 and MgS04 solutions, the solution was added to 

the digestion flask containing the tissue fragments, returned to the water 

bath for a further 30 minutes. As before, the solution was vigorously shaken 

every 5 minutes.

Once again, the supernatant was removed, layered over FCS, centrifuged 

and the pellets resuspended and pooled.

A final 75ml of CMF Hank's was added to enz5one flask 4 and the digestion 

step repeated for 30 minutes. At the end of this time, as much of the 

supernatant was removed from the tissue solution and the trophoblasts
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pelleted and resuspended as before. This last digestion was pooled into two 

sets. At the end of the digestion process, there were 4 tubes containing 

pooled calf serum pellets which were then centrifuged for 10 minutes at 

2,200 RPM in a bench centrifuge. The supernatants were discarded while 

the pellets were resuspended with 1 ml DMEM-HG containing PS. Finally, 

the 4 tubes were pooled. On average, between 80 and 170 million cells were 

obtained from 30g of starting placental tissue. Further purification of the 

placental cells was performed by either affinity chromatography or PercoU 

gradient centrifiigation/immunomagnetic separation.

2.2.2 Cell Separation by PercoU Gradient Centrifugation

Preparation of Percoll Gradient

Each Percoll gradient was made fresh as follows:

A 90% PercoU solution was prepared by adding 2ml lOX Hank's solution to 

18ml of Percoll. This Percoll solution was diluted to prepare different 

strength Percoll solutions.

68



% Percoll ml 90% Percoll ml Hank's

70 2.33 0.67

65 2.17 0.83

60 2.00 1.00

55 1.83 1.17

50 1.67 1.33

45 1.50 1.50

40 1.33 1.67

35 1.17 1.83

30 1.00 2.00

25 0.83 2.17

20 0.67 2.33

15 0.50 1.50

10 0.33 2.67

5 0.17 2.83

Each solution was mixed and beginning with the 70% PercoU, the PercoU 

solutions were layered into a 50ml polystyrene conical centrifuge tube 

using a clean Pasteur pipette.

The pooled digests were very carefuUy layered onto the Percoll gradient 

and centrifuged at 1,200 X g for 20 minutes without the brake.

The tube was removed carefiiUy from the centrifuge and placed in a support 

in a completely upright position. The top fluffy layer was removed using a
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Pasteur pipette and discarded. The next two layers (which contain the 

trophoblast cells) were carefully removed using a 10ml pipette and placed 

into a dean 50ml polystyrene centrifuge tube.

The collected bands were diluted to the 50ml mark with DMEM-HG 

containing PS and centrifuged at 2,200 RPM for 10 minutes. The peUet was 

finally resuspended in 10 ml of serum-fi:ee DMEM-HG-PS. A cell count was 

then performed using a haemocytometer. The suspension was finally plated 

to the desired plating concentration with DMEM-HG-PS and maintained in 

a humidified incubator at 37° C in a 95% air, 5% carbon dioxide atmosphere.

2.2.3 Im m unom agnetic Separation of Trophoblast Cells

Cells (either freshly isolated or thawed) were suspended in ice-cold medium 

containing 17% FCS to give 4 x 10® cells/ml. All subsequent steps were 

performed in the cold. For simplicity, the following description is based on 

processing 1ml of cell suspension.

To the suspension (1ml) was added 20ml of a monoclonal anti-HLA-ABC 

antibody and 40ml of monoclonal anti-HLA-DR antibody. The mixture was 

incubated on ice for 45 minutes with occasional gentle shaking and then 

centrifuged at 350 x g for 5 minutes. The supernatant was removed and the 

cell pellet was resuspended in HBSS (without Ca^  ̂and Mg^ )̂ supplemented 

with 1% FCS. After a further centrifugation step, the pellet was resuspended 

in medium at a ratio of 1ml medium;4 x 10® cells. To this was added 40ml of 

a suspension of magnetic beads coated with goat anti-mouse IgG. The
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mixture was placed on a rotating platform at 3RPM for 30 minutes at 4C. 

Cells were collected by applying a magnet to the side of the tube, followed by 

withdrawal of the bead-free supernatant. This process was repeated three 

times, interspersed by 1 minute washes with cold medium. The supernatant 

was pooled and centrifuged at 350 x g for 10 minutes. The pelleted cells were 

resuspended in culture medium and either plated or cryopreserved. 

Identification of the cells as trophoblast was determined by 

immunocytochemical staining for cytokeratin and their abihty to produce 

hCG andhPL.

2.2.4 Isolation of Placental Bed Cell Population

Placental bed tissue was routinely removed from the centre of the placental 

bed site foUowing removal of the placenta. The biopsies were wedged shaped, 

normally two inches long, and one inch in thickness. There were examined 

microscopically prior to use.

Placental bed tissue was washed, teased apart and incubated for 15 minutes 

at 37C in DMEM containing 0.02% protease type XIV, InM L-glutamine, 

lOOmg/ml streptomycin and 100 lU/ml penidUin. Tissue fragments were 

washed in PBS/0.1% BSA and resuspended in DMEM containing 10% FCS, 

0.2% hyaluronidase (Type 1-S) and 0.25% coUagenase and stored overnight 

at 4C. The following day, the suspension was incubated for 15 minutes at 

37C with DMEM containing 0.18% Trypsin and 500 lU DNAase 1.

The obtained solution was filtered initially through a 100mm nylon sieve to
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remove undigested tissue fragments and then through a 40mm sieve to 

retain whole glands and cell aggregates. Cells were extensively washed in 

PBS/0.1% BSA and left overnight in DMEM/10% FCS at 4C.

To separate viable cells from debris and dead ceUs, cells were resuspended 

in 25% Percoll and layered over 60% PercoU and under PBS. After 

centrifugation at 670 x g for 30 minutes, viable cells were collected at the 

25%/60% PercoU interface, washed in PBS and counted in a haemocj^ometer 

(Improved Neubauer). Cell viability was assessed by Trypan Blue exclusion. 

The cells were verified as been of trophoblastic origin by cytokeratin and 

W6/32 immunostaining and their ability to produce hCG and hPL.

2.2.5 Purification of P lacental Cells via Negative Selection 

Plastic columns were filled with 1ml of goat anti-mouse immunoglobulin 

(Ig)-conjugated glass beads prepared according to the manufacturer's 

recommended procedure (Biotex Lab.). Meanwhile, placental cells were 

incubated in PBS/20% normal goat serum for 20 minutes on ice to reduce 

non-specific binding. The cells were then washed, resuspended in PBS/2% 

FCS and incubated with mouse-anti-human CD9 antibody at a ratio of lug 

antibody to 2 million cells. After a forty minute incubation on ice, the cells 

were washed twice with cold PBS/2% FCS. This preparation was then loaded 

onto the columns which had been washed m th  PBS and the flow rate 

adjusted to one drop every 8 seconds. A maximum of 40 miUion cells can be 

loaded onto each column without impeding the flow rate. Directly after
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Table 2.2.2 Cell Identification  and Viability

Placental trophoblast: 92 ± 4% Cytokeratin +ve

90 + 8% viability 

Placental bed trophoblast: 85 + 7% Cytokeratin +ve

81 ± 9% W6/32 +ve 

92 + 5% viability

Values are mean + range (n = 40)

Cytokeratin is a marker for trophoblast cells

W6/32 is expressed by extravillous cells but not by villous cells.



loading, non-adhering cells were eluted with 13ml of PBS/2% FCS. These 

placental cells were centriftiged, resuspended in FCS at 10 x 10® ceUs/ml and 

either plated or cryopreserved in 10& (v/v) DMSO in FCS under hquid 

nitrogen.

2.2.6 Invasion Assays

Cytotrophoblast cells (5 x 10® cells per filter) were cultured on coated 

TransweU inserts (6.5mm; Costar Corp.) containing polycarbonate filters 

with 8-iam pores. The inserts were coated with matrigel or fibrin. Every 24 

hours the cultures were rinsed in PBS, fixed and stained with 

anticytokeratin antibodies.

To assay invasion, the filters were dissected firom the inserts with a scalpel 

blade and mounted on poly -L- lysine-coated slides in a drop of mounting 

medium such that the underside of the filters faced upwards. Serial optical 

sections were obtained by using confocal microscopy. The nvmiber of 

cytokeratin-positive cell processes that penetrated the matrigel or fibrin 

were counted. Six rephcate filters were analysed for each time point for each 

isolation procedure.

2.2.7 Organ Culture o f Placenta and Placental Bed Biopsies

All biopsies were washed and dissected as previously described. Biopsies 

were chopped into small pieces (about 1mm diameter) and placed on 

Transwell inserts containing 8mm pore polycarbonate filters. Exactly 1.6ml
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of medium (DMEM containing 10% FCS) was added to each well. This 

volume was determined to be the minimum needed to cover each biopsy with 

medium. Biopsies were incubated at 37° C and the medium changed every 24 

hours. The removed medium was snap frozen and. stored for analysis later. 

Each day sample biopsies were removed, frozen in hquid nitrogen, 

pulverised and stored for analysis. Viabihty was determined by hCG 

measurement, Trypan blue exclusion assays and MTT analysis.

2.2.8 Measurement of PA Activity in Trophoblast Conditioned 

Medium

u-PA activity in trophoblast conditioned mediimi was measured in microtiter 

weUs by incubating indicator-free conditioned medium with Glu- 

plasminogen (final concentration O.lmg/ml) and the chromogenic plasmin 

substrate S-2251 (final concentration 60mM) at 37°C. The optical density 

was then measured at 405nm in a microplate reader (Titertek). Trophoblast 

conditioned medium was collected at 24 hour intervals over a  period of five 

days.

2.2.9 Measurement of PA Activity Expressed by Cultured 

Trophoblast Cells

To measure cell-associated u-PA activity, trophoblast cells were cultured in 

serum-free DMEM-HG containing 2% Ultroser G for 12 or 24 hours. The 

conditioned medium was then removed and the cells washed twice with

74



indicator-free DMEM-HG containing 0.5% BSA. The cells were then 

incubated in indicator-free medium containing 25mg/ml Glu-plasminogen 

and 60mM S-2251 at 37°C. At various time points over a twelve hour period, 

the optical density was then measured at 405nm in a microplate reader 

(Titertek).

2.2.10 Endothelial Cell Isolation

Goat anti-mouse IgG-coated Dynabeads M-450 (Dynal, Wirral, UK) were 

coated with purified QB-End/40 monoclonal antibody to thrombomodulin 

(Serotec, UK) according to the manufacturer's instruction. The beads were 

washed in PBS/1% NCS prior to use. The beads were added to the 

dissociated placental or placental ceUs at a bead/ceU ratio of 3:1 and 

incubated at slow rotation for 30 minutes at 4C. Rosetted cells were collected 

by applying a magnet to the side of the tube, followed by withdrawal of the 

bead-free supernatant. This process was repeated three times, interspersed 

by 1 minute washes with cold RPMI/1% NCA. Pimfied ceU clusters were 

resuspended in Medium 199 plus 40% FCS, glutamine and antibiotics.

2.2.11 Culture of Purified Endothelial Cells

Rosetted cells were seeded into 35mm^ plastic culture dishes pre-coated with 

1% gelatin. The culture medium was supplemented with 0.1% of both 

endothelial ceU growth supplement and heparin (170 lU/mg; Sigma). The 

medium was replaced every 2 days. The cells reached confluence by 6 days
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and were subcultured every 10 days by trypsinisation and reseeded at a split 

ratio of 1:3. Endothelial cells were characterised by staining with von 

WiUebrand factor and QB-End/40.

2.2.12 Isolation and Culture of Decidual Cells and Decidual 

Endothelial Cells

Each placental bed biopsy was cut into 5 mm cubes and incubated at 37°C 

for 8 minutes in trypsin 1:2500 and Pronase (80(xg/ml). The resultant 

fragments were washed five times with Hank's balanced salt solution 

(HBSS), capillary segments were squeezed fi:om the cut edges by downward 

pressure with the flat edge of a scalpel blade and the resultant mixed cell 

popidation was collected, centrifuged (1000 Xg,  5 minutes) and resuspended 

in 80|j1 of HBSS plus 5% foetal calf serum. This cell suspension was 

incubated at 4°C for 10 minutes with 20pl of the lectin idex europaeus (UEA- 

1) - coated dynabeads (4 x 10* beads/ml) and washed five times with 2ml 

HBSS plus 5% foetal calf serum, separation after each wash being achieved 

in a magnetic particle concentrator. The cell-bead complex was dissociated 

by competitive binding of L-fucose. The cells were resuspended in growth 

medium and plated down on a gelatin - coated 35mm tissue cvdture dish. 

Cells were routinely maintained in a humidified incubator at 37° C in a 

95%air, 5% carbon dioxide atmosphere. The growth medium used was 

McCoy's medium containing growth factors 0.1 m g/ml endothelial ceU 

growth supplement, 0.1 mg/ml heparin, 2.5 ^g/ml fungizone, lOOmU/ml
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penidUin and 100 |^g/ml streptomycin, with 40% FCS. Cells were examined 

by phase contrast microscopy, refed at 2 day intervals, and passaged at 

confluence with the use of trypsin 1:250, 0.05%/0.02% (w/v) EDTA in PBS 

solution. Endothelial cells were identified by their expression of von 

WiUebrand factor antigen with immunocytochemistry.

2.2.13 Immunocytochemistry of Cultured Cells

Primary Antibodies 

Cytokeratin (Dako M821) 

uPA(A.D. 394) 

tPA (A.D. 373)

PAI-1 (A.D. 3785)

PAI-2 (A.D. 3750) 

vWF (Dako)

QBEND/40 (Dako) 

w6/32 (SeraLab) 

hCG (Dako) 

hPL (Dako) 

vimentin (Dako)

Reagent Preparation

Tris Buffer (TB): 1.39g/L Trizma Base, 6.06g/L Trizma Hydrochloride 

Tris Buffered Saline (TBS):9 parts Sodium Chloride %.84g/L, 1 part Tris
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Bviffer

Biotinylated Rabbit anti Mouse IgG (1:100 (TBS)

StreptAB Complex (22.5ml A, 22.5ml B and 2.5ml TB)

Procedure

1. The cells grown on coverslips in 16-weU plates were gently washed with 

PBS at room temperature.

2. Cold methanol (-20C) was added to the weUs and transferred to a Mdge at 

4° C for 5 minutes.

3. The coverslips were then transferred into cold (-20° C) acetone in an 

acetone resistant dish for 2 minutes.

4. The coverslips were subsequently washed twice with TBS.

5. The covershps were then incubated with the diluted primary antibody for 

30 minutes at room temperature.

6. Coverslips washed with TBS.

7. The covershps were incubated with the diluted secondary antibody 

against mouse IgG for 30 minutes at room temperature.

8. Covershps washed with TB.

9. StreptAB complex added and incubated 30 minutes at room temperature.

10. The covershps were washed in TB and developed with DAB chromogen 

which was followed by washing with distilled water.

11. Finally the covershps were counterstained with haemotoxyUn and 

mounted in Glycerol gel.
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2.2.14 Tissue Plasm inogen Activator Activity 

(Biopool Spectrolyse™/fibrin, Sweden)

Assay Principle

This assay is based on the functional paraboKc rate assay described by 

Ranby et al. (1982) and Wunan et al. (1983). The t-PA activity is measured 

by adding Glu-plasminogen, chromogenic plasmin substrate and fibrin and 

neutral pH. In the presence of fibrin, t-PA converts plasminogen to plasmin, 

which subsequently cleaves the chromogenic substrate. The amount of 

colour development in a given time is proportional to the amount of t-PA 

activity in the sample.

The assay is insensitive to plasminogen and fibrinogen. The assay measured 

t-PA in samples in the range of 0.01 lU/ml to 30IU/ml. The t-PA standard 

was calibrated against the World Health Organisation (WHO) First 

International Standard for t-PA coded 86/670 from the National Institute for 

Biological Standards and Control, England.

Reagents

PAR: 0.5mg hxmian Glu-plasminogen colyophilised with D-But-Lys-pNA 

(6|jmol)

DESAFIB-X’’**; stimulator for t-PA, 2mg solubilised desAA fibrinogen (fibrin 

1)

t'PA standard: 10|ug human melanoma cell line derived single chain
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Buffer; Tris HCl buffer, SOmmol/L containing O.lg/L Tween 80, pH8.7 

Acetate: IM Sodium Acetate buffer, pH3.9 

Stop/fibrin: 25g/L Sodium Dodecyl sulphate in 50g/L acetic add 

deionised water

Citrate buffer, pH4.5; IM citric acid and IM trisodium citrate mixed to

achieve the correct pH

Preparation  of Reagents

Tris buffer was diluted lOX with water.

PAR was reconstituted with 12.5ml of Tris buffer. This was stable for 24 

hours at 6°C or for 4 weeks at -20“C.

DESAFIB-X^” was reconstituted with 750|il Tris buffer.

P reparation  of Samples

Tissue plasminogen activator activity in samples is unstable. The haK-hfe 

ranges from 1 minute to 4 hours depending on PAI activity. Nine volumes 

was added into IM citrate buffer pH 4.5, thus lowering the pH of the 

sample. This stabilises the t-PA activity by blocking inhibition by PAI. 

Procedure

Preparation of standards

1ml of acetate was added to the t-PA standard yielding a 6000IU/ml 

solution. 50(ol was added to 7.5ml Tris buffer to yield a 49IU/ml solution. 

Working standards were prepared as follows:

OlU/ml t-PA standard: 100^ of PAI-1 free sample was mixed with 400^1 

acetate buffer, incubated at room temperature for 20 minutes and then
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diluted with 8ml of water.

40IU/ml t-PA standard: lOOfil of PAI-1 free sample was mixed with 400)ol 

acetate buffer, incubated at room temperature for 20 minutes. 100|ol of 

40IU/ml t*PA standard was added and then diluted with 7.9ml of water. 

4IU/ml t-PA standard: 150)il 40IU/ml standard mixed with 1350|j1 OlU/ml 

t-PA standard.

0.4IU/ml t-PA standard: 50|ol 41U/ml t-PA standard mixed with 450fjl 

OlU/ml t-PA standard. Additional t-PA standards were prepared:

Standards (lU/ml) Diluted t-PA standard 0 lU/ml Standard

3.0 300m1 (4IU/ml) IOOmI

2.0 200m1 ( “ ) 200^1

1.5 150|j1 ( “ ) 250^1

2.0 100|il ( “ ) 300^1

0.5 50m1 ( “ ) 350m1

0.3 300Ml(0.4IU/ml) lOO l̂

0.1 100|j1 (0.4 lU/ml) 300̂ x1

0 - 400|.il

t-PA assay in microtest plate

20|Ld of diluted sample or diluted standard was added in duplicate to 

microtest plate weUs. 200|jl PAR was added to the weUs using an eight-



channel pipette and the plate placed in the refrigerator for 15 minutes. lÔ il 

of DESAFIB-X^” was added to each well with an eight-channel pipette 

within two minutes and the plate agitated for 10 minutes. The plate was 

then incubated for 19 hours at 37°C. After this time elapsed, 25(ol 

STOP/fibrin was added to each well and the plate agitated for 15 minutes.

Measurement

The absorbance was measured at 405nm and 492nm and the difference 

calcidated. ParanitroaniLide absorbs light at 405nm but not at 492nm 

whereas the absorbance due to turbidity is approximately equal at 492nm. 

Therefore, absorbance at A492 was measured and subtracted to correct for 

background due to turbidity.

Results

A standard curve was obtained by plotting standard A 405-A 492  values against 

their corresponding t-PA activity levels. Sample t-PA activity levels were 

then determined from the curve.

2.2.15 T issue Plasm inogen A ctivator (t-PA) Antigen  

(Biopool Immunolyse™, Sweden)

A ssay Principle

An enzyme immunoassay (ELISA), utilising the double antibody principle.
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was used for the quantitative determination of t-PA antigen in human 

plasma and tissue extracts (Bergsdorf et al., 1983; Ranby et al. 1986; Ranby 

et al., 1989). The ELISA measures free, single and two chain forms of t-PA 

and also the bound forms (t-PA complexed to ot2-antiplasmin, PAI-1 and 

PAI-2).

Samples were added to wells pre-coated with goat anti-human uterine t-PA 

antibodies. Following incubation, goat anti-human t-PA antibodies labelled 

with horseradish peroxidase (conjugate) was added to the weUs. Unbound 

conjugate was then washed away. The amount of peroxidase remaining in 

the weUs was then proportional to the amount of t-PA antigen. A peroxidase 

enzjmie substrate was added and the resulting coloured development 

measured.

Assay Characteristics

Biopool Imulyse™ t-PA in the range 1.5-30 ng/ml. Maximum sensitivity was 

1.5ng t-PA/ml of sample. No cross reaction with urokinase has been 

observed

Reagents

Flat bottom 96-well microtest plates

PET-buffer: PBS-EDTA-Tween buffer (O.IM NaCl, 5mM EDTA, 20mM 

Sodium Phosphate buffer, 0.1% Tween 20), pH 7.3 

Coat/Pre-fiU A; 3mg goat anti-human t-PA antibody
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Pre-fiU N: Img normal goat antibody

Coating Solvent: O.IM sodium hydrogen carbonate (NaHCOs) 

t-PA standard: 500ng single chain t-PA

Conjugate: horseradish peroxidase labelled goat anti-human t-PA antibody 

Substrate: orthophenylenediamine di-HCl (OPD)

IM potassium hydrogen carbonate (KHCOa)

4.5M s\ilphuric add (H2SO4)

30% hydrogen peroxide(H202)

Glycerol (concentrated) 

deionised water

Human control plasma (Reference plasma 100%; Immuno AG Gmbh)

Preparation and Storage of Bioreagents

The bioreagents were prepare and stored as follows:

Coating/prefill A; 3ml of water was added to the coating vial, agitated for 10 

minutes and stored as 5 x 350 pi aliquots (labelled coat) and 5 x 200|ol 

ahquots (labelled prefiU A).

PrefiU N: 1ml of water was added to the pre-fill N vial, gently agitated for 10 

minutes and stored as 5 x 190^1 aliquots.

t-PA Standard: t-PA standard was dissolved with 500|j1 1M KHCOa to yield 

l|xg t-PA/ml and stored as 5 x 95ial ahquots.

Conjugate: 125^1 of water was added to the conjugate vial and following 

dissolution, 125|jl concentrate glycerol was added and mixed well.
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All aliquots were stored in small tightly capped plastic tubes at -70“C. The 

conjugate aliquots were stored in tin-foil covered tubes.

Procedure

DAYl

Coating of plate

Microtest plates were coated with anti-human t-PA antibodies. 250iil of the 

coating antibody was diluted to 25ml with coating solvent. Using an eight- 

channel pipette (Titertek), 200^d of the coating solution was added to each 

well of a 96-well microtest plate. The plate was then incubated for 16-18 

hours in a moisture chamber at 25°C.

DAY 2

Washing

The coating solution was discarded and the plate washed four times with 

PET buffer using an automatic microplate washer (^tertek).

Prefilling the plate

150|il of normal goat antibodies (prefill N) was diluted to 12ml with PET-
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buffer. 150|j1 of this solution was added to each odd-numbered (N) well. 

150|j1 of anti-human t-PA aatibodies (prefill A) was dilute to 12ml with 

PET-buffer. 150|jl of this solution was added to each even-numbered (A) 

well. Extreme care was taken not to contaminate prefill N weUs with prefiU 

A weUs.

Preparing the standard curve

15^J of the reconstituted t-PA standard was added to 485|jl of control 

human plasma and mixed, yielding a t-PA concentration of 30+X ng t-PA/ml 

of plasma. X was the original t-PA content in the control plasma (3-6ng/ml). 

The standard dilutions were prepared as follows:

t-PA (ng/ml) t-PA enriched plasma Control plasma

30.0+ X 100̂ 1 0̂ 1

24.0+ X 80̂ 1 20̂ 1

18.0+ X 60̂ 1 40̂ 1

12.0+ X 40̂ 1 60̂ 1

6.0+ X 20̂ 1 SĜ il

3.0+ X 10̂ 1 90̂ 1

1.5+ X 0̂ 1 100̂ 1

Addition of standards and samples

lOpl of each standard solution was added to both an N-well and an adjacent 

A-well in consecutive columns 1 and 2 of the plate. Columns 3-12 were used
¥

for the samples. Tissue extracts and supernatants were thawed and added
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undiluted to the plate. 10|j1 of each sample was added to adjacent N- and A- 

weUs. The plate was incubated for three hours at 25°C with gentle agitation 

on a microtest plate shaker (400-500RPM).

Conjugate

7.96ml of PET-buffer was added directly to 40|il of the conjugate and 

agitated for 3 minutes. 50|j1 of conjugate was added to aU weUs using an 

eight channel pipette.

Incubation

The microtest plate was incubated, with cover, for two hours at 25°C and 

agitated on a microtest plate shaker (400-500 RPM).

Washing

The plate was emptied and washed four times with PET-buffer using a 

microtest plate washing machine (Titertek).

Substrate addition

The substrate (OPD) was dissolved within 10 minutes of use. The 

lyophyhsed substrate was reconstituted with 22ml of water and gently 

agitated for 5 minutes. 1.5ml of 0.15% H2O2 was added immediately before 

use and mixed. 200^1 of this substrate solution was then added to each well 

and the plate was incubated for 30 minutes in the dark at room 

temperature.

Stopping the reaction

50pl of stop solution (4.5M H2SO4) was added to each well with the same
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speed and order as the addition of the substrate. Ten minutes was allowed 

for colour stabilisation.

Measurement

The absorbance was read at 492nm in a microtest plate spectrophotometer 

(Titertek Multiscan).

Calculations

The difference between the N-value and the corresponding A-value was 

calculated for both standards and test samples and was denoted A. To 

obtain the standard curve, A standard values were plotted against the 

amount of t-PA added to the control plasma (0, 1.5, 3, 6, 12, 18, 24 and 

30ng/ml). The standard curve passed through the origin. Sample A values 

were read from the curve to determine sample t-PA concentrations.

2.2.16 Urokinase Plasm inogen A ctivator (u-PA) A ntigen  

(Biopool TintEUze® u-PA, Sweden)

A ssay Principle

This enz5nne immunoassay (ELISA) was developed with u-PA monoclonal 

catch antibody and polyclonal tag antibodies used in a radioimmunoassay 

described by Astedt et al. (1989). The assay was used to determine 

quantitatively, urokinase (u-PA) antigen in blood plasma and tissue extract
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samples. The assay measured single chain (scu-PA) and high molecidar 

weight (HMW-u-PA) forms of urokinase. The detection limit was O.lng/ml. 

Samples were added to micro-test weUs. A-weUs were pre-coated with anti 

u-PA antibodies. N-wells were pre-coated with non-immune antibody. u-PA 

in the samples bound to the coat antibodies in the n-weUs but was 

prevented from doing so in the A-weUs because of the presence of soluble 

antibodies which bound rapidly to u-PA, thereby blocking the sites 

necessary to bind u-PA to the wells. Anti-u-PA peroxidase-conjugate goat 

polyclonal antibody was added to the weUs. This bound to antigenic 

determinants on the bound u-PA molecule forming a sandwich: coat 

antibody-u-PA-conjugate. The weUs were washed to remove unbound 

conjugate. The substrate (OPD) was added to produce a coloured product at 

a rate proportional to the amount of coated antibody-u-PA-conjugate in the 

weUs. The conjugate was only bound by non-specific mechanisms in the A- 

weUs. The difference in response between the N- and A-weUs was the 

specific u-PA response.

Reagents

Ready to use microtest plate pre-coated with mouse anti-urokinase 

monoclonal antibodies and pre-fiUed with control antibodies 

PET-buffer; PBS-EDTA-Tween buffer (O.IM NaCl, 5mM EDTA, 20mM 

Sodium phosphate buffer, 0.1% Tween 20, pH 7.3)

Standcird: highly purified single-chain urokinase
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Conjugatethorseradish peroxidase labelled goat anti-human u-PA antibody

u-PA depleted plasma

Substrate: orthophenylenediamine (OPD)

0.15% hydrogen peroxide (H2O2)

Stop solution: 3M sulphuric add (H2SO4)

Deionised water

Procedure

Reconstitution of microtest plate

25̂ U of PET-bu£fer was added to weUs in column 1 and 2. 75pd of PET-buffer 

was added to the weUs of the remaining columns 3-12. The plate was gently 

agitated for 1 minute. Care was taken not to contaminate between A- and 

N-weUs.

Preparation of standards

u-PA standard was dissolved in 1ml of PET buffer to yield a final 

concentration of lOOng u-PA/ml. A 4ng/ml solution was prepared by 

transferring ISfol to 360^1 u-PA depleted plasma (PET-buffer was used 

when assaying tissue extracts).
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Standard dilutions were prepared as follows:

scii-PA ng/ml dnff/mi m-PA depletpd plasma (or PET)

4.00 120^d OmI

2.00 60m1 60|ol

1.00 30|j1 90|ol

0.50 15̂ 1 105m1

0.16 5^ 120m1

0.00 OmI 120m1

Addition of samples and plasma samples

50|j1 of u-PA depleted plasma was added to weUs in columns 1 and 2 (this 

made standard and sample weUs equal in plasma content). 50^1 of each 

standard was added to N- and corresponding A-weUs in column 1 and 2. 

50^1 of each sample was added to adjacent A- and N-weUs.

Incubation

The microtest plate was incubated, with cover, for two hours at 25°C and 

agitated on a microtest plate shaker (400-500 RPM).

Addition of conjugate

6ml of PET-buffer was added directly to the conjugate and agitated for 3 

minutes. 50|il of conjugate was added to all weUs using an eight channel
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pipette. The plate was incubated for a further one hour at 25°C.

Washing

The plate was emptied and washed four times with PET-buffer using a 

microtest plate washing machine (Titertek).

Substrate addition

The substrate (OPD) was dissolved within 10 minutes of use. The 

lyophyUsed substrate was reconstituted with 22ml of water and gently 

agitated for 5 minutes. 2ml of 0.15% H2O2 was added immediately before 

use and mixed. 200|il of this substrate solution was then added to each well 

and the plate was incubated for 15 minutes in the dark at room 

temperature.

Stopping the reaction

50|ul of stop solution (3M H2SO4) was added to each weU with the same 

speed and order as the addition of the substrate. Ten minutes was allowed 

for colour stabilisation.

Measurement

The absorbance was read at 492nm in a microtest plate spectrophotometer 

(Titertek Multiscan).
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Calculations

The difference between the N-value and the corresponding A-value for all 

standards and samples was calculated, A. To obtain the standard curve, A 

standard values were plotted against the standard u-PA concentrations 

(ng/ml). Sample A values were read from the curve to determine sample u- 

PA concentrations.

2.2.17 Plasm inogen A ctivator Inhibitor-1 (PAI-1) Antigen 

(Biopool TintEhze® PAI-1, Sweden)

Assay Principle

This enzyme immunoassay is based on the ELISA described by Declerck et 

al. (1988). It was used for the quantitative determination of himian PAI-1 

(plasminogen activator inhibitor 1, endothelial type) in plasma and tissue 

extracts. Samples were added to micro-test weUs coated with anti-human 

PAI-1 mouse monoclonal antibodies, which bound the PAI-1 in the sample. 

A second goat polyclonal anti-PAI-1 antibody, conjugated to peroxidase, was 

also added. The conjugated antibody bound to the free antigenic 

determinants on the immobilised PAI-1 forming a coat antibody-PAI-1 

antigen-conjugated antibody "sandwich". Unbound conjugated antibody and 

other unbound materials were washed away and a peroxidase substrate 

added. The substrate coloured through catalytic oxidation by peroxidase- 

conjugated antibody and hydrogen peroxide. The colour density was directly
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proportional to the amount of PAI-1 in the sample.

The Biopool TmtElize® PAI-1 quantified human plasminogen activator 

inhibitor type 1 (endothelial type). The PAI-1 antigen content of the 

standard was based on amino add quantification of PAI-1 using the known 

composition and the molecular weight (Pannekoek et al., 1986). The assay 

detected active and latent (inactive) forms of PAI-1. Complexes of PAI-1 

(tPA/PAI-1 and uPA/PAI-1) were recovered with about the same efficiency 

as fi’ee PAI-1. The lower detection limit for the assay was about 2 ng PAI- 

1/ml of fluid.

Reagents

Microtest plate: A-wells pre-coated with anti-PAI-1 mouse monoclonal 

antibodies and filled with control antibodies. N-weUs also contain soluble 

antibodies directed against non-related structures

PET-buffer: PBS-EDTA-Tween buffer (O.IM NaCl, 5mM EDTA, 20mM 

Sodium phosphate buffer, 0.1% Tween. pH 7.3)

Conjugated antibody:anti-PAI-l goat antibody conjugated to peroxidase

PAI-1 depleted plasma

PAI-1 antigen standard plasma

Substrate: orthophenylenediamine (OPD)

0.15% hydrogen peroxide (H2O2)

Stop solution: 3M sulphuric add (H2SO4)
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Deionised water

P rocedu re

Reconstitution of microwells

100|il of PET-buffer was added to each well.

Preparation of standards

0.5ml of water was added to both the PAI-1 depleted plasma and the PAI-1 

antigen standard (40ng/ml) and were then mixed in small test-tubes, in the 

following proportions:

PAI-1 Standards (ng/ml) 40 20 10 0

PAI-1 Antigen Plasma (|j1) 50 25 12.5 0

PAI-1 depleted Plasma (jol) 0 25 37.5 50

20(j1 of each standard was added to both N- and A-wells.

Samples

20pl of each sample was added to both an N-well and an adjacent A-well. 

Conjugate

7ml of PET-buffer was added directly to the conjugate and agitated for 3 

minutes. 50|il of conjugate was added to all wells using an eight channel 

pipette.
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Incubation

The microtest plate was incubated, with cover, for two hours at 25‘’C and 

agitated on a microtest plate shaker (400-500 RPM).

Washing

The plate was emptied and washed four times with PET-buffer using a 

microtest plate washing machine (Titertek).

Substrate addition

The substrate (OPD) was dissolved within 10 minutes of use. The 

lyophylised substrate was reconstituted with 22ml of water and gently 

agitated for 5 minutes. 1.5ml of 0.15% H2O2 was added immediately before 

use and mixed. 200|j1 of this substrate solution was then added to each weU 

and the plate was incubated for 15 minutes in the dark at room 

temperature.

Stopping the reaction

50|ol of stop solution (3M H2SO4) was added to each well with the same 

speed and order as the addition of the substrate. Ten minutes was allowed 

for colour stabihsation.

96



Measurement

The absorbance was read at 492nm in a microtest plate spectrophotometer 

(Titertek Mxdtiscan).

Calculations

The difference between the N-value and the corresponding A-value for both 

standard and test samples represented the PAI-1 specific response and was 

denoted A. To obtain the standard curve, A standard values were plotted 

against the standard PAI-1 concentrations (40, 20, 10 and Ong/ml PAI-1). 

The standard curve passed through the origin. Sample A values were read 

from the curve to determine sample PAI-1 concentrations.

2.2.18 Plasm inogen Activator Inhibitor - 2 (PAI-2) Antigen 

(Biopool TintElize®u-PA, Sweden)

This assay is similar to the assay described for PAI-1 determination. It is an 

enzyme immunoassay (ELISA), which detects both the low molecular 

weight (46.6kDa) and the glycosylated high molecidar weight (60kDa) forms 

of PAI-2. The assay is based on the ELISA described by Lecander and 

Astedt (1986), using a monoclonal catch (immobihsed) antibody and a 

polyclonal HRP-conjugated antibody.

The only reagent that differs is the PAI-2 standard plasma. AU stages of the 

procedure are the same as that described for PAI-1, except that the samples
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were diluted 1/5 with PET-bxiffer so that the sample absorbance values fell 

within the range of the standard curve. The PAI-2 standards were prepared 

as follows:

Concentration (ng/ml) PAI-2 Standard Plasma (̂ 1) PAI-2 Depleted Plasma (nl)

100 100 0

75 75 0

50 50 50

25 25 75

0 0 100

2.2.19 Plasm inogen A ctivator Inhibitor-2 (PAI-2) Antigen 

(Biopool Imubiad^ PAI-1, Sweden)

Assay Principle

The IMUBIND PAI-2 ELISA employed a polyclonal antibody against 

human PAI-2 as the capture antibody. Samples were incubated in precoated 

microtest weUs and were detected with a secondary biotinylated antibody 

which recognised the bound PAI-2 molecules. The addition of streptavidin 

conjugated horseradish peroxidase (HRP) completed the formation of the 

antibody-enzyme detection complex.

The addition of perborate 3, 3', 5, 5' tetramethylbenzidine (TMB) substrate 

results in a blue coloured solution due to the reaction between TMB and
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HRP. Addition of sulphuric add stop solution yielded a yeUow colour. PAI-2 

levels were quantified by measuring the solution absorbances at 450nm and 

comparing them to a standard curve.

The lower detection hmit of the assay was 50pg/ of sample. The assay 

detected the low molecular weight (48 kDa) form found in placental tissue 

and the high molecular weight (60 kDa) form found in maternal blood and 

ascitic fluid, free PAI-2 and PAI-2/uPA complexes are recognised with equal 

sensitivity. The assay was insensitive to PAI-1.

Reagents

6 X 16 weU precoated microtest strips with holder and lid 

6 vials PAI-2 Standards, O-lOng/ml (lyophilised)

2 vials Detection Antibody, biotinylated anti-human PAI-2 (lyophilised)

1 vial Enzyme Conjugate, Streptavidin-horseradish peroxidase (lOOial)

1 vial Enzyme Conjugate Diluent (11ml)

1 vial Substrate, TMB (11ml)

1 vial Detergent, 25% Triton X-100 (lOml)

2 packets PBS Buffer, pH 7.4 

Deionised water

Reagent Preparation

Standards

1ml of water was added to the 0.5, 1.0, 2.5, 5.0 and lO.Ong/ml standard
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vials. 2ml of water were added to the O.Ong/ml standard vial. All vials were 

then gently agitated for 3 minutes.

Detection Antibody

5.5ml of water was added to each of the two vials and the vials were 

agitated gently for 3 minutes.

Enzyme Conjugate Diluent

The contents of the enzyme conjugate diluent vial (11ml) were added to 

55ml of water and mixed.

Wash Buffer

The contents of one PBS packet was dissolved in 900ml of water. 4ml of 25% 

Triton X-100 was added and the volume made up to 1 htre.

Sample Buffer

100ml of sample buffer was prepared by adding BSA to wash buffer to a 

final concentration of 1% w/v (Ig BSA/ 100ml wash buffer).

Sample Preparation

AU samples were diluted with sample biiffer to give a protein content in the 

range 100)ig/ml to 150|ig/ml.
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A ssay Procedure

lOÔ d of PAI-2 standard and samples were added to the microtest weUs in 

duplicate, temperature. The microtest plate was incubated, with cover, for 

two hours at 25°C. The plate was emptied and washed four times with wash 

buffer using a microtest plate washing machine (Titertek). 100|ol of 

biotinylated detection antibody was added to each weU and the plate 

incubated for 1 hour at room temperature. The plate was washed 4 times 

with wash buffer. 10|il of enzyme conjugate was added to 10ml of enzyme 

conjugate diluent and lOOfil of this diluted enzyme conjugate was added to 

each well. The plate was incubated for 1 hour at room temperature after 

which it was washed with wash buffer.

100|il of substrate solution was added to each well and allowed to incubate 

for 20 minutes at room temperature in order to allow the blue colour to 

develop. The enzymatic reaction was stopped by adding 50|ol 0.5M H2SO4. 

The absorbance was read at 450nm within 30 minutes in a microtest plate 

spectrophotometer (Titertek Multiscan).

Sample PAI-2 concentrations were obtained by comparing the mean 

absorbance to the standard curve.

2.2.20 E xtraction o f  Fibrinolytic Activators and Inhibitors

Placental and placental bed tissue samples were extracted for estimation of 

fibrinolytic activators and inhibitors in tissue.
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Tissue samples were homogenised in 2M sodium thiocyanate, centrifuged 

and the supernatant dialysed against PBS. This technique used was based 

on the method described by Astrup and Stage (1952) and Rybo (1966).

Reagents

Phosphate buffered saUne (PBS) 0.14M, pH 7.4 

7.2 g Sodium Hydrogen Phosphate (Na2HP04.2H20)

Ig Potassium Hydrogen Phosphate (KH2PO4)

Ig Potassium Chloride (KCl)

40g Sodium Chloride (NaCl)

The above chemicals were dissolved in 5L of distilled water. The pH was 

checked and adjusted if necessary.

