
REGULATORY ASPECTS OF FIBRINOGEN AND 

PLASMINOGEN ACTIVATOR INHIBITOR-I 

GENE REGULATION 

ROLE OF THE PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR 

Proefschrift 

ter verkrijging van 

de graad van Doctor aan de Universiteit Leiden, 

op gezag van de Rector Magnificus Dr. W.A Wagenaar, 

hoogleraar in de faculteit der Sociale Wetenschappen, 

volgens besluit van het College van Promoties 

te verdedigen op donderdag 28 oktober 1999 

te klokke 16.15 uur 

door 

Maaike Kockx 

geboren te Hengelo 
in 1969 



Promotiecoininissie: 

Promotor: Prof. dr. P. Brakman 
Copromotoren: Dr. T. Kooistra (Gaubius Laboratorium TNO-PG, Leiden) 

Dr. J.M.G. Princen (Gaubius Laboratorium, TNO-PG, Leiden) 
Referent: Prof. dr. I. Juhan-Vague (University Hospital Timonc, Marseille, 

France) 
Overige leden: Prof. dr. R.M. Bertina 

Prof. dr. J.A. Romijn 
Prof. dr. B. Staels (Institut-Pasteur de Lille, Frankrijk) 
Prof. dr. J. Auwerx (Institut de Génétique et Biologie Moleculaire et 
Cellulaire, CU de Strasbourg, Frankrijk) 

ISBN 90-5412-056-8 

The studies presented in this thesis were performed at the Gaubius Laboratory TNO-PG, 
Leiden and were financially supported by the Netherlands Organisation for Scientific 
Research (NWO) project 902-23-181 

Financial support by the Gaubius Laboratory TNO-PG and the Netherlands Organisation for 
Scientific Research (NWO) for the publication of this thesis is gratefully acknowledged. 

The printing of this thesis was further financially supported by the J.E. Jurriaanse Stichting, 
the Nederlandse Vereniging voor Hepatologie, Laboratoires Foumier, the Dr. Saal van 
Zwanenbergstichting, the Dr. Ir. J.H. van der Laar Stichting, and Parke-Davis B.V. 



Stellingen 

1 Het verlagend effect van fibraten op plasma fibrinogeen concentraties wordt 
gemedieerd door de peroxisoom proüferator-geactiveerde receptor-a 
dit proefschrift 

2 Via welk mechanisme fibraten PAI-1 gen expressie beïnvloeden blijft vooralsnog 
onduidelijk 
dit proefschrift 

3 PPARa is de verbindende factor tussen het lipiden-metabolisme en de stolling 
dit proefschrift 

4 De plasma PAI-1 concentratie in obese mannen en vrouwen wordt niet bepaald door 
de hoeveelheid visceraal vet 
dit proefschrift 

5 Het gunstige effect van visolie op hart- en vaatziekten kan verklaard worden door de 
sterke PPARa-activerende capaciteit van N-3 vetzuren 
Daviglius et al., NEnglJMed, 1997; 336:1046; Krey et al.. Mol Endocrinol, 1997; 
11:779 

6 De herkomst van plasma PAI-1 is nog altijd onbekend 
Loskutqffand Samad, Arterioscler Thromb Vasc Biol. 1998; 18:1 

7 Een orphan-receptor is maar een tijdelijke wees 

8 Obesitas is een ziekte 
Spiegelman and Flier, Cell. 1996; 87:377; Perusse étal, ObesRes. 1999; 7:111 

9 De huidige diermodellen voor obesitas onderzoek zijn ontoereikend voor een 
verklaring naar het ontstaan van obesitas bij de mens 

10 Liposuctie is meer dan het afzuigen van overtollig vet 

11 Sterkere botten door regelmatig sporten zijn geen garantie voor het niet breken van 
die botten 

12 Hoewel onbetrouwbaar, is e-mail een uitstekend communicatie middel 



Wat niemand zoekt wordt zelden gevonden 

Pestalozzi 

Aan mijn ouders 
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General introduction 



Chapter 1 

Introduction 

The blood coagulation and the fibrinolytic (or plasminogen/plasmin) systems are critical for 

haemostasis, because the former prevents bleeding by the formation of fibrin clots, whereas 

the latter guarantees maintenance of vascular patency by the removal of fibrin clots. When 

deregulated, both systems may contribute to thrombotic or haemorrhagic disorders. The two 

systems have also been implicated in tissue remodelling and cellular migration, which are 

crucial mechanisms for the repair of blood vessels. In addition, they participate in a variety of 

other processes such as embryonic development, reproduction, wound healing, cancer, and 

brain function (for a review, see Caimeliet and Collen' and references cited therein). During 

the last few years, the importance of the coagulation and plasminogen/plasmin systems in 

these processes is highlighted by the generation of transgenic mice lacking or overexpressing 

factors involved in these two systems (reviewed by Caimeliet and Collen^). 

The coagulation and the plasminogen/plasmin systems are multicomponent enzyme 

cascades. In short, initiation of the plasma coagulation system is triggered by tissue factor, 

which functions as a cellular receptor and cofactor for conversion of the serine proteinase 

factor Vn to active factor Vila. This complex activates factor X directly or indirectly via 

activation of factor IX, resulting in the generation of thrombin, which in turn mediates 

conversion of fibrinogen (Fbg) to fibrin' (see scheme depicted in Fig 1). TTie fibrin formed 

during, for example, haemostasis, inflammation or tissue repair, plays a temporary role and 

must be removed when normal tissue structure and function is restored. 

Dissolution of fibrin clots is mainly mediated by the plasminogen/plasmin system.* In 

this system, a proenzyme, plasminogen, is converted to the active enzyme plasmin by 

plasminogen activators (PAs), primarily tissue-type PA (t-PA) and urokinase-type PA 

(u-PA). The plasmin formed is a potent, broad-spectrum proteinase that degrades fibrin and 

other extracellular matrix proteins, and activates latent matrix metalloproteinases (MMPs) 

and growth factors.' Two inhibitors control the activity of plasmin: Oî-antiplasmin and Oj-

macroglobulin. The activity of t-PA and u-PA is fine-tuned at many levels, including the 

interaction with specific inhibitors, of which PA inhibitor 1 (PAI-1) is considered to be the 

physiological relevant one* (Fig 1). 
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coagulation cascade 

thrombin 

fibrinogen. •*• Hbrln • 

plasminogen activators 
(t-PA/u-PA) 

plasminogen activator Inhibitors 
(PAI-l/PAI-2) 

plasmin 

ou-antlplasmln 
ai-macroglobulln 

->• flbrln degradation products 

activation of metalloproteinases 

degradation of extracellular matrix 

activation of growth factors 

Figure 1. Schematic representation of tlie coagulation and plasminogen/plasmin systems. 
t-PA, tissue-type plasminogen activator; u-PA, urokinase-type plasminogen activator; PAI, plasminogen 
activator inhibitor. 

Consistent with the importance for so many biological processes, the synthesis of the key 
components of the coagulation and plasminogen/plasmin systems is tightly regulated, and 
disturbances in (plasma) levels of such factors have pathophysiological consequences. In 
humans, many prospective and cross-sectional studies have consistently shown that elevated 
plasma Fbg levels are associated with an increased risk of atherothrombotic disease.̂ """ On 
the other hand, humans with acquired or congenital low plasma levels of Fbg are suffering 
from bleeding tendencies." Transgenic mice deficient of Fbg show similar bleeding 
patterns,'''^ stressing the important role of Fbg in haemostasis. Numerous clinical studies 
have also pointed to a relationship between increased PAI-1 levels and an increased risk of 
cardiovascular events."""•" In contrast, bleeding tendency is observed in humans with low or 
undetectable plasma PAI-1 levels.''" The physiological role of PAI-1 in haemostasis as 
deduced from clinical studies has been confirmed using transgenic mice. Mice overexpressing 
(human) PAI-1 displayed fibrin-rich venous occlusions in the tail and hind legs, '* whereas 
PAI-1 deficient mice are largely protected from developing venous thrombosis following 
injection of endotoxin.' 

In this thesis, emphasis is on regulatory aspects of Fbg and PAI-1 expression, with 
particular reference to the regulatory role of fibrates. Fibrates are hypolipidaemic drugs and 
are among the few compoimds able to effectively lower Fbg and PAI-1 plasma levels in 
humans in vivo. However, the precise mechanism(s) by which fibrates exert their effects on 
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Fbg and PAI-1 levels is unknown. In the following paragraphs reported effects of fibrates on 
plasma Fbg and PAI-1 levels in humans will be briefly summarized. Subsequently, possible 
mechanism(s) by which fibrates could affect gene expression as well as relevant aspects of 
Fbg and PAI-1 regulation wiU be described. Finally, the outline and aims of this thesis are 
given. 

Effect of fibrates on plasma Fbg and PAI-1 

Fibrates are widely used in the treatment of diet-resistant hyperlipidaemia. These drugs 
effectively lower elevated plasma triglyceride and low-density lipoprotein (LDL)-cholesterol 
levels, and enhance high-density lipoprotein (HDL)-cholesterol levels.""^ Although the lipid-
lowering effects of different fibrates are comparable, variable results have been found with 
respect to changes in plasma levels of Fbg and PAI-1 in various clinical studies (see Table 1 
for data on Fbg and Table 2 for dato on PAI-1). This variability in effects may reflect 
different actions of different fibrates. On the other hand, different effects have been reported 
for the same fibrate. Inasmuch differences in study group, study design or assays employed 
contribute to the variability in reported results is uncertain. Studies involving gemfibrozil, for 
example, were performed in hyperlipidaemia patient groups as different as 
hypertriglyceridaemic and/or hypercholesterolaemic patients, survivors of myocardial 
infarction, patients with a history of thrombosis and patients with severe atherosclerosis. With 
regard to the assays, different methods exist for determination of Fbg or PAI-1 each of which 
has been shown to yield different results. For Fbg, the following assay principles exist: assays 
measuring functional Fbg (e.g. Clauss method),*' assays measuring the amount of clottoble 
protein (e.g. gravimetric),** and assays measuring antigen (e.g. radial immunodiffusion*' and 
enzyme immune assay [EIA]**̂ ' The assay principles were shown to yield different Fbg 
values.*'*' PAI-1 can occur in different molecular forms (active, latent, or in complex with 
t-PA or u-PA), which are recognized with different efficiency in different assay systems 
available, resulting in different antigen values.'"' " 

Fibrates and the modulation of gene expression; role of peroxisome proliferator-

activated receptor (PPAR) 

Before the identification of the peroxisome proliferator-activated receptor (PPAR) as an 
important mediator of fibrate-modulated gene expression (see below), a variety of 
mechanisms of action have been proposed by which fibrates could modulate gene expression. 