2M Sodium Thiocyanate (NaSCN)

234.2g Sodium Thiocyanate per htre of water

The pH was adjusted to 7.75 with sohd sodixun bicarbonate (NaHCOa) 

Equipment

TAAB Rotator (tj^e N, 2RPM) for gentle agitation of extracts 

Bench- top centrifuge .

Polytron tissue pulveriser
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Extraction Method

Each frozen sample was weighed and placed in a plastic tube. 2M 

thiocyanate was added in a ratio of SO l̂/nig tissue. The tissue was 

homogenised for 1 minute in ten second bursts using the Poljdron tissue 

pidveriser. The homogenate and the tip of the pulveriser were kept on ice in 

between bursts.

The tissue homogenates were incubated at room temperature for one hour 

and gently agitated.

The homogenates were centrifuged for 10 minutes at 4,500RPM. The 

supernatants were recovered and the tissue debris pellets discarded. Each 

supernatant was poured into Visking tubing and dialysed overnight against 

PBS. Three changes of the PBS were performed.

Following dialysis, the supernatants were stored as lOOjjl ahquots in pre- 

labeUed tightly capped plastic tubes, snap frozen and stored at -70“C until 

analysed.

2.2.21 Protein Extraction in Tissue Extracts

The method used to estimate the protein content in the tissue extracts is 

that described by Lowry et al. (1951). The principle of the assay is protein 

complex formation with copper and reduction of phosphomolybdic- 

phosphotungstic (Folin-Ciolteau) reagent by the hydroxyl and sulphydryl 

groups in the protein results in a colour reaction which is proportional to the 

protein concentration.
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Reagents

Solution A : 2% Potassium Sodium Tartrate, 0.1ml 

1% copper sulphate, 0.1ml

2% Sodium Carbonate in O.IM Sodium Hydroxide, 10ml

The individual solutions were made up and stored separately at 4°C for up

to several months. Solution A was prepared immediately prior to use.

Fohns Reagent

Bovine Sei*um Albumin (BSA)

Method

Preparation of Standard Curve

BSA solution was made up immediately before use in a concentration of 

O.Olg/lOml of distilled water. Dilutions were prepared from the stock BSA to 

obtain the following standard solutions:
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iard (^g/ml) BSA(nl) dH20 (fil)

0 0 1000

5 5 995

10 10 990

15 15 985

20 20 980

25 25 975

30 30 970

35 35 965

40 40 960

50 50 950

60 60 940

Dilution of samples

Samples were diluted to ensure that the protein content fitted the standard 

range. 12.5|j1 of extract was diluted to 1ml with distiUed water (1:80 

dilution). To obtain a 1:160 dilution, two extract aliquots of 500ml were 

further diluted to 1ml with water. Standard and sample volumes were 

equal.

Protein Estimation

2ml of solution A was added to each standard and sample. The test-tubes 

were vortexed and incubated at room temperature for 10 minutes. 120|j1 of
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Folins Reagent was added and the tubes immediately mixed. The tubes 

were left standing at room temperature for 30 minutes to allow colour to 

develop. Absorbances were then read at 650nm on an LKB Ultraspec K 

spectrometer.

2.2.22 Statistical Analysis

AU data was analysed using a statistical graphics package system. A normal 

probability plot was carried out on each data set to identify parametric and 

non-parametric data. The following statistical tests were used:

Analysis of Variance (ANOVA)

ANOVA estimates the effects of one or more independent factors on a 

dependent or response variable in a set of parametric data. In cases where 

the effects of two factors are measured, the interaction between these two 

factors may also be tested. The probabihty that the effect of a given factor is 

due to chance is measured as the f  value. F values less than 0.05 were said 

to be significant.

Students' t-test

Students' t-test compares the means and variances of two samples where 

the data is continuous and parametric. Unpaired Students' t-test compared 

data from two different groups of subjects, paired Students' t-test compared 

data from the same group of individuals at different stages.
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Mann-Whitney-Wilcoxan Test

This test is used for unpaired non-parametric data. The procedure combines 

and ranks the data from the two samples, the ranks are then summed over 

all the observations contained in each sample and a statistic is calculated to 

compare these rank sums, a large statistic represents a low probability that 

there is no difference between the two samples.

For the above tests, alpha was set at 0.05; therefore all p values obtained 

which were less than 0.05 were taken as significant. When serial data was 

analysed, alpha was set at 0.01 to allow for the repeated use of t tests.

Simple Regression

The simple regression procedure fits a model relating one dependent set of 

data to an independent set of data by minimising the sum of squares of the 

residuals for the fitted line. Both data sets must be parametric. This model 

may be linear, multiplicative, exponential or reciprocal. The correlation 

coefficient (r) provides an estimate of how closely the values adhere to the 

fitted line. A perfect correlation would give an r value of 1. The p value 

estimates the probability of the fitted hne being horizontal i.e. no 

relationship between the two sets of data. However, the p value does not 

give any information on the adherence of the data to the fitted line.
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Spearm an Rank Correlation Coefficient

This procedure is used to estimate the relationship between the 

independent and dependent set of non-parametric data. Unlike simple 

regression, it uses ranks of data rather than the actual values themselves. 

The r value estimates the correlation between the ranks.

108



CHAPTER 3 
FIBRINOLYSIS IN NORMAL PREGNANCY



3.1 INTRODUCTION

Normal pregnancy is accompanied by dramatic changes in the haemostatic 

system involving both the coagulation and fibrinolytic system. The 

physiological changes appear first to maintain the integrity of expanding 

maternal and foetal circulations at the interface of the placenta and, 

secondly, to ensure the rapid and effective control of bleeding from the 

placental site during and after placental separation. Haemostasis during 

pregnancy and delivery is maintained by an increase in the concentration of 

several coagulation factors and, most importantly, by a decreased 

fibrinolytic system. The central role of the fibrinolytic system in normal 

pregnancy is believed to be control of physiological fibrin deposition in the 

uteroplacental circulation and the prevention of fibrin deposition in the 

vascular bed.

3.1.1 Fibrinolysis in the Systemic Circulation during Pregnancy  

Fibrinolytic Activity

Biezenski and Moore (1958) were among the first to report a gradual 

decrease in fibrinolysis during pregnancy with lowest values in the third 

trimester and during labour, followed by a rapid increase in fibrinolytic 

activity in the early puerperium. Prior to this, Macfarlane and Biggs (1946) 

had found no evidence of plasma proteolytic activity in healthy pregnant
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women when compared to nonpregnant women. MarguiJis et al. (1954) 

reported a higher incidence of fibrinolytic activity in blood during the 

puerperium than during the antenatal period. Employing similgr dot lysis 

methods, several studies have confirmed a pregnancy-induced reduction in 

fibrinolytic activity (Shaper et a l, 1965; Nilsson and Kullander et al., 1967; 

Bonnar et al., 1969; Condie and Ogston, 1976; Stirling et al, 1984; Wright et 

al, 1988). Some studies, however, have questioned the validity and 

sensitivity of the dot lysis techniques used in many of these reports 

(Kruithof et al., 1987; Woodhams et al., 1989; Gerbasi et al., 1990). High 

levels of fibrin degradation products are known to circulate during 

pregnancy (BaUeger et al., 1987; Gaf&iey et al., 1988; Wright et al., 1988). 

This suggests an increased rather than a diminished fibrinolytic system 

associated with pregnancy. Fletcher et al. (1979), using fibrinogen 

chromatography, reported a substantial increase in fibrin deposition from 

the second gestational month, accompanied by a compensatory increase in 

fibrinolj^c activity. Arias et al. (1979), using a whole blood technique, 

concluded that fibrinolysis was extremely active in term pregnancies. This 

disputed the interpretation of previous reports where plasma was used, 

emphasising the existence and importance of cell-mediated fibrinolysis. In 

1987, Kruithof et al. found that the overall fibrinolytic activity as measured 

by a radioiodinated fibrin plate assay did not alter significantly during 

pregnancy.

The precise mechanism of how the fibrinolytic activity is depressed during
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pregnancy has been the subject of much discussion and remains uncertain. 

The complex inter-relationship of fibrinolytic activators and inhibitors 

during pregnancy has been comprehensively investigated.

Tissue Plasm inogen Activator

Plasminogen activator levels are beheved to reflect fibrinolytic potential. 

Early authors concluded that the fall in fibrinolytic capacity during 

pregnancy was due to decreased levels of plasminogen activator (Brakman, 

1966; Nilsson and KuUander, 1967; Bonnar et al, 1969; Astedt et ah, 1970; 

Astedt, 1972). In early studies, Astedt (1970) concluded that when compared 

with the low fibrinolytic activity in the blood, the activity in the vessel wall is 

relatively high, so that the release of activators into the blood stream was 

probably inhibited.

Fletcher et al. (1979) proposed a consumptive process whereby absorption to 

fibrin deposits resulted in low circulating levels of the plasminogen activator. 

Gore et al. (1987), using a chromogenic substrate assay, reported a profound 

suppression in the release of vascular tPA throughout pregnancy. Wright et 

al. (1988) likewise confirmed a marked reduction in tPA activity levels in the 

second and third trimester, with a rapid return to nonpregnant levels 

postpartum.

The introduction of highly specific immunoassays has enabled investigators 

to measure the antigenic levels of fibrinoljrtic components. There are 

conflicting reports on the behaviour of antigenic tPA in pregnancy. Balleger
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et al. (1987) concluded that induced tPA release is significantly reduced 

during pregnancy. However, in contrast, other studies report increases or no 

variation of tPA antigen during pregnancy (Balleger et al, 1987; Kruithof ei 

al, 1987; Shimada et al, 1989; Daly, 1989; Aznar et al, 1986). HalHgan et 

al (1994) reported that tPA antigen levels increase significantly as 

pregnancy progresses and remain elevated at six weeks postpartum. 

Furthermore, BeUart et al (1998) showed a significant increase in tPA 

levels, which returned to the normal nonpregnant range three days 

postdelivery.

Urokinase Plasminogen Activator

Over the last ten years attention has been drawn to the urinary plasminogen 

activator, urokinase (uPA) during pregnancy. ICruithof et al (1987) using a 

radioimmunoassay measured antigenic levels of pro-urokinase (scu-PA) and 

reported a 200% increase in levels of scuPA antigen throughout the 

antenatal period. In contrast, Shimada et al (1989) observed a significant 

increase in uPA levels confined to the third trimester. Recently, increased 

levels of combined activable single chain urokinase (scu-PA) and active uPA 

were recorded during pregnancy (Estelles et al, 1990). Further studies have 

demonstrated s im ila r  resvdts (Koh et al, 1992; lindoff et al, 1993). 

Accumvdated evidence suggests the placenta to be a producer of uPA. 

Shimada et a l (1989) found the concentration of uPA in uterine vessel 

blood to be higher than that in peripheral blood, but to decrease after
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placental separation, and hypothesised that the trophoblasts are the main 

source of production.

In 1987, Queenan et al. demonstrated the synthesis and secretion of uPA 

by cultured cytotrophoblasts from term placentas. In a recent study, 

Graham and McCrae (1996) showed that uPA is the predominant 

plasminogen activator secreted by trophoblasts isolated from the placenta 

of normal patients. A high level of circulating immunologic tPA and uPA 

appears to contradict the depressed fibrinolytic system normally associated 

with pregnancy.

Plasminogen Activator Inhibition

Brakman and Astrup (1963) were among the first to suggest a fibrinol5̂ c  

inhibitory mechanism at work during pregnancy. Kawano et al. (1968) 

extracted a selective inhibitor of urokinase from placental homogenate. 

Subsequent studies confirmed the existence of the placental urokinase 

inhibitor (Astedt et al., 1970b; Uszynski and Abildgaard, 1971; Holmbergei 

al., 1978). Opinions differed on the inhibitory effect of blood on urokinase 

during pregnancy, some authors finding it to be increased (Brakman and 

Astrup, 1963; Shaper, 1968; Walker et al., 1983; Lottenberg and WiUis, 

1986) others, normal or even decreased (Nilsson and KuUander, 1967; 

Bonnar et al., 1969; Hedner and Astedt, 1971). Astedt (1972) investigated 

the significance of the placenta in the depression of fibrinolytic activity 

during pregnancy. He disputed a placental urokinase inhibitory effect and
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instead, attributed to the placenta a hormonal influence responsible for the 

decrease in blood fibrinolytic activity during pregnancy. However, the 

prevailing opinion within the field continues to hold increased plasma 

inhibition responsible for the decreased fibrinolytic activity observed 

throughout pregnancy. Walker et al. (1983) suggested the possibility of two 

plasminogen activator inhibitors contributing to increased fibrinolytic 

inhibition when they discovered that the activity of both urokinase and 

tissue activator on fibrin plates was inhibited by third trimester plasma to 

a greater extent than non-pregnant plasma. By incubating increased 

amounts of t-PA with plasma and then assaying the residual plasminogen 

activator, Wiman et al. (1984) demonstrated the presence of a "novel fast- 

acting" plasminogen activator inhibitor in increasing amounts during 

pregnancy. In a subsequent study, Astedt et al. (1985) confirmed the 

presence of this inhibitor in pregnancy plasma. They refiited earHer 

findings that low fibrinolytic activity during pregnancy was due to 

impaired release of t-PA fi:om vessel walls but instead, due to inactivation 

of t-PA by this inhibitor. Subsequent studies reported similar findings 

(Aznar et al., 1986; Gore et al., 1987). During this period of time a certain 

amount of confusion existed as to the source of this "novel" inhibitor. Astedt 

et al. (1985a) suggested a similarity between the placental inhibitor of 

Kawano et al. (1958) and the plasminogen activator inhibitor described in 

their own study. Consequentiy, Lecander and Astedt (1986) isolated from 

pregnancy plasma a specific plasminogen activator inhibitor with a
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placental source and ascribed this inhibitor responsibihty for depressed 

fibrinolytic activity in pregnancy. NUlson et al. (1986) proceeded to 

demonstrate the existence of two unidentical forms of plasminogen 

activator inhibitors, endothehal type (PAl-1) (van Mourik et a l, 1984) and 

placental type (PAI-2) (Astedt et al., 1985b), in pregnancy plasma.

Plasminogen Activator Inhibitor 1

Kruithof et al. (1987) reported PAI-1 levels ten times higher in pregnant 

women at term than in non-pregnant women. Similarly, Jorgensen et al. 

(1987) measured a 4 to 8 fold increase in PAI-1 levels reaching peak levels 

at term. EsteUes et al. (1989) reported an increase in PAI-1 activity from 

the first to the third trimester with a corresponding three-fold increase in 

PAI-1 antigen also determined during pregnancy. Further studies have 

confirmed these results (Bonnar et al., 1990; HaUigan et al., 1994).

Plasminogen Activator Inhibitor 2

In recent years a considerable number of studies have investigated the 

behaviour of PAI-2, the pregnancy-spedfic placental inhibitor. Authors 

have consistently agreed that PAI-2, vmdetectable in non-pregnant plasma, 

appears in increasing amounts during pregnancy. This gradual increase in 

antigenic PAI-2 has found to be almost linear- with gestational age and at 

term, and is firom below detection hmit (<5ng/ml) to a maximum of 

250ng/ml (Kruithof et al., 1987; Lecander and Astedt, 1987; Wright et al..
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1988; Booth et al., 1988; Estelles and Gilabert, 1989; EsteUes and Gilabert, 

1990; Halligan et al,  1994; He et al ,  1996). Estelles et al. (1989) reported 

both PAI-2 antigen and functional PAI-2 to increase eight-fold as early as 

the first trimester, which thereafter increased consistently during each 

trimester. It has been the objective of several studies to focus on both 

inhibitors, PAI-1 and PAI-2, in an attempt to establish their relative 

contribution to the inhibitory capacity of pregnancy plasma. Using 

quenching antibodies, Jorgensen et al. (1987) concluded that PAI-1 was 

the primary inhibitor of both single-chain and two-chain t-PA and that 

PAI-2 was the secondary inhibitor of two-chain t-PA in pregnancy 

plasma. However, in a recent study pregnancy plasma was absorbed to 

a PAI-2 monoclonal antibody coupled gel which removed approximately 

50% of total PAI activity, demonstrating that both PAI-1 and PAI-2, are 

responsible for the depressed fibrinolytic activity during pregnancy 

(Lecander et al., 1988). The placenta has been cited the source 

responsible for increased PAI-1 and PAI-2 during pregnancy (Phillips et 

al., 1986). Astedt et al. (1986) localised PAI-2 in the trophoblastic 

epithelium using immunohistochemical techniques. Subsequently, 

Feinberg et al. (1989) observed PAI-1 in invading trophoblasts with an 

accumulation of PAI-2 predominant in villous syncytiotrophoblasts.
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3.1.2 Fibrinolysis in the Uteroplacental Compartment

Changes in the Uteroplacental Vasculature

In normal pregnancy the growth and health of the foetus is dependent 

upon an increasing supply of blood reaching the intervillous space of the 

placenta. The uterine blood flow to the conceptus gradually increases from 

less than 50ml/min in early pregnancy to about SOOml/min in late 

pregnancy (Bonnar, 1987). The placenta is supphed by maternal blood 

through the spiral arteries. These spiral arteries undergo extensive 

morphological changes during pregnancy both in the decidua and 

myometrium of the placental bed. The elastic lamina and smooth muscle of 

the artery is removed and replaced with a matrix containing 

cytotrophoblast and varying amovints of fibrin (Brosens et al., 1967; De 

Wolf et al., 1973; Sheppard & Bonnar, 1974; 1977; 1988). Electron 

microscopy has shown that the endothehum of the spiral arteries is 

replaced largely by an intimal layer of cytotrophoblast (Sheppard & 

Bonnar, 1974a, b). These uteroplacental arteries are sinusoidally 

distended, extending from their origin in the myometrium through the 

decidua into the intervillous space. The changes in the uteroplacental 

arteries allow expansion of the lumen to accommodate the increased blood 

flow as pregnancy advances, and also reduce the arterial blood flowing to 

the placenta.

The physiologic alterations to the uteroplacental arteries appear to be
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mediated through the activity of the trophoblastic tissue (Brosens et al., 

1967; Robertson et al., 1973). Deposition of both intravascular and 

extravascular fibrin involves the local activation of the coagulation system 

in the uteroplacental circulation. Trophoblast cells lining decidual spiral 

arteries are known to have a reduced capacity for fibrinolysis in normal 

pregnancy (Sheppard & Bonnar, 1976). Sheppard & Bonnar (1978) 

demonstrated a reduced fibrinolytic capacity within the uteroplacental 

spiral artery and suggested a release of fibrinolytic inhibitors from the 

trophoblast.

Fibrin deposition within the uteroplacental vasculature is a normal 

physiological response of pregnancy. Following the removal of the elastic 

lamina and smooth muscle, fibrin provides a temporary support within the 

media of the uterine arteries, which is required in the vasculature as the 

arteries expand to accommodate the increasing blood flow. Furthermore, 

fibrin is an ideal substance to provide support during the sudden collapse 

of the vessels following delivery and placental separation (Sheppard and 

Bonnar, 1974; 1978). Perivillous deposits of fibrin are observed in term 

human placentas delivered after normal pregnancy (Grosser, 1925; Fox, 

1967). At least three patterns of perivillous fibrin deposits have been 

described in the human placenta; layering of fibrin near the chorionic and 

basal plates and around stem viUi; agglutination by fibrin and fibrinoid, 

necrosis of viUi (Fox, 1978).
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3.1.3 Fibrinolysis in Uteroplacental Tissues

Numerous studies have been undertaken to determine the source and 

concentration of plasminogen activators and their inhibitors in 

uteroplacental tissue. In general, the fibrinolytic enzymes are found in the 

placenta and the placental bed.

Plasm inogen Activators

The presence of fibrinolytic enzymes in the endometrium of the 

nonpregnant uterus has been reported (Albrechtsen, 1956a, 1956b, 1957; 

Rybo, 1966). Rijken et al. (1979) demonstrated that tPA from the human 

uterus was identical to that produced by blood vessel walls. Casslen and 

Astedt (1983) showed that the endometrium could produce both tPA and 

uPA; tPA was the major contributor to plasminogen activation in the 

endometrium while uPA, in smaller concentrations, did not appear to 

contribute to plasminogen activation.

Uszsynski and Uszynska-Folejewska (1967) reported highest 

concentrations of plasminogen activator present in the myometrium of non

pregnant women, with a lower concentration by the end of pregnancy and a 

very low concentration during the advanced stage of labour. However, they 

calcvdated levels of total plasminogen activator content ten-fold greater in 

the last trimester compared with non-pregnant myometrium and concluded 

that the myometrium is an important source of plasminogen activator in 

the pregnant woman. They suggested that the sudden fall in the complete

119



plasminogen activator content during labour suggested the role of uterine 

contractile activity in releasing the activator into the bloodstream. In a 

subsequent study the effect of myometrial and placental tissue on plasma 

fibrinolytic tissue was investigated (Uszsynski and Uszynska-Folejewska, 

1968). The myometrium contained the highest concentration of 

plasminogen activator, whereas the highest concentration of urokinase 

inhibitor was the placenta. They concluded that the pregnant myometrium 

is an additional source of plasminogen activator, over and above that of the 

non-pregnant uterus. In addition the activity of myometrium in 

fibrinolysis is balanced by that of the placenta, a rich soxirce of fibrinolytic 

inhibitors and assumed that both tissues took part in the regulation 

(activation and inhibition) of local and general fibrinolysis during 

pregnancy (Uszynski & Uszynski-Folejewska, 1968).

Several studies were vmable to demonstrate the tissue plasminogen 

activator in the placenta or decidua (Albrechsten, 1956b; Phillips et al, 

1956; Beller et al., 1962). More recently, several groups have reported the 

presence of tPA and uPA in placental homogenates (Kanfer et al., 1996; 

Kolben et at., 1996).

In 1976, the synthesis and secretion of plasminogen activator was 

demonstrated in invading trophoblasts from mice (Strickland & Reich, 

1976). They concluded that the trophoblastic expression of plasminogen 

activator was a contributing factor in embryo implantation. In a 

subsequent study Martin & Arias (1982) demonstrated that human
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trophoblasts from early pregnancy, maintained under tissue culture 

conditions, produced plasminogen activator. They assumed that variations 

in the production of trophoblastic plasminogen activator might be critical 

for the success and failure of placentation (Martin & Arias, 1982). In 1987, 

Queenan et al. reported that cidtured human cytotrophoblasts synthesised 

and secreted urokinase-type plasminogen activator (uPA). They assumed 

their results accounted for the capacity of placental cells to break down 

extracellular matrix proteins such as trophoblast implantation to the 

uterine wall (Queenan et al., 1987).

In an earlier study, Sheppard et al. (1978), using electron microscopy and 

the fibrin slide technique, demonstrated that cytotrophoblasts as 

components of the intimal lining of decidual spiral arteries showed no 

fibrinolytic activity. In contrast, endothehal cells, also hning the intima of 

these arteries exhibited a considerable degree of fibrinolytic activity 

(Sheppard e^aZ., 1978).

Plasminogen Activators Inhibitors

Inhibitors of plasminogen activation have repeatedly been associated with 

the placenta (Kawano et al., 1968; Astedt et al., 1970; Uszynski and 

Abildgaard, 1971; Hohnberg et a l, 1978). A specific placental-type 

plasminogen activator inhibitor, PAI-2, has since been purified from the 

placenta and characterised (Astedt et al., 1985). Astedt et al. (1986), using 

immunohistochemical techniques, localised PAI-2 in the trophoblastic
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epithelium of the placenta. Similarly, Sheppard et al. (1990) localised PAI-1 

to the vascular endotheHum and PAI-2 to the trophoblastic epithehum in 

placenta. Furthermore, they localised PAI-2 in trophoblast cells of decidual 

spiral arteries that had undergone the physiological changes of normal 

pregnancy (Sheppard et al., 1990). In the same study, they reported a 

significantly higher level of PAI-2 as compared to PAI-1 in placental 

homogenates (Sheppard et a l,  1990). Other studies have since reported 

similar findings (Grancha et a t,  1998; Estelles et al., 1998). PAI-1 and PAI- 

2 concentrations have also been identified in the decidual and myometrial 

segments of the placental bed, with significantly higher levels of PAI-1 

when compared to PAI-2 in the decidual segment (Sheppard et al., 1990). 

The placenta is the sole source of PAI-2 during pregnancy. Although PAI-1 

has also been demonstrated in the placenta (Phillips et al., 1986; Jonasson 

et al., 1989) it is unlikely to be an exclusive source.

The contribution of the endothehal cells in the maternal vasculature to the 

increasing levels of PAI-1 during pregnancy is not known.

3.1.4 Trophoblast Invasion

Trophoblast invasion is not due to passive growth pressure but to an active 

biochemical process. Mossman (1937) first proposed the possibihty that the 

invasiveness of trophoblast might be associated with the proteolj^c activity. 

Later, Blandau (1949) pubhshed experimental evidence relating trophoblast 

invasiveness and proteolysis. That report showed that guinea-pig
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trophoblast was capable of digesting a dried gelatin film. The same 

observation was made with rabbit trophoblast but the proteolytic activity 

was detected in the abembryonic pole of the blastocyst (Denker, 1972,1982). 

This proteolytic activity was progesterone dependent and inhibited by 

endometrial protease inhibitors.

The study of proteases and trophoblast implantation really began with the 

paper by Strickland, Reich and Sherman (1976). They showed that the 

trophoectoderm of mouse blastocyst produced plasminogen activator (PA) in 

vitro and that the maximal rate of production of this protease was observed 

at the time of implantation. Furthermore, PA production was observed in the 

parietal endoderm of these blastocysts. This lead to the conclusion that PA 

production by blastocysts was an important factor in tissue remodelling 

during implantation and embryogenesis. The importance of PA in 

implantation of the mouse blastocyst was further documented in mutant 

mice with implantation deficiencies. The blastocysts of these mice attached 

and grew in vitro but showed decreased invasiveness and decreased PA 

production (Axelrod, 1985).

The production and regulation of PA in human trophoblast has been 

documented by several studies. It was shown that trophoblast ceU cidtures 

produce PA and that PA activity leads to the digestion of a fibrin matrix 

(Martin and Arias, 1982). Oestradiol or progesterone does not modvilate the 

activity of the enzjnne. Purified cytotrophoblast cells in culture produce uPA, 

while cAMP transiently increases uPA mRNA. These cells also produced
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fibronectin but in an inverse relationship to uPA, thus suggesting a possible 

coupling of fibronectin and uPA gene expression (Queenan et al., 1987).

It has been suggested that the plasminogen activator system plays an 

important role in mediating trophoblast invasion of the uterus (Yagel et al., 

1988; Sappino et a l,  1989) and, through its effect on fibrinolysis, in the 

regulation of uteroplacental blood flow (Multhaupt et al., 1994; Graham and 

McCrae, 1996). Plasminogen activators are thought to play an important role 

in cellular invasiveness by virtue of their ability to generate plasmin. Unlike 

plasminogen activators, plasmin has broad substrate spedficity. While the 

"classical" substrate for plasmin is fibrin, plasmin can cleave most proteins of 

the ECM. Furthermore, plasmin has been shown to activate a variety of 

matrix metalloproteinases (Grant et al., 1987; He et al., 1989 Kleiner et al., 

1993; Mignatti and Rifkin, 1996; Saarinen et al., 1994) known to be directly 

involved in the breakdown of the ECM and hence invasion. Indeed, Yagel et 

al. (1988) showed that plasminogen activators, plasmin and 

metalloproteinases are important for invasion of first trimester human 

C}^trophoblasts. Furthermore, it has been reported that MMP-9 (92-kDa 

gelatinase; gelatinase B) is the main proteinase required for first trimester 

human trophoblast invasion (Librach et at., 1991). Incidentally, MMP-9 can 

be activated directly by plasmin (Mignatti and Rifkin, 1996).

Plasmin itself may also be involved in the maintenance of blood fluidity 

within the uteroplacental vessels and intervillous spaces by preventing the 

formation of fibrin dots. Recently, Graham (1997) showed that TGF-Bi might
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down-regulate PA activity in cultured first trimester human csrtotrophoblasts 

by reducing uPA secretion and increasing PAI-1 production and secretion. 

This result suggests that TGF-6 may also play a role in the control of 

trophoblast invasion.

3.1.5 Trophoblast Fibrinolytic Activity

Cultured human trophoblast cells have been demonstrated to secrete 

uPA with proteolytic activity (Martin and Arias, 1982; Queenan et a l, 

1987). In addition, Feinberg et al. (1989) localised both PAI-1 and PAI-2 

in cultured trophoblast, with PAI-1 being present in the cytoplasm and 

cell surface membrane while PAI-2 occurs only in the cytoplasm. 

Immunohistological staining of placental sections localised PAI-2 only to 

villous syncytiotrophoblast, suggesting a possible role of this inhibitor in 

regulating fibrinolysis within the intervillous space. In contrast, PAI-1 

is located mainly among the invading population of extravillous 

cytotrophoblast, which could reflect a role in trophoblast migration. A 

recent study claims to detect uPA as weU as both PAI-1 and PAI-2 in all 

trophoblast populations from ectopic pregnancies (Hoffmann et al., 

1994). They suggested that their results supported a role for uPA and/or 

PAI-1, PAI-2 in the controlled invasion of the maternal decidua by the 

trophoblast during human implantation.

Zini et al. (1992) demonstrated the existence of uPA receptors (uPAR) on 

cultured human trophoblast cells. These trophoblast uPAR appear to be
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similar in many respects to that described on other cell types, such as 

U937 cells, macrophages and endothelial ceUs. Urokinase binds to 

uPAR with high affinity via its growth factor domain and binding is 

largely reversible. Trophoblast uPAR are completely saturated with 

endogenous uPA, which enables these cells in culture to convert 

plasminogen to plasmin in the absence of an endogenous source of uPA. 

Studies have indicated that the trophoblast cells have no net uPA 

activity due to the high levels of PAI-1 and PAI-2 which are present in 

the immediate vicinity of the cells but cell-associated uPA activity does 

occur when the inhibitors are removed (Zini et al., 1992; Graham and 

McCrae, 1996). Multhaupt et al. (1994) detected that uPAR is expressed 

in placental bed giant cells in a polarised fashion with increased 

expression at the migrating edge. This suggests that uPAR may play an 

important role in the mediation of trophoblast invasion.

3.1.6 Aims and Objectives

The first aim of this section of the study was to examine the secretory 

levels of PAs and PAIs by the placenta and placental bed. As stated 

above, many studies have identified the placenta as a source of PAs and 

PAIs. However, the contribution of the placenta and placental bed to the 

uteroplacental circulation is unknown. By maintaining placental and 

placental bed biopsies in organ culture, this study wished to increase 

our knowledge of the residual and secreted levels of PAs and PAIs by
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the placenta and placental bed.

Many studies have mimicked trophoblast invasion in vivo by isolating 

and culturing trophoblast cells from placenta. As stated earlier, the 

secretion of PAs and PAIs by trophoblasts may be critical in regulating 

their ability to degrade ECM. This study isolated placental and 

placental bed trophoblast cells. One objective of the study was to 

compare PA and PAI activity by placental trophoblasts with that of 

placental bed trophoblasts. As these cells come from different tissues, 

there may be changes in the levels of secretion of PAs and PAIs. 

Furthermore, to this author's knowledge, no other study has examined 

PA and PAI levels in isolated placental bed trophoblasts.

Changes in fibrinolytic activity by placental and placental bed 

trophoblasts may be of importance in terms of their ability to 

successfully migrate during pregnancy. In this study, a 'fingerprint' of 

their migratory abilities is determined by invasion assays. The aim of 

this section of the study is to determine the overall migrationary ability 

of placental and placental bed trophoblasts through fibrin and matrigel 

in order to determine a basic level for further experiments regarding 

trophoblast cells from pre-eclamptic and lUGR pregnancies.
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3.2 RESULTS

3.2.1 N orm al Pregnancy: Tissue Levels of Fibrinolytic A ctivators 

and  In h ib ito rs  in  P lacen ta l and  P lacental Bed Extracts

The following residts are based on 19 placental and 19 placental bed 

biopsies.

P lasm inogen A ctivator Inh ib ito r Antigen (PAl-1): (Fig 3.1) 

Significantly higher levels were found of PAI-1 in the placenta than in 

the placental bed (p< 0.001).

P lasm inogen A ctivator Inh ib ito r A ntigen (PAI-2): (Fig 3.2) 

Antigenic PAI-2 was detected in both the placenta and the placental bed 

extracts. Compared with the placental bed PAI-2 was significantly 

higher in the placenta (p<0.001).

U rokinase Plasm inogen A ctivator Antigen: (Fig 3.3) Antigenic u-PA 

was detected in both the placenta and the placental bed. Placental u-PA 

levels were significantly higher than the levels found in the placental 

bed (p<0.001).
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Com parable A ntigenic Levels: (Fig 3.4) Within the placental extracts 

PAI-1 and PAI-2 were present in significantly greater amounts than u- 

PA (p<0.0001; PAI-1) (p<0.005; PAI-2)

Com parable A ntigenic Levels: (Fig 3.5) Within the placental bed 

extracts PAI-1 and PAI-2 levels are significantly higher than u-PA levels 

(p<0.0001; PAI-1) (p< 0.0005; PAI-2).
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3.2.2 N orm al Pregnancy: Tissue Levels of Fibrinolytic A ctivators 

and  Inh ib ito rs  in  P lacen tal and  P lacental Bed Trophoblasts

Time Course for the  D ifferentiation of Placental Trophoblasts:

(Fig 3.6) During culture the cells undergo morphological changes during 

culture. After 48 hours approximately 20% of the cells are single cells 

while the remainder is made up of mainly aggregates of trophoblast 

cells.

Time Course for the D ifferentiation of P lacental Bed 

T rophoblasts: (Fig 3.7)

Morphological changes occur for placental bed trophoblasts in culture. 

After 48 hours 90% of the cells are single cells and aggregates.

Time Course for hCG Production: (Fig 3.8) hCG levels are used as a 

measure of trophoblast viability. In this study the trophoblast cells 

secreted increasing amounts of hCG as culture progressed. This suggests 

that the cells are thriving.

Time Course for u-PA Production in Trophoblasts: (Fig 3.9) 

Placental trophoblasts actively secreted u-PA into the culture 

supernatant. No significant changes in the levels of secretion are seen 

over the 4 days of culture.
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Tim e C ourse fo r PAI-1 P ro d u c tio n  in  T rophoblasts: (Fig 3.10) PAI- 

1 secretion increases over the first 48 hours after which the levels 

secreted reach a plateau. No significant changes can be seen at any time 

point.

T im e C ourse fo r PAI-2 P ro d u c tio n  in  T rophoblasts: (Fig 3.11)

Levels of PAI-2 secretion by the placental trophoblasts remain constant 

over the 4 days of cxilture.

T im e C ourse fo r u-PA P ro d u c tio n  in  P lacen ta l Bed T rophoblasts: 

(Fig 3.12) Placental bed trophoblasts grow in culture in a similar manner 

to placental trophoblasts. No significant changes occur in u-PA levels are 

seen over the time course.

T im e C ourse for PAI-1 P ro d u c tio n  in  P lacen ta l Bed

T rophob lasts: (Fig 3.13) PAI-1 is actively secreted by the cells and no 

significant changes in its production are seen over the time course.

Tim e C ourse for PAI-2 P roduction  in  P lacen ta l Bed

T rophob lasts: (Fig 3.14)

There were no significant changes in the production of PAI-2 by 

placental bed trophoblasts over the time course.
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Com parison o f u-PA, PAI-1 and  PAI-2 in  Placental T rophoblasts:

(Fig 3.15) PAI-1 and PAI-2 secretion are significantly greater than u-PA 

(p<0.01). PAI-1 is the major inhibitor produced by placental trophoblast 

ceUs.

Com parison of u-PA, PAI-1 and PAI-2 in P lacental Bed 

T rophoblasts: (Fig 3.16) PAI-2 production by placental bed trophoblasts 

is significantly higher than for PAI-1 and u-PA. This suggests that 

alterations have occurred in placental bed trophoblasts which are not 

present in placental trophoblasts.
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3.2.3 N orm al P regnancy : C om parative Changes in  In v asio n  

A b ilities  o f P lacen ta l an d  P lacen ta l Bed T rophoblasts

F ib rin  D eg rad a tio n  by T rophoblasts: (Fig 3.17) Approximately 75% 

of all trophoblast populations managed to lyse fibrin and pass through 

the fibrin clot. No significant differences are seen between placentally- 

derived trophoblasts and placental bed trophoblasts.

M atrige l D eg rad a tio n  by  T rophoblasts: (Fig 3.18) Approximately 

65% of trophoblast cells successfully invaded the matrigel (an artificial 

basement membrane matrix). However, no significant changes are seen 

in the % invasion of the two groups of cells.

Cell S u rface  P lasm inogen  A ctiva to r A ctivity: (Fig 3.19) No 

significant changes in activity levels were seen between the two cell 

types.
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3.2.4 N orm al Pregnancy: Com parative Changes in  Secretion  

Levels of P lacen tal and  P lacen ta l Bed Biopsies in O rgan C ulture

S ecretion  of F ibrino ly tic Factors: (Table 3.1) The placenta secretes 

higher amounts of PAI-1 and PAI-2 than the placental bed. After 48 

hours these differences are only significant for PAI-2. No comparable 

changes are seen for u-PA.

3.2.5 C om parison o f F ibrinoly tic  Factors in  Control and Normal 

P regnancy

19 placental biopsies and 17 controls were used for this study of 

fibrinolytic factors in placental extracts.

Secretion  of F ibrino ly tic  Factors: (Table 3.2) No significant changes 

could be found for t-PA, u-PA, PAI-1 or PAI-2 when comparing normal 

pregnancy to controls. This suggests that placental fibrinolytic is 

unchanged during the last few weeks of pregnancy.
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Fig 3.3: Normal Pregnancy: Comparative tissue levels of u-PA in the placenta 
and placental bed.
* p<0.001
Values are mean + SD. Statistical test is Student's t-test.



A
nt

ig
en

 
Le

ve
ls 

(n
g/

m
g)

500-1

400-

300-

200 -

100 -

u-PA PAI-1 PAI-2

Fig 3.4; Normal Pregnancy; Comparison of u-PA, PAI-1 and PAI-2 antigen 
levels in the placenta.
* p<0.0001 (PAI-1 vs. u-PA)
** p<0.0005 (PAI-2 vs. u-PA)
Values are mean ± SD. Statistical test is Student's t-test.



An
tig

en
 

Le
ve

ls 
(n

g/
m

g)
* *

90-1

80-

70-

60-

5 0 -

4 0 -

30-

2 0 -

1 0 -

u-PA PAI-1 PAI-2

Fig 3.5; Normal Pregnancy; Comparative tissue levels of u-PA, PAI-1 and PAI- 
2 antigen levels in the placental bed.
* p<0.0001 (PAI-1 vs. u-PA)
** p<0.0005 (PAI-2 vs. u-PA)
Values are mean + SD. Statistical test is Student's t-test.



Di
st

rib
ut

io
n 

of 
nu

cl
ei

 (
%

)
■ - single cells 
•  - aggregates 
^ - syncytia70 -

60 -

50 -

40 -

30 -

20 -

10 -

0 24 48 72 96

Hours

3.6; Normal Pregnancy; An example time course for the difFerentiation o f 

placental trophoblast cells in culture, (n = 1).



D
ist

rib
ut

io
n 

of 
nu

cl
ei

 (
%

)

80n

■ - single ce lls 
•  - ag g reg a tes  
^  - syncytia

60-

50-

40-

30-

20 -

10-

0 24

Hours

Fig 3.7: Normal Pregnancy: An example time course for the differentiation of 
placental bed cells in culture, (n = 1)



hC
G 

(m
lU

/m
g 

pr
ot

el
n/

24
hr

)

120Q- 

1000 - 

800- 

600- 

400- 

200 -

Oi I----- 1----- 1---------1---------1---------1---------1---------1

0 24 48 72 96

Time (Hours)

. Fig 3.8: Example o f a time course for the production o f hCG by trophoblast cells in 
culture (n = 5).



=  1 0 -

O)

a.

Time (h)

Fig 3.9: Time course for the production of u-PA by placental trophoblast cells in 
culture (n = 19).

100-1

80 -

60 -

O)

40 -

2 0 -

Time (h)

Fig 3 .10: Time course for the production of PAI-1 by placental trophoblast cells in 
culture (n = 19).