Fibrates may modulate gene expression by interference with cellular signal transduction 
pathways'*: fibrates have been shown to increase intracellular calcium levels and to modulate 
protein kinase C (PKC) activity, factors known to be part of many signalling cascades. Also, 
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General introduction 

specific interference of fibrates with growth factor responses has been reported. " For 
example, fibrates were found to trigger the phosphorylation of the epidermal-growth-factor 
receptor, thereby modulating its function." Furthermore, studies have demonstrated that 
fibrates induce proto-oncogenes of the Jtm family, genes whose expression is also affected by 
PKC and growth factor regulatory pathways.** 

More recently and, as it turned out, more importantly, fibrates were found to modulate 
gene expression by activating a nuclear transcription factor, PPAR. PPAR is a member of a 
large family of ligand-inducible transcription factors that include receptors for retinoids, 
vitamin D, thyroid and steroid hormones (for a review see Evans "). PPAR, upon 
heterodimerization with the 9-cw-retinoic acid receptor (RXR), binds to specific response 
elements termed peroxisome proliferator-response elements (PPREs), thus regulating the 
expression of target genes. Most PPREs identified to date reside in genes involved in intra-
and extracellular lipid metabolism (reviewed by Schoonjans et al.'*). 

The manunalian PPAR family is composed of at least three genetically and 
pharmacologically distinct subtypes, PPARa, PPARß/o and PPARy.'^ PPAR« is 
predominantly expressed in tissues exhibiting high catobolic rates of fatty acids (liver, heart, 
kidney and muscle), while PPARy is more adipose tissue selective, where it triggers 
adipocyte differentiation and lipid storage by regulating the expression of genes for 
adipogenesis. PPAR ß/o shows a ubiquitous expression pattern, its exact function being still 
unknown. 

The term PPAR was introduced by its virtue of being activated by peroxisome 
proliferators, a diverse group of chemicals that include hypolipidemic drugs, herbicides and 
industrial plasticizers.'* Administration of these chemicals to rodents results in a dramatic 
proliferation of hepatic peroxisomes as well as liver hyperplasia." PPARs were cloned based 
on sequence homology with members of the steroid hormone superfamily and since the 
physiological ligands for PPARs were initially unknown, they were considered orphan 
receptors. Activation of PPARs was thought to occur via an unknown ligand that was induced 
as a result of a perturbation in lipid metobolism.*" More, recently, sensitive ligand-binding 
assays showed that fatty acids, eicosanoids and fibrates are bonafide PPAR ligands that 
directly activate PPAR.*'"*' Different ligands were found to bind the different PPAR isoforms 
with different specificity.*'"*' Fibrates are assumed to mainly activate PPARa.*''** However, 
some fibrates also activate PPARy, albeit to a much lesser extent*'"*' 

Fibrinogen and PPAR 

Fbg is a plasma glycoprotein synthesized by liver parenchymal cells. The protein is secreted as 
a dimer of two Aa-, Bß- and y-polypeptides linked by disulphide bonds.***' The three Fbg 
polypeptides are encoded by three separate, closely linked genes situated on the same 
chromosome and located in the sequence y, Aa and Bß, with the gene for the B ß-chain 

8 



Chapter I 

transcribed in the opposite direction.*' In the last 20 years, several studies concerning the 
transcriptional regulation of the three Fbg genes in different species have contributed to the 
identification of regulatory promoter-elements and their interacting factors involved in 
expression of the three Fbg chains. Key regulatory regions of the human Fbg A a-, B ß- and y-
chain genes are summarized in Fig 2, and include binding sites for hepatic nuclear factor-1 
(HNF-1), upstream stimulatory factor (USF), CAAT/binding protein (C/EBP), glucocorticoid 
receptor elements.*^'^ Interestingly, the same regulatory sites are present in the promoters of all 
three Fbg chain genes of humans as well as other species, resulting in co-ordinate regulation of 
the three chain genes at the transcriptional level. "'^ 

-1393 -1133 -1133 -749 -142 -134 -127 -122 

A€3 
-59 -47 

positive negative 
element element 

-2900 -1500 

CTEBP IL-6 HNF-1 
response 
element 

-453 -142 -137 -132. -124 -122/-123 -113/-114 -93 -80 

glucogorticoid 
response element 

-V—ÖA 
oestrogen IL-6 C/EBP 
repressor response 
element element 

negative positive HNF-1 
element element 

-1116 -1102 -954 -715 -390 -34« -306 -301 -299 -25« -224 -140 

£^ogorticoid negative 
response dement element 

negative IL-6 positive 
element response element 

element 

positive 
element 

USF-1 

Aa-chain 

Bß<hahi 

Y-chahi 

Figure 2. Schetnatic representation of the regulatory elements in the human Fbg A a- Bß- and y-chain gene 

promoters. Location of tlie regulatory sequences are taken from Hu et ai, " Anderson et al,''* Dalmon et al / ' 

Mizuguchi et al, *' Asselta et al, ̂ ^ and Humphries et al. " ' C/EBP, CAAT binding protein; IL-6, interleukin-6, 

HNF-1, hepatic nuclear factor-1; USF-1, upstream stimulatory factor-1. Positive and negative elements refer to 

promoter regions found to up- or downregulate basal and lL-6 induced expression in HepG2 cells. 

Little is known about the mechanism by which fibrates affect Fbg synthesis. In the human 

hepatoma cell line HepG2, bezafibrate was shown to decrease the mRNA levels of the Fbg Aa-

, Bß and y-chains, but a role of PPAR was not investigated.'' Analysis of the promoter regions 

of the three human Fbg genes revealed putative PPREs in al three chains. Whether these 

elements bind PPAR/RXR heterodimers and are involved in fibrate-mediated modulation of 

Fbg expression remains to be determined. Fibrates may also change Fbg expression by 
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competition of PPAR for binding of other factors necessary for Fbg transcription. For example, 

fibrates have been shown to repress transcription of the apolipoprotein CHI gene in liver by 

down-regulating the expression of the strong positive transcription factor HNF-4 as well as by 

displacement of HNF-4 binding by non-productive PPAR/ïlXR heterodimers.'" A similar 

mechanism could be applicable to HNF-1 and USF-1, factors that have been found limiting for 

basal expression of the three Fbg chains. 

An important aspect of Fbg expression is that Fbg is an acute phase protein, induced by the 

cytokine, interleukin-6 (IL-6). Recent evidence indicates that activated PPARa can interfere 

negatively with cytokine-induced signalling pathways."" Among these is the Signal 

Transducer and Activator of Transcription protein 3 (STATS) pathway, which pathway is 

generally assumed to play a role in IL-6-mediated transcriptional regulation.*"*' An 

involvement of STAT3 in the regulation of the human Fbg B ß-chain and the rat y-chain has 

been reported.**-"' It is conceivable that in the same manner PPARa also plays an important 

role in down-regulating cytokine-increased fibrinogen gene expression. 

P A M and PPAR 

Many cell types, including human hepatocytes, monocytes, fibroblasts, endothelial cells and 

smooth muscle cells, have been found to express PAI-1 in vitro.^^^^ However, the exact 

contribution of these cell types to plasma PAI-1 levels in vivo is still a matter of debate. 

Northern blotting analysis showed PAI-1 mRNA expression in many rodent and human tissues 

in vivo, including liver, heart, kidney, aorta, lung and placenta. **^ In situ hybridisation analysis 

revealed expression of PAI-1 in hepatic parenchymal, Kupffer, endothelial cells and vascular 

endothelial and smooth muscles cells.™'̂ ' Brommer et al,^ provided evidence that circulating 

PAI-1 in man indeed originates (partly) from hepatic cells. 

Recentiy, adipose tissue, in particular the visceral fat area, has also been considered to be 

an important source of PAI-1 in the circulation. ""̂ * Adipocytes are a major target of PPARy 

activators." In addition, these cells contain significant amounts of PPARa and PPARß.™ 

In vitro gene regulation studies have identified many factors and promoter elements that 

are important in the regulation of basal and stimulated PAI-1 expression. ̂ '"*' Some of these 

findings may also be of relevance for the fibrate-modulated PAI-1 synthesis. In hepatocytes, 

PAI-1 synthesis is shown to be stimulated by PKC activators, such as phorbol myristate acetote 

(PMA).** This is of interest because fibrates and other PPARa activators have been reported to 

modulate the activity of PKC.'*-*' Secondly, as shown in cultured endothelial and hepatoma 

cells, PAI-1 synthesis can be stimulated by growth factors, such as epidermal growth factor 

(EOF) and transforming growth factor ß (TGFß).**** Studies in rat hepatocytes indicate that 

10 
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fibrates may interfere with the EGF signal transduction pathway through phosphorylation of 

the EGF-receptor via activation of PKC." 

Both PMA and growth factor stimulation of PAI-1 expression were shown to involve the 

transcription factor activator protein-1 (AP-1 ). *"'*' AP-1 is a collection of homodimeric and/or 

heterodimeric complexes composed of Jim and Fos gene products.'* These complexes interact 

with a common DNA binding site, the PMA responsive element (TRE) and activate gene 

transcription. Several TREs have been identified in the PAI-1 promoter. " PMA-stimulated 

PAI-1 expression was shown to depend on binding of c-jun homodimers to a proximal TRE, ** 

whereas TGFß induction of PAI-1 is mediated by two distal TREs.*' Interestingly, Sakai et al*" 

showed that PPARa can downregulate transcription of the glutathione ti-ansferase-P gene in rat 

hepatocytes through squelching of c-jun. Furthermore, PPARa activation was shown to affect 

the expression of the proto-oncogene Jtm family. '* Whether fibrates can modulate PAI-1 

expression through interference witii different aspects of PKC or growth factor signalling 

pathways remains to be estoblished. 