Time (h)

Fig 3.11: Time course for the production of PAI-2 by placental trophoblast cells in 
culture (n = 19).

10 n

M

8
“b

O)c_
<
CL

I
3

Time (h)

Fig 3.12: Time course for the production of u-PA by placental bed trophoblast cells 
culture (n = 19).



PA
l-2

 
(n

g/1
0 

ce
lls

)

Time (h)

Fig 3.13; Time course for the production ofPAI-1 by placental bed trophoblast cells 
in culture (n = 19).

45

40

35

30

25

20

15

10

5

0
24

Time (h)

Fig 3.14: Time course for the production of PAI-2 by placental bed trophoblast cells 
in culture (n = 19).



A
nt

ig
en

 
Le

ve
ls 

(n
g/

10
 

ce
lls

)

90 n

8 0 -

7 0 -

6 0 -

5 0 -

4 0 -

3 0 -

2 0 -

1 0 -

PAI -1 PAI-2 u-PA 
(n = 15) (n = 15) (n = 15)

Fig 3.15: Comparison of u-PA, PAI-1 and PAI-2 antigen levels secreted by 
placental trophoblasts.
* p<0.001; ** p<0.05
Values are mean + SD. Statistical test is Student's t-test.



A
nt

ig
en

 
Le

ve
ls 

(n
g/

10
 

ce
lls

)

40 n

30-

2 0 -

1 0 -

PAI -1 PAI-2 u-PA 
(n =15) (n =15) (n =15)

Fig 3.16; Comparison of u-PA, PAI-1 and PAI-2 antigen levels secreted by 
placental bed trophoblasts.
* p<0.001
Values are mean + SD. Statistical test is Student's t-test.



% 
In

va
si

on
 

(of
 t

ot
al

 c
el

l 
nu

m
be

r 
pl

at
ed

)
100 n

80  -

GO-

4 0 -

2 0 -

Placenta Placental Bed

Fig 3.17: Comparison of fibrin invasion by placental and 
placental bed trophoblasts.
Values are mean + SD. Statistical test is Student’s t-test.



% 
In

va
sio

n 
(of

 t
ot

al
 c

ell
 n

um
be

r 
pl

at
ed

)

100-1

8 0 -

6 0 -

2 0 -

Placenta Placental Bed

Fig 3.18: Comparison of matrigel invasion by placental and placental bed 
trophoblasts.
Values are mean + SD. Statistical test is Student's t-test.



Pi
as

m
in

 
Ac

tiv
ity

 
(O

.D
.4

05
)

0.4 n

0.3-

0.2 -

0.1 -

Placenta Placental Bed

Fig 3.19: Comparison of cell associated plasminogen activator activity in 
placental and placental bed trophoblasts.
Values are mean + SD. Statistical test is Student's t-test.



Table 3.1 Secretion o f Fibrinolytic Factors

24hr 48hr 72hr

PAI-1 (ng/mg protein)

Placenta 57 ± 6 63± 12 64 ±9

Placental Bed 20 ± 5 25 ±9 26 ±7

PAI-2 (ng/mg protein)

Placenta 45 + 9 53 ± 12 * 54± 11

Placental Bed 10 + 6 12 ± 3 13 ±8

u-PA (ng/mg protein)

Placenta 8 ± 3 7± 2 8 ± 4

Placental Bed 3 ± 1.1 5 ±2.8 6 + 2.4

*p < 0.001 (Placenta vs. Placental Bed) n -  15 
Values are mean + SD. Statistical test is Student’s t-test.



Table 3.2 F ib rino ly tic  Facto r Concentrations in P lacental 
E x trac ts  from  Norm al and Control Pregnancies

NORMAL CONTROL
(n = 19) (n=17)

PAX-1 (ng/mg p ro tein) 63 ±12 78 ±23

PAI-2 (ng/mg protein) 63± 12 64± 12

u-PA (ng/mg p rotein) 7.6 ±3 8.9 ±4.3

Values are mean + SD. Statistical test is Student’s t-test.



3.3 DISCUSSION

Profouiid uiodi£.cat#ioiis of the fibrinolytic system B.re know^n to occur 

during pregnancy. This study measured the behaviour of several 

fibrinolytic activators and their inhibitors of the uteroplacental tissues 

in a group of nineteen patients.

Fibrinolysis in  U teroplacental Tissues

In the present study tissue-type plasminogen activator (t-PA) was found 

in the placenta and placental bed. No significant differences in antigen 

levels or activity could be found when comparing the placenta to the 

placental bed. In accordance with the present results several studies 

have d.etected minimal traces of t-PA in placental extracts (Jonasson et 

al., 1989; Kolben et al., 1996; Kanfer et at., 1996). However, other studies 

were unable to demonstrate t-PA in the placenta or decidua 

(Albrechsten, 1956b; Philips et al., 1956; Beller et al., 1962; Boyle, 1992). 

Uszynski and Usynska -  Folejewska (1967) calculated a total 

plasminogen activator content in the myometrium ten-fold greater in the 

last trimester compared with non-pregnant myometrium. With the 

sudden fall in plasminogen activator during labour it was suggested that 

uterine contractile activity played a role in releasing the activator into 

the bloodstream. The presence of t-PA in tissues of the placental bed 

would contribute to the controlled laying down of fibrin within the 

uteroplacental spiral arteries and on release during labour provide 

fibrinolytic control during the departure of the placenta from the
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m aternal interface. The source of t-PA in the placenta and placental bed 

may be explained by partly from endothelial cells and partly from blood 

platelets tha t are activated and consumed in the uteroplacental 

microcirculation.

Urokinase plasminogen activator (u-PA) was found in both the placenta 

and the placental bed. Levels were significantly higher in the placenta. 

The relatively higher levels of u-PA compared with the placental bed 

suggests a placental source. Shimada et al. (1989) detected higher levels 

of u-PA antigen in uterine blood than peripheral blood and in accordance 

with the present study suggested that the placenta was the main source 

of this activator during pregnancy. The levels of u-PA seen in the 

placenta and placental bed may be due to secretion of this fibrinolytic 

activator by trophoblasts which are present in the tissue. Hoffmann et al. 

(1994), using immunohistochemical techniques, demonstrated the 

presence of u-PA in early implantation sites and localised its expression 

to the cytoplasm of cytotrophoblasts and the cytoplasm and plasma 

membranes of intermediate trophoblasts and syncytiotrophoblasts. 

Furthermore, Liu et al. (1998) have identified the u-PA mRNA in 

trophoblasts and decidual cells in foetal membranes.

Trophoblastic expression of plasminogen activator is involved in embryo 

implantation (Strickland and Reich, 1976; Martin and Arias, 1982). 

Cytotrophoblasts have been shown to synthesise and secrete the 

urokinase plasminogen activator (Queenan et al, 1987). In  addition
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Jensen et al. (1989), on demonstrating that u-PA binds to a PAI-2 type 

molecule in placental microvillous membranes, suggested that this might 

regulate urokinase activity in the microenvironment.

Significantly higher levels of PAI-1 were found in the placenta than in 

the placental bed. PAI-1 has been demonstrated in the placenta and 

within the invading trophoblast (Phihps et al., 1986; Feinberg et al. 

1989; Sheppard et al., 1990). The presence of PAI-1 in the placental bed 

suggests that the placenta is not the only source of increased PAI-1 

during pregnancy. Schatz and Lockwood (1993) demonstrated the 

secretion of PAI-1 by decidual cells which suggests active secretion of 

PAI-1 into the microenvironment of the placental bed. In addition 

endothelial cells of the maternal vasculature and possibly the activation 

of platelets during pregnancy may complement the placental production 

of this inhibitor.

In this study significantly higher levels of PAI-2 were found in the 

placenta than in the placental bed. The placental source of PAI-2 has 

been confirmed (Astedt et al., 1985). PAI-2 has been localised to the 

trophoblastic epithelium of the placenta (Astedt et al., 1986; Feinberg et 

al., 1989). PAI-2 has been identified in the placental bed. Sheppard et al. 

(1990) demonstrated PAI-2 in the trophoblast cells of decidual spiral 

Mteries which had undergone the physiological changes of normal 

pregnancy. In addition PAI-2 has been localised to the cytoplasm of 

cytotrophoblasts and in the cytoplasm and plasma membranes of
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intermediate trophoblasts and syncytiotrophoblasts (Hoffmann et al., 

1994).

In this study placental extracts contain significantly greater levels of 

PAI-1 and PAI-2 than t-PA and u-PA. Similar results were found for the 

placental bed. This suggests decreased fibrinolytic potential within the 

uteroplacental tissues. This may account for the physiological fibrin 

deposition seen in the placenta and placental bed during normal 

pregnancy.

In th is study the secretion of plasminogen activators and their inhibitors 

by the placenta and the placental bed were studied by organ culture. 

Astedt et al. (1972) showed that placental extracts released inhibitors 

which inhibited the activation of plasminogen by urokinase, and 

inhibited the plasminogen activators released by kidney and foetal vessel 

explants. The results show that PAI-1 secretion is significantly greater in 

the placenta compared to the placental bed. However no significant 

changes are seen for t-PA, u-PA and PAI-2. This suggests tha t the 

increase in PAI-1 levels seen in the systemic circulation during 

pregnancy may in part be due to increased placental production of PAI-1. 

Sorensen et al. (1995) reported increases in t-PA, PAI-1 and PAI-2 in 

plasma during the course of normal pregnancy and suggest that 

endothelial cells are the main source of t-PA and PAI-1 during 

pregnancy. PAI-2 plasma levels have been shown to increase during the 

course of pregnancy. This study suggests that, although the placenta
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secretes similar amounts of PAI-2 as the placental bed, the increase in 

PAI-2 levels seen in pregnancy may be reflected by increased placental 

size as pregnancy progresses. The main role of t-PA, u-PA and PAI-2 in 

the placenta and placental bed may be the control of localised fibrinolysis 

in the uteroplacental circulation. Within the placental bed this may be of 

importance in the preservation of fibrin in the uteroplacental vessels 

following delivery and so securing haemostasis in the highly vascular 

placental site.

During normal pregnancy trophoblast ceUs from the placenta invade the 

placental bed where they are involved in physiological changes to the 

spiral arteries. These changes include fibrin deposition in the spiral 

arteries and the surrounding decidua. Electron microscopic studies have 

shown that cytotrophoblast remains as part of the intimal lining of the 

decidual spiral artery in late pregnancy, as well as in the media of the 

vessel (Sheppard and Bonnar, 1974). In the media, fibrin is the 

predominant feature of the matrix surrounding the cytotrophoblast (de 

Wolf et al., 1973; Sheppard and Bonnar, 1974).

Cytotrophoblasts may be responsible for the fibrin in the media of spiral 

arteries by directly inhibiting fibrinolysis. Sheppard and Bonnar (1978) 

demonstrated that cytotrophoblasts within the decidual spiral arteries 

have a reduced fibrinolytic activity compared to endothelial cells. The 

role of fibrin in the media of uteroplacental arteries may be the 

structural support in vessels expanding progressively to accommodate an

139



increasing blood flow. A structural support of fibrin in the arterial wall 

would be especially important in late pregnancy when the elastic tissue 

and smooth muscle of the media have been removed.

Fibrin would also be the ideal tissue to provide vascular support in a 

situation where sudden coUapse of the vessels was required during and 

after placental separation. This reduced abiHty of placental bed 

trophoblast cells to degrade fibrin in vitro confirms the observation that 

cytotrophoblasts lining the intima of decidual spiral arteries hmit 

localised fibrinolysis (Sheppard and Bonnar, 1978).

Trophoblastic expression of plasminogen activator is involved in embryo 

implantation and placentation (Strickland and Reich, 1976; Martin and 

Arias, 1982). Many studies have examined the expression of proteolytic 

enzymes by normal human trophoblasts. Some of these studies have 

revealed that cytotrophoblasts secrete prourokinase, PAI-1 and PAI-2 

(Feinberg et al., 1989; Zini et al., 1992). ExtraviUous trophoblasts 

express urokinase in a polarised manner at the leading edge of the 

invading cells closest to the myometrium which suggests that this 

localisation might serve to direct trophoblast invasion and migration into 

the uterus (Multhaupt et al., 1994). Urokinase receptors are also 

expressed on the apical surface of both cytotrophoblast and 

- syncytiotrophoblast. This suggests a mechanism by which urokinase 

receptors localise plasmin generation to the villous surfaces, thereby 

preventing fibrin deposition within the intervillous space. Growing
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evidence supports a physiological role for the plasminogen 

activator/plasmin system in implantation (Strickland and Richards, 

1977), In this system plasminogen is degraded to plasmin by 

plasminogen activators and activates a system of degradation of 

basement membrane components of the placental bed. Therefore the 

activator/inhibitor balance in trophoblasts may influence their ability to 

invade through the placental bed.

In this study placental trophoblasts secrete significantly higher levels of 

PAI-1 and PAI-2 than u-PA. This suggests an inhibition of fibrinolytic 

activity on the surface of these cells. Placental bed trophoblasts secrete 

PAI-1 and PAI-2 in a different pattern as PAI-2 is the prominent 

plasminogen activator inhibitor produced by these cells. The differences 

seen between these cells may be explained by increased PAI-2 production 

due to an external influence within the placental bed vasculature. 

However the results may also be explained by increased PAI-1 

production and secretion by the placental ceUs in contrast to the 

placental bed trophoblasts. The results show that u-PA antigen and PAI- 

2 antigen levels are similar in the two cell tjT)es. The increase in PAI-1 

may reflect the change in trophoblasts as they undergo changes in 

phenotype from villous to invading trophoblast cells.

The abiUty of placental and placental trophoblast cells to degrade fibrin 

was examined in this study. As described earUer placental bed 

trophoblast cells have a reduced ability to lyse fibrin compared to
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endothelial cells (Sheppard and Bonnar, 1978). However, in tins study, 

no significant differences could be found in their abilities to lyse a fibrin 

clot. Approximately 25% of trophoblast cells were unable to migrate 

through the fibrin clot which demonstrates an overall decrease in 

fibrinolj^ic potential within the two populations of cells. These findings 

reflect the findings of increased PAI-1 and PAI-2 associated with these 

cells.

The ability of placental and placental bed trophoblasts to invade through 

matrigel, an artificial basement membrane matrix, was examined. If 

fibrinolysis is activated in these two cell types, the cells, through the 

plasminogen activator/plasmin system, should be able to invade through 

the matrigel matrix. The results show approximately 60% invasion by 

the two ceU tj^es. These results suggest that there are no differences in 

the two cell types in their abiUties to lyse fibrin and invade basement 

membranes. The cell associated plasminogen activator activity of the 

two cell groups was studied and the findings show no significant 

difference in activity. This shows that the fibrinolytic potential of the 

cells are the same and that any change in fibrinolytic activity seen may 

be due to changes in the levels of associated plasminogen activator 

inhibitors. In summary, no significant differences are seen in placental 

and placental bed trophoblasts in terms of their ability to invade. The 

secretion of PAI-1 and PAI-2 may regulate their invasive abilities and 

their ability to lyse fibrin.
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CHAPTER 4 
FIBRINOLYSIS IN PRE-ECLAMPSIA



4.1 INTRODUCTION

No complication of human pregnancy is both so common and potentially so 

dangerous for mother and child as the syndrome of pre-edampsia (Redman, 

1982). Pre-edampsia, pre-edamptic toxaemia, gestosis, pregnancy induced 

and pregnancy-assodated hypertension are all terms used to describe 

hypertension which appears between the first and third trimester of 

pregnancy. Hypertension unique to pregnancy is best termed pre-edampsia 

because it identifies the end-point of the problem, namely edampsia. 

Pre-edampsia affects between 2.6 and 10% of all pregnandes (Chesley, 

1974; Gifford et al., 1990; MacGiUivray, 1958; Roberts, 1989; Saftlas et al,  

1990), and is the most common cause of maternal mortality in the United 

Kingdom and second most common in the Unites States of America 

(Chesley, 1974; Department of Health, 1994; Kaunitz et al., 1985). 

Pre-edampsia is a multisystem disease. In pre-edampsia there is an 

increased inddence of abruptio placentas (AbdeUa et al., 1984), 

disseminated intravascidar coagulation, microangiopathic haemolytic 

anaemia, liver dysfunction, thromboc5d;openia (Gifford et al., 1990), cerebral 

haemorrhage and acute renal failure, together with the development of 

edampsia (Gifford et al., 1990; Roberts, 1989; Redman and Roberts, 1993; 

Sibai et al., 1985). The foetus is at risk from a reduction in uteroplacental 

blood flow (Dixon et al., 1963), possibly leading to intrauterine growth 

retardation (Steel et al., 1990) and stillbirth (Gifford et al., 1990). In
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addition, the foetus is at risk from preterm birth necessitated by delivery 

required to protect the mother, and as a consequence, increased perinatal 

mortality (Gififord et al., 1990; Roberts, 1989; Department of Health, 1994; 

Sihai etal., 1985, 1990).

4.1.1 Aetiology o f Pre-eclampsia

Although pre-eclampsia has been studied extensively, its aetiology is not 

fuUy understood. In 1916, Zweifel declared that 'pre-eclampsia is a disease 

of theories' (Zweifel, 1916). In more recent years, research studies have 

begun to focus on the pathogenesis of the disease. A possible model 

explaining the pathophysiology of pre-edampsia is that secondary to a 

genetic predisposition there is abnormal placentation characterised by 

shallow trophoblastic invasion of the maternal spiral arteries. This 

inadequate placentation results in placental ischaemia, a consequence of 

which is the release of a factor or factors into the maternal circulation that 

brings about widespread endothehal ceU damage. This in turn leads to the 

multisystem dysfunction that characterises this disease.

Genetic Disposition in Pre-eclampsia

In 1993, Cooper et al. reported that mothers, daughters and sisters of 

women with pre-edampsia have a greatly increased frequency of the 

condition compared with relatives by marriage which suggested a strong 

genetic component in the aetiology of pre-edampsia. However, the genetic 

analysis of pre-edampsia presents several difficulties. Pre-edampsia
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probably involves a matemal-foetal interaction and this implies that genetic 

susceptibihty could depend on the maternal genotype alone, the foetal 

genotype alone or some interaction between the two. Furthermore, the 

different classifications and definitions of pre-edampsia in general use 

make any collated interpretation of published results from different 

pedigrees difficult. Recent genetic research has focussed on linkage studies 

from large pedigrees. Amgrimmsson et al. (1997) reported evidence for the 

localisation of a familial preeclampsia-susceptibiLity locus in the region of 

chromosome 7, encoding the endothelial nitric oxide synthase (eNOS) gene, 

which would be in keeping with several reports of a role for nitric oxide in 

the pathophysiology of pre-edampsia (Lyall and Greer, 1996). In addition, 

pre-edampsia has been linked with an abnormal variant of the 

angiotensinogen gene (Amgrimmsson et al., 1993; Ward et al., 1993). 

Furthermore, Harrison et al. (1997) have reported a linkage between the 

long arm of chromosome 4 and pre-edampsia. However, in order to confirm 

these findings fiirther linkage studies need to be performed in other 

pedigrees.

Defective Placentation

The placenta plays a central role in pre-edampsia. This is supported by the 

observation that the condition resolves itself when the placenta is removed 

and that pre-edampsia can occur without the presence of the foetus, as in 

cases of hydatidiform mole (Newman and Eddy, 1988). In pre-edampsia, 

shallow endovascular trophoblast invasion occurs which results in reduced
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uteroplacental blood flow. The regulation of trophoblast invasion has been 

the subject of many research studies. Proteinases, adhesion molecules and 

HLA antigens have all been suggested to play a role in trophoblast 

regulation (Graham and Lala, 1995). The 92 kDa type IV coUagenase has 

been shown to play a role in trophoblast invasion (Librach et al, 1991) as 

has serine proteases such as uPA (Lala et al., 1989). The distribution 

pattern of adhesion molecules on trophoblast cells is modulated extensively 

during differentiation along the invasion process ((Damsky et al., 1992). 

Recently, it was reported that invasive trophoblasts undergo a dramatic 

transformation of their phenotype in which they acquire endothehal cell 

characteristics. These trophoblasts thus mimic the maternal vascular 

endothelial ceUs that they invade and ultimately replace (Zhou et al., 1997). 

In 1990, extravillous trophoblasts that invade the uterus were shown to 

express a Class I HLA antigen of the non-dassical HLA-G locus (Kovats et 

al., 1990; Elhs et al., 1990). This antigen is not present on any other cells in 

the uterus, and is thought to confer resistance to natural killer cell activity 

in the first trimester decidua (Kovats et al., 1991; Loke, 1994).

A recent study has suggested that the shallow endovascular invasion of 

trophoblasts in pre-edampsia may be due to a defect in the switch fi-om the 

epithehal phenotype to the endotheUal phenotype in trophoblast cells seen 

in normal invasion (Zhou et al, 1997). Furthermore, Graham and McCrae 

(1996) reported a decrease in cell-associated uPA activity in pre-edamptic 

trophoblast cells when compared to normal trophoblast ceUs. This suggests

146



that in pre-eclampsia, the trophoblast cells are unable to invade the decidua 

in a normal fashion.

Endothelial Dysfunction

Endothelial dysfunction is considered to play a key role in the 

pathophysiology of pre-eclampsia. This contention is supported by 

moiphological, biochemical and clinical observations consistent with 

endothehal damage or activation. The most consistent morphological 

abnormality in pre-edamptic women is the renal lesion, glomerular 

endothehosis, in which glomerular capillary endothehal cells are engorged 

with intracellular inclusions (Roberts, 1989). The prominent chnical feature 

of pre-eclampsia, oedema, and the glomerular capillary protein leak are 

consistent with loss of normal endothehal transport functions.

The biochemical evidence of endothehal cell injury in pre-eclampsia involves 

increased levels of fibronectin and factor VIII antigen both of which are 

known to be released from damaged endothehal cells.

One of the most striking pathophysiological abnormalities in pre-eclampsia 

is an increased sensitivity of these women to pressor agents (Chesley, 1978; 

Roberts, 1989). Disruption of vascular endothehum eliminates the source of 

the potent vasodilator prostacyclin and other less characterised agents 

(Roberts, 1989).

4.1.2 Definition o f Pre-eclampsia

Research in pre-edampsia has been plagued by the lack of dear, relevant
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and uniform diagnostic criteria for the disease. In 1955, Nelson defined pre

eclampsia as a condition in which diastolic blood pressure rises to 90 mmHg 

on at least two occasions separated by at least 24 hours after 26 weeks 

gestation or if diastolic blood pressure rises progressively during labour. In 

severe pre-edampsia, albuminuria exceeding 0.25 g/L is present whereas in 

mild pre-edampsia, albuminuria is absent (Nelson, 1955). However, since 

diastolic blood pressure has been found to rise more than 10 mmHg in late 

pregnancy (MacGiUivray et al., 1969), Nelson's definition would also indude 

women with mild chronic hypertension. Redman and JefiBdes (1988) 

suggested that a combination of a high maximum diastohc blood pressure 

with a large increase firom baseline was better for identifying a group with 

pre-edampsia than either measurement on its own. They suggested that a 

first diastohc blood pressure of below 90 mmHg, a subsequent increase of at 

least 25 mmHg, and a maximum reading of at least 90 mmHg gave 

appropriate criteria for defining pre-edampsia. Davey and MacGiUivray 

(1986) defined pre-edampsia as the existence of both hypertension and 

proteinuria (at least 0.3 g/L per day) in pregnancy. Hypertension was 

defined as the existence of either one measurement of diastohc blood 

pressure of 110 mmHg or more, on at least one occasion or, at least 90 

mmHg or more on two consecutive measurements taken at least four hours 

apart. This definition is employed by the International Sodety for the Study 

of Hypertension in Pregnancy.

Because the primary cause of pre-edampsia is not known, treating the
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disease and preventing its occurrence has proved difficult. On diagnosis, 

early hospital admission and deUvery of the placenta remain the key 

principles of management.

4.1.3 F ibrin  Deposition in  Pre-eclampsia

As early as 1893 fibrin deposits and thrombi were found in vessels of the 

various organs of women who died from pre-edampsia (Schmorl, 1893). In 

pre-edampsia, fibrin deposition has been demonstrated ia the hver 

(Sheehan and Lynch, 1973), kidney (VassaUi et a l, 1963) and brain 

(Sheehan and Lynch, 1973). Considerable fibrin deposition has been 

demonstrated within the uterine spiral arteries supplying the placenta in 

pregnandes complicated by pre-edampsia (Robertson et al., 1967; Sheppard 

andBonnar, 1976).

A haemostatic imbalance between fibrin deposition and fibrinolysis is now 

known to occur in pre-edampsia (Hathaway and Bonnar, 1987). The origin 

of these haemostatic changes remains unknown. As yet, the possible role of 

the fibiinolytic system in the pathogenesis of pre-edampsia is not fiiUy 

understood.

4.1.4 Fibrinolysis in the Systemic Circulation in Pre-eclam psia 

Despite the evidence of a greater level of fibrinolytic inhibition in pre- 

edampsia, most studies have shown that the levels of fibrin degradation 

products are increased (Bonnar, 1971; EsteUes et al., 1988; Giles, 1982). In
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addition, the levels of fibrinopeptide A and B - B peptides are also increased 

(Borok et ah, 1984; Douglas, 1982). Overall fibrinolytic activity as measured 

by euglobulin clot lysis time (Bonnar et al., 1971) or by a whole blood dot 

lysis method (Arias et al., 1979) is decreased in patients with pre-edampsia 

as compared with normal pregnancy. However, other investigators (Gow et 

al. 1984; Howie et al., 1977; Thornton et al., 1988) found that there was no 

significant difference between the fibrinolytic activity levels in normal 

pregnancy and those in pre-edampsia. Certainly, most studies in pre- 

edampsia have reported increased levels of fibrinogen-fibrin degradation 

products in seiimi or urine (Bonnar et al., 1969; Hedner and Astedt, 1970; 

Howie et al., 1971; Dube et al., 1975), though in a few, levels of fibrinogen- 

fibrin degradation products have remained unchanged (Sher et al., 1975; 

Wallmo et al., 1984). Chromographic study of soluble fibrinogen-fibrin 

complexes in plasma showed levels to be increased in pre-edampsia 

compared with normal pregnancy (McKLUop et al., 1976). Such complexes 

have been shown to be composed of non-cross-linked dimers formed from 

fibrin and fibrinogen and probably due to increased thrombin generation 

(Edgar et al., 1977).

Aznar et al. (1986), using an enzjmie immunoassay, observed a slight 

increase in tPA antigen in pre-edamptic patients as compared with normal 

pregnant women at similar gestational age. Subsequent studies confirmed 

an elevation in levels of tPA antigen assodated with pre-edampsia (Lorient 

Roudant et al., 1986; Estelles et al., 1987; Daly, 1989; Carron et al., 1991; Ho
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and Yang, 1992).

Balleger et al. (1987) reported comparable antigenic levels of free and total 

tPA between pre-edampsia and normal pregnancy, however patient 

numbers in this study were small. In a subsequent larger study, the same 

author reported higher levels of tPA antigen before 20 weeks gestation in 

pre-eclampsia compared with normal pregnancy and this effect persisted 

until deUvery (Balleger et al., 1989). Estelles et al. (1991) observed an 

increase in tPA antigen in pre-edamptic pregnancies with or without lUGR 

as compared with a normotensive pregnant group. Furthermore, HaUigan et 

al. (1994) confirmed that tPA antigen levels are increased in pre-eclamptic 

patients when compared to normotensive patients. In contrast, the levels of 

activatable uPA plus active uPA activities were lower in preedampsia 

(EsteUes et al., 1991). Furthermore, Lindoff and Astedt (1994) found that 

the plasma concentrations of uPA antigen were significantly lower in 

women with severe pre-edampsia than those in women with normal 

pregnandes. They demonstrated that uPA antigen levels in plasma coidd be 

positively correlated to birth weight and placental and suggested that this 

impUes that uPA may be important as a marker of placental function.

In condusion, it can be stated that the consistently higher levels of tPA 

antigen observed suggests higher fibrinolytic potential in pre-edampsia 

compared with normal pregnancy.
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Plasm inogen Activator Inhibitors

Bonnar et al. (1971) first reported higher levels of a urokinase inhibitor in 

the plasma of pre-edamptic women compared with normal healthy women 

matched for age and gestation. Terao and Kobayashi (1983) suggested that 

hypofibrinolysis of "toxemic" pregnant urine resulted from increased levels 

of urokinase inhibitor in the urine. In contrast to the previous report by 

Bonnar et al., (1971), Gow et al. (1984) described similar plasma levels of 

inhibitory activity against both urokinase and tissue activator between 

preeclamptic and normal pregnancy.

Over the last 14 years considerably more rehable results on the functional 

and antigenic levels of these inhibitors have been obtained due to the 

advent of chromogenic substrate assays and immunoassays. In a group of 

high risk pregnancies including patients with pre-edampsia, Wiman et al. 

(1984) reported a considerably wider range of tPA inhibitor concentration in 

the last trimester, as compared with healthy pregnant women.

A decrease in plasma fibrinolj^c activity caused by increased PAI-1 levels 

has been reported in pre-edamptic patients (Estelles et al., 1989; Estelles et 

al., 1991; Estelles et al., 1994; Balleger et al., 1991; Caron et a l, 1991; Reith 

et al., 1993; Sheppard et al., 1990; Halhgan et al., 1994; Friedman et a l, 

1995). In 1976, Elder suggested that the altered placenta may be the source 

of increased PAI-1 (Elder, 1976). This hypothesis is supported by the data in 

Estelles et al. (1989) which indicates that pre-edamptic patients with 

extensive areas of placental infarction had increased plasmatic levels of
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PAI-1.

de Boer et al. (1988) observed low plasma levels of PAI-2 in pre-edampsia 

compared with matched controls. PAI-2 levels were significantly decreased, 

in particular in pregnandes with a poor foetal outcome (de Boer et al., 1988). 

Similarly, lower levels of both antigenic and functional PAI-2 in severe pre- 

edampsia compared with a normal pregnant group have been reported 

(EsteUes et at., 1989; Estelles et at., 1991; Reith et al., 1993; Halligan et al., 

1994; He et al., 1996). Recent studies have found a positive correlation 

between PAI-2 levels and birth weight and placental weight (Lindoff and 

Astedt, 1994; He et al., 1996). These studies suggest that PAI-2 can be used 

as a marker for placental function. In addition, et al. (1996) coidd find no 

difference in PAI-2 levels between mild and severe preedamptic groups.

4.1.5 Fibrinolysis in the Uteroplacental Compartment in Pre

eclampsia

( Several studies have shown that uteroplacental blood flow is impaired in 

pre-edampsia (Browne and Veall, 1953; LunneU et at., 1982; Trudinger et 

al., 1985; Leiberman et al., 1988). A failure of physiological changes to 

extend into the spiral arteries of the placental bed has been well 

documented in pregnandes compHcated by pre-edampsia (Brosens et al., 

1972; Sheppard and Bonnar, 1976, 1981, 1988; Gerretsen et al., 1981; 

Robertson and Khong, 1987). The absence of these physiological changes is 

a prerequisite for the development of pathological lesions termed "acute
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atherosis" (Zeek and Assali, 1950). The lesion is characterised by fibrinoid 

necrosis, accumulation of hpophages in the damaged arterial walls and 

plaques on the intimal surface of the vessels containing large amount of 

hpids, smooth muscle cells and fibrin (Brosens et al., 1972; Sheppard and 

Bonnar, 1976; Sheppard and Bonnar, 1988). Vascular occlusion ultimately 

occurs and the blood flow to the placenta, and the supply of essential 

nutrients to the developing baby, is compromised.

In pre-edampsia, the defective physiological changes of the spiral arteries 

are due to a failure of complete trophoblastic invasion (Robertson et al., 

1975; Khong et al., 1986). It remains undear whether the invading 

trophoblast subsequently contributes to the vascular lesions described. 

Thrombosis is a feature often assodated with these lesions. Pathological 

deposition of fibrin contributes to the thrombotic ocdusion of spiral arteries 

in pre-edampsia (Sheppard and Bonnar, 1976).

Trophoblast cells lining deddual spiral arteries are known to have a 

reduced capadty for fibrinolysis in normal pregnancy (Sheppard and 

Bonnar, 1978). Feinberg et al. (1989) showed the presence of PAI-1 in 

extravillous trophoblast and PAI-2 in villous trophoblast. Further studies 

have revealed that cidtured cytotrophoblasts secrete uPA, uPAR, PAl-1 and 

PAI-2 (Feinberg et al., 1989; Zini et al., 1992).

In a recent study, the in vitro degradative properties of trophoblast cells 

isolated fi:om placentas of pre-edamptic pregnandes were compared with 

trophoblast cells isolated firom normal placentas. This study revealed that
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the trophoblast cells from normal and preeclamptic placentas secreted 

similar amounts of uPA and PAI-1. However, the pre-edamptic trophoblast 

cells expressed significantly less cell surface plasminogen activator activity 

(Graham and McCrae, 1996).

Several studies have examined plasminogen activator activity and 

plasminogen activator inhibitor activity in placental extracts of pre

edamptic pregnandes. It was reported (Yoshimura et al, 1985) that 

placental tissue from pre-edamptic women contained a diminished 

plasminogen activator activity, measured by a chromogenic method. In 

contrast, Kanfer et al. (1996) found no differences between control and pre- 

edamptic placentas for plasminogen activator antigens, assessed with an 

ELISA which recognised plasminogen activators complexed with 

plasminogen activator inhibitors (inactive) as well as free (active) 

plasminogen activators.

Sheppard et al. (1990) found that the placental extracts of normal, 

preedamptic and lUGR pregnandes contained significantly higher levels of 

PAI-2 than PAI-1. Furthermore the levels of PAI-1 were significantly higher 

in preedampsia than in nonnal pregnancy. In addition, they showed the 

presence of PAI-1 and PAI-2 in the deddual and myometrial segments of the 

placental bed although no significant differences in PAI-1 and PAI-2 covild 

be identified between the dinical groups.

A significant increase in PAI-1 antigen levels and a significant decrease in 

PAI-2 antigen levels in placental extracts from pre-edamptic pregnandes
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complicated with lUGR have been reported (Estelles et al. 1994, 1998). In 

contrast, Kanfer et a/.(1996) could find no differences in PAI-1 antigen levels 

while the PAI-2 content was significantly increased. The discrepancy may 

be explained by the fact that the latter study recruited patients with 

hypertension / preedampsia without the added comphcation of lUGR. 

Different intensities of PAI-1 and PAI-2 immimohistochemical staining 

between normal and preeclamptic placentas have been reported. Estelles et 

al. (1994) demonstrated weak PAI-1 immunoreactivity in the 

syncytiotrophoblast ceUs from normal placenta. In contrast, prominent 

staining of these cells was observed in the preeclamptic placentas. 

Furthermore, they demonstrated that the intensity of PAI-2 staining 

decreased in preeclamptic placentas (Estelles et al., 1994).

4.1.6 Objectives of the Study

In this section of the study the main aim is to compare trophoblast ceUs from 

pre-edamptic and/or lUGR with normal pregnancy. A normal characteristic 

of pre-edampsia and lUGR is reduced trophoblast invasion through the 

placental bed. There are many possible reasons for this event, but this study 

is exdusively interested in the role of fibrinolytic factors in the occurrence of 

this situation. During normal pregnancy, the plasma levels of plasminogen 

activators and their inhibitors increase during pregnancy. This results in a 

reduced fibrinolytic potential in the uteroplacental circulation.

In pregnandes comphcated with pre-edampsia and lUGR, there is
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increased PAI levels in the circulatory system and increased fibrin 

deposition in the placenta and the placental bed. Furthermore, pre- 

edampsia and lUGR is associated with impaired trophoblast invasion in the 

placental bed. As discussed above, these changes may be due to changes in 

expression of fibrinolytic factors by the placental and placental bed 

trophoblasts. The aim of this chapter is to compare the overall production 

and secretion of fibrinolytic factors by the placenta and placental bed in 

these pregnancies against normal pregnandes.

Furthermore, placental and placental bed trophoblasts were examined to 

determine there ability to invade and their expression of PAs and PAIs 

related to normal pregnancy. If significant changes are seen, then the 

importance of the fibrinolytic systemic in trophoblastic invasion and 

fibrin deposition within the uteroplacental circulation may be further 

enhanced.
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4.2 RESULTS

4.2.1 T issue Levels o f F ibrinolytic A ctivators and Inh ib ito rs in  
P lacen ta l and  P lacen ta l Bed E xtracts from Pre-eclam ptic and 
P re-eclam ptic w ith  lUGR Pregnancies

The following results are based on 19 placental and 19 placental bed 

biopsies for normal pregnancy and 17 placental and placental biopsies 

for the other two groups.

T issue P lasm inogen A ctivator Antigen: (Fig 4.1) Tissue levels of 

antigenic t-PA were extracted from the placenta. There was no 

significant difference between the levels seen in the placenta for any of 

the patient groups.

U rokinase P lasm inogen A ctivator Antigen: (Fig 4.2) Antigenic u-PA 

was detected in the placenta. Placental u-PA levels were similar in aU 

three patient groups.

P lasm inogen A ctivator Inh ib ito r A ntigen (PAI-1): (Fig 4.3) 

Significantly higher levels were found of PAI-1 in the PET and 

PET/IUGR groups when compared to normal pregnancy (p<0.001).

P lasm inogen A ctivator Inhib itor Antigen (PAI-2): (Fig 4.4) 

Antigenic PAI-2 levels significantly decreased in the PET and the 

PET/IUGR groups (p<0.001).
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t-PA in  the  P lacen ta l Bed: (Fig 4.5) Comparable levels of t-PA were 

found in the placental bed extracts for all the group types.

u-PA in  the  P lacen ta l Bed: (Fig 4.6) No significant dtfferences were 

found for u-PA levels in the placental bed of the patient groups studied.

PAI-1 in  the  P lacen ta l Bed: (Fig 4.7) PAI-1 levels in the placental bed 

for the three groups studied were not significantly different.

PAI-2 in  th e  P lacen ta l Bed: (Fig 4.8) PAI-2 levels are higher in PET 

and PET/IUGR. However they do not reach significance.
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4.2.2 T issue Levels of F ibrinolytic Activators and Inh ib ito rs in  

P lacen ta l an d  P lacen ta l Bed T rophoblasts in Normal, PET and  

PET/IUGR P regnancies

PAI-1 S ecretion  by P lacen ta l Trophoblasts: (Fig 4.9) Placental 

trophoblasts from PET and PET/IUGR secrete significantly greater 

amounts of PAI-1 into the culture supernatant over a 24 hour period 

than placental trophoblasts from normal pregnancies (p<0.001).

PAI-2 Secretion  by P lacen ta l Trophoblasts: (Fig 4.10) No 

significant differences are seen in PAI-2 production and secretion by 

placental trophoblasts from the three patient groups.

u-PA Secretion  by P lacen ta l Trophoblasts: (Fig 4.11) No significant 

differences are seen in u-PA production and secretion by placental 

trophoblasts from the three patient groups.

PAI-1 Secretion  by P lacental Bed Trophoblasts: (Fig 4.12) No 

significant differences are seen in PAI-1 production and secretion by 

placental bed trophoblasts from the three patient groups.
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PAI-2 Secretion by Placental Bed Trophoblasts: (Fig 4.13) No 

significant differences are seen in PAI-2 production and secretion by 

placental bed trophoblasts from the three patient groups.

u-PA Secretion by Placental Bed Trophoblasts: (Fig 4.14) No 

significant differences are seen in PAI-2 production and secretion by 

placental bed trophoblasts from the three patient groups.

Cell Associated Plasminogen Activator Activity: (Fig 4.15) CeU 

associated plasminogen activator activity is significantly reduced in PET 

and PET/IUGR placental trophoblasts when compared to normal controls

(p<0.001).

Cell Associated Plasminogen Activator Activity: (Fig 4.16) Cell 

associated plasminogen activator activity is significantly reduced in PET 

and PET/IUGR placental bed trophoblasts when compared to normal 

controls (p<0.001).
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4.2.3 C om parative Changes in  Invasion Abilities of P lacen ta l and  

P lacen ta l Bed Trophoblasts in  PET and PET/IUGR

F ib rin  D egradation  by P lacental Trophoblasts: (Fig 4.17) 

Significant decreases in the ability of placental trophoblasts from PET 

and PET/IUGR were seen (p<0.001).

F ib rin  D egradation  by P lacen ta l Bed Trophoblasts: (Fig 4.18) PET 

and PET/IUGR placental bed trophoblasts have a significantly reduced 

ability to lyse fibrin clots when compared to normal pregnancy (p< 

0 .001).