Fibrates may also modulate PAI-1 expression by direct interaction of (activated) PPARa 

with the PAI-1 promoter. Several in vitro studies indicate that PAI-1 expression is induced by 

triglyceride-rich emulsions and fatty acids derived from very low density lipoprotein 

(VLDL)."-** Recentiy, a VLDL response element (VLDLRE) was identified in the promoter 

region of the PAI-1 gene, mediating VLDL- and fatty acid-induced PAI-1 tianscription. "•'* 

Analysis of the VLDLRE showed that there is some homology with the PPRE consensus 

sequence. As fatty acids arc natural ligands of PPARs, and fibrates are known to affect fatty 

acid composition and also activate PPAR directiy, it has been suggested that PPAR may be 

directiy involved in the regulation of PAI-1 gene expression." 

Outline and aims of this thesis 

The work presented in this thesis was directed primarily at establishing the effects of 

hypolipidaemic fibrates on plasma levels of Fbg and PAI-1 and at elucidating the gene 

regulatory mechanism(s) involved, with particular emphasis on the role of PPARa. Most of the 

work concentrated on liver hepatocytes as a source of Fbg and PAI-1, but, on basis of recent 

publications, adipose tissue was also evaluated as a contributor of plasma PAI-1. 

In Chapter 2, we sought to learn more about the variability in the reported effects of 

fibrates on haemostotic parameters by carefully studying the effects of fibrates in vivo in 

humans under well-defined conditions using well-characteri2Bd assays. The effects of two 

fibrates, gemfibrozil and ciprofibrate, on plasma concentrations of Fbg and PAI-1 were studied 

in primary hyperlipidaemic patients after six and twelve weeks of treatment using different 
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assay systems for Fbg and PAI-1. 

In subsequent studies the mechanism(s) by which fibrates change the expression of Fbg 

and PAI-1 were investigated in vitro. The studies described in Chapter 3 are directed at 

elucidating the regulatory mechanism(s) by which fibrates suppress PAI-1 synthesis in cultures 

of primary hepatocytes from cynomolgus monkey (Macacafascicularis). The potency of four 

different fibrates to decrease PAI-1 synthesis was determined and the possible interference of 

the fibrates with protein kinase C activity, and EGF and TGF ß signalling in the fibrate-

inhibited PAI-1 expression was evaluated. In addition, a first attempt was undertaken to 

investigate the role of the nuclear hormone receptors PPARo/RXRa. 

In Chapter 4, a possible involvement of PPARa/RXRa in mediating the effects of 

fibrates on PAI-1 expression was fiirther studied. In addition, a role of PPAR a/RXRa in 

fibrate-modulated Fbg expression was studied. Because PPARa activation caimot be directiy 

determined in monkey hepatocytes, we used a stobly-transfected Chinese hamster ovary cell-

line system, containing a reporter gene imder control of several PPREs, to determine the 

PPARa-activating capacity of the various test compounds. We compared the efficacy of several 

fibrates, an RXR specific ligand {9-cis retinoic acid) and two specific PPARa-activators 

(Wyl4,643 and 5,8,11,12-eicosatetraynoic acid [ETYA]) to alter Fbg and PAI-1 synthesis with 

the capacity of the compounds to activate PPARa. Apolipoprotein A-I (apo A-I), a gene under 

control of PPARa, was included as a positive control. 

Chapter 5 describes a study in which the role of PPARa in the regulation of Fbg plasma 

levels was investigated in vivo. First, the kinetics of the effect of fibrates on the expression of 

the three Fbg chains genes in rats was studied, after which the question was addressed whether 

PPARa is involved in this regulation. For this aspect of the study we made use of PPAR a-

deficient mice. 

In Chapter 6, the contribution of the amount of visceral fat to plasma PAI-1 levels was 

investigated. Moderately obese men and women were subjected to an energy-deficient diet for 

13 weeks. Visceral and subcutaneous fat depots were assessed by Magnetic Resonance Imaging 

(MRI). Before and after weight loss relationships between anthropometric variables, fat 

distribution and fibrinolytic variables were determined in men and women. We reasoned that if 

the visceral fat area is to contribute directiy to plasma PAI-1 levels, proportional changes in 

visceral fat should correlate with proportional changes in PAI-1 levels. Therefore, the 

relationship between diet-induced changes in visceral fat area and plasma PAI-1 levels in both 

sexes was studied. 
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Abstract 

Evaluation of fibrate treatment in humans has focused primarily on its anti-lipidaemic effects. 
A potentially favourable haemostasis-modulating activity of fibrates has also been recognized 
but the data are not consistent. We sought to learn more about this variability by examining 
the effects of gemfibrozil and ciprofibrate on plasma levels of tissue-type plasminogen 
activator (t-PA), plasminogen activator inhibitor-1 (PAI-1) and fibrinogen in primary 
hyperlipidaemic patients after six and twelve weeks of treatment using different assay 
systems for PAI-1 and fibrinogen. Although both fibrates effectively lowered triglyceride and 
cholesterol levels, no effect on the elevated baseline antigen levels of t-PA and PAI-1 was 
observed after fibrate treatment. However, both fibrates influenced plasma fibrinogen levels, 
albeit in a different way. Fibrinogen antigen levels were elevated by 17.6% (p<0.05) and 
24.3% (p<0.001) with gemfibrozil after six and twelve weeks, respectively, whereas with 
ciprofibrate there was no effect. Using a Clauss functional assay with either a mechanical end 
point or a turbidity-based end point, no significant change in fibrinogen levels was seen after 
six weeks of gemfibrozil treatment. However, after twelve weeks, gemfibrozil enhanced 
functional fibrinogen levels by 7.2% (p<0.05) as assessed by the Clauss mechanical assay, 
but decreased functional fibrinogen levels by 12.5 % (p<0.0001) when a Clauss assay based 
on turbidity was used. After six or twelve weeks of ciprofibrate treatment, functional 
fibrinogen levels were decreased by 10.1% (p<:0.001) and 10.5% (p<0.0001), respectively on 
the basis of Clauss mechanical and by 14.2% (p<0.001) and 28.2% (p<0.0001), respectively 
with the Clauss turbidimetric assay. A remarkable and consistent finding with both fibrates 
was the decrease in functionality of fibrinogen as assessed by the ratio of functional 
fibrinogen (determined by either of the two Clauss assays) to fibrinogen antigen. 
Taken together, oiu* results indicate that at least part of the variability in the effects of fibrates 
on haemostatic parameters can be explained by intrinsic differences between various fibrates, 
by differences in treatment period and/or by the different outcomes of various assay systems. 
Interestingly, the two fibrates tested both reduced the functionality of fibrinogen. 

Introduction 

Fibrates are a class of hypolipidaemic drugs used in the treatment of diet-resistant 
dyslipidaemia. Fibrates effectively lower elevated plasma triglyceride and low-density 
lipoprotein (LDL) cholesterol levels, and enhance high-density lipoprotein (HDL) cholesterol 
levels.'"* In addition, fibrates have been reported to modulate plasma levels of non-lipid 
cardiovascular risk factors such as tissue-type plasminogen activator (t-PA), its main 
physiological inhibitor, plasminogen activator inhibitor-1 (PAI-1) and fibrinogen. '"* This 
latter action may contribute to their favourable action in the prevention of coronary artery 

22 



Effects of fibrates on t-PA, PAI-I and Fbg 

disease (CAD).""' 
Although the lipid-lowering effects of different fibrates are comparable, variable results 

have been found with respect to changes in plasma levels of t-PA, PAI-1 and fibrinogen in 
various clinical studies. This variability in effects may reflect the different actions of different 
fibrates. For example, gemfibrozil significantiy lowered PAI-1 antigen levels, whereas, in the 
same study, no change in PAI-1 antigen levels was caused by fenofibrate.' In another study 
using fenofibrate, bezafibrate and gemfibrozil, plasma fibrinogen levels were increased by 
gemfibrozil and decreased by the two other fibrates.*On the other hand, different effects have 
been reported for the same fibrate. t-PA and PAI-1 antigen levels were lowered by 
gemfibrozil in several studies,'-' while in other studies no effect on these parameters was 
foimd.'"-" Similarly, gemfibrozil was shown to decrease as well as to increase plasma 
fibrinogen levels.'^" These discrepancies may either derive from differences in study group, 
study design or from differences in the assays employed. Studies involving gemfibrozil, for 
example, were performed in hyperlipidaemic patient groups as different as 
hypertriglyceridaemic and/or hypercholesterolaemic patients,'-'^ survivors of myocardial 
infarction,' patients with a history of thrombosis'" and patients with severe atherosclerosis.'* 
The duration of these studies varied from several weeks to several months.'-*'^ With regard to 
the assays, it is known that different methods can yield different results. For example, PAI-1 
can occur in different molecular forms: latent PAI-1, active PAI-1 and PAI-1 in complex with 
t-PA or urokinase-type PA (u-PA). Different commercially available PAI-1 assays recognize 
these different forms with differing efficiency, resulting in different antigen values. '̂ -'* For 
fibrinogen, different assay principles also exist: assays based on clotting rate, amount of 
clottable protein or immunological assays."'* 

From the above, it is obvious that no clear picture exists of the effects of fibrates on t-PA, 
PAI-1 and fibrinogen plasma levels. In an attempt to gain more insight into their action, we 
compared the effects of two fibrates on these haemostatic parameters in a well-defined group 
of patients over two treatment periods, applying well-characterized assays. Gemfibrozil is the 
most widely used and investigated fibrate. Ciprofibrate is a more recentiy developed second 
generation fibrate that has been reported to have a similar safety profile but is used in a lower 
dosage than gemfibrozil." We examined the influence of gemfibrozil and ciprofibrate on 
t-PA, PAI-1 and fibrinogen levels after six and twelve weeks of treatment in patients with 
primary hyperlipidaemia. t-PA and PAI-1 levels were measured by enzyme immunoassay 
(EIA). For PAI-1, two different EIAs were used, one detecting all molecular forms of PAI-1 
with the same efficiency and one that is sensitive to latent and active PAI-1, but is relatively 
insensitive to complexed and degraded forms of PAI-1. ' "" Fibrinogen was determined by 
three different assays, measuring either fibrinogen protein (by an EIA) or functional 
fibrinogen (by two variations of the Clauss method, one with a turbidity-based end point, the 
other with a mechanical end point). 

23 



Chapter 2 

Materials and methods 

Patients and study design 
In tills shidy, t-PA, PAI-1 and fibrinogen wae assessed in patients with hyperlipidaemia, partidpating in an 
mtervaition trial on the effects of ganfibrozil versus dprofibrate on Upid and lipoprotein parameters. ' ' Briefly, 
patients with primary hyperlipidaania (type Ha and nb according to die Fredrickson dassiflcation) and with a 
total cholesterol level equal to or higha than 6.5 mmol/1 were randomly allocated to tireatment with 100 mg/day 
dprofibrate (n=51) or two tunes 600 mg/day ganfibrozil (n=48). Among the patients tiiree types of 
hyparlipidaemia existed: 14 patients with familial hypeidiolestaolaania (FH), 58 patients witii familial 
combined hypa-lipidaemia (FCH) and 27 patients witii polygenetic hypercholesterolaemia (PH). Mean 
triglyceride levels at study entty were 1.8 ± 0.1, 3.8 ± 0.7, and 3.1± 1.2 mmolA for tiie FH, FCH and PH group, 
respectively. Age, body mass index and gender of the gemfibrozil and ciprofibrate group were comparable, 
being 52.4 ± 12.5 and 51.4 ± 11.4 yeais, 25.6 ± 3.4 and 27.1 ± 4.4 kg/(m) ^ and 56% and 62% male, 
respectively. In the gemfibrozil group 32 out of 42 patients wae smoka-s versus 23 out of 40 patients in the 
dprofibrate group. All tiie patients in tiiis study gave tiieir writtai consent in accordance witii tiie Helsinki 
Declaration. The study was qqnoved by tiie Medical B±ical Committee of tiie institute where it was carried out 
(Slotervaart HospitaL Amstadam). 

The stiidy consisted of a four-week dietary wash-out period in which tiie patients were placed on or 
continued on a standard hypocholesterolaemic diet followed by a baseline placebo period of four weeks. After 
the placebo period a double-blind active twelve-week treatment period was started. Five visits took place, the 
first visit prior to the four-week dietary period and the second visit prior to the placebo period. The otha three 
visits were immediatdy before and after six and twelve weeks of active treatment At visits two, three, four and 
five, blood samples were collected fiom fasting patients in trisodium citrate according to die protocol of the 
Leiden Fibrinolysis Working Party. ̂  The blood samples were munediatdy put into melting ice. After 
centeifugation (30 min, 3000g at 4 °C) plasma was collected and stored at -80 °C. The overall compliance to tiie 
study medication was > 95% in both treatment groups. Adverse events were rare, mild and equally distributed 
between the gemfibrozil- and dprofibrate-treated patients. Laboratory safety parameters did not show any 
significant dianges betweai the two treatment groups. 

ys 
Human t-PA and PAI-1 antigen were detennined using commercially available aizyme immunoassay (EIA) 
kits (Thrombonostika t-PA from Organon Teknika, Turnhout Belgium; Innotest PAI-1 from Innogenetics, 
Zwijndrecht Belgium; and Imulyse PAI-1 fiom Biopool AB, Umeâ, Sweden). The Innotest PAI-1 assay detects 
all molecular forms of PAI-1 to a similar degree. '̂  The Imulyse Biopool PAI-1 assay detects latent and active 
PAI-1 with similar efficiency, but is rdatively insaisitive to complexed forms of PAI-1. ^ 

Fibrinogen antigen was detennined using the Fibrinostika-Intact Fibrinogen EIA from Organon Teknika, 
Turnhout Belgium. In this assay the high and low molecular weight (HMW + LMW) forms of fibrinogen are 
measured specifically using a monodonal antibody against die intact caiiwxyl-terminal end of the fibrinogen 
A« Cham as the c^ture antibody and a monoclonal antibody against ±e amino-tenninal end of the A a-chain, 
including fibrinopeptide A, as tiie tagging antibody. ̂  Functional fibrinogen was determined by die Clauss 
assay" with two end point detection methods: in one type of assay a change in turbidity was used to assess the 
end point (MLA Electra 1000c, Baxter; reagents from Dade, Uti-echt The Netherlands); in a second one a 
mechanical end point was used (KCIO, Amelung; reagents from BioMerieux, Marcy-l'BtoUe, France). These 
two metiiods will be referred to as Clauss turbidimetric and Clauss mechanical, respectively. 
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In die dprofibrate group two highly aberrant fibrinogen measurements (7.81 and 8.03 g/1) were observed 
using the Clauss mechanical assay, while in die Clauss turbidimeteic assay 2.09 and 2.71 g/1 and m the antigai 
assay values of 2.01 and 2.67 g/1 were found. Measurement of functional fibrinogen levels in these patients at 
the odier three visits exhibited values between 1.90 and 2.40 g/1. As die values of the two Clauss assays are 
generally correlated, the two aberrant fibrinogen values were considaed outiiers and were not included in the 

Electrophoresis 
Molecular weight forms of fibrinogen were examined using the PhastGel Gradient system (Pharmacia Biotech 
B.V, Woerden, The Netherlands), with gels containing a gradient of 4-15% (w/v) acrylamide. After staining of 
the bands with Coomassie blue, the bands were scanned and quantified usmg a LKB 2222-020 Ultrascan XL 
Laser Densitometer. 

Statistics 

Since the distribution of the t-PA and PAI-l levels in the baseline and treaunent groups was not normal we 
used non-parametiic tests for statistical analysis. The data are presented as median and central 90% range 
values. Fibrinogai values (Clauss and antigen) were normally distributed and presented as means (±SEM). 

The significance of tiie effects of gemfibrozil and ciprofibrate treaunent was assessed by Student's paired 
t-test for fibrinogen and die Wilcoxon Signed Ranks test for t-PA and PAI-1 levels. For baselme values, die 
levels after die placebo period wae taken. P-values lower dian 0.05 wae considered significant Correlations 
between the different variables were determined by Spearman's rank correlation analysis (r ,). 

Results 

Lipid parameters 

During the four-week dietary wash-out period, significant changes in triglyceride (from 2.43 

± 1.70 to 3.06 ± 0.32 mmol/1; p<0.01), cholesterol (from 7.14 ± 1.29 to 9.00 ± 1.87 mmol/1; 

p<0.00001), HDL-cholesterol (from 1.23 ± 0.37 to 1.19 ± 0.36 mmol/1; p<0.05), and LDL-

cholesterol (from 4.84 ± 1.40 to 6.53 ± 2.03 mmoI/1; p<0.00001) were observed in the total 

patient group. Total cholesterol levels further increased during the subsequent placebo period 

to 9.30 ± 2.16 mmol/1 (p<0.001), whereas tiiglyceride, HDL-cholesterol and LDL-cholesterol 

levels remained constant at 3.29 ± 0.42 mmol/1 (p=0.30), 1.15 ± 0.37 mmol/1 (p=0.10) and 

6.65 ± 2.58 mmol/1 (p=0.43), respectively. 

The effects of gemfibrozil and ciprofibrate on the lipid parameters for the two treatment 

groups are summarized in Table 1. With both fibrates significant (p<0.0001) and comparable 

changes in plasma cholesterol (on average -15%), triglyceride levels (-42%), HDL-

cholesterol levels (+7%) and LDL-cholesterol levels (-11%) were found after 6 weeks of 

treatment. These values did not significantiy change during the next 6 weeks of treatinent. 
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Chapter 2 

Effects of fibrates on plasma t-PA and PAI-1 levels 
The' effects of gemfibrozil and ciprofibrate on plasma t-PA and PAI-1 antigen levels are 
shown in Table 2. Before and after fibrate treatment, a broad variation between individual 
plasma t-PA and PAI-1 antigen levels was observed. t-PA levels ranged from 8 to 25 ng/ml 
and PAI-1 levels from 20 to 189 ng/ml (Innotest) or from 6 to 119 ng/ml (Imulyse). A similar 
broad variation was observed in normolipidaemic men and women by others (25,26). The 
higher PAI-1 values obtained with the Innotest assay as compared with the Imulyse assay are 
similar as previously observed (15) and are due to different specificities and/or different 
calibrators of the two assay systems. Comparison of plasma PAI-1 values measured by the 
two assay systems showed a strong correlation (r5=0.8). 

No significant changes in t-PA or PAI-1 levels (using either the Innotest or the Imulyse 
test) were observed during the placebo treatment or after treatment with gemfibrozil or 
ciprofibrate for six or twelve weeks (data not shown). Also, analysis of the three subgroups of 
hyperlipoproteinaemia patients (see Methods section) showed no significant difference in t-
PA or PAI-1 levels before or after the various treatments (data not shown). 

A correlation between baseline t-PA and PAI-1 plasma levels (rs=0.5 for both PAI-1 
assays) and between plasma triglyceride and PAI-1 levels (rj=0.5 and rs=0.4 for Innotest and 
Imulyse PAI-1, respectively) was found. These correlations remained after fibrate treatment, 
even when PAI-1 levels were not lowered concomitantiy with the triglyceride levels (rs=0.5 
and rs=0.4 for Innotest and Imulyse PAI-1, respectively). 