M atrigel D egradation  by P lacen tal T rophoblasts: (Fig 4.19) 

Significant decreases in matrigel invasion are seen for both PET and 

PET/IUGR groups compared to normal placental trophoblasts (p<0.001).

M atrigel D egradation  by P lacental Bed Trophoblasts: (Fig 4.20) 

PET and PET/IUGR placental bed trophoblasts have significant less 

ability to migrate through the matrigel matrix compared to normal 

placental bed trophoblasts (p<0.001).
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4.2.4 C om parative Changes in  Secretion Levels of P lacen ta l and  

P lacen ta l Bed Biopsies in  O rgan Culture for PET and PET/IUGR 

Com pared to  N orm al P regnancy

S ecretion  o f F ib rino ly tic  Factors: (Table 4.1) The placenta secretes 

higher amounts of PAI-1 and PAI-2 than the placental bed. In 

pregnancies complicated by PET and PET/IUGR, significant increases in 

PAI-1 levels secreted by the placenta are seen compared to normal 

pregnancy (p<0.001).
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Fig 4.1: Comparative tissue levels of t-PA antigen in the placenta from 
normal, PET and PET/HJGR pregnancies.
Values are mean + SD. Statistical test is Student’s t-test.
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Fig 4.2: Comparative tissue levels of u-PA antigen in the placenta from normal, 
PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.3; Comparative tissue levels of PAI-1 antigen in the placenta from 
normal, PET and PET/IUGR pregnancies.
* p< 0.01 PET and PET/IUGR vs. Normal.
Values are mean + SD. Statistical test is Student’s t-test.
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Fig 4.4: Comparative tissue levels of PAI-2 antigen in the placenta from normal, 
PET and PET/IUGR pregnancies.
* p<0.001 (PET vs. normal and PET/IUGR vs. normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.5; Comparative tissue levels of t-PA antigen in the placental bed from 
normal, PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.6; Comparative tissue levels of u-PA antigen in the placental bed from 
normal, PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.7: Comparative tissue levels of PAI-1 antigen in the placental bed from 
normal, PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.8: Comparative tissue levels of PAI-2 antigen in the placental bed from 
normal, PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.9: Comparison of PAI-1 production by placental trophoblasts in normal, 
PET and PET/IUGR pregnancies.

* p< 0.001 (PET vs. normal)
** p< 0.001 (PET/IUGR vs. normal)
Values are mean ± SD. Statistical test is Student's t-test.
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Fig 4.10; Comparison of PAI-2 production by placental trophoblasts in normal, 
PET and PET/IUGR pregnancies.
Values are mean ± SD. Statistical test is Student's t-test.
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Fig 4.11; Comparison of u-PA production by placental trophoblasts in normal, 
PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.12: Comparison of PAI-1 production by placental bed trophoblasts in 
normal, PET and PET/IUGR pregnancies.

* p<0.001 (PET vs. Normal)
** p<0.001 (PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.13; Comparison of PAI-2 production by placental bed trophoblasts in 
normal, PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.14: Comparison of u-PA production by placental bed trophoblasts in 
normal, PET and PET/IUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.15: Comparison of cell associated plasminogen activator activity by 
placental trophoblasts in normal, PET and PET/IUGR pregnancies.

* p< 0.001 (PET vs. normal)
** p< 0.001 (PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.16: Comparison of cell associated plasminogen activator activity by 
placental bed trophoblasts in normal, PET and PET/IUGR pregnancies.

* p< 0.001 (PET vs. normal)
** p< 0.001 (PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.17; Comparison of fibrin invasion by placental trophoblasts in Normal, 
PET and PET/HJGR pregnancies.
*p<0.001 (PET and PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.18: Comparison of fibrin invasion by placental bed trophoblasts in normal, 
PET and PET/IUGR pregnancies.
*p<0.001 (PET and PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.19: Comparison of matrigel invasion by placental trophoblasts in normal, 
PET and PET/IUGR pregnancies.
*p<0.001 (PET and PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 4.20; Comparison of matrigel invasion by placental bed trophoblasts in 
normal, PET and PET/IUGR pregnancies.
*p<0.001 (PET and PET/IUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.



Table 4.1 Secretion o f Fibrinolytic Factors

NORMAL PET 

PAI-1 (ng/mg protein)

Placenta 63 ± 12 128 ± 12 *

Placental Bed 25 + 9 35 + 9

PAI-2 (ng/mg protein)

Placenta 53 ± 12 73 ± 9

Placental Bed 12 + 3 17 ± 5

u-PA (ng/mg protein)

Placenta 7.6 ± 2  6.6 ±2.7

Placental Bed 5.7 + 2.8 5.4 + 2.8

PET/IUGR

130 ±9 * 

34 ± 7

67 ± 9  

14 ± 8

8.2 ±3.1 

6.2+ 2.4

*p < 0.001 (PET and PET/IUGR vs. Normal), n = 15 
Values are mean ± SD. Statistical test is Student’s t-test.



4.3 Discussion

In this study patients were recruited and subdivided into two groups 

according to the birth weight of the baby: (i) pure pre-eclampsia (baby 

birth weights appropriate for gestational age), (ii) pre-eclampsia 

complicated by intrauterine growth retardation (lUGR) (baby birth 

weight below the tenth centile according to sex and gestational age).

To the author’s knowledge this is the first report on organ culture of 

biopsies and the culture of trophoblast cells from the placenta and 

placental bed in pre-eclampsia with or without lUGR.

No change in t-PA levels were found when comparing pre-eclampsia with 

normal pregnancy. Some studies have reported a change in u-PA antigen 

levels in pre-eclampsia. As the placenta is a major source of u-PA in 

pregnancy it could be assumed that these changes might be due to 

altered expression of u-PA by trophoblast cells (Shimada et al., 1989). 

However, in this study no alteration in u-PA expression could be found 

in cultured placental trophoblasts. It could be argued that this alteration 

in u-PA is only seen in syncytiotrophoblasts and that the cells used in 

this study are more representative of cytotrophoblasts. However in vitro 

studies could not find any significant change in u-PA secretion as 

cultured cells differentiated from cytotrophoblasts into 

syncytiotrophoblasts.

In this study isolated placental trophoblasts secreted significantly larger
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amounts of PAI-1 in pre-eclampsia compared to normotensive. Graham 

and McCrae (1996) investigated u-PA and PAI-1 antigen in normal and 

pre-eclamptic placental trophoblasts. However they were unable to find 

any significant differences in u-PA and PAI-2 levels between 

normotensive and pre-eclamptic trophoblasts.

The levels of PAI-2 did not differ significantly between trophoblasts from 

pre-eclamptic and normotensive placenta. Cell surface plasminogen 

activator activity significantly decreases in pre-edamptic trophoblast. 

This is in agreement with a study by Graham and McCrae (1996) that 

investigated cell surface plasminogen activator activity in normal and 

pre-eclamptic placental trophoblasts. They concluded that pre-eclamptic 

placental trophoblasts display a significantly reduced ceU surface 

plasminogen activator activity than trophoblasts from normal placenta. 

The higher levels of PAI-1 in placental trophoblasts may contribute to 

the higher levels of PAI-1 reported in plasma levels of the uterine vein 

(Sheppard et al., 1990). Furthermore the increase in PAI-1 reported here 

is reflected in increased immunoreactivity for PAI-1 within the 

syncytiotrophoblast layer in pre-eclamptic placenta (Estelles et al., 1994; 

1998).

Placental bed trophoblasts show an overall decrease in fibrinolytic 

activity in pre-eclampsia. The levels of PAI-1 secretion are significantly 

greater in pre-eclampsia compared to normotensive pregnancy. In 

addition PAI-2 levels are increased, although not significantly. CeU
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surface plasminogen activator activity is also significantly reduced.

The overall effect of these changes in the levels of fibrinolytic factors is 

reduced fibrinolytic potential and activity within the microenvirons of 

placental and placental bed trophoblasts. This reduced fibrinolytic 

activity in these cells may be of importance in the pathogenesis of pre

eclampsia.

The invasion assays reported in this study show that placental and 

placental trophoblasts from pre-eclamptic patients have a reduced ability 

to breakdown basement membrane components. This decrease in 

proteolytic activity may be reflected by the significant changes in PAI-1 

production cell surface plasminogen activator activity in these 

trophoblasts.

The reduced ability of pre-eclamptic placental and placental bed 

trophoblasts to degrade fibrin is demonstrated in the fibrin invasion 

assays. As stated earlier, pre-eclampsia is associated with large 

deposition of fibrin in the spiral arteries of the placental bed. The 

reduced fibrinolytic activity of these trophoblast cells may, in part, 

account for the fibrin formation within the spiral arteries of the placental 

bed.

A failure of physiological changes to extend into the spiral arteries of the 

placental bed has been weU documented in pregnancies compHcated by pre

eclampsia (Brosens et al, 1972; Sheppard and Bonnar, 1976, 1981; 

Gerretsen et al., 1981; Robertson and Khong, 1987; Sheppard and Bonnar,
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1988). The absence of these physiological changes is a prereqviisite for the 

development of pathological lesions termed "acute atherosis" (Zeek and 

AssaM, 1950). The lesion is characterised by fibrinoid necrosis, accumulation 

of Upophages in the damaged arterial waUs and plaques on the intimal 

surface of the vessels containing large amount of hpids, smooth muscle cells 

and fibrin (Brosens et a l, 1972; Sheppard and Bonnar, 1976; Sheppard and 

Bonnar, 1988). Vascular occlusion ultimately occurs and the blood flow to 

the placenta, and the supply of essential nutrients to the developing baby, is 

compromised.

In pre-edampsia, the defective physiological changes of the spiral arteries 

are due to a failure of complete trophoblastic invasion (Robertson et al., 

1975; Khong et al., 1986). This impaired trophoblastic invasion may, in part, 

be due to the decrease in cell surface plasminogen activity and decreased 

fibrinolytic activity of trophoblasts as found in this study. Trophoblast cells 

fi:om the placenta and placental show a decrease in ability to migrate 

through matrigel and fibrin.

The abnormal plasma levels of fibrinolytic components, in particular 

PAI-1 and PAI-2 have been suggested to be influenced by the presence of 

placental infarction (de Boer et al., 1988; Estelles et al., 1989). Estelles et 

al. (1994) have reported an increase in PAI-1 protein and mRNA in the 

placentas of pre-eclamptic patients and decreased PAI-2 protein and 

mRNA in the placentas of patients with pre-eclampsia and lUGR. A 

more recent study has shown that PAI-1 mRNA is increased not only in
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syncytiotrophoblast and infarction areas, but also in fibroblasts and 

some endothelial cells of foetal vessels in placentas from patients with 

pre-eclampsia and lUGR (Estelles et al., 1998). This suggests an altered 

release of fibrinolytic factors by the placenta in pre-eclampsia can occur. 

The placenta biopsies obtained during the course of this study were 

removed from areas of the placenta which macroscopically appear 

healthy. The increase in concentration and secretion of PAI-1 levels in 

pre-eclamptic placentas demonstrates that the placenta may contribute 

to the high circulating plasma levels of PAI-1 reported in pre-eclampsia. 

Placental extracts fi’om normotensive pregnancies with lUGR have an 

increased capacity to inhibit urokinase-induced fibrinolysis (Elder and 

Myatt, 1976). The depression of fibrinolysis in normotensive lUGR may 

explain the pathological presence of fibrin in the uteroplacental spiral 

arteries (Sheppard and Bonnar, 1976). This occlusive vascular disease leads 

to placental infarction which correlates with the severity of foetal growth 

retardation (Bonnar and Sheppard, 1977).
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CHAPTER 5
FIBRINOLYSIS IN INTRAUTERINE GROWTH RETARDATION



5.1 INTRODUCTION

In 1954, Clifford described the dysmature, wasted foetus associated with 

prolonged pregnancy (Clifford, 1954). Further studies laid the 

groundwork for the recognition of the growth-retarded in f a n t  through 

population studies that established the relationship between gestational 

age and weight. Greunwald highlighted the important differences among 

the neonate with low birth weight secondary to prematuruity, the infant 

born too soon, and the infant who was small when compared with other 

new-borns of the same gestational age, the infant born too soon 

(Greunwald, 1963). These babies were clearly identified as being at high 

risk for perinatal morbidity and mortality.

5.1.1 Definition and Classification

Intrauterine growth retardation (lUGR) is not a common problem, 

complicating 3 to 7 percent of all pregnancies. However, lUGR is the 

second most important cause of perinatal mortality after preterm 

delivery (Wolfe and Gross, 1989). The perinatal mortality rate for 

growth-retarded infants may be six to ten times that for a normally 

grown population. The incidence of intrapartum asphyxia in cases 

complicated by lUGR has been reported to be 50 percent (Low and 

Boston, 1972). These infants also suffer an increased incidence of 

hjTpoglycaemia, polycythemia and hypothermia in the neonatal period.
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Early observers appreciated the need to separate low-birth-weight babies 

who were prem ature but normally grown from those who had failed to 

achieve the size expected for their gestational age. They recognised the 

disproportionate morbidity and mortality rates of these growth- retarded 

infants. Infants who at birth  are below the tenth percentile in weight for 

their gestational age are considered growth retarded and this is the 

definition most widely used in describing lUGR.

Using the tenth percentile cut-off, approximately 70 percent of the 

infants designated as growth retarded are normally or constitutionally 

small, so-called light for gestational age or small for gestational age 

(SGA) (Ott, 1988). These neonates are not a t increased risk for poor 

outcome. However, this group below the tenth percentile also includes 

infants who are truly growth retarded in terms of their growth potential, 

and these babies may suffer marked increased perinatal morbidity and 

mortality.

5.1.2 A etio logy o f Intrauterine Growth Retardation

Absolute identification of lUGR has largely remained a postpartum 

event. The aetiologies of lUGR must be considered when considering the 

definition and detection of lUGR. lUGR is a heterogeneous group with a 

variety of pathological mechanisms. The possible causes of foetal growth 

retardation however, are often interrelated and difficult to separate. 

In trauterine infections, chromosomal abnormalities and congenital
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malformations accounts for less than 10 percent of aU cases. Intrauterine 

infections produce early disruption of foetal growth during the stage of 

ceU hyperplasia and are associated with a poor prognosis for normal 

development.

Placental abnormalities such as a reduction in mass and area, altered 

function and abnormal placental location are known causes of growth 

retardation (Baur, 1977; Hooglandei a/., 1980).

Exogenous conditions such as infections, cigarette smoking (Haworth et al., 

1980), maternal drug ingestion and alcohol consumption (Mills et al., 1984) 

have long been recognised as risk factors for lUGR.

A previous pregnancy comphcated by lUGR is often associated with the 

subsequent birth of a growth retarded infant (Galbraith et al., 1979; Tejani, 

1982).

Maternal vascular disease whether it is chronic hypertension, pre-edampsia 

or diabetes has been associated with impaired foetal growth (L^ng et al., 

1980; Katz et al., 1980). Long et al. (1980) observed an increased incidence 

of lUGR in early-onset pre-edampsia and suggested that foetal growth 

retardation preceded clinicEd signs of pre-eclampsia. Other studies however 

have denied a spedal relationship between foetal growth retardation and 

pre-edampsia (Beaudry and Sutherland, 1960; de Souza et al., 1976). 

Despite the many causes of intrauterine growth retardation, many lUGR 

cases arise which cannot be attributed to foetal abnormality, maternal 

disease or other obvious comphcations of pregnancy.
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5.1.3 Uteroplacental Blood Flow

Idiopathic lUGR is associated with reduced blood placental perfusion. At 

least 35% of cases of lUGR are attributable to a disturbance in the 

uteroplacental circulation (Dawes, 1974). A decrease in perfusion pressure 

and/or an increase in vascular resistance has been associated with the 

chronic uteroplacental circulatory insufficiency which generally results in 

foetal growth retardation (Wallenburg, 1975). Scintigraphic studies have 

shown that uteroplacental blood flow index in patients with lUGR was less 

than half that of normal pregnancies (Nylund et al., 1983).

5.1.4 Fibrin in the Uteroplacental Compartment

Wallenburg (1968) reported a higher incidence of placental infarcts in cases 

of lUGR compared with pregnancies resulting in normal birth weight 

infants. This placental infarction was beheved to signal a disturbance in the 

uteroplacental circulation (Wallenburg, 1971, 1975).

In 1976, Sheppard, and. Bonnar described an uteroplacental v£isculopathy in 

normotensive lUGR, a feature previously beheved to be pathognomonic to 

the placental beds of hypertensive pregnancies with proteinuria (Brosens 

and Renaer, 1972; Robertson et a l, 1975). Using electron microscopy, the 

spiral arteries showed occlusive atheromatous lesions with considerable 

fibrin deposition in both the intima and media of the vessel waUs (Sheppard 

and Bonnar, 1976). These pathological lesions within the spiral arteries 

resxilting in a narrowing of the vascular lumen causing a decrease in
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uteroplacental blood flow. Indeed, the severity of foetal growth retardation 

has been correlated with the degree of placental infarction produced by the 

occlusive vascvilar disease (Bonnar and Sheppard, 1977).

Detailed studies of the occlusive thrombi found in the uteroplacental 

circulation showed clumps of aggregated platelets enmeshed in strands of 

fibrin (WaUenburg, 1971; Sheppard and Bonnar, 1976). Abnormal platelet- 

vessel and platelet-platelet interaction may explain these pathological 

processes within the uteroplacental environment (Stuart et a l, 1981). In 

addition, placentas fi*om normotensive pregnancies with lUGR not only 

have a greatly reduced abihty to produce prostacydin, a potent vasodilator 

and platelet anti-aggregator (Joggee et al., 1983), but also have an increased 

ability to inhibit urokinase-induced fibrinolysis compared with normal 

placentas (Elder and Myatt, 1976).

The pathological role of fibrin, or the factor(s) that stimulates its excessive 

deposition within the uteroplacental vasculature of these comphcated 

pregnancies, is as yet unknown. Furthermore, the vasculopathy in both 

normotensive and hypertensive pregnancies with lUGR imphes a possible 

common aetiology. Haemostatic changes and endothehal damage, in both 

the systemic and the uteroplacental circulations, are associated with pre- 

edampsia. If pre-edampsia and lUGR share a common aetiology, this 

suggests that haemostatic changes also occur in intrauterine growth 

retardation.
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5.1.5 Systemic Haemostasis in In trau terine Growth R etardation 

Several studies have reported only sHght changes in the levels of 

components of the haemostatic mechanism in normotensive patients with 

intrauterine growth retardation when compared with normal pregnancy 

(Frigoletto et a l, 1971; Howie et a l, 1971; Elder andMyatt, 1976; Persson et 

al., 1982). McKillop et al. (1978) suggested that increased fibrin-fibrinogen 

complexes might reflect increased local intravascular coagulation within the 

placenta in pregnancies comphcated by lUGR. However, Thornton et al. 

(1989) were unable to establish a haemostatic predictive index at 28 weeks 

gestation for the development of either lUGR or pre-edampsia.

Marked alterations in the levels of systemic haemostatic parameters are 

known to occur in pre-eclampsia. In contrast to this, there is little evidence 

to support the involvement of generahsed intravascular coagulation in 

lUGR. It is generally believed in lUGR, disordered activity of platelets and 

the coagulation system is confined to the uteroplacental circulation (Howie 

et al., 1971; Howie, 1977; McKiUop et al., 1978; WaUenburg and van Kessel, 

1979; Persson et al., 1982).

5.1.6 Systemic Fibrinolysis in In trau terine Growth R etardation 

Fibrinolytic activity

Howie et al. (1971) were unable to detect any abnormalities in either 

euglobulin or dilute blood dot lysis times in patients dehvering "small for
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dates" infants. In contrast, Uszynski et al. (1980) demonstrated, using 

euglobulin lysis times, a weaker fibrinolytic response in women with 

retarded foetal development compared with normal pregnancies. Thornton 

et al. (1989) were unable to confirm a difference in fibrinolytic activity in 

lUGR.

Plasm inogen Activators

Ballegeer et al. (1987) observed a marked reduction in tPA release during 

late pregnancy in four patients with lUGR. In contrast, Estelles et al. (1991) 

reported similar tPA antigen levels in normotensive lUGR and normal 

pregnancy. However, they found that tPA antigen levels were significantly 

higher in severe pre-edampsia, with or without lUGR (EsteUes et al., 1991). 

In addition, Boyle (1992) found similar levels of tPA antigen and activity in 

normotensive lUGR compared with normal pregnancy.

On detecting lower levels of urokinase plasminogen activator activity in 

both normotensive and pre-edamptic lUGR, EsteUes et al. (1991) suggested 

that uPA concentrations might correlate with placental function. They were 

unable however, to find a significant correlation between activator levels 

and foetal weight. Later, lindoff and Astedt (1994) reported a significant 

decrease in uPA antigen in plasma from lUGR pregnandes in comparison to 

normal pregnancy. Furthermore, they reported that uPA antigen were 

significantly correlated with placental and foetal growth and suggested that 

uPA plasma levels appear to reflect placental remodeUing and function.
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Plasm inogen Activator Inhibitors

PAI-1 and PAI-2 are produced by the placenta during pregnancy. Estelles et 

al. (1991) studied the levels of these inhibitors in the systemic circulation of 

both normotensive and pre-edamptic lUGR patients. Similar levels of both 

PAI activity and PAI-1 antigen were found in the normotensive lUGR group 

and the normal pregnancy group. In contrast, levels of PAI activity and PAI- 

1 antigen were found to be significantly higher in pre-edamptic patients 

with lUGR (EsteUes et al., 1991). In a recent study, Schjetleia et al. (1997) 

found a lower mean PAI-1 activity in pre-edamptic women with lUGR than 

in those who deHvered babies >2.5 weight percentile.

Estelles et al. (1990) detected lower levels of PAI-2 antigen in amniotic fluid 

from pregnandes comphcated by lUGR compared with normal pregnancy. It 

was suggested that these decreased levels represented abnormal placental 

fiinction. In a subsequent study plasma levels of PAI-2 antigen were also 

decreased in both hypertensive and normotensive lUGR groups (EsteUes et 

al., 1991). The reduced drcidating levels of this pregnancy-specific inhibitor 

were proposed as an adequate marker of impaired placental function. 

TiindnfF and Astedt (1994) reported reduced plasma PAI-2 concentrations in 

lUGR pregnandes in comparison to normal pregnandes. In 1996, He et al. 

reported that PAI-2 levels were significantly decreased in patients with pre- 

edampsia comphcated with lUGR when compared to normal pregnancy. 

They suggested that plasma PAI-2 levels are more dosely related to 

placental function and foetal growth than to the severity of pre-edampsia.
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In a recent report, Schjetlein et al. (1997) reported that patients with pre- 

edampsia and lUGR had significantly lower PAI-2 antigen plasma levels 

than patients with pre-edampsia alone.

5.1.7 Fibrinolysis in the Uteroplacental Circulation

Bonnar et al. (1990) reported that tPA antigen was significantly higher in 

pregnandes complicated by lUGR in peripheral and uterine vein blood and 

cord blood. In pre-edamptic patients, the tPA levels were higher in the 

peripheral vein alone.

PAI-1 was higher in lUGR and pre-edamptic pregnandes in both peripheral 

and uterine vein blood. PAI-2 levels were much lower in pre-edamptic and 

lUGR pregnandes in both peripheral and uterine vein blood (Bonnar et al., 

1990).

During the same year Sheppard et al. (1990) reported significantly higher 

PAI-1 levels in peripheral vein blood from pre-edamptic and lUGR 

pregnandes and PAI-2 levels significantly lower in lUGR than in normal 

pregnandes. In addition, they reported a significant increase in PAI-1 levels 

and a significant decrease in PAI-2 levels in the uterine vein blood of lUGR 

pregnandes compared to normal pregnandes (Sheppard et al., 1990).

5.1.8 Fibrinolysis in the Uteroplacental Tissue

EsteUes et a l (1994) reported a significant increase in PAI-1 antigen levels 

in placental extracts in pre-edamptic pregnandes comphcated with lUGR
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compared to normal pregnancy. Furthermore, they could find no significant 

changes in PAI-1 antigen levels in normotensive lUGR compared to normal 

pregnancy. These results were confirmed in a later study (Grancha et a l, 

1996).

Using immunohistochemical techniques, Estelles et al. (1994) demonstrated 

strong PAI-1 staining in areas of placental infarcts and syncytiotrophoblast 

cells of pre-edamptic/IUGR placentas. Weaker PAI-1 staining was seen in 

sjmcytiotrophoblast ceUs was seen in normotensive lUGR placentas.

In a recent study, the same author (Estelles et a l, 1998) again 

demonstrated, by ELISA, that PAI-1 antigen levels are significantly greater 

in pre-edampsia/IUGR placentas. Furthermore, they detected a three-fold 

increase in the mean value of PAI-1 mRNA which agrees with the antigenic 

levels (Estelles et al., 1998).

In addition to looking at PAI-1, EsteUes et al. (1994) measured PAI-2 

antigen levels in normotensive and pre-eclamptic lUGR placentas. In both 

groups they found a significant decrease in PAI-2 antigen levels when 

compared to normal placentas. This result was reflected in the 

immunohistochemical study where a decrease in PAI-2 immunoreactivity 

was noted in the sjnicytiotrophoblast ceUs in placentas from both groups.

In 1996, Grancha et al. reported a significant decrease in PAI-2 antigen 

levels in normotensive and pre-edamptic lUGR placentas. In addition they 

suggested that this decrease is due to altered expression of PAI-2 mRNA in 

the syncytiotrophoblast cells.
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5.1.9 Objectives of the Study

The main aims of this part of the study are identical to that of Chapter 4. 

The study wants to determine the contribution of the placenta and the 

placental bed to the overall uteroplacental circulation seen in pregnancies 

complicated by lUGR. As stated, these pregnancies are associated with 

increases in PAI activity and increased fibrin deposition. One aim of this 

study is to determine the contribution of the placenta and placental bed to 

the overall decreased fibrinolytic activity reported in these pregnancies. In 

addition, the expression and release of fibrinolytic factors by placental and 

placental bed trophoblasts is examined by cell culture. Furthermore, the 

invasive abilities of these ceUs are examined by invasion assays. If changes 

in fibrinoljrtic factors are involved in fibrin deposition and invasive 

behaviour in pregnancies associated with lUGR then differences in one or 

more factors will be able to be identified.
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5.2 RESULTS

5.2.1 Tissue Levels of F ibrinolytic Activators and Inh ib ito rs in  

P lacen ta l and  P lacen ta l Bed E xtracts from PET/IUGR and  lUGR 

P regnancies

The following results are based on 19 placental and 19 placental bed 

biopsies for normal pregnancy and 17 placental and placental biopsies 

for the other two groups.

T issue P lasm inogen A ctivator Antigen: (Fig 5.1) Tissue levels of 

antigenic t-PA were extracted from the placenta. There was no 

significant difference between the levels seen in the placenta for any of 

the patient groups.

U rokinase P lasm inogen A ctivator Antigen: (Fig 5.2) Antigenic u-PA 

was detected in the placenta. Placental u-PA levels were similar in all 

three patient groups.

P lasm inogen A ctivator Inh ib ito r Antigen (PAI-1): (Fig 5.3) 

Significantly higher levels were found of PAI-1 in the PET/IUGR and 

lUGR groups when compared to normal pregnancy (p<0.001).
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Plasm inogen A ctivator Inh ib ito r Antigen (PAI-2): (Fig 5.4) 

Antigenic PAI-2 levels significantly decreased in the PET/IUGR and the 

lUGR groups (p<0.001).

t-PA in  the P lacen ta l Bed: (Fig 5.5) Comparable levels of t-PA were 

found in the placental bed extracts for aU the group types.

u-PA in  the P lacen ta l Bed: (Fig 5.6) No significant differences were 

found for u-PA levels in the placental bed of the patient groups studied.

PAI-1 in  th e  P lacen ta l Bed: (Fig 5.7) PAI-1 levels in the placental bed 

for the three groups studied were not significantly different.

PAI-2 in  th e  P lacen ta l Bed: (Fig 5.8) PAI-2 levels are higher in 

PET/IUGR and lUGR. However they do not reach significance.
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5.2.2 T issue Levels of F ibrinolytic Activators and Inh ib ito rs in  

P lacen ta l and  P lacental Bed Trophoblasts in Normal, PET/IUGR 

an d  lUGR P regnancies

PAI-1 Secretion  by P lacen ta l Trophoblasts: (Fig 5.9) Placental 

trophoblasts from PET/IUGR and lUGR secrete significantly greater 

amounts of PAI-1 into the cidture supernatant over a 24 hour period 

than placental trophoblasts from normal pregnancies (p<0.001).

PAI-2 Secretion  by P lacental Trophoblasts: (Fig 5.10) No 

significant differences are seen in PAI-2 production and secretion by 

placental trophoblasts from the three patient groups.

u-PA S ecretion  by P lacen ta l Trophoblasts: (Fig 5.11) No significant 

differences are seen in u-PA production and secretion by placental 

trophoblasts from the three patient groups.

PAI-1 Secretion  by P lacental Bed Trophoblasts: (Fig 5.12) placental 

bed trophoblasts in both PET/IUGR and lUGR groups secrete 

significantly greater amounts of PAI-1 compared with normal placental 

bed trophoblasts (p<0.001).
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PAI-2 Secretion by Placental Bed Trophoblasts: (Fig 5.13) No 

significant differences are seen in PAI-2 production and secretion by 

placental bed trophoblasts from the three patient groups.

u-PA Secretion by Placental Bed Trophoblasts: (Fig 5.14) No 

significant differences are seen in PAI-2 production and secretion by 

placental bed trophoblasts &om the three patient groups.

Cell Associated Plasminogen Activator Activity: (Fig 5.15) CeU 

associated plasminogen activator activity is significantly reduced in 

PET/IUGR and lUGR placental trophoblasts when compared to normal 

controls (p<0.001).

Cell Associated Plasminogen Activator Activity: (Fig 5.16) Cell 

associated plasminogen activator activity is significantly reduced in 

PET/IUGR and lUGR placental bed trophoblasts when compared to 

normal controls (p<0.001).
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5.2.3 C om parative Changes in  Invasion Abilities of P lacen ta l and  

P lacen ta l Bed Trophoblasts in  PET/IUGR and lUGR

F ib rin  D egradation  by P lacental Trophoblasts: (Fig 5.17)

Significant decreases in the ability of placental trophoblasts from 

PET/IUGR and lUGR to lyse fibrin clots were seen (p<0.001).

F ib rin  D egradation  by P lacental Bed Trophoblasts: (Fig 5.18) 

PET/IUGR and lUGR placental bed trophoblasts have a significantly 

reduced ability to lyse fibrin clots when compared to normal pregnancy

(p< 0.001).

M atrigel D egradation  by P lacental Trophoblasts: (Fig 5.19) 

Significant decreases in matrigel invasion are seen for both PET/IUGR 

and lUGR groups compared to normal placental trophoblasts (p<0.001).

M atrigel D egradation  by P lacental Bed Trophoblasts: (Fig 5.20) 

PET/EUGR and lUGR placental bed trophoblasts have significant less 

ability to migrate through the matrigel matrix compared to normal 

placental bed trophoblasts (p<0.001).
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5.2.4 Com parative Changes in  Secretion Levels of P lacen ta l and  

P lacen ta l Bed Biopsies in  O rgan Culture for PET/IUGR and  

lUGR Com pared to  Norm al Pregnancy

Secretion  o f F ib rino ly tic  Factors: (Table 5.1) The placenta secretes 

higher amounts of PAI-1 and PAI-2 than the placental bed. In 

pregnancies complicated by PET/IUGR and lUGR, significant increases 

in PAI-1 levels secreted by the placenta are seen compared to normal 

pregnancy (p<0.001).
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Normal PET/IUGR lUGR 
(n = 19) (n = 17) (n = 17)

Fig 5.1: Comparative tissue levels oft-PA  antigen in the placenta from normal, 
PET/IUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student’s t-test.
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Fig 5.2: Comparative tissue levels of u-PA antigen in the placenta from normal, 
PET/IUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.3; Comparative tissue levels o f PAI-1 antigen in the placenta from normal, 
PET/TUGR and lUGR pregnancies.
* p<0.001 PET/TUGR and lUGR vs. Normal 
Values are mean + SD. Statistical test is Student’s t-test.
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Fig 5.4; Comparative tissue levels of PAI-2 antigen in the placenta from normal, 
PET/IUGR and lUGR pregnancies.
*p<0.001 PET/IUGR and lUGR vs. Normal
Values are mean + SD. Statistical test is Student’s t-test.
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Fig 5.5: Comparative tissue levels of t-PA antigen in the placental bed from 
normal, PET/IUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student’s t-test.



Normal PET/iUGR lUGR 
(n = 19) (n = 17) (n = 17)

Fig 5.6: Comparative tissue levels of u-PA antigen in the placental bed from 
normal, PET/IUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.7; Comparative tissue levels of PAI-1 antigen in the placental bed from 
normal, PET/TUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.8; Comparative tissue levels of PAI-2 antigen in the placental bed from 
normal, PET/IUGR and lUGR pregnancies.
Values are mean ± SD. Statistical test is Student's t-test.
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Fig 5.9; Comparative levels of PAI-1 antigen produced by 
trophoblasts in Normal, PET/IUGR and lUGR pregnancies.
* p<0.001 (PET/IUGR and lUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.10: Comparative levels of PAI-2 antigen produced by 
trophoblasts in normal, PET/IUGR and lUGR pregnancies.
* p<0.001 (PET/IUGR and lUGR vs. Normal)
Values are mean + SD. Statistical test is Student’s t-test.
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Fig 5.11: Comparative levels of u-PA antigen produced by placental trophoblasts 
in normal, PET/IUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.12; Comparative levels of PAI-1 antigen produced by placental bed 
trophoblasts in normal, PET/IUGR and lUGR pregnancies.
* p<0.001 (PET/IUGR and lUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.13; Comparative levels of PAI-2 antigen produced by placental bed 
trophoblasts in normal, PET/IUGR and lUGR pregnancies.
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.14: Comparative levels of u-PA antigen produced by placental bed 
trophoblasts in normal, PET/IUGR and lUGR pregnancies.
Values are mean ± SD. Statistical test is Student's t-test.
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Fig 5.15; Comparison of cell associated plasminogen activator activity by 
placental trophoblasts in normal, PET/IUGR and lUGR pregnancy.

* p< 0.001 (PET/IUGR vs. Normal)
** p< 0.001 (lUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.16; Comparison of cell associated plasminogen activator activity by 
placental bed trophoblasts in normal, PET/IUGR and lUGR 
pregnancies.

* p< 0.001 (PET/IUGR vs. Normal)
** p< 0.001 (lUGR vs. Normal)
Values are mean + SD. Statistical test is Student's t-test.
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Fig 5.17: Comparison of fibrin invasion by placental trophoblasts in normal, 
PET/IUGR and lUGR pregnancies.
* p<0.001 (PET/IUGR and lUGR vs. Normal)
Values are mean ± SD. Statistical test is Student’s t-test.
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Fig 5.18: Comparison o f cell associated plasminoger activator activity by 
placental bed trophoblasts in normal, PET/IUGR and lUGR 
pregnancies.
* p<0.001 (PET/IUGR and lUGR vs. Normal)
Values are mean ± SD. Statistical test is Student's t-test.
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Fig 5.19: Comparison of matrigel invasion by placental trophoblasts in normal, 
PET/IUGR and lUGR pregnancies.
* p<0.001 (PET/IUGR and lUGR vs. Normal)
Values are mean + SD. Statistical test is Student’s t-test.
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F ig  5.20; Comparison o f m a trige l invasion by placental bed trophoblasts in  
norm al, PET/IUG R and lU G R  pregnancies.
*  p< 0.001 (PET/IUG R and lU G R  vs. Norm al)
Values are mean ±  SD. S ta tis tica l test is Student’s t-test.



Table 5.1 Secretion of Fibrinolytic Factors

NORMAL PET/IUGR 

PAI-1 (ng/mg protein)

P lacenta 63 ± 12 130 + 9 *

P lacental Bed 25 ± 9 34 + 7

PAl-2 (ng/mg protein)

P lacenta 53+ 12 67 + 9

P lacental Bed 12 + 3 14 + 8

u-PA (ng/mg protein)

P lacenta 7.6 ± 2  8.2 ±3.1

P lacental Bed 5.7 ± 2.8 6.2 ± 2.4

lUGR

137+10*  

37 ±9

54 ± 7  

16 ± 7

7.3 ±3.3  

5.9+ 3.1

*p < 0.001 (PET/IUGR and lUGR vs. Normal), n = 15 
Values are mean ± SD. Statistical test is Student’s t-test.



5.3 Discussion

In pregnancy maternal blood is supplied to the intervillous space of the 

placenta by way of the uterine spiral arteries and the growth of the foetus is 

dependent on an increasing supply of blood reaching the intervillous space 

of the placenta as pregnancy progresses. In normal pregnancy the modified 

spiral arteries contain fibrin and trophoblast cells. The fibrin deposition in 

normal pregnancy may be related to trophoblast cell function since 

fibrinolj^c activity of the trophoblast, in contrast to endotheUum in the 

vessel, has been shown to be markedly reduced (Sheppard and Bonnar, 

1978). In pregnancies complicated by severe foetal growth retardation, 

irrespective of whether hypertension is present or not, the uteroplacental 

vessels show occlusive lesions with an increased fibrin deposition and 

accumulation of lipid in the vessel walls (Sheppard and Bonnar, 1976). The 

placental villi directly distal to these arteries show degrees of ischaemia and 

infarction related to the degree of occlusion of the spiral arteries while the 

ceU structure of the decidual tissue surrounding the spiral appears normal 

(Sheppard and Bonnar, 1980).

Failed trophoblastic invasion of trophoblasts into the myometrium occurs in 

normotensive lUGR (Sheppard and Bonnar, 1976). Furthermore, placental 

tissue in normotensive lUGR exhibits altered haemostatic fiinctions with an 

increased ability to inhibit urokinase-induced fibrinolysis (Elder and Myatt, 

1976).

lUGR is conmionly associated with pre-edampsia. Marked alterations in
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various haemostatic parameters are known to occur in pre-eclampsia 

irrespective of whether the pregnancy is comphcated by lUGR.

Normotensive IXJGR and pre^edampsia without ITJGR share common 

fibrinolytic changes compared with normal pregnancy. Fibrinolytic factors, 

u-PA and PAI-2, both produced by the placenta, circulate in reduced 

concentration. Placental infarction, common to each of these conditions, 

reduces the amount of normal functioning placental tissue and may explain 

the low levels of these fibrinolytic factors.

In pre-edampsia a systemic disorder of coagulation and fibrinolysis, 

extensive endothelial damage and fibrin occluded spiral arteries may all be 

associated with the development of maternal hypertension. Raised levels of 

t-PA and PAI-1 are beheved to be a secondary response to the increased 

generation of fibrin and endothelial damage characteristic of the 

hypertensive state. In normotensive lUGR however, endotheHal damage is 

confined to the uteroplacental vasculature. Despite depressed fibrinolysis in 

normotensive lUGR, systemic haemostasis appears secure and vascvdar 

integrity is intact.

Comparable levels of t-PA and u-PA antigen were found in tissue extracts of 

the placenta and placental bed in normotensive, pre-eclampsia/IUGR, pre

eclampsia without lUGR and normal pregnancy. Similar residts are shown 

to occur for the placenta and placental bed maintained in organ culture. 

Fibrinolytic factor levels of placenta were significantly higher than placental 

bed extracts which suggests a placental origin for u-PA. Endothelial cells
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within the placental vQlous structures may account for the increased t-PA 

antigen level while u-PA antigen levels are directly linked to the 

syncjrtiotrophoblast in the placenta. The similar levels of u-PA antigen seen 

in this study contradict the theory that u-PA levels can be correlated with 

placental function (Estelles et a l ,  1991). One possible explanation for this 

discrepancy is that the biopsies may not give a representation of the total u- 

PA antigen levels produced and secreted by the placenta. This may be due 

to the biopsies containing less infarction areas than the normal distribution 

seen in vivo.

The production and secretion of PAI-1 is significantly higher for pre- 

edampsia with lUGR compared with normal pregnancy. Levels of PAI-1 fall 

for normotensive lUGR (lUGR) versus pre-edampsia with lUGR 

(PET/IUGR). This concurs with the changes seen in plasma levels of PAI-1 

in PET/IUGR and lUGR compared with normal pregnancy (Grancha et al., 

1996).

In the placenta no significant differences between the relevant groups can 

be seen for PAI-2 production and secretion although there is a decrease in 

rUGR compared PET/IUGR. Other studies have shown that the PAI-2 

plasma levels decrease in lUGR compared to normal and have suggested 

that this is due to a decrease in placental fiinction and placental size 

(Grancha et al., 1996). The levels of PAI-2 found ia this study coupled with a 

decrease in placental size would produce a decrease in the circulating 

plasma levels of PAI-2.
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Comparing PAI-2/PAI-1 ratios for the production and secretion of these 

fibrinolytic factors suggests that PAI-2 secretion from the placenta to 

plasma is lower than PAI-1. An increase in the PAI-2 levels in the placenta 

may be involved in controlling the fibrin deposition seen in lUGR. The 

production and secretion of PAI-1 in the placenta is significantly increased 

in normotensive lUGR when compared to normal placenta.

In the placental bed no significant changes are found for PAI-1 and PAI-2 in 

the groups studied. However, the concentrations of PAI-1 and PAI-2 are 

significantly greater than u-PA and t-PA. This suggests that within the 

placental bed a depressed fibrinolytic state exists. As the placental bed is 

made up of a mixed cell population, this decrease in fibrinolytic potential in 

all patient groups may be due to altered PAI expression by any number of 

cells. These results do not rule out an important role for trophoblast ceUs in 

the fibrin deposition seen in the spiral arteries in lUGR.

In summary, the production and secretion of PAI-1 in this study is closely 

related to levels seen in plasma and placental extracts (Grancha, 1996). The 

differences in the

Cidtured trophoblast cells have been shown to produce u-PA, PAI-1 and 

PAI-2 (Queenan et a l, 1987; Feinberg et al, 1989). Their abihty to migrate 

through the placental bed during pregnancy is thought to be controlled by a 

plasminogen activator/plasmin system. Shallow invasion by the 

trophoblasts, as seen in pre-edampsia and lUGR, leads to a reduction in the 

number of spiral arteries which undergo physiological changes. In this
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study, the production by placental trophoblasts of u-PA, PAI-1 and PAI-2 is 

investigated. Comparable levels in the secretion of u-PA and PAI-2 by 

normal, PET/IUGR and lUGR were found. PAI-1 levels in lUGR are 

significantly higher than for normal placental trophoblasts. Comparable 

levels were found for pre-edampsia, PET/IUGR and lUGR. Furthermore, 

comparable levels of cell associated plasminogen activator activity where 

found in pre-edampsia, PET/IUGR and lUGR. Invasion assays through 

matrigel and fibrin yielded similar results. All the data suggests that in pre- 

edampsia, PET/IUGR and lUGR compared to normal pregnancy, there is a 

reduced fibrinolytic capabiUty of these cvdtured placental cells to utilise the 

plasminogen activator/plasmin system which would allow them to migrate 

through the basement membrane of the placental bed. Cell assodated 

plasminogen activation activity is lower which suggests that these cells have 

been ‘switched off. Their inabihty to migrate through fibrin can be 

attributed to this reduced cell surface plasminogen activator activity and 

also to the large concentration of PAI-1 and PAI-2 produced by the cells. 

PAI-1 has been assodated with invading trophoblasts and therefore the 

significant increases in its secretion by these trophoblasts ^re-edamptic, 

PET/IUGR and lUGR) compared to normal trophoblasts may be the 

mechanism by which their migratory abihty is curtailed.

Placental bed trophoblast cells secrete fibrinolytic factors in a similar 

manner to placental trophoblasts. Trophoblast cells from lUGR placental 

beds secrete significantly higher levels of PAI-1 than normal placental bed
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trophoblasts. Comparable levels for PET/IUGR were found when compared 

to lUGR. Cell surface plasminogen activator activity is significantly 

reduced. Their ability to lyse fibrin and migrate through matrigel 

diminishes. The results suggest that increased PAI-1 production and 

secretion by these cells regulates their invasive and fibrinolytic ability. In 

addition, the reduced fibrinolj^c ability could account for the fibrin deposits 

which are present in the spiral arteries of pre-edampsia, PET/IUGR and 

lUGR.
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CHAPTER 6
FIBRINOLYSIS IN ENDOTHELIAL AND DECIDUAL CELLS



6.1 Introduction

The endothelium is a dynamic, heterogeneous, disseminated organ that 

possesses vital secretory, synthetic, metabolic and immunologic functions 

(see Cines et al. (1998) for review). The endotheUal cell surface in the 

adult hum an is composed of approximately 1 to 6 x 10̂  ̂ cells, weighs 

approximately I Kg and covers a surface area of approximately 1 to 7 m  ̂

(Augustin et al., 1994). Endothelial cells hne vessels in every organ 

system and regulate the flow of nutrient substances, diverse biologically 

active molecules and the blood cells themselves. This gate-keeping role of 

endothelium is effected through the presence of membrane-bound 

receptors of numerous molecules including proteins {e.g., growth factors, 

coagulant and fibrinolytic proteins), lipid transporting particle {e.g., low- 

density lipoprotein [LDL]), metabohtes {e.g., nitrous oxide and 

serotonin), and hormones {e.g., endothehn-1), as well as through specific 

junctional proteins and receptors tha t govern ceU-cell and cell-matrix 

interactions.

The endothelium also plays a pivotal role in regulating blood flow. In 

part, th is results from the capacity of quiescent endothelial cells to 

generate an active antithrombotic surface tha t facilitates transit of 

plasma and cellular constituents throughout the vasculature. 

Perturbations, such as those that may occur at sites of inflammation or 

high hydrodynamic shear stress, disrupt these activities and induce
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©ndotlielial cells to create a protlirombotic and antifibrinolytic 

microenvironment. Blood flow is also regulated, in part, through 

secretion and uptake of vasoactive substances by the endothelium that 

act in a paracrine manner to constrict and dilate specific vascular beds in 

response to stimuli such as endotoxin. Detailed study of endothehal 

function has become increasingly feasible with the development in the 

1970s of techniques to culture endothehal cells in vitro (Jaffe et al., 1973; 

Gimbrone et al., 1974; Lewis et al., 1973). Recently, techniques have 

been reported which allow the isolation of endothehal cells from 

placental and decidual tissues (Leach et al., 1994; Schutz and Friedl, 

1996; Drake and Loke; 1991; Gallery et al., 1995; Grimwood et al., 1995).

6.1.1 Endothelial Cells and Fibrinolysis

Over the years a concept has arisen that the endothehal surface is 

profibrinolytic and thus helps maintain blood in its fluid state (Hirsh et 

al., 1994). However, it has become clear that the contribution of 

endothelial cells to fibrinolysis varies with their metaboHc status (i.e. 

quiescent or activated). Their vascular derivation and the concentration 

of other haemostatically active molecules in the local plasma mflieu.

Plasminogen Activators

Studies with endothelial cells cultured from various tissues have lead to 

the inference that t-PA production and secretion is a property of all
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endothelial cells (Hirsh et al., 1994). However, recent studies suggest 

th a t t-PA production remains an exclusive property of microvascular 

endothelial cells (Levin and Osborn, 1997).

The production of t-PA by cultured endothelial cells is regulated by a 

variety of external stimuli at the level of gene transcription and cellular 

release (Levin et a l ,  1989). Measurements of plasma t-PA levels suggest 

such regulated production/secretion occurs in vivo as well (Cugno et al., 

1989). Intracellular signalling pathways operate in stimulated t-PA 

release have been described in vitro (Levin and Santell, 1991). 

u-PA appears not to be produced by most quiescent endothelial cells 

(Wojta et al., 1989). Rather, it is expressed by endothelial cells involved 

in wound repair or angiogenesis (Bacharach et al., 1992), consistent with 

the hypothesised importance of u-PA in cell migration and tissue 

remodelling. Yet, u-PA is obviously important to vascular homeostasis, 

because mice genetically deficient in u-PA develop inflammation-induced 

thrombi (Carmeliet et al., 1994) and manifest thrombotic tissue injury in 

response to Uposaccharide (LPS) (Yamamoto and Loskutoflf, 1996). 

However, the extrarenal source of u-PA in physiologic states has not 

been established.

Plasminogen Activator Receptors

Several groups have reported the presence of t-PA receptors (Barnathan 

et al., 1988; Beebe et a l ,  1989; Fukao et a l ,  1992; Ramakrishnan et a l.
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1990, Cheng et al,, 1996; Hajjar et cil., 1990). Binding of t-PA to 

endothelial cells has been reported to promote its fibrinolytic activity 

(Barnathan et al., 1988; Hajjar and Hamel, 1990), and to stimulate cell 

proliferation (Weling et al., 1996). Recently, one such receptor for t-PA, 

called annexin II, has been reported. It is expressed on endothelial cells 

and binds t-PA in a specific and saturable manner in vitro (Hajjar et a l,  

1994; Hajjar and Hamel, 1990). However, the expression of annexin II on 

endothelial cells in vivo has yet to be demonstrated.

The u-PA receptor (uPAR) appears to be identical to that expressed on 

other ceU types (Barnathan et al., 1990a; Barnathan et al., 1990b). uPAR 

is a three-domain protein linked to surfaces by a glycerophosphatidyl 

inositol anchor. Single-chain u-PA bound to cells via uPAR exhibits 

increased plasminogen activating efficiency (Barnathan et al., 1990a; 

M anchanda and Schwartz, 1991) and is relatively protected from 

inhibition by PAI-1 and PAI-2 (Schwartz, 1994; Higazi et al., 1996). 

uPAR may be expressed primarily on the surface of migrating 

endothelial cells participating in angiogenesis, rather than on quiescent 

endothelial cells lining normal vessels (Pepper et al., 1993).

Cells express diverse binding sites for plasminogen. Plasminogen binds 

to endothelial cells in vitro with an affinity that would predict receptor 

occupancy at physiologic plasma concentrations (Miles et al., 1988). Cell- 

associated plasmin may be relatively protected from inhibition by a 2- 

plasmin inhibitor (Plow et a l,  1986). Lp(a) competes for the binding of
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pl^smiiio^eii to cndotlielial cells (Miles 6t cil., 1989), whicli ina.y 

contribute to the prothrombotic effects of this hpoprotein (Grainger et al., 

1995).

Plasminogen Activator Inhibitors (PAIs)

Endothelial cells in culture produce abundant PAI-1 that is associated 

primarily with its extracellular matrix, resulting in stabilisation of its 

activity (Levin and Santell, 1987). PAI-1 synthesis is stimulated by 

several agents, including thrombin, endotoxin, various cytokines, Lp(a) 

and oxidised LDL, amongst others (Loskutoff et al., 1989).

PAI-2 is found normally in plasma only during pregnancy (Astedt et al., 

1986) and is not synthesised by endothelial cells to an appreciable 

extent. However, multiple passaged endothelial cells express PAI-2 in 

response to some agonists that may point to a local effect in select 

settings (Scarpati and Sadler, 1989).

PAI-3 (also known as the protein C inhibitor) has a much lower affinity 

for t-PA and u-PA than does PAI-1, but is present in plasma at much 

higher concentrations (Suzuki et al., 1983). Production of PAI-3 by 

endothelial cells has not been reported, but PAI-3 antigen can bind to 

heparan sulphate proteoglycan on the lumeral surface of endothelial 

cells, thereby increasing its activity (Geiger et al., 1991).
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Thromhomodulin

Binding of thrombin to thrombomoduhn accelerates its capacity to 

activate a protein known as thrombin-activatable fibrinolysis inhibitor 

(TAFI) (Bajzar et a l,  1996). TAFI is a procarboxypeptidase B-Uke 

molecule that, when activated, cleaves basic carboxyterminal residues 

within fibrin and other proteins. This results in the loss of 

plasminogen/plasmin and t-PA binding sites on fibrin such that 

fibrinolysis is retarded (Bajzar et a l,  1996). Thus, through the regulated 

expression of thrombomodulin, endothehal cells can control the rate of 

intravascular fibrinolysis.

6.1.2 Preeclampsia

Pre-eclampsia is the most common medical disorder of pregnancy, 

affecting 5% to 13% of aU primaras. Although the clinical manifestations 

of this order are not evident until the third trimester, its pathogenesis 

may involve a deficiency in placentation (Khong et al., 1987). Alterations 

in endotheHal cells morphology occur within the placenta (Khong et al., 

1992) and in glomeridar capillaries (glomerular endotheliosis), the latter 

being characterised by endothelial cell swelling and Hpid accumulation 

(see Ferris (1995) for review). Fibrin deposition in microvasculature is 

common.

Affected women show increased responsiveness to the pressor effects of 

angiotensin II (Stamler et al., 1993), increased amounts of thromboxane 

A2 relative to PGI2 in their urine (Fitzgerald et al., 1987), elevated
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plasma levels of endotheUn (Taylor et ah, 1990) and their umbilical 

vessels demonstrate less PGI2 synthesis and decreased Nitric Oxide 

release in response to bradykinin (See Ferris (1995) for review). 

Additional evidence suggesting endothehal damage is the reported 

findings of elevated plasma levels of endothehal ceU-derived fibronectin 

(Lockwood and Peters, 1990; Friedman et a l, 1995), vWF and PAI-1 in 

affected women (Friedman et al., 1995).

The pathophysiology of endothehal ceU damage remains unclear. Some 

(Rogers et al., 1988; Tsukimori et al., 1992), but not all groups (Endresen 

et al., 1995; Zammit et al., 1996), have reported that plasma from 

affected women is cytotoxic for cultured endothelial ceUs. Pre-eclamptic 

sera have also been reported to impair endothehal cell proliferation 

(Smarason et al., 1996), stimulate fibronectin release (Taylor et al., 

1991), increase triglyceride accumulation (Lorentzen et al., 1991) and 

increase PDGF synthesis (Roberts et al., 1992). A role for abnormahties 

of Hpid peroxidation (Poranen et al., 1996), for immunologic factors and 

for underlying maternal vascular disease (see Ness and Roberts (1996) 

for review) have also been advanced.

6.1.3 D ecidual Cells o f the Placental Bed

The decidua at term is made up of a number of cell types, stromal cells, 

epithelial ceUs, endothehal cells, vascular smooth muscle cells and 

leukocytes. These cell types are known to secrete soluble factors such as
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cytokines into the local environment which may control trophoblast 

invasion during pregnancy. Stromal cells secrete the basement 

membrane which consists of type IV collagen, laminin, heparan sulphate 

proteoglycan and glycoproteins (Kisalus, Herr and Little, 1987; Aplin, 

Charlton and Ayad, 1988).

During pregnancy, extravillous trophoblasts migrate through the 

decidua and myometrium to the spiral arteries where they are involved 

in the setting up of an increased blood supply to the placenta. In pre

eclamptic pregnancies inadequate trophoblast invasion occurs in the 

placental bed resulting in a reduced blood flow to the placenta. As 

discussed earlier, plasminogen activators and their inhibitors may be 

involved in this inadequate invasion. A decreased ability of trophoblast 

cells to generate plasmin due to increased levels of PAI-1 and PAI-2 may 

result in decreased basement membrane degradation and thus result in 

impaired invasion into the placental bed. The presence of plasminogen 

activator inhibitors within the placental bed could yield the same result. 

Furthermore, the presence of PAI-1 and PAI-2 in the placental bed may 

affect fibrinolytic activity in the spiral arteries and result in increased 

fibrin deposition in these vessels.

Sheppard et al. (1990) studied the levels of PAI-1 and PAI-2 in the 

placental bed decidua. They showed that the decidual extracts contained 

greater amounts of PAI-1 than PAI-2. In both pre-eclampsia and lUGR 

the levels of both PAI-1 and PAI-2 increase. However, these increases are
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not significant. Schatz et al. (1995) showed that during decidualisation of 

stromal cells in vitro, t-PA and u-PA antigen and activity levels decrease 

as PAI-1 antigen levels increase. The results suggest that PAI-1 

expression by the decidual cells may play a decisive role in regulating 

proteolysis in the decidua.

6.1.4 Objectives of the Study

The main aim of this study is to identify changes in the expression of 

fibrinolytic factors in decidual cells and endothehal cells in normal, pre

eclamptic and lUGR pregnancies. The depth of trophoblast invasion and 

therefore pregnancy outcome may depend on the levels of fibrinolytic 

secretion by endothelial cells and endothelial ceUs in the placental bed. 

This study examined and measured fibrinoljrtic activity of endothelLal 

cells and decidual cells in normal pregnancy, pre-eclampsia and /or 

lUGR. As discussed earlier, pre-eclampsia and lUGR are associated with 

diminished trophoblast invasion of the placental bed. This may be due to 

increased secretion of PAIs by the trophoblast. However, the decrease in 

invasion may be due to increased secretion of PAIs by the endothelial 

and decidual cells of the placental bed. This study examines the 

secretion of PAIs by these cells in the different patient groups in order to 

see if significant changes in fibrinolytic activity occur in high-risk 

pregnancies.
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6.2 R esults

6.2.1: F ibrinolytic A ctivity of Cultured Placental Endothelial 

Cells

t-PA Antigen: (Tablel) No significant increases in t-PA antigen levels 

were found for cultured endothelial cells amongst the four patient 

groups. However, in PET and PET/IUGR t-PA levels do rise almost to 

significance.

u-PA Antigen; (Table 1) Levels of u-PA antigen were not significantly 

different between the patient groups studied.

PAI-1 Antigen: (Table 1) Antigen levels increased significantly for PET, 

PET/IUGR and lUGR when compared to normal pregnancy (p < 0.01).

PAI-2 Antigen: (Table 1) no significant changes were seen between the 

patient groups.
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6.2.2: Fibrinolytic Activity of Cultured Placental Bed Endothelial 
Cells

t-PA Antigen: (Table2) No significant increases in t-PA antigen levels 

were found for cultured endothelial cells amongst the four patient 

groups.

u-PA Antigen: (Table 2) Levels of u-PA antigen were not significantly 

different between the patient groups studied.

PAI-1 Antigen: (Table 2) Antigen levels increased significantly for PET, 

PET/IUGR and lUGR when compared to normal pregnancy (p < 0.01).

PAI-2 Antigen: (Table 2) no significant changes were seen between the 

patient groups.
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6.2.3: F ibrino ly tic  A ctivity of C ultured Decidual Cells

t-PA Antigen: (Table3) No significant increases in t-PA antigen levels 

were found for cxiltured endothelial ceUs amongst the four patient 

groups. However, in PET and PET/IUGR and lUGR t-PA levels do rise 

although not to significance.

u-PA Antigen: (Table 3) Levels of u-PA antigen were not significantly 

different between the patient groups studied.

PAI-1 Antigen: (Table 3) Antigen levels increased significantly for PET, 

PET/IUGR and lUGR when compared to normal pregnancy (p < 0.01).

PAI-2 Antigen: (Table 3) no significant changes were seen between the 

patient groups although the levels for PET, PET/IUGR and lUGR are 

higher than that for normal pregnancy.
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Table 6.1 Fibrinolytic A ctivity o f  P lacental Endothelial Cells

Normal PET PET/IUGR lUGR

(ng/10® cells)

t-PA 4.3 ±2.1 7.9 3.5 8.5 ±3.5 5.2 ±2.3

u-PA 3.2 ±1.1 3.4 ±2.0 4.1±2.2 3.9 ±2.7

PAI-1 7.8 ±3.0 15.0 ±4.4* 17.8 ±4.9* 17.6 ±5.7*

PAI-2 4.1 ±3.1 4.7 ±3.4 4.5 ±2.8 6.3 ±2.6

Values are mean ± SD for five experiments performed in triplicate.

* p< 0.01 (vs. Normal; Student’s t-test).



Table 6.2 F ibrinolytic A ctivity o f Placental Bed Endothelial Cells

(ng/10® cells)

Normal PET PET/IUGR lUGR

t-PA 6.5 ±3.0 10.6 ±_ 3.4 9.9 ±4.0 8.6 ±2.7

u-PA 3.8 ±2.9 6.4 ±2.6 5.1±2.2 3.7 ±0.9

PAI-1 10.5 ±4.7 21.8 ±3.2* 22.4 ±5.3* 19.5 ±4.7*

PAI-2 6.8 ±2.2 8.0 ±4.7 7.7 ±2.9 8.5 ±3.1

Values are means ±  SD for five experiments performed in triplicate. 

* p< 0.01 (vs. Normal; Student’s t-test).



Table 6.3 Fibrinolytic Activity o f Placental Bed Decidual Cells

Normal PET PET/IUGR lUGR

(ng/10® cells)

t-PA 6.9 ±3.4 11.2 ±.2.4 12.5 ±4.3 11.7 ±4.0

u-PA 3.8 ±2.9 6.4 ±2.6 5.1±2.2 3.7 ±0.9

PAI-1 8.4 ±2.6 25.3 ±6.5* 24.7 ±5.7* 22.2 ±6.6*

PAI-2 6.4± 3.2 9.7± 5.0 8.1 ±3.8 10.4± 4.3

Values are mean ± SD for five experiments performed in triplicate. 

* p< 0.01 (vs. Normal; Student’s t-test).



6.3 Discussion

During pregnancy fibrin deposition occurs in the spiral arteries of the 

placental bed. Sheppard and Bonnar (1978) showed that endothelial cells 

in the spiral arteries had greater fibrinolytic activity than trophoblast 

cells. In addition placental endotheUal cells may play a role in 

controlling fibrin deposition within the placenta. In pre-eclampsia (PET) 

and lUGR, increased fibrin deposition is found in the placenta and 

placental bed. Furthermore, plasma concentrations of PAI-1 increase 

while PAI-2 levels decrease. A decrease in overall fibrinolytic activity in 

the uteroplacental tissue and therefore, increased fibrin deposition may, 

in part, be due to excess PAI-1 production by endothelial cells. In this 

study endothehal cells from the placenta and placental bed secrete 

significantly higher levels of PAI-1 in pregnancies complicated by PET 

and lUGR. It has been suggested that pre-eclampsia is associated with 

endothelial dysfunction. This study agrees with other studies in showing 

that fibrinolytic activity in endothelial cells is altered in pre-eclampsia 

and PET/IUGR.

In decidual cells PAI-1 levels increased significantly for PET, PET/IUGR 

and lUGR compared to normal pregnancy. This result suggests that 

within the placental bed tissue there is decreased fibrinolytic activity. 

This may facilitate fibrin deposition in the spiral arteries in PET and 

lUGR.
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Decidual cells may also play a part in the regulation of trophoblast 

invasion by decreasing the fibrinolytic potential in the placental bed. 

Previous studies have shown that PAI-1 levels increase as the 

myometrium undergoes deciduahsation (Schatz and Lockwood, 1993). 

Increases in PAI-1 levels in the decidua may affect blastocyst attachment 

and trophoblast invasion. In addition, high antifibrinolytic potential may 

be involved in controlling blood loss following the removal of the 

placenta.

The increase in PAI-1 levels in the placental bed in PET, PET/IUGR and 

lUGR may explain the reduced trophoblast invasion associated with 

these pregnancies. Increased PAI-1 levels in the placental bed could 

affect the plasminogen activator/plasmin system utilised by trophoblast 

cells to migrate through the placental bed.
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CHAPTER 7 
GENERAL DISCUSSION AND CONCLUSIONS



7.1 Discussion

In the normal healthy individual the enzymatic systems of fibrinolysis 

and coagulation are held in a dynamic haemostatic balance. The role of 

fibrinolysis is to control the deposition of fibrin at the site of a developing 

thrombus. In addition, ongoing fibrinolytic activity prevents the 

unnecessary lajdng down of fibrin and allows the blood to flow freely 

throughout the vascular system. Defective fibrinolysis, whether in the 

form of an inadequate response or excessive activity, could predispose 

the individual to either thromboembohc or haemorrhagic episodes, which 

may prove fatal.

During pregnancy the haemostatic balance is shifted towards 

coagulation. It is thought that enhanced coagulation is further offset by a 

depressed fibrinolytic system.

Normal Pregnancy

In the present study the placenta and placental bed contain equal 

amounts of t-PA. This suggests that t-PA may play a role in the 

regulation of fibrin deposition in the uteroplacental tissue. This study 

shows that endothelial cells and decidual cells both secrete t-PA. u-PA is 

present in both the placenta and the placental bed. However, the results 

demonstrate that the placenta is the main source of u-PA in the 

uteroplacental tissue. The placenta contains significantly greater 

amounts of PAI-1 and PAI-2 than the placental bed. Comparisons of
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fibrinolytic factor concentration show that the placenta contains larger 

amounts of plasminogen activator inhibitors compared to plasminogen 

activators. This suggests a decreased fibrinolytic level in the 

uteroplacental vasculature.

During pregnancy trophoblast cells invade the placental bed and are 

involved in the restructuring of the spiral arteries. The trophoblasts 

which line the spiral arteries are associated with fibrin within the vessel 

waU. A previous study demonstrated that these cytotrophoblasts have a 

decreased fibrinolytic activity compared to endothelial cells. In this study 

placental and placental bed trophoblasts were studied. The placental bed 

trophoblasts secrete larger amounts of PAI-1 and PAI-2 than u-PA. This 

suggests decreased fibrinolytic activity. In addition, placental 

trophoblasts secrete large amounts of plasminogen activator inhibitors 

with the emphasis being on increased PAI-1 production. Many studies 

have used placental trophoblasts in researching the control of 

trophoblast invasion. Invading trophoblasts utilise a plasminogen 

activator/plasmin system to enable them to migrate through the 

basement membrane. The increase in plasminogen activator inhibitor 

concentrations suggests that this invasive behaviour is tightly controlled. 

Furthermore, the placental secretes large amounts of plasminogen 

activator inhibitor and this may be a mechanism of controlling the depth 

of invasion by trophoblast cells into the placental bed. In this study the 

secretion pattern of fibrinolytic factors by the placenta and the placental
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bed was studied. PAI-1 and PAI-2 are secreted in much larger quantities 

than u-PA. This adds further evidence to a decrease in fibrinolysis in the 

uteroplacental circulation.

Pre-eclampsia

Excessive fibrin deposition within vascular compartments of certain 

target organs is commonly associated with pre-eclampsia. An ineffective 

fibrinolytic response in the presence of increased coagulation has been 

proposed as the mechanism by which this occurs. In this study t-PA and 

u-PA concentrations were not significantly changed in PET and 

PET/IUGR pregnancies. However, PAI-1 levels increased while PAI-2 

levels decreased. The PAI-1 increase may be due to increased PAI-1 

secretion by endothehal cells in the placenta. The decrease in PAI-2 

concentrations may, in part, be accounted for by increases in the number 

of infarct areas in the placenta and a decrease in the placental weight 

especially in PET/IUGR. No changes were identified in the placental bed. 

Placental and placental bed trophoblasts showed significant increases in 

PAI-1 concentrations in PET and PET/IUGR compared to normal 

pregnancy. These increases may explain the increase in fibrin deposition 

seen in the placenta and spiral arteries seen in PET and lUGR. 

Furthermore, the increase in PAI-1 may account for the decrease in 

trophoblast invasion which is associated with these pregnancies.
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Intrauterine Growth Retardation

Like pre-eclampsia, a pathological amount of fibrin is a common finding 

in the spiral arteries of pregnancies complicated by normotensive 

intrauterine growth retardation (lUGR). In this study significantly 

higher levels of PAI-1 is coupled with a significant decrease in PAI-2 

antigen levels. This may reflect placental damage with decreased PAI-2 

production by trophoblasts in areas of placental villi damaged coupled 

with normal PAI-1 release by the endothelium of the villous blood 

vessels.

In common with pre-eclampsia, reduced trophoblast invasion is 

associated with lUGR. This study shows that trophoblast cells from the 

placenta and the placental bed of lUGR pregnancies have a reduced 

ability to lyse fibrin and invade matrigel, an artificial basement 

membrane protein. In addition, their cell associated plasminogen 

activator activity decreases. These results suggest that the trophoblast, 

through decreased cell surface plasminogen activator activity and 

increased PAI-1 production, may not be able to utilise the plasminogen 

activator/plasmin system and hence invasion of the placental bed is 

compromised.

Endothelial and Decidual Cells

The contribution of endothelial cells and decidual cells to the overall 

levels of plasminogen activators and their inhibitors in pregnancy.
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Increases in PAI-1 were found in all ceU tjT)es examined. The increase 

production of PAI-1 by endothelial cells observed in PET, PET/IUGR and 

lUGR pregnancies may be due to increased endothelial cell activation 

which is commonly associated with pre-eclampsia. The increase in PAI-1 

observed by endothelial cells may be in response to increased fibrin 

deposition in the placenta. The increase in PAI-1 production by decidual 

may be of more importance to the regulation of trophoblast invasion. 

Increased PAI-1 in the placental bed wovdd lead to a possible reduction 

in trophoblast invasion which is common with PET and lUGR.
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7.2 Conclusions

The placenta is a rich source of plasminogen activators and their 

inhibitors during pregnancy. Increased production of PAI-1 and PAI-2 

results in a tight regulation of fibrin deposition within the uteroplacental 

circulation. Placental trophoblast cells are known to be a source of PAI-1 

and PAI-2. In addition, this study observed PAI-1 secretion by 

endothelial cells isolated fi-om the placenta and the placental bed. In 

addition, decidual cells isolated from the placental bed secreted PAI-1. 

This suggests that the placenta is not the only source of PAI-1 during 

pregnancy.

During normal pregnancy cytotrophoblast cells invade the spiral arteries 

of the placental bed and remodel these vessels resulting in increased 

blood flow to the placenta. The trophoblasts in these spiral arteries are 

associated with fibrin which suggests reduced fibrinolytic activity. In 

this study trophoblast cells are shown to secrete vast amounts of PAI-1 

and PAI-2 which could account for the reduced fibrinolytic activity of 

these cells.

Pre-edampsia (PET) and lUGR are associated with decreased 

trophoblast invasion and increased fibrin deposits in the uteroplacental 

vasculature. The increase in production of fibrinolytic inhibitors by 

trophoblasts may explain how the process of invasion is controlled. In 

addition to the trophoblast, decidual cells secrete higher levels of PAI-1
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in the placental bed in PET and lUGR and this may be a mechanism of 

controlling the invasive abilities of trophoblast cells.

A study of plasminogen activators and their inhibitors in placental and 

placental extracts shows that in PET and lUGR, increased PAI-1 

production is coupled with a decrease in PAI-2 levels. Trophoblast cells 

are shown to secrete larger amounts of PAI-1 in these pregnancies which 

suggests an important role for the placenta in controlling PAI-1 levels 

and hence fibrin deposition in the placental bed. The decrease in PAI-2 

levels in the placenta suggests placental dysfunction. Organ culture 

experiments show that PAI-2 is secreted normally by the placenta in 

PET and lUGR. The natural conclusion is that the decrease in PAI-2 

levels is due to infarcts within the placenta itself.

In summary, uteroplacental fibrinolytic activity is reduced in the 

uteroplacental circulation. It is due to an increase in PAI-1 and PAI-2 

production and secretion by the placenta and the placental bed. 

Endothelial cells and decidua cells secrete PAI-1 and PAI-2 in the 

placental bed. Trophoblast cells are a major source of these inhibitors. 

PAI-1 and PAI-2 may not only restrict the fibrinolytic activity of these 

cells in the placental bed but may affect their ability to invade the 

decidua successfully.
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Future Work

Further work will need to be done to improve the isolation techniques 

used to isolate placental and placental bed trophoblasts. These cells are 

notoriously difficult to isolate and culture. The cells differentiate within 

a few days of isolation and hence their characteristics change. The yields 

from the isolation techniques differ from patient to patient so making it 

difficult to carry out a comprehensive study of the cells. In addition, the 

cells need to be characterised in more detail in order to determine if the 

cells are 'true' trophoblasts or a subset of the family.

Future experiments need to be performed to correlate the changes seen 

in the levels of plasminogen activators and inhibitors secreted by 

trophoblasts with levels of metalloproteinases secreted by the cells. This 

would give us a better understanding of the plasmin/plasminogen system 

in these cells.

Invasion assays using antibodies and reagents directed at plasminogen 

activators and inhibitors would give us a better insight into the role of 

each factor in invasion. Initial results (not published due to small patient 

numbers) indicate that trophoblast invasion is diminished in the 

presence of an inhibitor of u-PA.

The organ culture system used in this study is of extreme importance. 

The system is able to maintain the viability of placental and placental 

bed tissue for many days. It may be able to adapt the procedure in order 

to isolate trophoblast cells from the tissue after a number of days in

213



culture. They could then be used to correlate trophoblast secretion of 

fibrinolytic factors with the overall secretion by the tissue in question. 

Co-cvilturing of trophoblasts with endotheUal cells or decidual cells 

followed by immunohistochemical analysis may give us a better 

understanding of the effect of these ceUs on trophoblast expression of 

fibrinoljrtic factors. These results could be correlated to the effects seen 

on trophoblasts in the placental bed in vivo.

214



CHAPTER 8 
REFERENCES



ABADIA-MOLINA, A., Ruiz, C., King, A., Loke, Y.W., Olivares, E.G. (1997)
Lymphocytes of human term decidua decrease cell adhesion to a plastic substrate 
Hum. Repro. 12:2393-2398

ABDELIA, T.N., Sibai, B.M., Hays, J.M., Anderson, G.D. (1984)
Relationship of hypertensive disease to abruptio placentae 
Obstet. Gynecol. 63: 365-370

ADELEYE, T.A., Elder, M.G., SulUvan, M.H.F. (1996)
Preparation of a population of macrophages from human third trimester decidua 
Hum. Repro. H : 451-456

ALBRECHSTEN, O.K. (1956a)
The fibrinolytic activity of menstrual blood 
Acta Endocrinol. 23: 219-226

ALBRECHSTEN, O.K. (1956b)
The fibrinol3^ic activity of the human endometrium 
Acta Endocrinol, 23; 207-218

ALBRECHSTEN, O.K. (1957)
The fibrinolytic system of human tissue 
Br. J. Haematol. 3: 284-291

ALKJAERSIG, N., Fletcher, A.P., Sherry, S. (1959)
The mechanism of clot dissolution by plasmin 
J. Clin. Invest. 38: 1086-1095

AMBRUS, O.M., Markus, G. (1960)
Plasmin-antiplasmin complex as a reservoir of fibrinolytic enzyme 
Am. J. Physiol. 199: 491-494

ANDREASEN, P.A., Riccio, A., Wehnder, K.G., Douglas, R., Sartario, R., Nielsen, L.S., 
Oppenheimer, C., Blasi, F., Demo, K. (1986)
Plasminogen activator inhibitor type-1: reactive center and amino-terminal heterogeneity determined 
by protein and cDNA sequencing 
FEES Lett. 209: 213-218

ANGLES-CANO, E. (1994)
Overview on fibrinolysis: plasminogen activation pathways on fibrin and cell surfaces 
Chem. Phys. Lip. 67/68: 353-362

AOKI, N., Harpel, P. (1984)
Inhibitors of the fibrinol3rt;ic enzyme system 
Semin. Thromb. Haemost. 10: 24-39

APLIN, J.D. (1991)
Implantation, trophoblast differentiation and haemochorial placentation: mechanistic evidence in vivo
and in vitro
J. cell Sci. 99: 681-692

APPELLA, E., Robinson, E.A., Uhich, S.J., Stoppelli, M.P., Corti, A., Cassani, G., Blasi, F. (1987)
The receptor-binding sequence of urokinase. A biological function of the growth-factor module of 
pro teases
J. Biol. Chem. 262: 4437-4440



ARIAS, F., Andrinopoulos, G., Zamora, J. (1979)
Whole-blood fibrinolytic activity in normal and hypertensive pregnancies and its relation to the 
placental concentration of urokinase inhibitor 
Am. J. Obstet. Gynecol. 133: 624-629

ARNGRIMSSON, R., Hayward, C., Nadaud, S., Baldursdottir, A., Walker, J.J., Liston, W.A (1997) 
Evidence for a familial pregnancy-induced hypertension locus in the eNOS-gene region 
Am. J. Hum. Genet. 354-362

ARNGRIMSSON, R., Purandare, S. Connor,M., Walker, J.J., Bjornsson, S., Soubrier, R.(1993) 
Angiotensinogen: a candidate gene involved in preeclampsia?
Nat. Genet. 4: 14-15

ASTEDT, B. (1972)
On fibrinolysis
Acta Obstet. Gynecol. Scand. 15: Suppl. 18,1-45 

ASTEDT, B. (1972)
Demonstration of significance of placenta in depression of fibrinolytic activity during pregnancy 
J. Obstet. Gynecol. Br. Commonw. 79: 205-206

ASTEDT, B., Isacsson, S., Nilsson, I.M., Pandolfi, M. (1970)
Fibrinolytic activity of veins during pregnancy 
Acta Obstet. Gynecol. Scand. 48: 171-173

ASTEDT, B., Bladh, B., Christensen, U., Lecander, 1. (1985a)
Different inhibition of one and two chain tissue plasminogen activator by a placental inhibitor studied 
with two tripeptide-p-nitroanilide substrates 
Scand. J. Clin. Lab. Invest. 429-435

ASTEDT, B., Hobnberg, L., Nilsson, l.M. (1985b)
An inhibitor of plasminogen activator in pregnancy plasma
In: Progress in Fibrinolysis, Vol. Vll. Eds: Davidson, J.F., Donati, M.B., Coccheri, S.
(Edinburgh, Churchill Livingstone) p. 122-125

ASTEDT, B., Lecander, 1., Brodin, T., Lundblad, A., Low, K. (1985c)
Purification of a specific placental plasminogen activator by monoclonal antibodies and its complex 
formation with plasminogen activator 
Thromb. Haemost. 53:122-125

ASTEDT, B., Hagerctrom, I.Lecander, I. (1986)
Cellular localisation in placenta of placental type plasminogen activator inhibitor 
Thromb. Haemost. 56: 63-65

ASTEDT, B., Pandolphi, M., Nilsson, l.M. (1972)
Inhibitory effect of placenta on plasminogen activation in human organ culture 
Proc. Soc. Exp. Biol. Med. 139: 1421-1424

ASTRUP, T. (1956)
Fibrinolysis in the organism 
Blood 11: 781-806

ASTRUP, T. (1978)
Fibrinolysis: an overview
In Progress in chemical fibrinolysis and thrombolysis. Edited by Davidson, J.F., Rowan, R.M., 
Samama, M.M., Desnoyers, P.C. Raven Press, N.Y.: 1-57



ASTRUP, T., Permin, P.M. (1947)
Fibrinolysis in the animal organism 
Nature 159: 681-682

AUGUSTIN, H.G., Kozdan, D.H., Johnson, R.C. (1994)
Differentiation of endothelial cells: Analysis of the constitutive and activated endothelial cell
phenotypes
Bioessays 16: 901-905

AZNAR, J., Gilabert, J., Estelles, A., Espana, F. (1986)
Fibrinolytic activity and protein C in preeclampsia 
Thromb. Haem. 55: 314-317

BABAWALE, M.O., Van Noorden, S., Pignatelli, M., Stamp, G.W.H., Elder, M.G., Sullivan, M.H.F. 
(1996)
Morphological interactions of human first trimester placental villi co-cultured with decidual explants 
Hum. Repro. 11: 444-450

BACHARACH, E., Itin, A., Keshet, E. (1992)
In vivo patterns of expression of urokinase and its inhibitor PAI-1 suggest a concerted role in
regulating physiologic angiogenesis
Proc. Natl. Acad. Sci. USA 89:10868-10874

BACHMANN, F. (1994)
In: Hemostasis and Thrombosis: Basic Principles and Clinical Pratice, 3"* ed., Colman, R.W. Eds. 
Philadelphia, JB  Lippincott Company

BALXiEGEER, V., Mombaerts, P., Declerk, P.J., Spitz, B., Van Assche, F.A., CoUen, D. (1987) 
Fibrinolytic responses to venous occlusions and fibrin fragment D-dimer levels in normal and 
complicated pregnancy 
Thromb. Haemost. 58: 1030-1032

BARNATHAN, E.S., Kuo, A., van der Keyl, H., McCrae, K.M., Ones, D.B. (1988)
Binding of tissue type plasminogen activator to endotheUal cells: Evidence for two distinct binding 
sites
J. Biol. Chem. 263: 7792-1196

BARNATHAN, E.S., Kuo, A., Rosenfeld, L., Kariko, K., Leski, M., Robbiati, F., NoUi, M.L., Henkin, 
J., Cines, D.B. (1990a)
Interaction of single chain urokinase type plasminogen activator with human endothelial cells 
J. Biol. Chem. 265: 2865-2872

BARNATHAN, E.S., Kuo, A., Kariko, K., Rosenfeld, L., Murray, S.C., Behrendt, N., Ronne, E., 
Weiner, D., Henkin, J., Gines, D.B. (1990b)
Characterization of human endothelial ceU urokinase-type plasminogen activator receptor protein and 
mRNA
Blood 76: 1795-1802

BARRETT, A.J. (1981)
Alpha 2-macroglobulin 
Meth. Enzymol. 80: 737-754

BAUR, R. (1977)
Morphometry of the placental exchange area 
Adv. Anat. Embryol. (3eU Biol. M: 1-65

BAJZAR, L., Morser, J., Nesheim, M. (1996)
TAFI, or plasma procarboxypeptidase B, couples the coagulation and fibrinolytic cascades through the 
thrombin-thrombomoduhn complex 
J. Biol. Chem. 271: 16603-16610



BEAUDREY, P.H., Sutherland, J.M. (1960)
Birth weights of infants of toxemic mothers 
J. Paediat. 56: 505-509

BEEBE, D.P, Miles, L.A., Plow, E.F. (1989)
A linear amino acid sequence involved in the interaction of t-PA with its endothehal cell receptor 
Blood 74; 2034-2038

BELLART, J., Gilabert, R., Fontcuberta, J., Borrell, M., MiraUes, R.M., Cabero, L. (1998)
C!oagulation and fibrinolysis in normal and in hypertensive pregnancies 
Hyper. Preg. 17: 115-123

BELLER, F.K., Goessner, W., Herrschlein, H.J. (1962)
Tissue activator of the fibrinolytic system in placental tissue 
Obstet. Gynecol. 20: 117-121

BERKENPAS, M.B., Quigley, J.P. (1991)
Transformation-dependent activation of urokinase-type plasminogen activator by a plasmin- 
independent mechanism; Involvement of cell surface membranes 
Proc. Natl. Acad. Sci. USA 88; 7768-7772

BIEZENSKI, J.J., Moore, H.G. (1958)
Fibrinolysis in normal pregnancy 
J. Clin. Pathol. U: 306-310

BILUNGTON, W.D. (1971)
Biology of the trophoblast 
Adv. Reprod. Physiol. 5: 39-42

BISCHOF, P., MartelU, M. (1992)
Current topic: Proteolysis in the penetration phase of the implantation process 
Placenta 13; 17-24

BLOMBACK, B. (1996)
Fibrinogen and fibrin - proteins with complex roles in hemostasis and thrombosis 
Thromb. Res. 83; 1-75

BLOMBACK, B., Hessel, B., Hogg, D., TherkUdsen, L. (1978)
A two-step fibrinogen-fibrin transition in blood coagulation 
Nature 257: 501-505

BLOMBACK, B., Vestermark, A. (1958)
Isolation of fibrinopeptides by chromatography 
Arldv. Kemi. 12: 173-182

BLOMBACK, B., Okada, M., Forslind, B., Larsson, U. (1984)
Fibrin gels as biological filters a n d  interfaces 
Biorheology 21: 93-104

BLOXAM, D.L., Bax, C.M.R., Bax, B.E. (1997)
Culture of syncytiotrophoblast for the study of human placental transfer. Part 1: Isolation and 
purification of cytotrophoblast 
Placenta 18; 93-98

BONNAR, J. (1987)
Haemostasis and coagulation disorders in pregnancy
In; Haemostasis and Thrombosis. Eds. Bloom, A.L., Thomas, D.P.
Pub. Churchill Livingstone, London, Edinburgh, p. 570-584

BONNAR, J., Sheppard, B.L. (1977)



The vascular supply of the placenta in normal and abnormal pregnancy 
In: Pathology of the female genital tract. Ed. Blaustein, A.
Pub. Springer-Verlag, New York. P. 673-690

BONNAR, J., McNichol, G.P., Douglas, A.S. (1969)
Fibrinolytic enzyme system and pregnancy 
Br. Med. J. 3: 387-395

BONNAR, J., McNichol, G.P., Douglas, A.S. (1971)
Coagulation and fibrinolytic systems in pre-eclampsia and eclampsia 
Br. Med. J. 2: 12-16

BONNAR, J., Daly, L., Sheppard, B.L. (1990)
Changes in the fibrinolytic system during pregnancy 
Semin. Thromb. Haem. 16: 221-229

BOOTH, N.A., Anderson, J.A., Bennett, B. (1984)
Plasminogen activator in alcoholic cirrhosis: demonstration of increased tissue type and urokinase
type activator
J. Clin. Pathol. 37: 772-777

BOOTH, N.A., Reith, A., Bennett, B. (1988)
A plasminogen activator inhibitor (PAI-2) circulates in two molecular forms during pregnancy 
Thromb. Haemost. 59: 77-79

BOOTH, N.A., Walker, E., Maughan, R., Bennett, B. (1987)
Plasminogen activator in normal subjects after exercise and venous occlusion: tPA circulates as 
complexes with Cl-inhibitor and PAI-1 
Blood 69: 1600-1604

BOROK, Z., Weitz, J., Owen, J., Auerbach, M., Nossel, H.L. (1984)
Fibrinogen proteolysis and platelet a-granule release in pre-eclampsia/eclampsia 
Blood 63: 525-531

BOYD, J.D., Hamilton, W.J. (1970)
The human placenta, W. Heffer & Sons, Ltd, Cambridge

BOYLE, C. (1992)
Fibrinolysis in normal pregnancy, pre-eclampsia and intrauterine growth retardation 
PhD thesis, University of Dublin, Trinity College, Dublin, Ireland.