Effects of fibrates on plasma fibrinogen levels 
Treatment with gemfibrozil resulted in a significant increase (0.53 ± 0.22 g/1; p<0.05) in 
fibrinogen (HMW + LMW) antigen concentrations after six weeks, and an even higher 
increase (0.73 ± 0.20 g/1; p<0.001) after twelve weeks. Treatment with ciprofibrate had no 
significant effect on the plasma levels of fibrinogen antigen after six or twelve weeks (Fig. 1). 
Measurement of functional fibrinogen by the two Clauss variants showed a more complicated 
picture. Using the Clauss turbidimetric method, gemfibrozil treatment caused a reduction 
(0.43 ± 0.10 g/1; p<0.0001) only after twelve weeks, whereas the Clauss mechanical showed a 
slight increase in functional fibrinogen levels (0.24 ± 0.10 g/1; p<0.05). 
With both the Clauss turbidimetric and the Clauss mechanical assays, ciprofibrate treatment 
reduced functional fibrinogen levels: by 0.48 ± 0.13 and 0.32 ± 0.11 g/1 (p<0.001), 
respectively after six weeks and by 0.95 ± 0.10 and 0.31 ± 0.13 g/1 (p<0.0001), respectively 
after twelve weeks. Remarkably, the ratio of functional fibrinogen to fibrinogen antigen was 
decreased with both fibrates (Fig. IC). 

In a first attempt to investigate why different results were obtained using the different 
assays for measuring fibrinogen concentrations, we examined whether fibrates, VLDL-
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Figure 1: Effects of gemfibrozil (A) and ciprofibrate 
(B) on plasma fibrinogen levels and on ratios of 
functional fibrinogen to fibrinogen antigen (C) after 
four weeks of placebo (black box), six weeks of 
fibrate treatment (hatched box) and twelve weeks of 
fibrate treatment (dotted box). Bars represent means 
± SEM (n=48 and n=51 for gemfibrozil and 
ciprofibrate, respectively). Turb.= functional 
fibrinogen determined using the Clauss asssay with a 
turbidity-based end point, Mech.= functional 
fibrinogen using a mechanical end point, EIA = 
enzyme immunoassay measuring HMW + LMW 
fibrinogen antigen levels. * p < 0.05; ** p < 0.01; 
***p<0.001; ****p<0.0001 and#p = 0.1 using 
the Student's paired t-test. 

triglyceride or LDL-cholesterol were directly interfering with the fibrinogen antigen or 
Clauss assays. Concentrations of gemfibrozil and ciprofibrate up to I mmol/1 or 
concentrations of VLDL-triglyceride or LDL-cholesterol up to 10 mmol/1 (maximal 
concentrations of VLDL-triglyceride and LDL-cholesterol levels observed in the patients) did 
not influence the outcome of the various assays (data not shown). To further evaluate a role 
of "environmental" factors in the plasma, recovery experiments of fibrinogen for the three 
fibrinogen assays were performed by adding 1.35 mg/ml (final concentration) fibrinogen 
(KabiVitrum, Stockholm, Sweden) to patient plasma samples before and after 12 weeks of 
fibrate treatment. Recovery of fibrinogen by EIA in baseline samples was 88 ± 9% (n=10). 
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after gemfibrozil treatment 86 ± 9% (n=5), and after ciprofibrate treatment 86 ± 4% (n=5). 
Recovery of fibrinogen by Clauss turbidimetric and Clauss mechanical in baseline samples 
was 99 ± 13% (n=10) and 100 ± 13% (n=10), after gemfibrozil treatinent 108 ± 5% (n=5) and 
90 ± 15% (n=5), and after ciprofibrate treatment 83 ± 9% (n=5) and 93 ± 6% (n=5), 
respectively. These data are consistent with a change in fibrinogen rather than with a role of 
"environmental" factors in the plasma of fibrate-treated patients to explain the observed 
changes in ratio. Since it has been suggested that changes in the distribution of the molecular-
weight forms of fibrinogen may account for changes in functionality of fibrinogen (27), we 
analysed twenty selected plasma samples of the patients by SDS/polyacrylamide gel 
electtophoresis (SDS/PAGE) before and after fibrate treatinent. No changes in the 
distribution of the molecular weight forms were observed after tieatment (data not shown). 

Discussion 

Our results obtained with gemfibrozil and ciprofibrate in a group of 99 primary 
hyperlipidaemic patients confirm the well-established lipid-regulating effects of fibrates, and 
indicate that the variability in effects on haemostatic factors may be due at least partly to 
intrinsic differences between the various fibrates, but also to different outcomes of the various 
assays and differences in treatment period. Both fibrates effectively lowered elevated plasma 
triglyceride and cholesterol levels, but had no effect on plasma t-PA or PAI-1 antigen levels, 
irrespective of the PAI-1 assay system used. The two fibrates affected plasma fibrinogen 
levels differentiy. Fibrinogen antigen levels were increased by treatment with gemfibrozil 
after six and twelve weeks, but not with ciprofibrate. In conttast, a decrease in functional 
fibrinogen levels was found with ciprofibrate after six and twelve weeks of treatment. In 
accordance with the antigen data, gemfibrozil increased functional fibrinogen after twelve 
weeks using a Clauss assay with a mechanical end point, but surprisingly, fibrinogen levels 
were decreased after twelve weeks using a Clauss assay in which turbidity was used to assess 
the end point. These findings may explain in part the diversity and inconsistency of the 
previously reported effects of fibrates on plasma fibrinogen levels, but they also hamper a 
proper comparison and evaluation of different studies. 

One remarkable finding of this study is that with botii fibrates the ratio of functional 
fibrinogen to fibrinogen protein ("functionality" of fibrinogen) was decreased. Changes in the 
functionality of circulating fibrinogen have also been observed during acute myocardial 
infarction and subsequent thrombolytic therapy."'^'Seifried et al." ascribed these changes in 
fimctionality to an altered distribution of the three molecular weight forms of fibrinogen in 
plasma, forms which have different clotting behaviour.'"" During the initial phase of acute 
myocardial infarction the relative amount of the fast-clotting HMW fibrinogen in the total 
fibrinogen content is increased, explaining at least in part the relatively high functional 
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fibrinogen levels in these patients. Similarly, there was a fall in functional fibrinogen when 
HMW fibrinogen was converted to partly degraded fibrinogen during t-PA infusion. " 
However, limited proteolysis is unlikely to be true for the observed changes in fimctionaUty 
of fibrinogen as observed in this study after fibrate treatinent: an initial comparison of the 
molecular weight distribution of plasma fibrinogen before and after fibrate treatment using 
SDS/PAGE showed a very similar distribution pattern. Apparentiy, more subtie changes in 
the fibrinogen molecule should be considered, since we found no evidence for an 
"environmental" factor in die plasma albeit VLDL-triglyceride, LDL-cholesterol or a fibrate-
induced factor, to interfere with the functionality of fibrinogen. 

The question arises whether the changes observed in fibrinogen levels after fibrate 
treatinent as documented here should be considered beneficial or not. Prospective studies Kke 
the Northwick Park Heart Study'^ or the ECAT study" have pointed to the importance of 
plasma fibrinogen levels as an independent risk indicator in cardiovascular disease (CVD). 
The association between fibrinogen and risk was independent of the assay used (viz. 
gravimetric, Clauss or nephelometric). However, a stiaightforward interpretation of the 
fibrinogen findings in the present study is complicated, because different assays show 
different, sometimes conflicting, results. Since the protein mass of a thrombus would not alter 
dramatically by the relatively small increase (20-30%) in fibrinogen levels associated with an 
increased risk of CVD, it is suggested that the clot structure rather than the mass of deposited 
fibrin turns fibrinogen into a risk factor, as discussed by Blombäck.** Clots formed at higher 
fibrinogen concentrations are much tighter and much more rigid, less prone to fibrinolysis 
and considered to be more thrombogenic than clots formed at low fibrinogen 
concentrations.'* Support for this concept comes from studies of several dysfibrinogenaemias 
associated with thrombotic diseases"'* and from the observation tiiat fibrin gel structures 
formed in vitto from plasma samples from young (<45 years) male post-infarction patients 
were tighter than those formed from plasma from age-matched conttol men. '̂  Bröijersen et 
al." recentiy reported tiiat gemfibrozil did not influence the fibrin gel structure in 
hyperlipidaemic patients, but in their study no effect by gemfibrozil on fibrinogen levels was 
found either. Whether the observed changes in plasma fibrinogen levels as found in the 
present study after fibrate treatment will result in less tight and rigid fibrin gel structures 
needs to be examined in future studies. 

In accordance with other investigations,"'*" in our study at baseline hyperlipidaemia 
plasma PAI-1 antigen levels were elevated and a correlation between plasma PAI-1 and 
triglyceride levels and between PAI-1 and t-PA levels was observed. Although lowering 
triglyceride levels by diet or drugs has been shown to be associated with a decrease in PAI-1 
levels,*" thus suggesting a direct and causal relationship, we found no concomitant lowering 
of triglyceride levels and PAI-1 levels by gemfibrozil and ciprofibrate. This uncoupling 
between triglyceride and PAI-1 levels was also seen with users of oral contraceptives, women 
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taking fish or olive oil and after triglyceride infusion in patients with non-insulin dependent 
diabetes melHtus.*'"*' A lack of effect of gemfibrozil on PAI-1 has also been reported by 
others,'"'"'** but in some studies a decreasing effect of gemfibrozil on PAI-1 levels has been 
shown.̂ '*''̂  Our findings indicate that this variation between studies is unlikely to be due to 
differences in assay methodology, since we demonstrated that two assays detecting different 
types of PAI-1 with differing efficiency, showed quantitative but not qualitative differences. 
We suggest therefore, that other factors such as differences in patient groups or baseline 
levels may account for the variabihty observed. 