BRAKMAN, P. (1966)
The fibrinolytic system in human blood during pregnancy 
Am. J. Obstet. Gynecol. 94: 14-20

BRAKMAN, P., Astrup, T. (1963)
Selective inhibition in human pregnancy blood of urokinase induced fibrinolysis 
Scand. J. CUn. Lab. Invest. 15: 603-609

BRISSON-JEANNEAU, C., Nelles, L., Rouer, E., Sultan, Y., Benarous, R. (1990a) 
Tissue-plasminogen activator RNA detected in megakaiyocytes by in situ hybridisation and 
biotinylated probe 
Histochem. 95: 23-26

BRISSON-JEANNEAU, C., Solberg, L.A., Jr, Sultan, Y., (1990b)
Presence of functionally active tissue plasminogen activator in human CFU-M derived 
megakaiyocytes in vitro 
Fibrinolysis 4: 107-115



BROSENS, I., Renaer, M. (1972)
On the pathogenesis of placental infarcts in pre-eclampsia 
J. Obstet. Gynecol. Brit. Common. 79: 794-799

BROSENS, LA. (1988)
The utero-placental vessels at term- the distribution and extent of physiological changes 
Troph. Res. 3: 61-67

BROSENS, I., Robertson, W.B., Dixon, H.G. (1967)
The physiological response of the vessels of the placental bed to normal pregnancy 
J. Pathol. Bact. 93: 569-579

BROSENS, I., Robertson, W.B., Dixon, H.G. (1972)
The role of the spiral arteries in the pathogenesis of pre-eclampsia. In: Obstetrics and Gynecology 
Annual, 177, Editor: Wynn, R.M. Appleton-Century-Crofts, New York.

BROWN, M.A. (1995)
The physiology of pre-eclampsia
Clin. Exp. Pharmacol. Physiol. 22: 781-791

BROWNE, J.C.M., Veall, N. (1953)
The maternal placental blood flow in normotensive and hypertensive women 
J. Obstet. Gynecol. Brit. Emp. 60: 241-247

BU, G., Warshawsky, I., Schwartz, A.L. (1994)
Cellular receptors for the plasminogen activators 
Blood 83: 3427-3436

CADROY, Y., Grandjean, H., Pichon, J., Desparts, R., Berrebi. A., Fournie, A., Boneu, B. (1993) 
Evaluation of six markers of haemostatic system in normal pregnancy and pregnancy complicated by 
hypertension or pre-eclampsia 
Brit. J. Obstet. Gynecol. 100: 416-420

CARMELIET, P., Schoonjans, L., Kieckens, L., Ream, B., Degan, J., Bronson, R., De Vos, R., van den 
Oord, J.J., CoUen, D., MuUigan, R.C. (1994)
Physiological consequences of loss of plasminogen activator gene function in mice 
Nature 369: 419-429

CARON, C., Goudemand, J., Marey, A., E3eagne, D., Ducroux, G., Drouvin, F. (1991)
Are the hemostatic and fibrinolytic parameters predictors of preeclampsia in pregnancy-associated 
hypertension?
Thromb. Haemost. 66: 410-414 

CARRELL, R.W., Boswell, D.R. (1986)
Serpins: the superfamily of plasma serine proteinase inhibitors
In Proteinase Inhibitors, Barrett, A.J., Salvesen, G. (eds), Amsterdam, Elsevier, 403-422

CASPARY, E.A., Kekwick, R.A. (1957)
Some physicochemical properties of human fibrinogen 
Biochem. J. 67: 41-48

CASSLEN, B., Astedt, B. (1983)
Occurrence of both urokinase and tissue plasminogen activator in the human endometrium 
Contraception 28; 181-188

CASTELLINO, F.J. (1979)
A unique enzyme-protein substrate modifier reaction: plasmin/streptokinase interaction 
TIBS 4: 1-5



CASTELUNO, F.J. (1984)
Biochemistry of humtm plasminogen 
Semin. Thromb. Haemost. 10: 18-23

CEDERHOLM-WILLIAMS, S.A., De Cock, F., Ujnen, H.R., CoUen, D. (1979)
Kinetics of the reactions between streptokinase, plasmin and o2-antiplasmin 
Eur. J. Biochem. 100:125-132

CEDERHOLM-WILLIAMS, S.A. (1980)
The binding of plasmin-streptokinase complex to fibrin monomer-Sepharose 
Thromb. Res. 17: 573-576

CESTER, N., Romanini, C., Pugnaloni, A., Biagini, G., Rizzoli, C., SalvoUni, E., Staffolani, R., 
Mazzanti, L., Rabini, R.A. (1995)
Pregnancy-induced hypertension is associated with an activation of endothehal cells 
Hyper. Preg. 14; 227-234

CHAPMAN, H.A, Stone, O.L. (1985)
A fibrinolytic inhibitor of human alveolar macrophages: induction with endotoxin 
Am. Rev. Resp. Dis. 132: 569-575

CHAPMAN, H.A., Stone, O.L. (1985)
Characterization of a macrophage-derived plasminogen activator inhibitor. Similarities with placental 
urokinase inhibitor 
Biochem. J. 230: 109-116

CHENG, X.-F., Pohl, G., Back, O., Wallen, P. (1996)
Characterization of receptors interacting specially with the B-chain of tissue plasminogen activator on 
endothelial cells 
Fibrinolysis 10:167-174

CHESLEY, L.C. (1974)
A short history of eclampsia 
Obstet. Gynecol. 43: 599-602

CHESLEY, L.C. (1993)
The genetics of pre-eclampsia 
Hyper. Preg. 12: vii-x

CHMIELEWSKA, J., Ranby, M., Wiman, B. (1983)
Evidence for a rapid inhibitor to tissue plasminogen activator in plasma 
Thromb. Res. 31: 427-436

CHRISTENSEN, U., Clemmensen, I. (1977)
Kinetic properties of the primary inhibitor of plasmin from human plasma 
Biochem. J. 163: 389-391

CHURCH, S.L., Farmer, D.R., Nelson, D.M. (1992)
Induction of manganese superoxide dismutase in cultured trophoblast during in vitro differentiation 
Dev. Biol. 149: 177-184

CHRISTENSEN, L.R., MacLeod, C.M. (1945)
A proteolytic enzyme of serum: characterization, activation, and reaction with inhibitors 
J. Gen. Physiol. 28: 559-583

CINES, D.B., Poliak, E.S., Buck, C.A., Loscalzo, J., Zimmerman, G.A., McEver, R.P., Pober, J.S., 
Wick, T.M., Konkle, B.A., Schwartz, B.S., Barnathan, E.S., McCrae, K.R., Hug, B.A., Schmidt, A.-M., 
Stern, D.M. (1998)
Endothelial cells in physiology and in the pathophysiology of vascular disorders 
Blood 91: 3527-3561



CLEMMENSEN. I., Petersen, L.C., Kluft, C. (1986)
Purification and characterization of a novel, oligomeric, plasminogen kringle 4 binding protein from 
human plasma: tetranectin 
Eur. J. Biochem. 156; 327-333

CLEMMENSEN, I., Thorsen, S., MuUertz, S., Petersen, L.C. (1981)
Properties of three different molecular forms of the alphaa-plasmin inhibitor 
Eur. J. Biochem. 120: 105-112

CLIFFORD, S.H. (1954)
Postmaturity with placental dysfunction 
J. Paediatr. 1-13

COCKELL, A.P., Learmont, J.G., Smarason, A.K., Redman, C.W.G., Sargent, I.L., Poston, L. (1997) 
Human placental syncytiotrophoblast microvillous membranes impair maternal vascular endotheUal 
function
Br. J. Obstet. Gynecol. 104: 235-240

COLEMAN, P.L., Barousld, P.A., Gelehrter, T.D. (1982)
The dexamethasone-induced inhibitor of fibrinolytic activity in hepatoma cells 
J. Biol. Chem. 257: 4260-4264

COLLEN, D. (1976)
Identification and some properties of a new fast-acting plasmin inhibitor in human plasma 
Eur. J. Biochem. 69: 209-216

COLLEN, D. (1980)
On the regulation and control of fibrinolysis 
Thromb. Haemost. 43: 77-89

COLLEN, D., de Maeyer, L. (1975)
Molecular biology of human plasminogen. 1. PhysicochemicEil properties and microheterogeneity 
Thromb. Diath. Haemorrh. 34: 396-402

COLLEN, D., lijnen, H.R. (1994)
Fibrinolysis and the control of hemostasis
In The Molecular Basis of Blood Diseases, edn 2. Edited by Stamatoyannopoulos, G., Nienhuis, A.W., 
Majerus, P.W., Varmus, H. Philadelphia. WB Saunders, 725-752

COLLEN, D., de Cock, F., Cambiaso, C.L., Masson, P. (1977)
A latex agglutination test for rapid quantitative estimation of the plasmin-antiplasmin complex in
human plasma
Eur. J. CUn. Invest. 7: 21-26

COLMAN, R.W. (1969)
Activation of plasminogen by human plasma kaUikrein 
Biochem. Biophys. Res. Commun. 35: 273-279

CONDIE, R.G., Ogston, D. (1976)
Sequential studies on components of the haemostatic mechanism in pregnancy with particular 
reference to the development of preeclampsia 
Br. J. Obstet. Gynecol. 83: 938-943

COOPER, D.D., Liston, W.A. (1993)
Genetics of preeclampsia 
H3̂ er. Preg. 12: 1-23



CRAWFORD, G.P.M, Ogston, D. (1975)
The action of antithrombin III on plasmin and activators of plasminogen 
Biochim. Biophys. Acta 391: 189-192

CROSS, J.C., Werb, Z, Fisher, S.J. (1994)
Implantation and the placenta: Key pieces of the development puzzle 
Science 266; 1508-1518

CUBELLIS, M.V., Andreasen, P.A., Ragno, P., Mayer, M., Dano, K., Blasi, F. (1989)
Accessibility of receptor-bound urokinase to type-1 plasminogen activator inhibitor 
Proc. Natl. Acad. Sci. USA 86: 4828-4832

CUGNO, M., Uziel, L., Fabreizi, I., Bottasso, B., Maggiolini, F., Agostini, A. (1989)
Fibrinolytic response in normal subjects to venous occlusion and DDAVP infusion 
Throm. Res. 56: 625-633

CUNNINGHAM, F.G., lindheimer, M.D. (1992)
Hypertension in Pregnancy 
N. Engl. J. Med. 326: 927-932

DALY, L. (1989)
Fibrinolytic activation/inhibition and coagulation in normal pregnancy, pre-eclampsia and oral 
contraception
PhD thesis, University of Dublin, Trinity College, Dublin, Ireland 

DAMSKY, C., Sutherland, A., Fisher, S. (1993)
Extracellular matrix 5; Adhesive interactions in early mammalian embryogenesis, implantation, and
placentation
FASEBJ. 7: 1320-1329

DARRAS, V., Thienpont, M., Stump, D.C., CoUen, D. (1986)
Measurement of urokinase-type plasminogen activator (u-PA) with an enzyme-Hnked immunosorbent 
assay (ELISA) based on three murine monoclonal antibodies 
Thromb. Haemost. 411-414

DAVEY, D.A., MacGiUivray, I. (1986)
The classification and definition of the hypertensive disorders of pregnancy 
CHn. Exp.Hyper. -  Hyper. In Pregnancy B5: (1) 97-133

DAVEY, D.A., MacGillivray, 1. (1988)
The classification and definition of the hypertensive disorders of pregnancy 
Am. J. Obstet. Gynecol. 158: 892-898

DAVIDGE, S.T., Signorella, A.P., Lykins, D.L., Gilmour, G.H., Roberts, J.M. (1996)
Evidence of endotheUal activation and endothehal activators in cord blood of infants of preeclamptic 
women
Am. J. Obstet. Gynecol. 175: 1301-1306

DAVIE, E.W., Ratnoff, O.D. (1964)
Waterfall sequence for intrinsic blood clotting 
Science 145: 1310-1313

DAWES, G.S. (1974)
In: Size at birth
Ciba foundation symposium, Excerpta Medica, Elsevier, north Holland, Amsterdam. P. 393

DE BOER, K., Lecander, I., ten Cate, J.W., Borm, J.J.J., Treffers, P.E, (1988)
Placental-tj^e plasminogen activator inhibitor in preeclampsia 
Am. J. Obstet. Gynecol. 158: 518-522



DE GROOT, C.J.M., O’ Brien, T.J., Taylor, R.N. (1996)
Biochemical evidence of impaired trophoblastic invasion of decidual stroma in women destined to have 
preeclampsia
Am. J. Obstet. Gynecol. 175: 24-29

DE MUNK, G.A.W., Caspers, M.P.M., Chang, G.T.G., Pouwels, P.H., Enger-Valk, B.E., Verheijen, 
J.H . (1989)
Binding of tissue-type plasminogen activator to lysine, lysine analogues, and fibrin fragments 
Biochemistry 28: 7318-7325

DE SOUZA, S.W., John, R.W., Richards, B. (1976)
Studies on the effect of maternal pre-eclamptic toxaemia on placental weight and on head size and
birth weight of the newborn
Br. J. Obstet. Gynecol. 83: 292-298

DE WOLF, F., De Wolf-Peeters, C., Brosens, 1. (1973)
Ultrastructure of the spiral arteries on the human placental bed at the end of the normal pregnancy 
Am. J . Obstet. Gynecol. 117: 833-848

DE WOLF, F., Brosens, I., Renaer, M. (1980)
Fetal growth retardation and the maternal arterial supply of the human placenta in the absence of
sustained hypertension
Br. J. Obstet. Gynecol. 4: 506-517

DENKER, H.H. (1977)
Implantation: the role of proteinases, and blockage of implantation by proteinase inhibitors.
Adv. Anat. Embryol. Cell Biol. 53: 3-123

DEPARTMENT OF HEALTH (1994)
Report on Confidential Enquiries into Maternal Deaths in the United Kingdom 1988-1990 (London; 
H.M.S.O.)

DEKKER, G.A., Sibai, B.M. (1991)
Early detection of preeclampsia 
Am. J. Obstet. Gynecol. 165: 160-172

DING, Z.Q., Rowe, J., Sinosich, M.J., Saunders, D.M., Gallery, E.D.M. (1996)
In-vitro secretion of prostanoids by placental villous cytotrophoblasts in pre-eclampsia
Placenta 17: 407-411

DKON, H.G., Browne, J.C.M., Davey, D.A. (1963)
Choriodecidual and myometrial blood flow 
Lancet 2: 369-373

DOOLITTLE, R.F. (1987)
Fibrinogen and fibrin
In: Haemostasis and thrombosis. Eds. Bloom, A.L., Thomas, D.P.
Pub. Churchill Livingstone, London, Edinburgh. P. 192-215

DOOLITTLE, R.F., Cassman, K.G., Chen, R., Sharp, J.J., Wooding, G.L. (1972)
Correlation of the mode of fibrin polymerization with pattern of cross-linldng 
Ann. N.Y. Acad. Sci. 202: 114-126

DOUGLAS, J.T., Shah, M., Lowe, G.D.O., Belch, J.J.F., Forbes, C.D., Prentice, C.R.M. (1982) 
Plasma fibrinopeptide A and p-thromboglobulin in pre-eclampsia and pregnancy hypertension 
Thromb. Haemost. 47: 54-55

DRAKE, B.L., Loke, Y.W. (1991)
Isolation of endothehal cells from human first trimester decidua using immunomagnetic beads 
Hum. Reprod. 6: 1156-1159



DUBE, B., Bhattacharya, S., Dube, R.K. (1975)
Blood coagulation profile in Indian patients with pre-eclampsia and eclampsia 
Br. J . Obstet. G}Tiecol. 82; 35-39

EDELBERG, J.M., Reilly, C.F., Pizzo, S.V. (1991)
The inhibition of tissue type plasminogen activator by plasminogen activator inhibitor-1. The effects of 
fibrinogen, heparin, vitronectin, and hpoprotein(a)
J . Biol. Chem. 266: 7488-7493

EDGAR, W. McKiUop, P.W., Prentice, C.R.M. (1977)
Composition of soluble fibrin complexes in pre-eclampsia 
Thromb. Res. 10: 567-574

EHRLICH, H.J., Gebbink, R.K., Keijer, J., Linders, M., Preissner, K.T., Pannekoek, H. (1990) 
Alteration of serpin specificity by a protein factor. Vitronectin endows plasminogen activator inhibitor 
1 w ith thrombin inhibitory properties 
J . Biol. Chem. 265: 13029-13035

ELDER, M.G., Myatt, L. (1976)
C!oagulation and fibrinolysis in pregnancies complicated by fetal growth retardation 
Br. J . Obstet. Gynecol. 83: 355-360

ELXIS, S.A., Palmer, M.S., McMichael, A.J. (1990)
H um an trophoblast and the choriocarcinoma cell line Be Wo express a truncated HLA class 1 molecule 
J . Immunol. 144: 731-735

E L U S , V., ScuUy, M.F., Kakkar, V.V. (1989)
Plasminogen activation initiated by single chain urokineise-type plasminogen activator: potentiation by 
U937 ceUs
J . Biol. Chem. 264: 2185-2188 

ELLIS, V., Behrendt, N., Dano, K. (1991)
Plasminogen activation by receptor-bound urokinase: A kinetic study with both cell-associated and
isolated receptor
J . Biol. Chem. 266: 12752-12758

ELLIS, V., Wun, T.-C., Behrendt, N., Ronne, E., Dano, K. (1990)
Inhibition of receptor-bound urokinase by plasminogen-activator inhibitors 
J .  Biol. Chem. 265: 9904-9908

EMEIS, J.J. (1995)
The control of tPA and PAI-1 secretion from the vessel wall 
Vase. Med. Rev. 6: 153-166

ENDRESEN, M.J., Tosti, E., Lorentzen, B., Henricksen, T. (1995)
Sera of preeclamptic women are not cytotoxic to endotheUal ceUs in culture 
Am. J . Obstet. Gynecol. 172: 196-201

ERICKSON, L.A., Ginsberg, M.H., Loskutoff, D.J. (1984)
Detection and partial characterization of an inhibitor of plasminogen activator in hum an platelets 
J . CUn. Invest. 74: 1465-1472

ESTELLES, A., Gdabert, J., Espana, F., Aznar, J., Gomez-Lechon, M.J. (1987)
Fibrinolysis in pre-eclampsia 
Fibrinolysis 1: 209-214

ESTELLES, A., Gilabert, J., Aznar, J., Loskutoff, D.J., Schleef, R.R. (1989)
Changes in the plasm a levels of type 1 and type 2 plasminogen activator inhibitors in normal 
pregnancy and in  patients with severe preeclampsia 
Blood 74: 1332-1338



ESTELLES, A., Gilabert, J., Andres, C., Espana, F., Aznar, J. (1990)
Plasminogen activator inhibitors type 1 and type 2 and plasminogen activators in amniotic fluid 
during pregnancy 
Thromb. Haem. 64: 281-285

ESTELLES, A., GUabert, J., Espana, F., Aznar, J., Galbis, M (1991)
Fibrinolytic parameters in normotensive pregnancy with intrauterine fetal growth retardation and in
severe preeclampsia
Am. J. Obstet. Gvnecol.165: 138-142

ESTELLES, A, Gilabert, J., Keeton, M., Eguchi, Y., Aznar, J., Grancha, S., Espana, F., Loskutoff, 
D ,J, Schleef, R.R. (1994)
Altered expression of plasminogen activator inhibitor type 1 in placentas from pregnant women with 
preeclampsia and/or intrauterine fetal growth retardation
Blood 84: 143-150

ESTELLES, A , Gilabert, J., Grancha, s., Yamamoto, K., Thinnes, T., Espana, F., Aznar, J., 
Loskutoff, D.J. (1998)
Abnormal expression of type 1 plasminogen activator inhibitor and tissue factor in severe 
preeclampsia
Thromb. Haemost. 79: 500-508 

ESTERMAN, A, Finlay, T.H., Dancis, J. (1996)
The effect of hypoxia on term trophoblast: Hormone synthesis and release 
Placenta 17: 217-222

FARMER, D.R., Nelson, D.M. (1992)
A fibrin matrix modulates the proliferation, hormone secretion and morphologic differentiation of 
cultured human placental trophoblast 
Placenta 13:163-177

FEARNLEY, G.R. (1973)
Fibrinolysis
Adv. Drug Res. 7: 107-163

FEARNLEY, G.R., Chakrabarti, R., Avis, P.R.D. (1953)
Blood fibrinolytic activity in diabetes meUitus and its bearing on ischaemic heart disease and obesity 
Br. Med. J. 1: 921-923

FEINBERG, R.F., Kao, L.-C., Haimowitz, J.E., Queenan, Jr., J.T., Wun, T.-C., Strauss 111, J.F., 
Khman, H.J. (1989)
Plasminogen activator inhibitor types 1 and 2 in human trophoblasts. PAI-1 is an 
immunocjftochemical marker of invading trophoblasts 
Lab. Invest. 61: 20-26

FEINBERG, R.F. (1995)
First-trimester versus term trophoblast cultures: Gan we learn about implantation from both?
Am. J. Obstet. Gynecol. June: 1938

FERRIS, T.F. (1995)
Preeclampsia and postpartum renal failure: Examples of pregnancy-induced microangiopathy 
Am. J. Med. 99: 343-341

FERRY, J.D. (1952)
The mechanism of polymerization of fibrinogen 
Proc. Natl. Acad. Sci. USA 38: 566-569



FISHER, S.J., Cui, T., Zhang, L., Hartman, L., Grahl, K., Guo-Yang, Z., Tarpey, J., Damsky, C.H. 
(1989)
Adhesive and degradative properties of human placental cytotrophoblast cells in vitro 
J. Cell Biol. 109; 891-902

FITZGERALD, D.J., Entmann, S.S.W., MuUoy, K., Fitzgerald, G.A. (1987)
Decreased prostacyclin biosynthesis preceding the clinical manifestations of pregnancy induced
hypertension
Circulation 75: 956-964

FLETCHER, A.P., AUqaersig, N.K., Burstein, R. (1979)
The influence of pregnancy upon blood coagulation and plasma fibrinolytic enzyme function 
Am. J. Obstet. Gynecol. 134: 743-751

FLEURY, V., Angles-Cano, E. (1991)
Chsiracterization of the binding of plasminogen to fibrin surfaces: the role of carboj^-terminal lysines 
Biochemistry 30: 7630-7638

FOIDART, J.M., Hunt, J., Lapiere, C.M. (1986)
Antibodies to laminin in preeclampsia 
Kidney Int. 29:1050-1057

FOWLER, W.E., Erickson, H.P. (1979)
Trinodular structure of fibrinogen. Confirmation by both shadowing and negative stain electron 
microscopy
J . Molec. Biol. IM: 241-249 

FOX, H. (1967)
Perivillous fibrin deposition in the human placenta 
Am. J. Obstet. Gynecol. 98: 245-251

FOX, H. (1978)
Pathology of the placenta 
Saunders, London

FOX, H. (1988)
The placenta in pregnancy hypertension
In Handbook of Hypertension, 10: Hypertension in Pregnancy (ed. Rubin, P.) Elsevier Science, 
Amsterdam, pp. 16-37

FRIEDMAN, S.A., Schiff, E., Emeis, J.J., Dekker, G.A., Sibai, B.M. (1995)
Biochemical corroboration of endotheUal involvement in severe preeclampsia 
Am. J. Obstet. Gynecol. 172: 202-203

FRIGOLETTO, F.D., TuUis, J.L., Reid, D.E., Hinman, J. (1971)
Hypercoagulability in the dysmature syndrome 
Am. J. Obstet. Gynecol. I l l : 867-873

FU, Y., Weissbach, L., Plant, P.W., Oddoux, C., Cao, Y., Liang, T.J., Roy, S.N., Redman, C.M., 
Grieninger, G. (1992)
Carboxy-terminal-extended variant of the human fibrinogen a  subunit: A novel exon conferring 
marked homology to p and a  subunits 
Biochemistry 31: 11968-11972

FU, Y., Grieninger, G. (1994)
Fib42o: A normal human variant with two extended chains 
Proc. Natl. Acad. Sci. USA 91: 2625-2628

FUKAO, H., Hagiya, Y., Nonaka, T., Okada, K., Matsuo, O. (1992)
Analysis of binding protein for tissue-type plasminogen activator in human endothelial cells 
Biochem. Biophys. Res. Commun. 187: 956-960



FUSE, Y. (1986)
Small-for-gestationcJ-age (SGA) neonates: A study of blood coagulation and fibrinolysis 
Asia-Oceania J. Obstet. Gynecol. 12: 291-299

GAFFNEY, P.J. (1973)
Subunit relationships between fibrinogen and fibrin degradation products 
Thromb. Res. 2: 201-218

GAFFNEY, P.J. (1980)
The pathobiochemistry of DIG 
Haematologica 65: 612-625

GAFFNEY, P.J. (1987)
Fibrinolysis
In Haemostasis and fibrinolysis, 2"“* edn. Bloom, A.L., Thomas, D.P. (eds) Churchill Livingstone, 
Edinburgh, U.K., 223-244

GAFFNEY, P.J., Lane, D.A., Brasher, M. (1975)
Soluble high molecular weight E fragments in the plasmin-induced degradation products of 
crossUnked human fibrin 
CUn. Sci. Mol. Med. 149-156

GAFFNEY, P.J., Creighton, L.J., Callus, M., Thorpe, R. (1988)
Monoclonal antibodies to crossHnked fibrin degradation products (XL-FDP); II. Evaluation in a variety
of clinical conditions
Br. J. Haematol. 68: 91-96

GALBRAITH, R.S., Karchmar, E.J., Piercy, W.N., Low, J.A. (1979)
The clinical prediction of intrauterine growth retardation 
Am. J . Obstet. Gynecol. 133: 281-286

GALLERY, E.D.M., Rowe, J., Campbell, S., Hawkins, T. (1995)
Secretion of prostaglandins and endotheUn-1 by decidual endothelial cells from normal and 
preeclamptic pregnancies: Comparison with humain umbihcal vein endothelial cells 
Am. J . Obstet. Gynecol. 173: 1557-1562

GALLERY, E.D.M., Rowe, J., Schrieber, L., Jackson, C.J. (1991)
Isolation and purification of microvascular endothehum from human decidual tissue in the late phase 
of pregnancy
Am. J. Obstet. Gynecol. 165: 191-196

GANT, N.F., Daley, G.L., Chand, S., Whalley, P.J., MacDonald, P.C. (1973)
A study of angiotensin 11 pressor response throughout primigravid pregnancy 
J. Clin. Invest. 52: 2682-2689

GEIGER, M., Prilinger, U., Griffin, J.H., Binder, B.R. (1991)
Urinary protein C inhibitor. Glycosaminoglycans synthesized by the epitheUal ceU line TCI-598 
enhance its interaction with urokinase 
J. Biol. Chem. 266: 11851-11856

GENBACEV, O., Bass, K.E., Joslin, R., Fisher, S.J. (1995)
M aternal smoking inhibits early human cytotrophoblast differentiation 
Reprod. Toxicol. 9: 245-255

GENBACEV. O., Joslin, R., Damsky, C.H., Polliotti, B.M., Fisher, S.J. (1996)
Hypoxia alters early gestation human cytotrophoblast differentiation/invasion in vitro and models the 
placental defects that occur in preeclampsia 
J. CUn. Invest. 97: 540-550



GENTON, C., Kruithof, E.K.O., Schleuning, W.-D. (1987)
Phorbol ester induces the biosynthesis of glycosylated and non-glycosylated plasminogen activator 
inhibitor 2 in high excess over urokinase-type plasminogen activator in human U-937 lymphoma cells 
J. Cell Biol. 104: 705-712

GERBASI, F.R., Bottoms, S.S., Farag, A., Mammen, E. (1990a)
Increased intravascular coagulation associated with pregnancy 
Obstet. Gynecol. 75; 385-389

GERBASI, F.R., Bottoms, S.S., Farag, A., Mammen, E. (1990b)
Changes in hemostasis activity during delivery and the immediate postpartum period 
Am. J. Obstet. Gynecol. 162: 1158-1163

GERRETSON, G., Huisjes, H.J., Elema, J.D. (1981)
Morphological changes of the spiral arteries in the placental bed in relation to pre-eclampsia and fetal
growth retardation
Br. J. Obstet. Gynecol. 88: 876-881

GETHING, M.J., Adler, B., Boose, J.A. (1988)
Variants of human tissue-type plasminogen activator that lack specific domains of the heavy chain 
EMBO J. 7: 2731-2740

GfflDINI, A. (1996)
Idiopathic fetal growth restriction: a pathophysiologic approach 
Obstet. Gynecol. Surv. M: 376-382

GIFFORD, R.R., August, P., Chesley, L.C., Cunningham, 0., Ferris, T.F., Lindhermer, M.D., 
Redman, C.W.G., Roberts, J.M., Zuspan, F.P. (1990)
National high blood pressure education program working group report on high blood pressure in 
pregnancy
Am. J. Obstet. Gynecol. 163:1689-1712

GILABERT, J., EsteUes, A., Aznar, J., Espana, F., Andres, C., Santos, T., Valles, J. (1990) 
Contribution of platelets to increased plasminogen activator inhibitor type 1 in severe preeclampsia 
Throm. Haem. 63: 361-366

GILES, C. (1982)
Intravascular coagulation in gestational hypertension and pre-eclampsia: the value of haematological 
screening tests
Clin. Lab. Haematol. 4: 351-358

GIMBRONE, M.A., Cotran, R.S., Folkman, J. (1974)
Human vascular endothehal cells in culture. Growth and DNA synthesis 
J. CeU Biol. 60: 673-672

GINSBURG, D., Zeheb, R., Yang, A.Y., Rafferty, U.M., Andreasen, P.A., Nielsen, L., Dano, K., Lebo, 
R.V. Gelehrter, T.D. (1986)
CDNA cloning of human plasminogen activator-inhibitor from endothelial ceUs 
J. Clin. Invest. 78: 1673-1680

GORE, M., Eldon, S., Trofatter, K.F., Soong, S.-J., Pizzo, S.V. (1987)
Pregnancy-induced changes in the fibrinolytic balance: EXddence for defective release of tissue 
plasminogen activator and increased levels of the fast-acting tissue plasminogen activator inhibitor 
Am. J. Obstet. Gynecol. 156: 674-680

GORETZKI, L., Schmitt, M., Mann, K. (1992)
Effective activation of the proenzyme form of urokinase-type plasminogen activator (pro-uPA) by the 
cysteine protease cathepsin L.
FEBS Letts. 297: 112-118



GOW, L., Campbell, D.M., Ogston, D. (1984)
The fibrinolytic system in pre-eclampsia 
J. Clin. Pathol. 37: 56-58

GRAHAM, C.H., McCrae, K.R. (1996)
Altered expression of gelatinase and surface-associated plasminogen activator activity by trophoblast 
cells isolated from placentas of preeclamptic patients 
Am. J . Obstet. Gynecol. 175: 555-562

GRAHAM, C.H., Fitzpatrick, T.E., McCrae, K.R. (1998)
H3̂ oxia stimulates urokinase receptor expression through a heme protein-dependent pathway 
Blood 9: 3300-3307

GRAHAM, C.H. (1997)
Effect of transforming growth factor - p on the plasminogen activator system in cultured first 
trim ester human cytotrophoblasts 
Placenta 18: 137-143

GRAHAM, C.H., Lala, P. (1992)
Mechanisms of placental invasion of the uterus and their control 
Biochem. CeU Biol. 70: 867-874

GRAINGER, D.J., Kemp, P.R., Metcalfe, J.C., Liu, A.C., Lawn, R.M., Williams, N.R., Grace, A.A., 
Schofield, P.M., Chauhan, A. (1995)
The serum concentration of active transforming growth factor-p is severely depressed in advanced
atherosclerosis
Nat. Med. 1: 74-79

GRANCHA, S., Estelles, A., Gilabert, J., Chrivella, M., Espana, F., Aznar, J. (1996)
Decreased expression of PAl-2 mRNA and protein in pregnancies complicated with intrauterine fetal 
growth retardation 
Thromb. Haem. 76: 761-767

GRAU, E., Moroz, L.A. (1989)
Fibrinolytic activity of normal human blood monocytes 
Thromb. Res. 145-152

GRIMWOOD, J., Bicknell, R., Rees, M.C.P. (1995)
The isolation, characterization and culture of human decidual endothehum 
Hum. Repro. 10: 2142-2148

GRUENWALD, P. (1963)
Chronic fetal distress and placental insufficiency 
Biol. Neonate 5: 215

GUNZLER, W.A., Steffens, G.J., Otting, F., Buse, G., Flohe, L. (1982a)
Stuctural relationship between human high and low molecular mass urokinase 
Hoppe-Seyler’s Z. Physiol. Chem. 363: 133-141

GUNZLER, W.A, Steffens, G.J., Otting, F., Kim, S.-M.A., Frankus, E., Flohe, L. (1982b)
The primary structure of high molecular mass urokinase from human urine 
Hoppe-Seyler’s Z. Physiol. Chem. 363: 1155-1165

HAJJAR, K.A., Hamel, N.M. (1990)
Identification and characterization of human endothehal cell membrane binding sites for tissue 
plasminogen activator and urokinase 
J. Biol. Chem. 265: 2908-2916



HAJJAR, K.A., Nachman, R.L. (1988)
J. Clin. Invest. 82: 1769-1778

HAJJAR, K.A., Nachman, R.L. (1994)
The humein endothehal ceU plasmin-generating system.
In Hemostasis and Thrombosis: Basic Principles and Clinical Practice, edn 3. Edited by Colman, R. W., 
Hirsh, J., Salzman, E.W. Philadelphia: JB lippincott: 823-836

HAJJAR, K.A., Hamel, N.M., Harpel, P.O., Nachman, R.L. (1987)
Binding of tissue plasminogen activator to cultured human endothelial ceUs 
J. Cain. Invest. 80: 1712-1719

HALXIGAN, A., Bonnar, J., Sheppard, B.L., Darling, M., Walshe, J. (1994)
Haemostatic, fibrinolytic and endothelial variables in normal pregnancies and pre-eclampsia 
Br. J . Obstet. Gynecol. 101:488-492

HARRIS, J.W.S., Ramsey, E.M. (1966)
The morphology of human uteroplacental vasculature 
Contrib. Embryol. 38: 43-51

HARRISON, G.A., Humphrey, K.E., Jones, N., Badenhop, R., Guo, G., Elakis, G. (1997)
A genomewide linkage study of preeclampsiai/eclampsia reveals evidence for a candidate region on 4q 
Am. J. Hum. Genet. 60:1158-1167

HART, P.H., Vitti, G.F., Burgess, D.R., Singleton, D.K., Hamilton, J.A. (1989)
Human monocytes can produce tissue-type plasminogen activator 
J. E:qj. Med. 169: 1509-1514

HATHAWAY, W., Bonnar, J. (1987)
Hemostatic alterations in hypertensive and placental insufficiency disorders in pregnancy. In: 
Hemostatic Disorders of the Pregnant Woman and Newborn Infant. Hathaway,W., Bonnar,J. eds. 
John Wiley & sons. New York, NY; 185-201