In conclusion, our results show that although gemfibrozil and ciprofibrate exerted 
comparable effects on plasma triglyceride and cholesterol levels in a group of 
hyperlipidaemic patients, they influenced plasma fibrinogen levels differentiy. Baseline 
plasma PAI-1 and t-PA levels were elevated but not affected by die fibrate treatment. An 
important finding is that the two fibrates decreased the fimctionality of plasma fibrinogen. 
We showed that different fibrinogen assay methods and differences in treatment period 
influence the outcome of the flbrate treatment which explains in part the variability observed 
in the literature. 
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Abstract 

Fibrates are widely used drugs in hyperlipidemic disorders. In addition to lowering serum 
triglyceride levels, fibrates have also been shown to reduce elevated plasma plasminogen 
activator inhibitor 1 (PAI-1) levels in vivo. We demonsttate that fibrates suppress PAI-1 
synthesis in cultured cynomolgus monkey hepatocytes in a concentration-dependent way (0.1 
-1.0 mmol/L) and independent of their lipid-lowering effect. Different fibrates showed 
different potency in suppressing PAI-1 production: gemfibrozil and clofibric acid, at a 
concentration of 1 mmol/L, reduced PAI-1 synthesis over 24 h to 52 ± 20 % and 60 ± 5 %, 
while Clofibrate and bezafibrate lowered PAI-1 synthesis only to 86 ± 17 % and 84 ± 15 % of 
control values, respectively. These changes in PAI-1 production by fibrates correlated with 
changes in PAI-1 mRNA levels and were also visible at the level of gene transcription. 
Fibrates did not lower basal PAI-1 synthesis, but attenuated an acceleration of PAI-1 
production during culture. The suppressing effect of fibrates on PAI-1 synthesis could not be 
mimicked with activators or inhibitors of protein kinase C. Furthermore, fibrates did not 
inhibit the increase in PAI-1 synthesis induced by epidermal growth factor or transforming 
growth factor-ß. These results make mechanisms involving PKC modulation or growth factor 
receptor inactivation as a mode of action of fibrates unlikely. The suppressing effect of 
fibrates on PAI-1 synthesis could involve the nuclear receptor peroxisome proliferator-
activated receptor (PPAR), and its heterodimeric partner, the retinoid X receptor (RXR). The 
alpha forms of PPAR and RXR were both found to be expressed in cynomolgus monkey 
hepatocytes. The ligand for RXRa, 9-cw retinoic acid, suppressed PAI-1 synthesis to the 
same extent as gemfibrozil, while a combination of gemfibrozil and 9-cis retinoic acid had no 
more effect on PAI-1 synthesis than any of these compounds alone at optimal concentrations. 
In conclusion, fibrates downregulate an induced PAI-1 production in cynomolgus monkey 
hepatocytes independent of a decrease in triglyceride levels. A possible involvement of 
PPARoi/RXRa in this downregulation is discussed. 

Introduction 

Fibrates are a class of hypolipidemic drugs widely used in the treatment of diet-resistant 
hyperlipidemia. In humans, fibrates effectively lower elevated serum triglycerides and 
increase high-density lipoprotein cholesterol. Fibrates also moderately lower low-density 
lipoprotein cholesterol levels in patients with hypercholesterolemia.' In addition to these 
lipoprotein profile-altering effects, some fibrates also exert a favourable influence on plasma 
levels of hemostatic risk factors, such as plasminogen activator inhibitor 1 (PAI-1). These 
combined actions of fibrates may be beneficial in reducing the risk of coronary heart disease. ' 

The mechanism by which fibrates reduce plasma PAI-1 levels is unknown. Several 
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reports have documented a correlation between plasma triglyceride levels and PAI-1 levels.' 
Also, lowering triglyceride levels by diet or drugs has been;shown to be associated with a 
decrease in PAI-1 levels", thus suggesting a relationship between triglyceride and PAI-1 
levels." On the other hand, several lines of evidence suggest a mechanism of action of 
fibrates independent of their triglyceride lowering effect. For example, the fibrate gemfibrozil 
was shown to significantiy lower PAI-1 antigen levels, while in the same study no change in 
PAI-1 antigen levels by fenofibrate was observed, although both fibrates were equipotent in 
lowering triglyceride levels.' Furthermore, it was shown that gemfibrozil reduces PAI-1 
secretion in vitto in the human hepatoma cell line Hep G2, suggesting a direct effect of this 
drug on PAI-1 expression.' 

In the present report we demonsttate that fibrates directly, i.e. independent of lowering 
triglyceride levels, suppress PAI-1 expression in primary cultures of hepatocytes from 
cynomolgus monkey. We have further used this in vitto model of cultured monkey 
hepatocytes to compare the efficacy of various fibrates to lower PAI-1 production and to 
study the mechanism(s) by which fibrates exert their action! Studies were designed to 
evaluate the role of a number of signal ttansduction pathways reported to be affected by 
fibrates and/or to be involved in PAI-1 gene expression. First, we tested the role of protein 
kinase C (PKC), the activity of which has been shown to be modulated by fibrates''" and to be 
important for PAI-1 expression in Hep G2." Secondly, fibrates have been reported to affect 
the phosphorylation of growth factor receptors and thereby their signal transduction activity. '̂  
We have evaluated whether fibrates interfere with the response of hepatocytes to epidermal 
growtii factor (EGF) and ttansforming growth factor-ß (TGF-ß), growth factors which have 
been found to be inducers of PAI-1 expression in Hep G2. "" Thirdly, we examined a possible 
role of the nuclear hormone receptor peroxisome proliferator-activated receptor (PPAR), 
which is activated by fibrates." PPAR has been reported to downregulate gene expression 
through squelching of c-Jun", a tianscription factor which we found to be critical in PAI-l 
gene expression in the human hepatoma cell line Hep G2 (Arts et al, unpublished data) 

Materials and Methods 

Materials 

Clofibric add, Clofibrate, dexamediasone and 3-(4,5-dimediylÜiiazol-2|yl)-2,5-diphenyl tetrazolium bromide 
(MTT) were obtained from Sigma Chemical Co. (St Louis, MO). Genifibrozil was a gift of Dr.B. Bierman, 
Wamer-Lambert (Hoofddorp, Tlie Nedierlands). Bezafibrate was obtained from Boehring«- Mannheim B.V. 
(Ahnere, The Netiierlands). Stock solutions of fibrates (1 mol/L) and phorbol 12-myristate 13-acetate (PMA) 
(100 |jmol/L) wae prepared in dimethyl sulfoxide (DMSO) and edianpl, respectively and kept at -20 °C. Before 
use, fibrate stodsis wae diluted in incubation medium and kept for 2 h at 37 °C to ensure complete dissolution 
of die fibrates. Human epidemMl growtii factor (EGF) was obtained from Campro (Veenendaal, The 
Nedierlands), transforming growdi factor-ß (TGF-ß) from Harbor Bioproducts (Norwood, MA), tyiphostin 
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from Branschwig (Amsterdam, The Nedialands) and insulin (Actirapid Penfill 1.5) bom Novo Nordisk Farma 
B.V. (Zoeterwoude, The Nethalands). 9- ds retinoic acid was a gift of Drs. M. Klaus and C. Apfel, Hoffmann-
LaRoche Ltd. (Basle, Switzaland). The specific protein kinase C inhibitor Ro 31-8220 was a gift of Dr. G. 
Lawton, Hoffmann-LaRoche (Welwyn Garden City, U.K.). Deoxycytidine 5[ a-'^]tiiphosphate (3 Ci/mol), 
[̂ ^SJmethionine (>1000 Ci/mmol) and die Megaprime-kit were obtained from Ameisham Nederland BV ('s 
Hatogenbosch, The Nedialands). The Tintelize enzyme immunoassay kit for determination of PAI-1 antigen 
was from Biopool (Umeâ, Sweden). Bradford protein reagent was fixim Biorad (Veenendaal, The Nethalands). 
Otha mataials used in the methods described below have been spedfled in detail in relating references or were 
purdiased fiom standard commercial sources. 

Isolation and culture of cynomolgus monkey primary hepatocytes 
Simian hepatocytes wae isolated fium livas of bodi male and female cynomolgus monkeys ( Macaca 
fasàcularis, 1.5-3 years old), which were obtained trnm die National Institute of Public Healdi and 
Environmental Protectibn (RIVM), Bilthovai, The Nedialands. The animals were bred at the RIVM and 
saved as donors for kidneys used in the production of poliomyelitis vaccine at that institute. The isolation 
procedure was essentially as described for human hepatocytes "•̂  with a few modifications as described by 
K^tein et al. " Total cell yields varied from 0.5 to 1.5x10 ' viable cells. Viability, based on the ability of 
hepatocytes to exclude trypan blue dye (0.11%, w/v), was at least 65%. The cells were seeded in cultiire dishes 
at a density of 2x10' viable cells pa cm^ and wae maintained in Williams E medium supplemented with 10% 
(v/v) heat-inactivated fetal bovine saum, 135 nmol/L insulin, 50 nmol/L dexamediasone, 2 mmol/L L-
glutamine (Flow Laboratories, Irvine, U.K.), 100 lU/ml penidllin, 100 (ig/ml stiBptomycin, 100 ng/ml 
kanamydn, at 37 °C in a 5% CO-J 95% air atinosphae. Afta 16 hours, the non-adhaent cells were washed 
from the plates and the remaining cdls wae refreshed with the same medium as described above. After 8 h, the 
medium was changed to incubation medium in which die amount of insulin was lowered to 10 nmol/L. 
Experiments wae started 24 h afta hepatocyte isolation. 

Conditioned media were obtained by incubating cells at 37 °C for various times with incubation medium 
containing the appropriate concenti:ation of die test compound or stodc solvait (DMSO or edianol; final 
concentration 0.1 % (v/v)) as control. For prolonged incubations, die media wae refi'eshed every 24 h. 
Conditioned media wae centrifuged for 4 min at 5000 g in a Beekman Miaofuge centrifuge to remove cells 
and cellular debris, and the samples were kept at -20 °C until use. The cells were washed twice widi ice-cold 
phosphate buffaed saline, and wae used for isolation of RNA or nudei. 