HAUERT, J., Bachmann, F. (1985)
Prouroldnase in the euglobulin fractions 
Thromb. Haemost. 54: 122

HAUERT, J., Nicoloso, G., Schleuning, W.D., Bachmann, F., Schapira, M. (1989)
Plsisminogen activators in dextran sulfate-activated euglobulin fractions: a molecular analysis of factor 
XII- and prekallikrein-dependent fibrinolysis 
Blood 73: 994-999

HAWORTH, J.C., EUestad-Sayed, J.J., King, J., DiUing, D.A. (1980)
Fetal growth retardation in cigarette-smoking mothers is not due to decreased maternal food intake 
Am. J. Obstet. Gynecol. 137: 719-723

HE, S., Bremme, K., Blomback, M. (1995)
IncroEised blood flow resistance in placental circulation and levels of plasminogen activator inhibitors 
types 1 and 2 in severe preeclampsia 
Blood Coag. Fibrinol. 6: 703-708

HE, S., Bremme, K., Almqvist, I., Blomback, M. (1996)
Decreeise in plasminogen activator inhibitor type 2 related more to placental function and intrauterine 
fetal growth than to severity of preeclampsia 
Hyper. P reg .lJ : 171-182

HEDNER, U., Astedt, B. (1970)
Fibrinolytic split products in serum and urine in pregnancy 
Acta Obstet. Gynecol. Scand. 363-366



HEDNER, U , Astedt, B. (1971)
Studies on fibrinolji;ic inhibitors during pregnancy 
Acta Obstet. Gynecol. Scand. 50: 99-103

HERTIG, A.T. (1945)
Vascular pathology in the hypertensive albuminuric toxemias of pregnancy 
Clinics 4: 602-613

HIGAZI, A.A.-R., Mazar, A., Wang, A., Wang, J., Reilly, R., Henkin, J., Kniss, D., Cines, D. (1996) 
Single chain urokinase-tj/pe plasminogen activator bound to its receptor is relatively resistant to 
plasminogen activator inhibitor type 1 
Blood 87: 3545-3549

HIGGINS, J.R., Papayianni, A., Brady, H.R., Darling, M.R.N., Walshe, J.J. (1998)
Circulating vascular cell adhesion molecule-1 in pre-eclampsia, gestational hypertension, and normal 
pregnancy: Evidence of selective dysregulation of vascular ceU adhesion molecule-1 homeostasis in 
pre-eclampsia
Am. J. Obstet. Gynecol. 179: 464-469

HIGGINS, J.R., Walshe, J.J., Darling, M.R.N., Norris, L., Bonnar, J. (1998)
Hemostasis in the uteroplacental and peripheral circulations in normotensive and pre-eclamptic 
pregnancies
Am. J. Obstet. Gynecol. 179: 520-526 

HIGHSMITH, R.F., Rosenberg, R.D. (1974)
The inhibition of human plasmin by human antithrombin-heparin cofactor 
J. Biol. Chem. 249: 4335-4338

HOOGLAND, H.J., De Haan, J., Martin, C.B., Jr. (1980)
Placental size during early pregnancy and fetal outcome: a preliminary report of a sequential
ultrasonographic study
Am. J. Obstet. G3mecol. 138: 441-443

HOFFMANN, G.E., Glatstein, I., Schatz, F., HeUer, D., Dehgdisch, L. (1994)
Immunohistochemical locahzation of urokinase-type plasminogen activator and the plasminogen 
activator inhibitors 1 and 2 in early human implantation sites 
Am. J. Obstet. Gynecol. 170: 671-676

HOLMBERG, L., Lecander, 1., Persson, B., Astedt, B. (1978)

An inhibitor from placenta specificeJly binds urokinase and inhibits plasminogen activator released 
from ovarian carcinoma in tissue culture

Biochem. Biophys. Acta 544:128-137

HOLMES, R.P., Soothill, P.W. (1996)
Intra-uterine growth retardation 
Curr. Op. Obstet. Gynecol. 8: 148-154

HOLMES, W.E., Nelles, L., lijnen, H.R., CoUen, D. (1987)
Primary structure of human cx2-antiplasmin, a serine protease inhibitor (serpin)
J. Biol. Chem. 262: 1659-1664

HOULIHAN, C.M., Knuppel, R.A., Vintzileos, A.M., Guo, J.-Z., Hahn, D.W. (1996)
The effect of specific hormones on fibrinolysis in pregnancy 
Am. J. Obstet. Gynecol. 175: 168-172

HOWIE, P.W. (1977)
The haemostatic mechanisms in pre-eclampsia 
CUn. Obstet. Gynecol. 4: 595-611



HOWIE, P.W., Prentice, C.R.M., McNicol, G.P. (1971)
Coagulation, fibrinolysis and platelet function in pre-eclampsia, essential hypertension and placental 
insufficiency
J. Obstet. Gynecol. Br. Commonw. 78: 992-1003

HOYLAERTS, M,, Rijken, D.C., Ujnen, H.R, CoUen, D. (1982)
Kinetics of the activation of plasminogen by human tissue plasminogen activator 
J. Biol. Chem. 257: 2912-2919

HUBER, R., CarreU, R.W. (1989)
Implications of the three-dimensional structure of ai-antitrypsin for structure and function of serpins 
Biochemistry 28: 8951-8966

HUDRY-CLERGEON. G., Paturel, L., Suscillon, M. (1974)
Identification d'un complexe (D-D)...E dans les produits de degradation de la fibrine bovine staUisee
par le facteur XIII
Path. Biol. (Paris) 22: 47-52

HUSAIN, S.S. (1991)
Single-chain urokinase-type plasminogen activator does not possess measurable intrinsic amidolytic 
or plsisminogen activator activities 
Biochemistry 30: 5797-5805

ICHINOSE, A., Fujikawa, K., Suyama, T. (1986)
The activation of pro-urokinase by plasma kaUikrein and its inactivation by thrombin 
J. Biol. Chem. 261: 3486-3489

ICHINOSE, A., Tamaki, T., Aoki, N. (1983)
Factor XIII mediated cross-linking of NH2-terminal peptide of alpha-2-antiplasmin to fibrin 
FEBS Lett. 153: 369-371

IRUELA-ARISPE, M.L. (1997)
Normal placentation: a tale that requires an epithelial-to-endotheUal conversion 
J. Clin. Invest. 99: 2057-2058

IRVING, J.A., Lala, P.K. (1995)
Functional role of cell surface integrins on human trophoblast cell migration: regulation by TGF-p, 
IGF-II, and lGFBP-1 
Exp. CeU Res. 217: 419-427

JACKSON, C.J., Garbett, P.K., Nissen, B., Schrieber, L. (1990)
Binding of human endothelium to Ulex europaeus I-coated Dynabeads: application to the isolation of 
microvascular endothelium 
J. Cell Sci. 96: 257-262

JAFFE, E.A., Nachman, R.L., Becker, C.G., Mitiick, C.R. (1973)
Culture of human endothelial cells derived from umbilical veins: Identification by morphological 
criteria
J. Clin. Invest. 52: 2745- 2756

JENSEN, P.H., Nylqaer, A., Andreasen, P.A., Lund, L.R., Astedt, B., Lecander, I., GHeman, J. (1989) 
Urokinase binds to a plasminogen activator inhibitor type-2-like molecule in placental microvillous 
membranes
Biochem. Biophys. Acta 986: 135-140

JENSEN, P.H., Lorand, L., Ebbesen, P., Glieman, J. (1993)
TVpe-2 plasminogen-activator inhibitor is a substrate for trophoblast transglutaminase and factor 
M lla. Transglutaminase-catalyzed cross-Unking to cellular and extracellular structures 
Eur. J. Biochem. 214: 141-145



JENSEN, P.H., Schuler, E., Woodrow, G., Richardson, M., Goss, N., Hojrup, P., Petersen, T.E., 
Rasmussen, L.K. (1994)
A unique interhelical insertion in plasminogen activator inhibitor-2 contains three glutamines, gln83, 
gln84, gln86, essential for transglutaminase-mediated cross-linking 
J. Biol. Chem. 269; 15394 -15395

JOGEE, M., Myatt, L., Elder, M.G. (1983)
Decreased prostacycUn production by placental cells in culture from pregnancies compUcated by fetal
growth retardation
Br. J . Obstet. Gynecol. 90: 247-250

JOHNSON, R.D., Walsh, S.W., Everson, W.V., Nelson, D.M. (1995)
Differentiation and growth on a fibrin matrix modulate the cyclooxygenase expression and 
thromboxMe production by cultured human placental trophoblasts 
Prost. Leuk. Essent. Fatty Acids 52: 21-27

JONASSON, M., Philips, M., Thorsen, S., Selmer, J., Zeuthen, J. (1987)
Plasminogen activator inhibitor-1 is the primary inhibitor of tissue-type plasminogen activator in
pregnancy plasma
Thromb. Haemost. 58: 872-878

JONES, G.J.P., Fox, H. (1980)
An ultrastructural and ultrahistochemical study of the human placenta in maternal pre-eclampsia 
Placenta 1 61-76

JORGENSEN, M., Philips, M., Thorsen, S., Selmer, J., Zeuthen, J. (1987)
Plasminogen activator inhibitor-1 is the primary inhibitor of tissue-type plasminogen activator in
pregnancy plasma
Thromb. Haemost. 58: 872-878

KANFER, A., Bruch, J.-F., Nguyen, G., He, C.J., Delarue, F., Flahault, A., Nessmann, C., Uzan, S. 
(1996)
Increased placental antifibrinolj^ic potential and fibrin deposits in pregnancy-induced hypertension 
and preeclampsia 
Lab. Invest. 74: 253-258

KAO, L.-G., Galtabiano, S., Wu, S., Strauss III, J.F., KUman, H.J. (1988)
The human villous cytotrophoblast: interactions with extracellular matrix proteins, endocrine 
function, and cytoplasmic differentiation in the absence of syncytium formation 
Dev. Biol. 130: 693-702

KASAI, S., Arimura, H., Nishida, M., Suyama, T. (1985)
Primary structure of single-chain pro-urokinase 
J. Biol. Chem. 260: 12382-12389

KATZ, A.E., Davison, J.M., Hayslett, J.P. (1980)
Pregnancy in women with kidney disease 
Kidney Int. 18: 192-197

KATSURAGAWA, H., Kanzaki, H., Inoue, T., Hirano, T., Narukawa, S., Watanabe, H., Mori, T. 
(1995)
Endometrial stromal cell deciduahzation inhibits human chorionic gonadotrophin and human 
placental lactogen secretion by co-cultured trophoblasts 
Hum. Repro. 10: 3028-3034

KAUNITZ, A.M., Hughes, J.M., Grimes, D.A., Smith, J.G., Rochat, R.W. Kafrissen, M.E. (1985) 
Causes of maternal mortality in the United States 
Obstet. Gynecol. 65: 605-612



KAWANO, T., Morimoto, K., Uemura, Y. (1968)
Urokinase inhibitor in human placenta 
Nature 217: 253-254

KAWANO, T., Morimoto, K., Uemura, Y. (1970)
Partial purification and properties of urokinase inhibitor from human placenta 
J. Biochem. 67; 333-342

KEIJER, J., Linders, M., Van Zonneveld, A.J., Ehrhch, H.J., de Boer, J.P., Pannekoek, H. 1991)
The interaction of plsisminogen activator inhibitor 1 with plasminogen activators (tissue-type and 
urokinase-type) and fibrin: localization of interaction sites and physiologic relevance 
Blood 78: 401-409

KHONG, T.Y., Sawyer, I.H., Heryet, A.R. (1992)
An immunohistologic study of endotheliahzation of uteroplacental vessels in human pregnancy -  
EXddence that the endothelium is focally disrupted by trophoblast in preeclampsia 
Am. J . Obstet. Gynecol. 167: 751-759

KHONG, T.Y., De Wolf, F., Robertson, W.B., Brosens, I. (1986)
Inadequate maternal vascular response to placentation in pregnancies complicated by pre-eclampsia 
and by small-for-gestational age infants 
Br. J . Obstet. Gynecol. 93:1049-1059

KHONG, T.Y., De Wolf, F., Robertson, W.B., Brosens, I. (1987)
Inadequate maternal vascular response to placentation in pregnancies complicated by pre-eclampsia 
and by small-for-gestational age infants 
Am. J . Obstet. Gynecol. 157: 751-762

KIMURA, S., Aoki, N. (1986)
Cross-linking site in fibrinogen for cc2-plasmin inhibitor 
J. Biol. Chem. 261: 15591-15595

KING, A., Loke, Y.W. (1994)
Unexplained fetal growth retardation: what is the cause?
Arch. Dis. Child. 70: F225-F227

KIRBY,D.R.S. (1960)
The development of mouse eggs beneath the kidney capsule 
Nature 187: 707-708

KIRBY,D.R.S. (1963a)
The development of mouse blastocysts transplanted to the spleen 
J. Reprod. Fertil. 5:1-12

KIRBY,D.R.S. (1963b)
The development of the mouse blastocyst transplanted to the cryptochid and scrotal testis 
J. Anat. 97: 119-130

KIRBY,D.R.S. (1965)
The “invasiveness” of the trophoblast
In: The early conceptus, normal and abnormal. Park, W.W. (ed.). University of St, Andrews Press, 
Edinburgh. 68-74

KIRCHHEIMER, J., Binder, B.R. (1984)
Urokinase antigen in plasma: age and sex dependent variations 
Thromb. Res. 36: 643-646

KIRCHHEIMER, J., Huber, K., Polterauer, P., Binder, B.R. (1985)
Urokinase antigen in plasma of patients with hver cirrhosis and hepatoma 
Thromb. Haemost. 54: 617-618



KISO, U., Kaudewitz, H., Henschen, A., Astedt, B., Kruithof, E.K.O., Bachmann, F. (1988) 
Determination of intermediates, products and cleavage site in the reaction between plasminogen 
activator inhibitor-2 and urokinases 
FEBSlett. 230: 51-56

KLIMAN, H.J. (1993)
The placenta revealed 
Am. J . Pathol. 143:332-336

KLIMAN, H.J. (1994)
Trophoblast infiltration 
Repro. Med. Rev. 3: 137-147

KLIMAN, H.J., Feinberg, R.F. (1990)
Human trophoblast-extraceUular matrix (ECM) interactions in vitro: ECM thickness modulates 
morphology and proteolytic activity 
Proc. Natl. Acad. Sci. USA 87: 3057-3061

KLIMAN, H.J., Nestler, J.E., Sermasi, E., Sanger, J.M., Strauss III, J.F. (1986)
Purification, characterization, and in vitro differentiation of cytotrophoblaists from human term 
placentae
Endocrinol. HS, 1567-1582

KNIGHT, M., Redman, C.W.G., Linton, E.A., Sargent, I.L. (1998)
Shedding of syncytiotrophoblast microvilli into the maternal circulation in pre-eclamptic pregnancies 
Br. J. Obstet. Gynecol. 105: 632-640

KNUDSEN, B.S., Silverstein, R.L., Leung, L.L.K., Harpel, P.O., Nachman, R.L. (1986)
Binding of plasminogen to extracellular matrix 
J . Biol. Chem. 261: 10765-10771

KOBAYASHI, H., Schmiddt, M., Goretzld, L. (1991)
Cathepsin B efficiently activates the soluble and the tumor cell receptor-bound form of the proenzyme 
urokinase-t)TDe plasminogen activator (Pro-uPA)
J. Biol. Ghem. 266: 5147-5152

KOLBEN, M., Lopens, A., Blaser, J., Ulm., Schmitt, M., Schneider, K.T.M., Tschesche, H. (1996) 
Proteases and their inhibitors are indicative in gestational disease 
Eur. J. Obstet. GjTiecol. Repro. Biol. 68: 59 -65

KOH, S.C.L., Viegas, O.A., Yuen, R., Ratman, S.S. (1992)
Plasminogen activators and inhibitors in normal late pregnancy 
Int. J. Gynecol. Obstet. 38: 9-18

KOH, S.G.L., Anandakumar, C., Montan, S., Ratman, S.S. (1993)
Plasminogen activators, plasminogen activator inhibitors and markers of intravascular coagulation in 
p re-eclampsia
Gynecol. Obstet. Invest. 35: 214-221 

KOHLER, M., Sen, S., Miyashita, G. (1991)
Half-Ufe of single-chain urokinase-type plasminogen activator (scu-PA) and two-chain urokinase-type 
plasminogen activator (tcu-PA) in patients with acute myocardial infarction 
Thromb. Res. 62: 75-81

KOVATS, S., Main, E.K., Librach, C., Stubblebime, M., Fisher, S.J., Demars, R.A. (1990)
A Class 1 antigen, HLA-G, expressed in human trophoblasts 
Science 248: 220-223



KREBS, C., Macara, L.M., Leiser, R., Bowman, A.W., Greer, I.A., Kingdom, J.C.P. (1996)
Intrauterine growth restriction with absent end-diastoUc flow velocity in the umbilical artery is 
associated with maldevelopment of the placental terminal viUous tree 
Am. J . Obstet. Gynecol. 175:1534-1542

KRISTENSEN, P., Larsson, L.I., Nielsen, L.S., Grondahl-Hansen, J., Andreasen, P.A., Dano, K. 
(1984)
Human endothelial cells contain one type of plasminogen activator 
FEBS Letts. 168: 33-37

KRUITHOF, E.K.O., Baker, M.S., Bunn, C.L.(1987)
Biological and clinical aspects of plasminogen activator inhibitor type 2 
Blood U: 4007-4024

KRUITHOF, E.K.O., Ransijn, A., Bachmann, F. (1983)
Inhibition of tissue plasminogen activator by human plasma
In Progress in Fibrinolysis, Vol 6, Davidson, J.F., Bachmann, F., Bouvier, C., Kruithof, E.K.O. (eds), 
Edinburgh, Ohurchill-Livingstone, 365-369

KRUITHOF, E.K.O., Tran-Thang, C., Ransijn, A., Bachmann, F. (1984)
Demonstration of a fast-acting inhibitor of plasminogen activators in human plasma 
Blood 64: 907-913

KRUITHOF, E.K.O., VassaUi, J.-D., Schleunging, W.-D., Mattahano, R.J., Bachmann, F. (1986) 
Purification and characterization of a plasminogen activator inhibitor from the histiocytic lymphoma 
cell line U-937
J. Biol. Chem. 261: 11207-11213

KRUITHOF, E.K.O., Tran-Thang, C., Gudinchet, A , Hauert, J., Nicoloso, G., Genton, 0., Welti, H., 
Bachmann, F. (1987)
Fibrinolysis in pregnancy: a study of plasminogen activator inhibitors 
Blood 69: 460-466

KUBO, H., Spindle, A., Pedersen, R.A. (1981)
Inhibition of mouse blastocyst attachment and outgrowth by proteinase inhibitors 
J. Exp. Zool. 445-461

LABARRERE, C.A. (1988)
Acute Atherosis. A histopathological haUmark of immune aggression?
Placentag: 95-108

LAO, T.T., Wong, W.M. (1996)
Placental ratio and intrauterine growth retardation 
Br. J. Obstet. Gynecol. 103: 924-926

LA.TRON, Y., Alessi, M.G., George, F., Anfosso, F., Poncelet, P., Juhan-Vague, I (1991) 
Characterization of epitheloid ceUs from human omentum -  comparison with endothehal cells from 
umbilical veins
Thromb. Haemost. 66: 361-367 

LAURENT, T.G., Blomback, B. (1958)
On the significance of the release of two different peptides from fibrinogen during clotting 
Acta Chem. Scand. 12; 1875-1877

LECANDER, 1., Astedt, B. (1986)
Isolation of a new specific plasminogen activator inhibitor from pregnancy plasma 
Br. J. Haematol 62: 221-228

LECANDER, 1., Astedt, B. (1987)
Specific plasminogen activator inhibitor of placental type PAI 2 occurring in amniotic fluid and cord 
blood



J. Lab. Clin. Med. 110; 602-605

LECANDER, I., Nilsson, I.M., Astedt, B. (1988)
Depression of plasminogen activator activity during pregnancy by the placental inhibitor PAI 2 
Fibrinolysis 2: 165-167

LEIBERMAN, J.R., Meizner, I., Mazor, M., Insler, V. (1988)
Blood supply to the uterus in preeclampsia 
Eur. J. Obstet. Gynecol. Reprod. Biol. 28: 23-27

LEVIN, E.G., Loskutoff, D.J. (1982)
Cultured bovine endothelial cells produce both urokinase and tissue-type plasminogen activators 
J. Cell Biol. 94: 631-636

LEVIN, E.G., SanteU, L. (1991)
Thrombin- and histamine-induced signal transduction in human endotheUal cells. Stimulation and 
agonist-dependent desensitization of protein phosphorylation 
J. Biol. Chem. 266: 174-181

LEVIN, E.G., Osborn, K.G. (1997)
The expression of endothehal cell tissue plasminogen activator in vivo: A function defined by vessel 
size and anatomic location 
J. CeU Sci. 11: 139-142

LEVIN, E.G., Santell, L. (1987)
Association of a plasminogen activator inhibitor (PAl-1) with the growth substratum and membrane of 
human endotheUal cells 
J. Cell Biol. 105: 2543-2549

LEVIN, E.G., Marotti, K.R., SanteU, L. (1989)
Protein kinase C emd the stimulation of tissue plaisminogen activator release from human endotheUal 
ceUs
J. Biol. Chem. 264:16030-16034

LEWIS, L.J., Hoak, J.C., Maca, R.D., Fry, G.L. (1973)
RepUcation of human endotheUal ceUs in culture 
Science IM: 453-459

LIBRACH, C.L., Werb, Z., Fitzgerald, M.L., Chiu, K., Corwin, N.M., Esteves, R.A., Grobelny, D., 
Galardy, R., Damsky, C.H. (1991)
92-kD type IV coUagenase mediates invasion of human cytotrophoblasts 
J. CeU Biol. 113: 437-449

LIE, R.V., Rasmussen, S., Brunborg, H., Gjessing, H.K., lie-NeUson, E., Irgens, L.M. (1998)
Fetal and maternal contributions to risk of pre-eclampsia: population based study 
B.M.J. 316: 1343-1347

LIJNEN, H.R., CoUen, D. (1976)
Molecular mechanisms of fibrinolysis

LIJNEN, H.R., Hoylaerts, M., CoUen, D. (1980)
Isolation and characterization of a human plasma protein with affinity for the lysine binding sites in 
plasminogen
J. Biol. Chem. 255: 10214-10222

LIJNEN, H.R., Van Hoef, B., De Cock, F. (1991)
On the mechanism of fibrin specific activation by staphylokinase 
J. Biol. Chem. 266: 11826-11832



LIJNEN, H.R., Van Hoef, B., Matsuo, O., CoUen, D. (1992)
On the molecular interactions between plasminogen-staphylokinase, o2-antiplasmin and fibrin 
Biochim. Biophys. Acta 1118: 144-148

LIN, S., Shimizu, I., Suehara, N., Nakayama, M., Aono, T. (1995)
Uterine artery Doppler velocimetry in relation to trophoblast migration into the myometrium of the 
placental bed
Obstet. Gynecol. 85; 760-765 

LINDOFF, C., Astedt, B. (1994)
Plsisminogen activator of urokinase type and its inhibitor of placental type in hypertensive 
pregnancies and in intrauterine growth retardation; Possible markers of placental function 
Am. J. Obstet. Gynecol. 171: 60-64

UNDOFF, 0., Lecander, 1., Astedt, B. (1993)
Fibrinolytic components in individual consecutive plasma samples during normal pregnancy 
Fibrinolysis 7:190-194

LOCKWOOD, C.J., Peters, J.H. (1990)
Increased plasma levels of EDP cellular fibronectin precede the clinical signs of preeclampsia 
Am. J. Obstet. Gynecol. 162: 358-364

LOEWY, A.G. (1972)
Some thoughts on the state in nature, biosynthetic origin and function of factor XIII 
Ann. N.Y. Acad. Sci. 202: 41-58

LOKE, Y.W., King, A. (1997)
Immunology of human placental implantation: clinical implications of our current understanding 
Molec. Med. Today April: 153-159

LONG, P.A., AbeU, D.A., Beischer, N.A. (1980)
Fetal growth retardation and preeclampsia 
Br. J . Obstet. Gynecol. 87; 13-18

LONGSTAFF, C., Gaffney, P.J. (1991)
Serpin-serine protease binding kinetics; ota-antiplasmin £is a model inhibitor 
Biochemistiy 30: 979-986

LONGSTAFF, C., Gaffney, P.J. (1992)
Studies on the mechanism of binding of serpins and serine proteases 
Blood Coag. Fibrinol. 3: 89-97

LORAND, L. (1972)
Fibrinoligase: the fibrin-stabilizing factor system of blood plasma 
Ann. N.Y. Acad. Sci. 202: 6-30

LORENTZEN, B., Endresen, M.J., Hovig, T., Haug, E., Henriksen, T. (1991)
Sera from preeclamptic women increase the content of triglycerides and reduce the release of 
prostacyclin in cultured endothelial cells 
Thromb. Res. 63: 363-367

LORIENT ROUDANT, M.F., Freyburger, G., DaUay, D., Vergenes, C., Boisseau, M.R. (1986) 
Fibrinolysis in pregnancy: effBct of gestational age and of pregnancy-induced hypertension.
Eight International Congress on Fibrinolysis, Fibrinolysis: Abstract no. 310

LOSKUTOFF, D.J. (1991)
Regulation of PAI-1 gene expression 
Fibrinolysis 5: 197-206



LOSKUTOFF, D.J., Edgington, T.S. (1977)
Synthesis of a fibrinolytic activator and inhibitor by endotheUal cells 
Proc. Natl. Acad. Sci. USA 74: 3903-3907

LOSKUTOFF, D.J., Sawdey, M., Mimuro, J. (1989)
Typ® 1 plasminogen activator inhibitor
In: Progress in hemostasis and thrombosis. CoUer, B.S. (ed)
Philadelphia, PA, Saunders. P. 87- 92

LOSKUTOFF, D.J., Van Mourik, J.A , Erickson, L.A., Lawrence, D. (1983)
Detection of an unusually stable fibrinol}^ic inhibitor produced by bovine endothelial cells 
Proc. Natl. Acad. Sci. USA 80: 2956-2960

LOTTENBERG, R., WiUis, D.C. (1986)
The rapid inhibition of urokinase by plasma from pregnant women at risk for abruptio placenta 
Thromb. Res. M: 807-815

LOW, J.A., Boston, R.W. (1972)
Fetal asphyxia during the intrapartum period in intrauterine growth-retarded infants 
Am. J. Obstet. Gynecol. 113: 351-357

LOWRY, O., Rosebrough, N., Farr, A., Randall, R. (1951)
Preotein measurement with the foUn phenol reagent 
J. Biol. Chem. 193; 265 - 271

LUNNELL, N.O., Nylund, L.E., Lewander, R., Sarby, B. (1982)
Uteroplacental blood flow in pre-eclampsia 
CUn. Exp. Hyper. Bl: 105-117

LYALL, F., Greer, LA. (1996)
The vascular endothehum in normal pregnancy and pre-eclampsia 
Rev. Reprod. 1:107-116

LYALL, F., Greer, I.A., BosweU, F., Fleming, R. (1997)
Suppression of serum vascular endotheUal growth factor immunoreactivity in normal pregnancy and 
in pre-eclampsia
Br. J. Obstet. Gynecol. 104: 223-228

LYALL, F., Greer, I.A., BosweU, F., Young, A, Macara, L.M., Jeffers, M.D. (1995)
Expression of ceU adhesion molecules in placentae from pregnancies compUcated by pre-eclampsia and 
intrauterine growth retardation 
Placenta 16: 579-587

LYALL, F., BosweU, F., Young, A., Clark, G.J., Greer, l.A. (1997)
The cytokine interleukin-6 increases expression of the ceU adhesion molecules E-selectin and VCAM-1 
on endothelial ceUs in vitro: a role in preeclampsia?
Hyper. Preg. 16: 403-415

MACFARLANE, R.G. (1964)
An enzyme cascade in the blood clotting mechanism, and its function as a biological ampUfier 
Nature 202: 498-508

MACFARLANE, R.G., Biggs, R. (1946)
Observations on fibrinolysis: spontaneous activity associated with surgical operations, traum a and 
cancer.
Lancet 2: 862-864

MACFARLANE, R.G., Pilling, J. (1946)
Observations on fibrinolysis, plasminogen, plasmin and antiplasmin content of human blood 
Lancet ii: 862-865



MACGILLTVRAY, I. (1958)
Some observations on the incidence of preeclampsia 
J. Obstet. Gynecol. Br. Commonw. 65: 536-539

MACGILLIVRAY, I., Rose, G., Rowe, B. (1969)
Blood pressure in pregnancy 
Clin. Sci. 37; 395-407

MCKEE, P.A., Schwartz, M.L., Pizzo, S.V., HiU, R.L. (1972)
Cross-linking of fibrin by fibrin-stabilizing factor 
Ann. N.Y. Acad. Sci. 202:127-148

MCKILLOP, 0., Howie, P.W., Forbes, C.D., Prentice, C.R.M. (1976)
Soluble fibrinogen-fibrin complexes in pre-eclampsia 
Lancet 1:56-58

MCKILLOP, C., Howie, P.W., Forbes, C.D., Prentice, C.R.M. (1978)
Soluble fibrinogen-fibrin complexes in intrauterine growth retardation 
Early Human Dev. 2: 139-145

MACHOVICH, R., Bauer, P.I., Ar«inyi, P., Kecskes, E., Buki, K.G., Horvath, 1. (1981)
Kinetic analysis of the heparin-enhanced plasmin-antithrombin III reaction. Apparent catalytic role of 
heparin
Biochem. J. 199: 521-526 

MANCHANDA, N., Schwartz, B.S. (1991)
Single chain urokinase. Augmentation of enzymatic activity upon binding to monocytes 
J. Biol. Chem. 266:14580-14584

MARDER, V.J., Shuhnan, N.R., CarroU, W.R. (1969)
High molecular weight derivatives of humain fibrinogen produced by plasmin. I. Physicochemical and 
immunological characterization 
J. Biol. Chem. M4: 2111-2119

MARGUIIS, R.R., Luzadre, J.H., Hodgkinson, C.P. (1954)
Fibrinolysis in labor and deUvery 
Obstet. Gynecol. 3: 487-490

MARSH, N. (1981)
Fibrinolysis
John Wiley and Sons, Chichester, U.K.

MARTIN, O., Arias, F. (1982)
Plasminogen activator production by trophoblast cells in vitro: effect of steroid hormones and protein
synthesis inhibitors
Am. J. Obstet. Gynecol. 142: 402-409

MATIJEVIC, R., Meekins, J.W., WaUdnshaw, S.A., Neilson, J.P., McFadyen, I.R. (1995)
Spiral arteiy blood flow in the central and peripheral areas of the placental bed in the second 
trimester
Obstet. Gynecol. 86: 289-292

MEEKINS, J.W., Pijnenborg, R., Hanssens, M., McFadyen, I.R., Van Asshe, A. (1994)
A study of placental bed spiral arteries and trophoblast invasion in normal and severe pre-eclamptic 
pregnancies
Br. J. Obstet. Gynecol. 101: 669-674



MEEKINS, J.W., Pijnenborg, R., Hanssens, M., McFadyen, I.R., Van Asshe, A. (1995)
Spiral artery morphology in pregnancies complicated by chronic hypertension: the relation to 
antihypertensive therapy and to superimposed preeclampsia 
Hyper. Preg. 14: 67-80

MIHALYI, E. (1988a)
Clotting of bovine fibrinogen. Calcium binding to fibrin during clotting and its dependence on release 
of fibrinopeptide B 
Biochemistry 27: 967-976

MIHALYI, E. (1988b)
Clotting of bovine fibrinogen. Kinetic analysis of the release of fibrinopeptides by thrombin and of the 
calcium uptake upon clotting at high fibrinogen concentrations 
Biochemistry 27: 976-982

MIHALYI, E., Tercero, J.C., Diaz- Maurino, T. (1991)
Changes in pH tissociated with clotting of fibrinogen. Kinetic studies of the pH shift and correlation 
pH change with the release of fibrinopeptides and the ensuing polymerisation 
Biochemistry 30: 4753-4762

MILES, L.A., Plow, E.F. (1988)
Plasminogen receptors: Ubiquitous sites for cellular regulation of fibrinolysis 
Fibrinolysis 2: 61-71

MILES, L.A., Levin, E.G., Plescia, J., CoUen, D., Plow, E.F. (1988)
Plasminogen receptors, urokinase receptors, and their modulation on human endothelial cells 
Blood 72: 628-634

MILES, L.A., Fless, G.M., Levin, E.G., Scanu, A.M., Plow, E.F. (1989)
A potential basis for the thrombotic risks associated with lipoprotein(a)
Nature 339: 301-311

MILLS, J.L., Graubard, B.I., Harley, E.E., Rhoads, G.G., Berendes, H.W. (1984)
Maternal alcohol consumption and birth weight, how much drinking during pregnancy is safe?
JAMA 252: 1875-1879

MILSTONE, H. (1941)
A factor in normal human blood which participates in streptococcal fibrinolysis 
J. Immunol. 42: 109-116

MOE, A.J., Fsumer, D.R., Nelson, D.M., Smith, C.H. (1991)
Pentose phosphate pathway in cellular trophoblasts from full-term human placentas 
Am. J. Physiol. 261: C1042-C1047

MOLL, W. Kunzel, W., Herberger, J. (1975)
The haemodynamic impKcations of hemochorial placentation 
Eur. J. Obstet. Gynecol. Reprod. Biol. 5: 67-71

MONZON-BORDONABA, F., Wang, C.-L., Feinberg, R.F. (1997)
Fibronectinase activity in cultured human trophoblasts is mediated by urokinase-type plasminogen 
activator
Am. J. Obstet. Gynecol. 176: 58-65

MOORE, K.L. (1988)
The developing human
W.B. Saunders, Philadelphia. 33-38

MORAWITZ, P. (1906)
Beitr. Chem. Physiol. Pathol. 8: 1



MOROI, M., Aold, N. (1976)
Isolation and characterization of oc2-plasmin inhibitor from human plasma. A novel proteinase 
inhibitor which inhibits activator-induced clot lysis 
J. Biol. Chem. 251: 5956-5965

MULLERTZ, S., Clemmensen, I. (1976)
The primary inhibitor of plasmin in human plasma 
Biochem. J. 1^ : 545-553

MULTHAUPT, H.A.B., Mazar, A, Cines, D.B., Warhol, M.J., McCrae, K.R. (1994)
Expression of urokinase receptors by human trophoblasts 
Lab. Invest. 71: 392-400

MUYAN, M., Boime, I. (1997)
Secretion of chorionic gonadotropin from human trophoblasts 
Placenta 18: 237-241

NELSON, D.M. (1996)
Apoptotic changes occur in syncytiotrophoblast of human placental villi where fibrin type fibrinoid is 
deposited at discontinuities in the vUlous trophoblast 
Placenta 17: 387-391

NELSON, D.M,, Crouch, E.G., Curran, E.M., Farmer, D.R. (1990)
Trophoblast interaction with fibrin matrix 
Am. J. Pathol 136: 855-865

NELSON, J.R. (1955)
A clinical study of pre-eclampsia
J. Obstet. Gynecol. Brit. Common. 65 : 536-539

NESS, R.B., Roberts, J.R. (1996)
Heterogeneous causes constituting the single syndrome of preeclampsia: A hypothesis and its 
implications
Am. J. Obstet. Gynecol. 175: 1365-1370

NEWNHAM, J. (1998)
Consequences of fetal growth restriction 
Curr. Opin. Obstet. Gynecol. 10: 145-149

NIEWIAROWSKI, S., Prou-Wartelle, O. (1959)
Role du facteur contact (facteur hageman) dans la fibrinolyse 
Thromb. Diath. Haemorrh. 3: 593-603

NILSSON, l.M. (1967)
Cheuiges in the coagulation and fibrinolytic systems predisposing to thrombosis 
Acta Chir. Scand. Suppl. 387: 15-22

NILSSON, I.M., KuUander, S. (1967)
Coagulation and fibrinolytic studies during pregnancy 
Acta Obstet. Gynecol. Scand. 46: 273-285

NILSSON, I.M., Folding, P., Lecander, 1., Lenner, C., Astedt, B. (1986)
Different types of plasminogen activator inhibitors in plasma and platelets in pregnant women 
Br. J. Haematol. 62: 215-220

NOLF, P. (1908)
Contribution a I’etude de la coagulation du sang. V. La fibrinolyse 
Arch. Int. Physiol. 6: 306-359



NORRIS, L.A., Sheppard, B.L., Burke, G., Bonnar, J. (1994)
Platelet activation in normotensive and hypertensive pregnancies complicated by intrauterine growth 
retardation
Br. J. Obstet. Gynecol. 101: 209-214

NORRIS, LA., Gleeson, N., Sheppard, B.L., Bonnar, J. (1993)
Whole blood platelet aggregation in moderate and severe preeclampsia 
Br. J. Obstet. Gynecol. 100: 684-688

NUSSENWEIG, V., Seligmann, M., Pelmont, J., Grabar, P. (1961)
Les produits de degradation du fibrinogene humain par la plasmine 
Annales de I’lnstitut. Pasteur 100: 377-389

NY, T., Hansson, L., Lawrence, D., Leonardsson, G., Astedt, B. (1989)
Plasminogen activator inhibitor type 2 cDNA transfected into Chinese hamster ovary cells is stably 
expressed but not secreted 
Fibrinolysis 3; 189-196

NY, T., Sawdey, M., Lawrence, D.A, Millan, J.L., Loskutoff, D.J. (1986)
Cloning and sequence of a cDNA coding for the human p-migrating endothelial ceU-type plasminogen 
activator inhibitor
Proc. Natl. Acad. Sci. USA 83: 6776-6780

NYLUND, L., Lunnrkk, N.O., Lewander, R., Sarby, B. (1983)
Uteroplacental blood flow index in intra-uterine growth retardation of fetal and maternal origin 
Br. J. Obstet. Gynecol. 90: 16-20

ORPANA, A.K., Avela, K., Ranta, V., Vunikka, L., YKkorkala, 0. (1996)
The calcium-dependent nitric oxide production of vascular endothelial cells in preeclampsia 
Am. J. Obstet. Gynecol. 174: 1056-1060

OTT, W.J. (1988)
The diagnosis of altered fetal growth 
Obstet. Gynecol. Clinics North Am. 15: 237-245

PANNEKOEK, H., Veermen, H., Lambers, H., Diergaarde, P., Verweij, C.L., Van Zonneveld, A.J. 
(1986)
Endothelial cell plasminogen activator inhibitor (PAI); a new member of the serpin gene family.
EMBO J. 5: 2539-2544

PENNICA, D., Holmes, W.E., Kohr, W.J., Harkins, R.N., Vehar, G.A., Ward, C.A., Bennett, W.F., 
Yelverton, E., Seeburg, P.H., Heyneker, H.L., Goeddel, D.V. (1983)
Cloning and expression of human tissue-type plasminogen activator cDNA in E. Coli 
Nature 301: 214-221

PEPPER, M.S., Sappino, A.-P., StockUn, R., Montesano, R., Orci, L., VassaUi, J.-D. (1993) 
Upregulation of urokinase receptor expression on migrating endothelial cells 
J. Cell Biol. 122: 673-684

PERSSON, B.L., Holmberg, L., Astedt, B., Nilsson, l.M. (1982)
Coagulation and fibrinolysis in pregnancy complicated by intrauterine growth retardation 
Acta Obstet. Gynecol. Scand. 455-459

PETERSEN, T.E., Dudek-Wojciechowska, G., Sottrup-Jensen, L., Steparuk, T,, Jones, S., 
Magnusson, S. (1978)
Primary structure studies on antithrombin 111, alpha2-macroglobulin and hirudin, three proteins that 
inhibit thrombin
XVIlth Congress of the International Society of Hematology (Paris), Abstract p. 105

PETERSEN, L.C., Suenson, E. (1990)



Effect of plasminogen and tissue-type plasminogen activator on fibrin gel structure 
Fibrinolysis 5: 51-59

PETERSEN, L.C., Lund, L.R., Nielsen, L.S, Dano, K, Skriver, L. (1988)
One-chain uroldnase-type plasminogen activator from human sarcoma cells is a proenzyme with little
or no intrinsic activity
J. Biol. Chem. 263:11189-11195

PFEIFER, G.W., Doerr, F., Brod, K.H. (1969)
Zur Pharmakokinetik von i®‘I-Streptokinase am Menschen 
KUnische Wochenschrift 482-486

PHILIPS, M., Juul, A.G., Thorsen, S., Selmer, J., Zeuthen, J. (1986)
Immunological relationship between the fast-acting plasminogen activator inhibitors from plasma, 
blood, platelets, and endothelial cells demonstrated with a monoclonal antibody against an inhibitor 
from placenta
Thromb. Haemost. 55: 213-217

PHILUPS, L.L., Butler, B.C., Taylor, H.C. (1956)
A study of cytofibrinoldnase and fibrinolysin in extracts of tissue from human myometrium, 
endometrium, decidua and placenta 
Am. J. Obstet. Gjoiecol. 71; 342-347

PIJNENBORG, R. (1994)
Trophoblast invasion 
Reprod. Med. Rev. 3: 53-73

PIJNENBORG, R., Bland, J.M., Robertson, W.B., Brosens, I. (1983)
Uteroplacental arterial changes related to interstitial trophobleist migration in early human pregnancy 
Placenta 4: 397-414

PIJNENBORG. R., Anthony, J., Davey, D.A.(1991)
Placental bed spiral arteries in the hypertensive disorders of pregnancy 
Br. J. Obstet. Gynecol. 98: 648-655

PIJNENBORG, R., Luyten, C., Vercruysse, L., Van Assche, F.A. (1996)
Attachment and differentiation in vitro of trophoblast from normal eind preeclamptic human placentas 
Am. J. Obstet. Gynecol. 175: 30-36

PIPKIN, F.B. (1995)
The hypertensive disorders of pregnancy 
Brit. Med. J. 311: 609-613

PLOW, E.F. (1986)
The contribution of leukocyte proteases to fibrinolysis 
Blut M: 1-9

PLOW, E.F., Freaney, D.E., Plescia, J., Miles, L.A. (1986)
The plasminogen system and ceU surfaces: Evidence for plasminogen and urokinase receptors on the
same cell type
J. Cell Biol. 103: 2411-2415

POLETTE, M., Nawrocki, B., Pintiaux, A., Massenat, C., Maquoi, E., Volders, L., Schapps, J.P., 
Birembaut, P., Foidart, J.M. (1994)
Expression of gelatinases A and A and their tissue inhibitors by cells of early and term human 
placenta and gestational endometrium 
Lab. Invest. 71: 838-846

PORANEN, A.-K., Ekblad, U., Uotila, P., Ahotupa, M. (1996)
Lipid peroxidation and antioxidants in normal and pre-eclamptic pregnancies 
Placenta 17: 401-409



PRADA, J.A., Tsang, R.C. (1998)
Biological mechanisms of environmentally induced causes of lUGR 
Eur. J. Clin. Nut. 52: S21-S28

QU, J.. Ying, S.-Y., Thomas, K. (1992)
Inhibin production and secretion in human placental cells cultured in vitro 
Obstet. Gynecol. 79: 705-712

QUEENAN, J.T., Kao, L.-C., Arboleda, G.E., UUoa-Aguirre, A., Golos, T.G., Cines, D.B., Strauss III, 
J.F. (1987)
Regulation of urokinase-type plasminogen activator production by cultured human cytotrophoblasts 
J. Biol. Chem. 262:10903-10906

RAMAKRISHNAN, V., Sinicropi, D.V., Dere, R., Darbonne, W.C. (1990)
Interaction of wild-type and catalytically inactive mutant forms of tissue-type plasminogen activator 
with human umbilical vein endothelial cell monolayers 
J. Biol. Chem. 265: 2755-2763

RAMSEY, E.M., Donner, M.W. (1980)
Placental Vasculature and Circulation 
Georg Thieme, Stuttgsut. 12-13

RAO, A.K., Sheth, S., Kaplan, R. (1997)
Inherited hypercoagulable states 
Vase. Med. 2: 313-320

RANBY, M. (1982)
Studies on the kinetics of plasminogen activation by tissue plasminogen activator 
Biochim. Biophys. Acta 704: 461-469

RATNOFF, O.D., Lepow, I.H. (1957)
Some properties of an esterase derived from preparations of the first component of complement 
J. Exp, Med. 106: 327-343

RAUM, D., Marcus, D., Alper, C.A., Levey, R., Taylor, P.D., Stand, T.E. (1980)
S3mthesis of human plasminogen by the Hver 
Science 208: 1036-1037

REDMAN, C.N.G., Jeffries, M. (1988)
Revised definition of pre-eclampsia 
Lancet 1: 809-812

REDMAN, C.W.G. (1990)
Platelets and the beginnings of preeclampsia 
N. Engl. J. Med. 323: 478-480

REDMAN, C.W.G. (1997)
C^otrophoblasts: Masters of disguise 
Nat. Med. 3:610-611

REDMAN, C.W.G., Roberts, J.M. (1993)
Management of preeclampsia 
Lancet 341: 1451-1454

REILLY, C.F., Hutzehnann, J.E. (1992)
Plasminogen activator inhibitor-1 binds to fibrin and inhibits tissue-type plasminogen activator- 
mediated fibrin dissolution 
J. Biol. Chem. 267: 17128-17135



REILLY, T.M., Mousa, S.A., Seetharam, R., Racanelli, A.L. (1994)
Recombinant plasminogen activator inhibitor type 1: a review of structural, functional, and biological 
aspects
Blood Coag. Fibrinol. 5: 73-81

REITH, A., Booth, N.A., Moore, N.R., Cruickshank, D.J., Bennett, B. (1993)
Plasminogen activator inhibitors (PAI-1 and PAI-2) in normal pregnancies, pre-eclaunpsia and
hydatidiform mole
Br. J. Obstet. Gynecol. 100: 370-374

REMOLD-O’DONNELL, E. (1993)
The ovalbumin family of serpin proteins 
FEBS Lett. 315:105-116

RIJKEN, D.C., Groeneveld, E. (1986)
Isolation and functional characterization of the heavy and hght chains of hum an tissue-type 
plasminogen activator 
J. Biol. Ghem. 261: 3098-3102

RIJKEN, D.C., Hoylaerts, M., CoUen, D. (1982)
Fibrinolytic properties of one-chain and two-chain human extrinsic (tissue-type) plasminogen activator 
J. Biol. Ghem. 257: 2920-2925

RIJKEN, D.G., Wijngaards, G., Zaal-De Jong, M., Welbergen, J. (1979)
Purification and partial characterization of plasminogen activator from human uterine tissue 
Biochim. Biophys. Acta 580: 140-153

RIMON, A., Shamash, Y., Shapiro, B. (1966)
The plasmin inhibitor of human plasma. TV. Its action on plasmin, trypsin, chymotrypsin and 
thrombin
J. Biol. Ghem. 241: 2333-2342

RISTELI, J., Foidart, J.M., Risteh, L., Boniver, J., GofEinet, G. (1984)
The basement membrcine proteins laminin and type IV coUagen in isolated villi in pre-eclampsia 
Placenta 1: 61-76

ROBERTS, J.M. (1989)
Pregnancy related hypertension. In Creasy, R.K. and Resnik, R. (eds.) Maternal Fetal Medicine: 
Principles and Practice; 777-823

ROBERTS, J.M., Redman, G.W.G. (1993)
Pre-eclampsia: more than pregnancy-induced hypertension 
Lancet 341: 1447-1451

ROBERTS, J.M., Taylor, R.N., Goldfien, A. (1991)
Endothehal cell activation as a pathogenic factor in preeclampsia 
Semin. Perinatal. 15: 86-93

ROBERTS, J.M., Edep, M.E., Goldfien, A., Taylor, R.N. (1992)
Sera from preeclamptic women specifically activate human umbihcal vein endothelial cells in vitro: 
Morphologic and biochemical evidence 
Am. J. Reprod. Immunol. 27: 101-110

ROBERTS, J.M., Taylor, R.N., Musci, T.J., Rodgers, G.M., Hubei, C.A., McLaughHn, M.K. (1989) 
Preeclampsia: An endothehal cell disorder 
Am. J . Obstet. Gynecol. 161:1200-1204

ROBERTSON, W.B., Khong, T.Y. (1987)
Pathology of the uteroplacental bed
In: Hypertension in Pregnancy. Eds. Sharp, F., Symonds, E.M.
Pub. Perinatology Press, Ithaca, New York. P . 101-113



ROBERTSON, W.B., Brosens, I., Dixon, H.G. (1967)
The pathological response of the vessels of the placental bed to hypertensive pregnancy 
J. Path. Bact. 93: 581-592

ROBERTSON, W.B., Brosens, I., Dixon, G. (1975)
Uteroplacental vascular pathology
Eur. J. Obstet. Gynecol. Reprod. Biol. 5: 47-65

ROBERTSON, W.B., Khong, T.Y., Brosens, 1., De Wolf, F., Sheppard, B.L., Bonnar, J . (1986)
The placental bed biopsy: review from three Europeein centers 
Am. J. Obstet. Gynecol. 155: 401 412

RODGERS, G.M., Taylor, R.N., Roberts, J.M. (1988)
Preeclampsia is associated with a serum factor cytotoxic to human endothelial cells 
Am. J. Obstet. Gynecol. 159: 908-914

ROGERS, R.G., Thorp, J.M. (1997)
Pregnancy-induced hypertension: genesis of sind response to endothelial injury and the role of 
endothelin 1
Obstet. Gynecol. Surv. 52:723-727 

RYBO, G. (1966)
Plasminogen activators in the endometrium. I. Methodological aspects 
Acta Obstet. Gynecol. Scand. 411-428

SAFTLAS, A.F., Olson, D.R., Franks, A.L., Atrash, H.K., Pokras, R. (1990)
Epidemiology of preeclampsia and eclampsia in the United States 1979-1986 
Am. J. Obstet. Gjoiecol. 163: 460-465

SAITO, H., Hamilton, S.M., Tavill, AS. (1980)
Production and release of plasminogen by isolated perfused rat liver 
Proc. Natl. Acad. Sci. USA 77: 6837-6840

SAKATA, Y., Aoki, N. (1982)
Significance of crosslinldng of alpha-2-plasmin inhibitor to fibrin in inhibition of fibrinolysis and in 
hemostsisis
J. Clin. Invest. 69: 536-542 

SAKSELA, O., Rifkin, D.B. (1988)
Cell-associated plasminogen activation; regulation and physiological functions 
Ann. Rev. Cell Biol. 93-126

SALAFIA, C.M., PezzuUo, J.C., Lopez-Zeno, J.A., Simmens, S., Minior, V.K., Vintzileous, A.M. (1995) 
Placental pathologic features of preterm preeclampsia 
Am. J. Obstet. Gynecol. 173: 1097-1105

SAPPINO, A.P., Huarte, J., Belin, Vassali, J.D. (1989)
Plasminogen activators in tissue remodeling and invasion; mRNA localization in mouse ovaries and 
implanting embryos 
J. CeU Biol. 109: 2471-2479

SAVAGE, C.R., Jr., Hash, J.H., Cohen, S. (1973)
Epidermal growth factor: Location of disulphide bonds 
J. Biol. Cham. 248: 7669-7672

SCARPATI, E.M., Sadler, J.E. (1989)
Regulation of endothelial ceUs coagulant properties 
J. Biol. Chem. 264: 20705-20713



SCHATZ, F., Lockwood, C.J. (1993)
Progestin regulation of plasminogen activator inhibitor type 1 in primary cultures of endometrial
stromal and decidual cells
J. CUn. Endocrinol. Metab 77: 621-625

SCHATZ, F., Aigner, S., Papp, C., Toth-Pal, E., Hausknecht, V., Lockwood, C.J. (1995)
Plasminogen activator activity during deciduaHsation of human endometrial stromal cells is regulated 
by plasminogen activator inhibitor 1 
J. Clin. Endocrinol. Metab 80: 2504 - 2510

SCHLEUNING, W.-D., Medcalf, R.L., Hession, C., Rothenbuhler, R., Shaw, A., Kruithof, E.K.O. 
(1987)
Plasminogen activator inhibitor 2: regulation of gene transcription during phorbol ester mediated 
differentiation of U-937 human histiocytic lymphoma cells 
Mol. Cell Biol. 7: 4564-4567

SCHMORL, G. (1893)
Pathologisch-anatomische untersuchungen uber puerperal-eklampsie 
Leipzip: F.C.W. Vogel

SCHOBEL, H.P., Fischer, T., Heuszer, K., Geiger, H., Schmieder, R.E. (1996)
Preeclampsia — A state of sympathetic overactivity 
N. Engl. J. Med. 335: 1480-1485

SCHJETLEIN, R., Haugen, G., Wisloff, F. (1997)
Markers of intravascular coagidation and fibrinolysis in preeclampsia: association with intrauterine 
growth retardation
Acta Obstet. Gynecol. Scand. 76: 541-546 

SCHUTZ, M., Friedl, P. (1996)
Isolation and cultivation of endothelial cells derived from human placenta 
Eur. J. CeU Biol. 71: 395-401

SCHWARTZ, B.S. (1994)
Differential inhibition of soluble and cell surface receptor bound scu-PA by plasminogen activator 
inhibitor
J. Biol. Chem. 269: 8319-8324

SEEGERS, W.H., Nieft, M.L., Vandenbelt, J.M. (1945)
Decomposition products of fibrinogen and fibrin 
Arch. Biochem. 7:15-19

SEIFERT, S.C., Gelehrter, T.D. (1978)
Mechanism of dexamethasone inhibition of plasminogen activator in ra t hepatoma ceUs 
Proc. Natl. Acad, Sci. USA 75: 6130-6133

SEIFFERT, D., Loskutoff, D.J. (1991)
Kinetic analysis of the interaction between type 1 plasminogen activator inhibitor and 
vitronectin and evidence that the bovine inhibitor binds to a thrombin-derived amino-terminal 
fragm ent of bovine vitronectin 
Biochim. Biophys. Acta 1078: 23-30

SEXTON, L.I., Hertig, AT., Reid, D.E., Kellog, F.S., Patterson, W.S. (1950)
Premature separation of the normally implanted placenta 
Am. J. Obstet. G3mecol. 59:13-24

SHANKUN, D.R., Sibai, B.M. (1989)
Ultrastructural aspects of preeclampsia 
Am. J. Obstet. Gynecol. 161: 735-741



SHAPER, A.G., Macintosh, D.M., Evans, C.M., Kyope, J. (1965)
Fibrinolysis and plasminogen levels in pregnancy and the puerperium 
Lancet 2; 706-708

SHEEHAN, H.L., Lynch, J.B. (1973)
In: Pathology of toxaemia of pregnancy 
Churchill Livingstone. Edinburgh and London.

SHEPPARD, B.L., Boyle, C., Gleeson, N., Jordan, M., Daly, L., Bonnar, J. (1990)
Plasminogen activator inhibitors of the placenta and placental bed in normotensive and hypertensive 
pregnancy
Placental commun.: biochem. cell, aspects 199: 151-159 

SHEPPARD, B.L., Bonnar, J. (1974a)
Scanning electron microscopy of the human placenta and decidual spiral arteries in normal pregnancy 
J. Obstet. Gynecol. Br. Commonw. 81: 20-29

SHEPPARD, B.L., Bonnar, J. (1974b)

The ultrastructure of the arterial supply of the human placenta in early and late pregnancy 
J. Obstet. Gynecol. Br. Cbmmon. 81: 497-511

SHEPPARD, B.L., Bonnar, J. (1976)
The ultrastructure of the arterial supply of the human placenta in pregnancy comphcated by fetal
growth retardation
Br. J. Obstet. Gynecol. 83: 948-959

SHEPPARD, B.L., Bonnar, J. (1977)
Pathology of the uteroplacental vessels and poor intrauterine fetal growth in normotensive and 
hypertensive pregnancies
In: Poor intrauterine fetal growth, Eds. Salvadori, B., Bachi-Modena, A.
Pub. Cento Minerva Medica, p. 171-176

SHEPPARD, B.L., Bonnar, J. (1978)
Fibrinolysis in uteroplacental arteries
In “Progress in chemical fibrinolysis and thrombolysis” Vol 3. Eds. Davidson, J.F., Rowan, R.M., 
Samama, M.M., Desnoyers, P.O. Raven Press, New York. 559-564

SHEPPARD, B.L., Bonnar, J. (1980)
Ultrsistructural abnormalities of placental viUi in placentae from pregnancies complicated by 
intrauterine fetal growth retardation: their relationship to decidual spiral arterial lesions 
Placenta 1: 145-156

SHEPPARD, B.L., Bonnar, J. (1981)
An ultrastructural study of utero-placental spiral arteries in hypertensive and normotensive 
pregnancy and fetal growth retardation 
Br. J. Obstet. Gynecol. 88: 695-705

SHEPPARD, B.L., Bonnar, J. (1988)
The maternal blood supply to the placenta in pregnancy complicated by intrauterine fetal growth
retardation
Troph. Res. 3: 69-81

SHER, G., Davey, D.A., Ogilvie, M, (1975)
Pregnancy, pre-eclampsia and disseminated intravascular coagulation 
S. Afr. Med. J. 49: 1197-1200

SHI, C.Z., Zhuang, L.Z. (1993)
Stimulatory effect of norepinephrine on progesterone production by human first trimester placenta 
explants in vitro 
Life Sci. 52: 1657-1665



SHIMADA, H., Takashima, E., Soma, M., Murakami, M., Maeda, Y., Kasakura, S., Takada, A., 
Takada, Y. (1989)
Source of increased plasminogen activators during preenanev and puerperium 
Thromb. Res. 15: 91-98

SHIMONOVITZ, S., Hurwitz, A., Dushnik, M., Anteby, E., Geva-Eldar, T., Yagel, S. (1994) 
Developmental regulation of the expression of 72 and 92 kd type IV coUagenases in human 
trophoblasts: A possible mechanism for control of trophoblast invasion 
Am. J. Obstet. Gynecol. 171: 832-838

SIBAI, B.M., TasUmi, M., Abdella, T.N., Brooks, T.F., Spinnato, J.A., Anderson, G.D. (1985)
Maternal sind perinatal outcome of conservative management of severe pre-eclampsia in mid 
trimester
Am. J. Obstet. Gynecol. 152: 32-37

SIBAI, B.M., Akl, S., FairHe, F., Moretti, M. (1990)
Aprotocol for managing severe preeclampsia in the second trimester 
Am. J. Obstet. G3mecol. 163: 733-738

SIEBENLIST, K.R., Meh, D.A, Wall, J.S., Hainfeld, J.F., Mosesson, M.W. (1995)
Orientation of the cairboxy-terminal regions of fibrin y  chain dimers determined from the crossUnked 
products formed in mixtures of fibrin, fragment D and factor Xllla 
Thromb. Haemost. 74: 1113-1119

SILVERSTEIN, R.L., Leung, L.L.K., Harpel, P.O., Nachman, R.L. (1984)
Complex formation of platelet thrombospondin with plasminogen: Modulation of activation by tissue 
activator
J. Clin. Invest. 74:1625-1633

SIMPSON, A.J., Booth, N.A., Bennett, B. (1991)
Distribution of plasminogen activator inhibitor (PAl-1) in tissues 
J. Clin. Pathol 44:139-143

SKUPSKI, D.W., Nelson, S., Kowahk, A., Polaneczky, M., Smith-levitin, M., Hutson, J.M., 
Rosenwaks, Z. (1996)
Multiple gestations from in vitro fertUization: Successful implantation alone is not associated with
subsequent preeclampsia
Am. J. Obstet. Gynecol. 175: 1029-1032

SMARASON, A.K., Sargent, I.L., Redman, C.W.G. (1996)
Endothelial ceU proliferation is suppressed by plasma but not by serum from women with 
preeclampsia
Am. J. Obstet. Gynecol. 174: 787-795

SMITH, S.C., Baker, P.N., Symonds, E.M. (1997)
Increased placental apoptosis in intrauterine growth restriction 
Am. J. Obstet. Gynecol. 177: 1395-1401

SOBEL, G.W., Mohler, S.R., Jones, N.W., Dewdy, A.B.C., Guest, M.M. (1952)
Urokinase: An activator of plasma profibrinolysin extracted from urine 
Am. J. Physiol. 171: 768-769

SORENSEN, J.D., Secher, N.J., Jespersen, J. (1995)
Perturbed (procoagulant) endothelium and deviations within the fibrinolytic system during the third 
trim ester of normal pregnancy. A possible link to placental function 
Acta Obstet. Gynecol. Scand. 74: 257-261



SOTTRUP-JENSEN, L., Claeys, H., Zaddel, M., Petersen, T.E., Magnusson, S. (1978)
The primary structure of human plasminogen: Isolation of two lysine-binding fragments and one 
“mini'’-plasminogen by elastase catalysed-specific hmited proteolysis
In Progress in Chemica Fibrinolysis and Tyvmbolysis, Vol. 3. Davidson, J.F., Rowan, R.M., Samama, 
M.M., Desnoyers, P.G. (eds). Raven Press, N.Y., 191-209

SPRENGERS, E.D., Verheijen, J.H., Van Hindsbergh, V.W.M., Emeis, J.J. (1984)
Evidence for the presence of two different fibrinolytic inhibitors in human endothelial cell culture 
medium
Biochim. Biophys. Acta 801: 163-170

SPRENGERS, E.D., Princen, H.M.G., Kooistra, T., Van Hindsbergh, V.W.M. (1985)
Inhibition of plasminogen activators by conditioned medium of human hepatocytes and hepatoma cell 
line Hep G2
J. Lab. Clin. Med. 105: 751-758

STAMLER, J.S., Osborne, J.A., Jaraki, O., Rabbani, L.E., MuUins, M., Singel, D., Loscalzo, J . (1993) 
Adverse vascular effects of homocysteine are modulated by endothehum-derived relaxing factor and 
related oxides of nitrogen 
J. Clin. Invest. 91: 308-316

STARKEY, P.M., Sargent, I.L., Redman, W.G. (1988)
Cell populations in human early pregnancy decidua: characterization and isolation of large granular 
lymphocytes by flow cytometry 
Immunology 65:129-134

STEEL, S.A., Pearce, J.M., McFarland, P., Chaimberlain, G.V.P. (1990)
Early Doppler ultrasound screening in prediction of hypertensive disorders of pregnancy 
Lancet 335: 1548-1551

STEFFENS, G.J., Gunzler, W.A., Otting, F., Frankus, E., Flohe, L. (1982)
The complete amino acid sequence of low molecular mass urokinase from human urine 
Hoppe-Seyler’s Z. Physiol. Chem. 363: 1043-1058

STEPHENS, R.W., PoUanen, J., Tapiovaara, H., Leung, K.-C., Sim, P.-S., Salonen, E.-M., Ronne, E., 
Behrendt, N., Dano, K., Vaheri, A. (1989)
Activation of pro-urokinase and plasminogen on human sarcoma cells: a proteolytic system with 
surface-bound reactants 
J. Cell Biol. 108:1987-1995

STERN, A., Weidle, U.H. (1990)
Kringle 1 domain of human tissue-type plasminogen activator is a functional module mediating 
fibrinogen-stimulated plasminogenolytic activity 
Gene 87: 305-308

STIRLING, Y., Woolf, L., North, W.R.S., Seghatchian, M.J., Meade, T.W. (1984)
Haemostasis in normal pregnancy 
Thromb. Haemost. 52: 176-182

STRICKLAND, S., Reich, E., Sherman, M.l. (1976)
Plasminogen activator in early embryogenesis; enzyme production by trophoblast and parietal
endoderm
Cell 9: 231-240

STUART, M.J., Sundeiji, S.G., Yambo, T., Clark, D.A., AUen, J.B., Eldrad, H., Slott, J.H. (1981) 
Decreased prostacyclin production: a characteristic of chronic placental insufficiency syndromes
Lancet (i) 1126-1128



STUMP, D.C., Thienpont, M., Ckjilen, D. (1986)
Purification and characterization of a novel inhibitor of urokinase from human urine 
J. Biol. Chem. 261:12759-12766

STUMP, D.C., Kieckens, L., De Cock, F., CoUen, D. (1987)
Phsirmokinetics of single chain forms of urokinase-type plasminogen activator 
J. Pharmacol. Exp. Therapeut. 242: 245-250

SUMI, H., Robbins, K. (1983)
A functionally active heavy chain derived from human high molecular weight urokinase 
J. Biol. Chem. 258; 8014-8019

SUMMARIA, L., Arzadon, L., Bernabe, P., Robbins, K.C. (1972)
Studies on the isolation of the multiple molecular forms of human plasminogen and plasmin by 
isoelectric focusing methods 
J. Biol. Chem. 247: 4691-4702

SUZUKI, K., Nishioka, J., Hashimoto, S. (1983)
Protein C inhibitor. Purification from human plasma £ind characterization 
J. Biol. Chem. 258:163-170

TABIBZADEH, S., Babaknia, A. (1995)
The signals and molecular pathways involved in implantation, a symbiotic interaction between 
blastocyst and endometrium involving adhesion and tissue invasion 
Molec. Hum. Repro. 1: 1579-1602

TAYLOR, R.N., Varma, M., Teng, N.N., Roberts, J.M. (1990)
Women with pre-eclampsia have higher plasma endothehn levels than women with normal pregnancy 
J. CUn. Endocrinol. Metab. 71: 1675-1684

TAYLOR, R.N., Casal, D.C., Jones, L.A., Varma, M., Martin, J.N., Jr., Roberts, J.M. (1991)
Selective effects of preeclamptic sera on human endothehal cell procoagulant protein expression 
Am. J. Obstet. Gynecol. 165: 1705-1711

TERAO, T., Kobayashi, T. (1983)
The role of placental urokinase inhibitor in toxemia of pregnancy 
Biol. Res. Preg. 4:145-151

TEJANI, N.A. (1982)
Recurrence of intrauterine growth retardation 
Obstet. Gynecol. 59: 329-338

THORSEN, S., PhUips, M., Selmer, J., Lecander, 1., Astedt, B. (1988)
Kinetics of inhibition of tissue-type and urokinase-type plasminogen activator by plasminogen- 
activator inhibitor type 1 and type 2 
Eur. J. Biochem. 175: 33-39

THORNTON, J.G., MoUoy, B.J., Vinall, P.S., Philips, P.R., Hughes, R., Davies, J.A. (1989)
A prospective study of haemostatic tests at 28 weeks gestation as predictors of pre-eclampsia and
growth retardation
Thromb. Haemost. 61: 243-245

TILLET, W.S., Garner, R.L. (1933)
The fibrinolytic activity of hemolytic streptococci 
J. Exp. Pathol. 58: 485-502

TODD. A.S. (1959)
The histological localisation of fibrinolysin activator 
J. Pathol. Bacteriol. 78: 281-283



TRAN-THANG, C., Kruithof, E.K.O., Atkinson, J., Bachman, F. (1986)
High affinity binding sites unveiled by limited plasmic degradation of human fibrin 
Biochem. J. 160: 599-604

TRAVIS, J., Salvesen, G.S. (1983)
Human plasma proteinase inhibitors 
Ann. Rev. Biochem. 52: 655-709

TRUDINGER, B.J., Giles, W.B., Cook. C.M. (1985)
Flow velocity waveform in the maternal uteroplacental and fetal umbilical placental circulation 
Am. J. Obstet. Gynecol. 152: 155-163

TRUDINGER, B.J., Giles, W.B., Cook, C.M. (1985)
Uteroplacental blood flow velocity-time wave-forms in normal and complicated pregnancy 
Br. J. Obstet. Gynecol. 92: 39-45

TSATAS, D., Baker, M.S.. Moses, E.K., Rice, G.E. (1998)
Gene expression of plasminogen activation cascade components in human term gestational tissues
with labour onset
Molec. Hum. Repro. 4: 101-106

TSUKIMORI, K., Maeda, H., Shingu, M., Koyanagi, T.. Nounaga, M., Nakano, H. (1992)
The possible role of endothehal cells in hypertensive disorders during pregnancy 
Obstet. Gynecol. 80: 229-235

USZYNSm, M., Abildgaard, U. (1971)
Separation and characterization of two fibrinolytic inhibitors from human placenta 
Thromb. Diath. Haemorrh. 25: 580-589

USZYNSKI, M., Uszynska-Folejewska, R. (1967)
The plasminogen activator content of the myometrium in nonpregnant, pregnant and parturient 
women
Am. J. Obstet. Gynecol. 98:825-831 

USZYNSKI, M., Uszynska-Folejewska, R. (1968)
Plasminogen activator aind urokinase inhibitor in myometrium, placenta and amniotic fluid 
Am. J. Obstet. Gynecol. 105: 1041-1043

USZYNSKI, M., Majczynska, W., Kozminska, T. (1980)
Measurement of euglobuHn fibrinolysis time in women with retarded fetal development. The effect of 
the clamping and step tests on plasminogen activator activity 
Eur. J. Obstet. Gynecol. Reprod. Biol. 11: 147-155

VAN BEEK, E., Peeters, L.L.H. (1998)
Pathogenesis of preeclampsia; a comprehensive model 
Obstet. Gynecol. Surv. 53:233-239

VAN HINSBERGH, V.W.M., Kooistra, T., Scheffer, M.A., van Bockel, J.H., van Muijen, G.N.P. 
(1990)
ChEiracterization and fibrinolytic properties of human omental tissue mesothehal cells. Comparison 
with endothelial cells 
Blood 75: 1490-1497

VAN MOURIK, J.A., Lawrence, D.A., Loskutoff, D.J. (1984)
Purification of an inhibitor of plasminogen activator (antiactivator) synthesized by endothelial cells 
J . Biol. Chem. 259: 14914-14921

VAN ZONNEVELD, A.J., Veermen, H., Pannekoek, H. (1986a)
Autonomous functions of structural domains on human tissue-type plasminogen activator 
Proc. Natl. Acad. Sci. USA 83: 4670-4674



VAN ZONNEVELD, A.J., Veermen, H., Pannekoek, H. (1986b)
On the interaction of the finger and the kringle-2 domain of tissue-type plasminogen activator with 
fibrin
J. Biol. Chem. 261:14214-14218

VASSALLI, P., Morris, R.H., McCluskey, R.T. (1963)
The pathogenic role of fibrin deposition in the glomerular lesions of toxaemia of pregnancy 
J. Ejqj. Med. 188: 467-478

VAUGHAN, D.E., DeClerok, P.J., Van Houtte, E., De Mol, M., CoUen, D. (1990)
Studies of recombinant plasminogen activator inhibitor-1 in rabbits 
Cir. Res. 67:1281-1286

VERHEIJEN, J.H., Chang, G.T.G., Kluft, C. (1984)
Evidence for the occurrence of a fast-acting inhibitor for tissue-type plasminogen activator in human 
plasma
Thromb. Haemost. 51: 392-395

VERHEIJEN, J.H., Caspers, M.P.M., Chang, G.T.G., De Munk, G.A.W., Pouwels, P.H. (1986) 
Involvement of finger domain and kringle 2 domain of tissue-type plasminogen activator in fibrin 
binding and stimulation of activity by fibrin 
Eur. Mol. Biol. Org. J. 5: 3525-3530

VICOVAC, L., Jones, C.J.P., ApHn, J.D. (1995)
Trophoblast differentiation during formation of anchoring viUi in a model of the early human placenta 
in vitro
Placenta 16: 41-56

WAGNER, O.F., De Vries, C., Hohmann, C., Veerman, H., Pannekoek, H. (1989)
Interaction between plasminogen activator inhibitor type 1 (PAI-1) bound to fibrin to either tissue-type 
plasminogen activator (t-PA) or urokinase-type plasminogen activator (u-PA). Binding of t-PA/PAI-1 
complexes to fibrin mediated by both the finger and the kringle-2 domain of t-PA 
J. Clin. Invest. 84: 647-655

WALKER, J.E., Gow, L., Campbell, D.M., Ogston, D. (1983)
The inhibition by plasma of urokinase and tissue activator-induced fibrinolysis in pregnancy and the 
puerperium
Thromb. Haemost. 49: 21-23 

WALLEN, P., Wiman, B. (1970)
Characterisation of human plasminogen. 1. On the relationship between different molecular forms of 
plasminogen demonstrated in plasma and found in purified preparations 
Biochim. Biophys. Acta 221: 20-30

WALLEN, P., Wiman, B. (1972)
Characterisation of human plasminogen. II. Separation and partial characterisation of different 
molecular forms of human plasminogen 
Biochim. Biophys. Acta 257: 122-134

WALLENBURG, H.C.S. (1971)
On the morphology and pathogenesis of placental infarcts 
Thesis, Free University of Amsterdam, The Netherlands

WALLENBURG, H.C.S. (1975)
Chronic interruption of the maternal and fetal placental circulations
In: Aspects of Obstetrics Today. Eds. T.K.A.B. Eskes, J. De Haan, H. van Kessel, J.G. Stolk.
Excerpta Medica, Amsterdam. P.215



WALLENBURG, H.C.S., van Kessel, P.H. (1979)
Platelet life-span in pregnancies resulting in small for gestational age infants 
Am. J. Obstet. Gynecol. 134: 739-742

WALLMO, L. Karlsson, K., Teger-Nilsson, AC. (1984)
Fibrinopeptide A and intravascular coagulation in normotensive and hypertensive pregnancy and 
parturition
Acta Obstet. Gynecol. Scand. 63; 637-640 

WALSH, P.N. (1972)
The role of platelets in the contact phase of blood coagulation 
Br. J. Haematol. 22: 237-254

WALSH, S.W., Wang, Y. (1993)
Deficient glutathione peroxidase activity in preeclampsia is associated with increased placental 
production of thromboxane and Upid peroxides 
Am. J. Obstet. Gynecol. 169: 1456-1461

WANG, Y., Walsh, S.W., Parnell, R., Han, J. (1994)
Placental production of nitric oxide and endothehn in normal and preeclamptic pregnancies 
Hyper. Preg. 13:171-178

WARD, K., Hata, A., Jeunemaitre, X., HeHn, C., Nelson, L., Namikawa, C. ET AL.(1993)
A molecular variant of angiotensinogen associated with preeclampsia 
Nat. Genet. 4: 59-61

WATSON, A.L., Palmer, M.E., Burton, G. (1995)
Human chorionic gonadotrophin release and tissue viability in placental organ culture 
Hum. Reprod. 10: 2159-2164

WEBB, AC., Collins, K.L., Synder, S.E., Alexander, S.J., Rosenwasser, L.J., Eddy, R.L., Shows, T.B., 
Auron, P.E. (1987)
Human monocj^e arg-serpin cDNA. Sequence, chromosomal assignment, and homology to 
plasminogen activator inhibitor 
J. Exp. Med. 166: 77-94

WELING, T.H., Huber, T.S., MessINA, L.M., Stanley, J.G. (1996)
Tissue pleisminogen activator increases canine endothelial cell proliferation rate through a plasmin- 
independent, receptor-mediated mechanism 
J. Surg. Res. 66: 36-39

WIDSCHWENDTER, M., Schrocksnadel, H., Mortl, M.G. (1998)
Pre-eclampsia: a disorder of placental mitochondria?
Molec. Med. Today July: 286-291

WIGGLESWORTH, J.S. (1962)
The Langhans layer in late pregnancy: A histological study of normal and abnormal cases.
J. Obstet. Gynaecol. Brit. Commonw. 69: 355-365

WILLIAMS, J.R.B. (1951)
The fibrinolytic activity of the urine 
Br. J. Exp. Pathol. 32: 530-536

WIMAN, B., CoUen, D. (1978)
On the kinetics of the reaction between human antiplasmin and plasmin 
Eur. J. Biochem. 84: 573-578



WIMAN, B., Lijnen, H.R., CoUen, D. (1979)
On the specific interaction between the lysine-binding sites in plasmin and complementary sites in 0 2 - 
antiplasmin and in fibrinogen 
Biochim. Biophys. Acta 579: 142-154

WIMAN, B., Csemiczky, L., Marsk, L., Robbe, H. (1984)
The fast inhibitor of tissue plasminogen activator in plasma during pregnancy 
Thromb. Haemost. 52; 124-126

WOHL, R.C., Summaria, L., Arzadon, L., Robbins, K.C. (1978)
Steady state kinetics of activation of human and bovine plasminogens by streptokinase and its 
equimolar complexes with various activated forms of human plasminogen 
J. Biol. Chem. 253: 1402-1407

WOHLWEND, A., Belin, D„ VassaUi, J.-D. (1987)
Plasminogen activator-specific inhibitors produced by human monocytes/macrophages 
J. Exp. Med. 1 ^ :  320-339

WOLFE, H.M., Gross, T.L. (1989)
Increased risk to the growth retarded fetus
In Gross, T.M., Sokol, R.J. (eds): Intrauterine Growth Retardation 
Year Book Medical PubUshers, Chicago, p. I l l

WOODHAMS, B.J., Candotti, G., Shaw, R., Kemoff, P.B.A. (1989)
Changes in coagulation and fibrinolysis during pregnancy: evidence of activation preceding 
spontaneous abortion 
TTiromb. Res. 55: 99-107

WRIGHT, J.G., Cooper, P., Astedt, B., Lecander, I., Wilde, J.T., Preston, F.E., Greaves, M. (1988) 
Fibrinolysis during normal human pregnancy: Complex inter-relationships between plasma levels of 
tissue plasminogen activator and inhibitors and the Guglobuhn clot lysis time 
Br. J. Haematol 69: 253-258

WU, H.L., Chang, B.I., Wu, D.H. (1990)
Interaction of plasminogen and fibrin in plasminogen activation 
J. Biol. Chem. 265: 19658-19664

YAMAMOTO, K., Loskutoff, D.J. (1996)
Fibrin deposition in tissues from endotoxin-treated mice correlates with decreases in the expression of 
urokinase-type but not tissue type plasminogen activator 
J. CKn. Invest. 97: 2440-2453

YE, R.D., Wun, T.-C., Sadler, J.E. (1987)
DNA cloning and expression in Escherichia coli of a plasminogen activator inhibitor from human 
placenta
J. Biol. Chem. 262: 3718-3725

YUI, J., Garcia-Uoret, M., Brown, A.J., Berdan, R.C., Morrish, D.W., Wegmann, T.G., GuUbert, L.J. 
(1994)
Functional, long-term cultures of human term trophoblasts purified by coIumn-eUmination of CD9 
expressing cells 
Placenta 15: 231-246

ZAMMIT, V.C., Whitworth, J.A., Brown, M.A. (1996)
Preeclampsia: The effects of serum on endotheUal cell prostacycUn, endotheUn, and cell membrane 
integrity
Am. J. Obstet. Gynecol. 174: 737-743 

ZEEK, P.M., Assali, N.S. (1950)
Vascular changes in the decidua associated with eclamptogenic toxemia of pregnancy 
Am. J. CUn. Pathol. 20:1099-1109



ZEEK, P.M., Assail, N.S. (1952)
The formation, regression and differential diagnosis of true infarcts of the placenta 
Am. J. Obstet. Gynecol. 64: 1191-1200

ZHOU, Y., Fisher, S.J., Janatpour, M., Genbacev, 0., Dejana, E., Wheelock, M., Damsky, C.H. (1997) 
Human cytotrophoblasts adopt a vascular phenotype as they differentiate. A strategy for successful 
endovascular invasion?
J. Clin. Invest. 99: 2139-2151

ZHOU, Y., Damsky, C.H., Chiu, K., Roberts, J.M., Fisher, S.J. (1993)
Preeclampsia is associated with abnormal expression of adhesion molecules by invasive
cytotrophoblasts
J. Clin. Invest. 91: 950-960

ZHOU, Y., Damsky, C.H., Fisher, S.J. (1997)
Preeclampsia is associated with failure of human cytotrophoblasts to mimic a vasculeu* adhesion 
phenotype. One cause of defective endovascular invasion in this syndrome?
J. Clin. Invest. 99: 2152-2164

ZHOU, Y., Fisher, S.J., Janatpour, M., Genbachev, O., Dejana, E., Wheelock, M., Damsky, C.H. 
(1997)
Human cytotrophoblasts adopt a vascular phenotype as they differentiate. A strategy for successful 
endovascular invasion?
J. CUn. Invest. 99: 2139-2151

ZINI, J.-M., Murray, S.C., Graham, C.H., Lala, P.K., Kariko, K., Barnathan, E.S., Mazar, A , Henkin, 
J., Cines, D.B., McCrae, K.R. (1992)
Characterization of urokinase receptor expression by human placental trophoblasts 
Blood 79: 2917-2929

ZWEIFEL, P. (1916)
Eklampsie
In Dodelein, A. (ed.) Handbuch der gpburtshilfe\ 672-723 (Wiesbaden: Bergman)