Northern blot analysis 
Total RNA was isolated from at least 2x10 ° simian hepatocytes according to Chomczynski and Sacchi. ̂  RNA 
was fractionated by electrophoresis m a 1% (w/v) agarose gel unda denaturing conditions using 1 mol/L 
formaldehyde", and blotted to Hybond-N filta according to die manufacturers instiuctions. The filters were 
hybridized ovanight at 63 °C (with die PAI-1, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), PPAR a 
and RXRo probe) or at 42 °C (with the acyl-CoA oxidase (ACO) probe) in hybridization mix, being: 7% (w/v) 
sodium dodecylsulfate (SDS), 0.5 mol/L Na jHP04/NaH2P04 buffa, pH 7.2,1 mmol/L BDTA, containing 3 ng 
of [a-'^]CTP-labeled probe/ml. Afta hybridization with GAPDH or PAI-1 probe, die filters were washed 
twice widi 2xSSC (IxSSC being: 0.15 mol/L NaCl, 0.015 mol/L Na jCitiate), 1% (w/v) SDS, and twice widi 
IxSSC, 1% (w/v) SDS for 20 min at 63 °C. In die case of hybridizations widi PPAR a or RXRo probe die filters 
wae washed four times for 20 min widi 2xSSC, 1% (w/v) SDS at 63 °C, while blots hybridized widi ACO 
probe were washed three times for 15 min with 2xSSC, 1% (w/v) SDS and one time for 15 min with 0.5xSSC, 
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1% (w/v) SDS at 42°C. The filtas were then exposed to Kodak XAR-5 X-ray fibn wiUi an intensifying screai 
at -80 °C. Tb& relative intensities of die bands present wae detemined on a Fujix Bas 1000 pfaospboimager. 

cDNA probes 

cDNA probes used are: a 2.5 kb EcoRI fragment of die human PAI-1 cDNA »"; a 1.2 kb Psü fragment of die rat 
GAPDH cDNA provided by Dr.R. Offringa''; a 1.3 kb Nml/BamHI fragment of die human PPAR a cDNA 
provided by Dr.F.J. Gonzalez"; a 1.4 kb EcoRI/BgUI fragment of the human RXR o cDNA provided by Dr.J. 
Grippo (Hof&nann-LaRoche, NuUey, USA); a 2.0 kb Sad fiagmait of die rat ACO cDNA, provided by Dr.T. 
Osumi»; and a 1.2 kb Psü fragmait of die hamsta actin cDNA provided by Dr.W. Quax. " 

ys 

PAI-1 antigen levels in conditioned media of cynomolgus monkey hepatocyte cultures were determined widi an 
adapted Tintelize PAI-1 assay fiom Biopool (Umeâ, Sweden). This assay normally does not recognize 
cynomolgus monkey PAI-1 antigen, but when die coating antibody is r^laced by a goat anti-human PAI-1 
polyclonal antiserum (5ug/ml) (Biopool, Umeâ, Sweden), bodi monkey and human PAI-1 antigen can be 
detennined. Monkey PAI-1 antigen values were calibrated using die human PAI-1 calibration sample present in 
die kit. Ovaall protein synthesis was determmed by measuring the incorporation of [ "S]mediionine into die 
10% (w/v) trichloroacetic acid predpitable fraction of radiolabeled conditioned medium and cell exttact. " Cell 
viability was assessed by the MTT assay " which is based on die cellular reduction of MTT by mitochondrial 
ddiydrogenase of viable cells to a blue formazan product which can be measured spedrophotometiically at 545 
nm. Protein was measured using die Bradford protein assay. Nudear mn on assays were performed according 
to Groudine et al" widi some minor modifications as described by Twisk et al. " 

Statistical analysis 
Statistical significance of differences was calculated using Student's t-test for paired data with die levd of 
significance selected to be p< 0.05 (*)andp<0.01 (*"*). Values are expressed as means ± S.D. 

Resul ts 

Dose-dependency and time-course of the effect of different fibrates on PAI-1 synthesis 

Cynomolgus monkey hepatocytes were incubated with three concenttations (0.1,0.3 or 1 

mmol/L) of four different fibrates (gemfibrozil, clofibric acid, Clofibrate or bezafibrate) for 

two consecutive periods of 24 h. As shown in Figure 1, all four fibrates dose-dependentiy 

lowered PAI-1 levels, reaching 52±20% (gemfibrozil), 60±5% (clofibric acid), 86±17% 

(Clofibrate) and 84±15% (bezafibrate) of conttol values after 24 h at a 1 mmol/L 

concenttation. During the second 24 h incubation period, the fibrates did not lower PAI-1 

levels markedly furtiier than in the first 24 h incubation period (Fig. 1). Similar results were 

obtained when experiments were performed with medium containing 10% (v/v) lipoprotein-

depleted serum or 1% (v/v) human serum albumin instead of 10% (v/v) fetal calf serum, 
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indicating that fibrates can suppress PAI-1 synthesis independent of changes in triglyceride 
levels (data not shown). The decreases in PAI-1 production by fibrates were not due to 
diminished cell viability (as tested with die MTT test) or changes in overall protein syntiiesis 
(as assessed by simultaneous measurement of the incorporation of [''S]methionine into 
trichloroacetic acid-precipitable products). Fibrate concentrations higher than 1 mmol/L, 
however, were found to lower overall protein synthesis (data not shown). These results 
indicate that different fibrates possess different potency to reduce PAI-1 expression. 

gemfibrozil doflbrloaold doflbraM b«zafibrat* 

^ . " t^ "^^-H ' "K-H 
0-24 h 

24-48 h 

Fibrate oonosntration (mmol/L) 

Figure 1. Effect of fibrates on PÂI-1 antigen production In cultured simian hepatocytes 
Cynomolgus mordrey hepatocytes wae incubated for two consecutive periods of 24 h widi different 
concentrations of gemfibrozil, clofibric acid, Clofibrate and bezafibrate, and the conditioned media wae 
analyzed for PAI-1 antigen as described in the Methods section. Results are means ± S.D. of 3 to 7 independent 
experiments performed in duplicate; die data are expressed as pacentage values of controls. Conü:ol values 
ranged between 171 and 1700 ng/ml ova die first 24 h paiod and between 295 and 2501 ng/ml ova die second 
24 h paiod in die different experiments. Values significandy different from conttol values are indicated with 
asterisk (•*:p<0.05 and **:p<0.01). 

Figure 2 shows a representative time-course of the suppressive effect of gemfibrozil 

(1 mmol/L) on PAI-1 antigen accumulation. Both in the absence and presence of gemfibrozil, 

PAI-1 antigen levels increase linearly in time during the first 16 h. However, between 16 and 

24 h of incubation, PAI-1 shows an accelerated increase under conttol conditions, whereas 

with gemfibrozil PAI-1 continues to accumulate at a constant rate. This results in an about 2-

fold higher PAI-1 antigen level in conditioned medium of conttol cells than in the 
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conditioned medium of gemfibrozil-treated cells after 24 h. The accelerated increase in PAI-1 

synthesis varied between 32% and 75% in five independent experiments and was in 

magnitude comparable to the observed inhibition of PAI-1 synthesis by gemfibrozil. Similar 

results were obtained with clofibric acid, and analysis of the attenuating effect of fibrates on 

PAI-1 synthesis in Hep G2 cells learned that these effects could be attributed also to a 

diminishing effect of fibrates on the induction of PAI-1 synthesis during culture of Hep G2 

cells (data not shown). Apparentiy, fibrates do not inhibit basal PAI-1 synthesis, but prevent 

the accelerated production of PAI-1, as occurring during conttol incubation conditions. 

I 
I 1000 

—o— control 

—•— gsmflbrozll 

Figure 2. Time course of PAI-1 antuen 
production by cultured simian hepatocytes 
incubated with or without gemfibrozil 
Cynomolgus monkey hq)atocytes were 
incubated for various times up to 24 h in the 
presence (•) or absence (o) of 1 mmol/L 
gemfibrozil, and the conditioned media were 
analyzed for PAI-1 antigen as described in the 
Methods section. The experiment shown is 
representative for five independent experiments 
in duplicate. Values shown are means ± range. 

0 8 10 24 

InoulMllon Ufflo (h) 

Effect of gemfibrozil on PAI-1 mRNA levels and transcription 

To determine whether the accelerated increase in PAI-1 antigen levels and inhibition thereof 

by fibrates was reflected at the mRNA level, we performed Northern analysis. As shown in 

Figure 3, there is no marked difference in PAI-1 mRNA levels between conttol and 1 mmol/L 

gemfibrozil-treated hepatocytes at 8 h. At 16 h, however, PAI-1 mRNA levels are sttongly 

elevated in conttol, but not in gemfibrozil-treated hepatocytes, and this difference is 

maintained at 24 h. These mRNA data explain the different PAI-1 protein production rates in 

conttol and gemfibrozil-tteated hepatocytes between 16 and 24 h (Fig. 2). The ttansient, 

about two-fold induction of PAI-1 mRNA by gemfibrozil at 4 h was consistentiy found in 

three independent experiments, and could be suppressed by an inhibitor of protein kinase C 

(see below). No such induction was observed with the other three fibrates (data not shown). 
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To determine whether the differences in PAI-1 mRNA levels in conttol and gemfibrozil-

treated hepatocytes were the result of different PAI-1 transcription rates, we performed a 

nuclear run-on assay. Figure 4 shows that hepatocytes incubated with gemfibrozil have a 2-

fold lower PAI-1 ttanscription rate than conttol cells. 

16 24 

- + - + 

time (h) 

gemfibrozil 

- • • • «•<• • • • • PM-I 

28s 

< 

t 

I I oontrol 
^ gamfibrozll 

B 

'uä\ 
1«« 8 18 24 

Incubation time (h) 

Figure 3. Time course of the effect of gemfibrozil on PAI-1 mRNA levels in cultured simian hepatocytes 
Cynomolgus monkey hqjatocytes wae incubated with (+) or without (-) 1 mmol/L gemfibrozil for various 
times up to 24 h. Total RNA was isolated, and 5 ng of RNA was analyzed by Northern blotting for PAI-1 
mRNA. Equal loading was checked by ediidium bromide staining of 18S and 28S ribosomal RNA. The 
experiment shown in panel A is representative for three independent experiments. The signals for PAI-1 mRNA 
were quantified by densitometry and adjusted for the corresponding GAPDH mRNA signals. The amount of 
PAI-1 mRNA present at the diffaent time points is expressed relative to tiiat found at t=0. The results shown in 
panel B are means ± S .D. of three independent experiments. 

Role of Protein Kinase C in PAI-1 expression 
The ttansient increase in PAI-1 mRNA levels observed with gemfibrozil at 4 h (Fig. 3) is 
probably due to activation of PKC, since a similar rapid increase in PAI-1 mRNA levels was 
also seen with the specific PKC activator PMA, and both effects could be suppressed by the 
PKC inhibitor, Ro 31-8220 (Fig. 5). To assess whether modulation of PKC activity also plays 
a role in the suppression of the accelerated increase in PAI-1 synthesis between 16 and 24 h 
(see Fig. 2), we examined the effect of PMA and Ro 31-8220 on PAI-1 synthesis over a 24 h 
period (Table 1). Opposite to gemfibrozil, PMA increased PAI-1 levels, thus reflecting the 
sttong induction of PAI-1 mRNA levels at 4 h (Fig. 3). The PKC inhibitor Ro 31-8220 
suppressed the effect of PMA, but had no effect on PAI-1 production under conttol 
conditions. Together with the finding that clofibric acid, which did not transientiy activate 
PKC after 4 h, was almost as effective as gemfibrozil in suppressing PAI-1 synthesis after a 
24 h incubation period, these results indicate that fibrates suppress PAI-1 synthesis through a 

44 



Fibrates suppress PAI-1 synthesis in primary hepatocyte cultures 

mechanism independent of PKC. 

Table 1: Effect of PMA and Ro 31-8220 on PAI-1 synthesis in simian hepatocytes 

compound PAl-1 synthesis (% of conrol) 

PMA 

Ro 31-8220 (10 lomol/L) 

PMA (100 nmo^L) -i- Ro 31-8220 (10 nmol/L) 

Gemfibrozil (1 mmol/L) 

169 ±6 

107 ±3 

108 ±3 

25 ±6 
Cynomolgus monkey hepatocytes were incubated for 25 h with incubation medium containing gemfibrozil 
(1 mmol/L), die PKC inhibitor Ro 31-8220 (10 nmol/L) or solvent (control). 1 h after die start of die 

experiment, the PKC activator PMA (100 nmol/L) was added. At the end of the incubation, media were 
collected and analyzed for PAI-1 antigen as described in the Methods section. Values given are means ± range 
of two independent experiments performed in duplicate and expressed as a percentage of the control values 
(171 and 290 ng/ml, respectively). 

ooW^'^^et^^^^^ 
, 1 5 ^ 

lRM-1 

AcOn 

OAPDH 

pUC 

Figure 4. Analysis of PAI-1 gene transcription 
rate after incubation of cultured simian 
hepatocytes with gemfibrozil. Cynomolgus 
monkey hepatocytes were incubated for 48 h in die 
absence (control) or presence of 0.6 mmol/L 
gemfibrozil. Nuclei were isolated and used for run-
on assays as described in the Methods section. Actin 
and GAPDH are controls for variation in mRNA 
labeling and pUC served as a control for nonspecific 
hybridization. 

Ctrl gem PMA 

- + - + - + Ro 31-8220 

- • • - • • PAI-1 

m m m m m » GAPDH 

Figure 5. Effect of gemfibrozil and PMA on PAI-
1 mRNA levels in simian hepatocytes incubated 
in the presence or absence of Ro 31-8220 
Cynomolgus monkey hepatocytes were incubated 
for 5 h with incubation medium with (+) or without 
(-) 10 iimolfL of die PKC inhibitor Ro 31 -8220. 1 h 
after the start of the experiment, gemfibrozU (1 
mmol/L), die PKC activator PMA (100 nmol/L) or 
solvent (Ctrl) were added. At die end of die 
incubation, total R N A was isolated and 5 ^g 
of RNA was analyzed by Northern blotting 
for PAI-1 m R N A and for G A P D H m R N A 
as aeon trol for equal mRNA loading. The 
experiment shown is representative for three 
independent experiments. 
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Effect of fibrates on flie induction of PAI-1 by EGF and TGF-ß 
As shown in Figure 6, epidermal growth factor (EGF; 5 ng/ml) and ttansforming growth 
factor-ß (TGF-ß; 5 ng/ml) induce PAl-1 mRNA levels about 3-fold in primary hepatocytes 
after a 4 and 6 h incubation period, respectively. The EGF-mediated induction of PAI-1 
mRNA levels was suppressed for over 50% by the tyrosine protein kinase inhibitor tyrphostin 
(30 ng/ml; data not shown), a compound known to interfere with EGF-receptor mediated 
signaling." The induction of PAI-1 mRNA could not be inhibited, however, with 1 mmol/L 
gemfibrozil added to the cells 1 h prior to the addition of EGF or TGF-ß (Fig. 6). Similar 
negative results were obtained with 1 mmol/L clofibric acid, Clofibrate and bezafibrate (data 
not shown). Because the effect of fibrates on PAI-1 synthesis became apparent after 16 h, we 
repeated the experiment after a 16 h preincubation with the fibrates. Again, no quenching 
effect on PAI-1 mRNA 

- + - + TGF-ß 

mm 9ÊÊ mm 1ÊÊ PAI-1 

control gem B 

- + - EGF 

PAI-1 

mat « • « m»; ̂  GAPDH GAPDH 

Figure 6. Effect of gemfibrozil on PAI-1 mRNA levels in simian hepatocytes incubated in the presence or 
absence of TGF-ß or EGF. Cynomolgus monkey hepatocytes were incubated for 7 h (panel A) or 5 h (panel 
B) with incubation medium containing solvent (control) or 1 mmol/L of gemfibrozil (gem). 1 h after the start of 
die experiment, solvent (-), 5 ng/ml TGF-ß (+, panel A) or 5 ng/ml EGF (+, panel B) was added. At die end of 
die incubation, total RNA was isolated, and 5 ng of RNA was analyzed by Northern blotting for PAl-1 mRNA 
and for GAPDH mRNA as a control for equal mRNA loading. The experiment shown is representative for 
three independent experiments. 

10 kb 

4.8 kb 

*» PPARa 

RXR« 

Figure 7. Simian hepatocytes express PPAR« and 
RXRa mRNA Cynomolgus monkey hepatocytes 
were incubated for 24 h with incubation medium. At 
the end of the incubation, total RNA was isolated, and 
5 (ig of RNA was analyzed by Northern blotting for 
PPARa and RXRa mRNA expression. The 
experiment shown is representative for three 
independent experiments. 

induction by EGF or TGF-ß was observed (data not shown). These data indicate that fibrates 

do not interfere with growth factor receptor mediated signahng. 
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Studies on a role of PPAR in the inhibition of PAI-1 synthesis by gemfibrozil 

We next considered a possible role for the peroxisome proliferator-activated receptor (PPAR) 

in the inhibition of PAI-1 synthesis by gemfibrozil. As shown in Figure 7, cynomolgus 

monkey hepatocytes express the mRNAs of PPARa and retinoid-X-receptor a (RXRa), 

another steroid hormone receptor with which PPARa interacts to form heterodimers. Since 

tiie RXRa ligand, 9-cis retinoic acid, has been demonsttated to enhance PPAR action," we 

tested the effect of gemfibrozil, 9-cis retinoic acid, and combinations thereof on PAI-1 

synthesis. As shown in Figure 8,10 nmol/L 9-cis retinoic acid was almost as effective as 1 

mmol/L gemfibrozil in inhibiting PAI-1 syntiiesis: in three independent experiments, 9- cis 

retinoic acid and gemfibrozil decreased PAI-1 synthesis to 65±4% and 59±6% of conttol 

values (mean ± SD), respectively. The inhibitions of PAI-1 synthesis by 9-cis retinoic acid 

and gemfibrozil in these experiments were of the same magnitude as the corresponding 

accelerated increases in PAI-1 synthesis under conttol conditions (data not shown). These 

data suggest that 9-cis retinoic acid, like gemfibrozil, only prevents the accelerated increase 

in PAI-1 production, but does not affect the uninduced PAI-1 synthesis rate. Combinations of 

suboptimal concentrations of the two ligands cooperatively decreased PAI-1 synthesis (data 

not shown), but the maximal effect never exceeded the inhibiting effect seen with the optimal 

concenttation of gemfibrozil as illusttated in Figure 8 for 1 pmol/L 9- cis retinoic acid and 1 

mmol/L gemfibrozil. Taken together, these data suggest that 9-cis retinoic acid and 

gemfibrozil interfere with the same PAI-1 stimulatory pathway. They do not necessarily 

imply, however, tiiat 9-cis retinoic acid and gemfibrozil act via the same regulatory pathway 

or mechanism. 
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Figure 8. Effect of gemfibrozil and 9- cis 
retinoic acid on PAI-1 synthesis in simian 
hepatocyte. Cynomolgus monkey 
hepatocytes wae incubated for 24 h widi 
incubation medium containing solvent (no 
addition), 9-cis retinoic acid (1 (unol/L or 10 
pmol/L) and/or ganfibrozil (1 mmol/L), and 
the conditioned media wae analyzed for 
PAI-1 antigen as described in die Mediods 
section. Results presented are means ± S.D. 
of 3 independent experiments performed in 
duplicate; the data are expressed as 
pacentage values of controls. Values 
significantiy diffaent ftom control values arc 
indicated widi an asterisk (p<0.05). 
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Discussion 

In this study, we demonsttated a suppressive effect of fibrates on PAI-1 synthesis and PAI-1 
mRNA levels in cultured cynomolgus monkey hepatocytes independent of changes in 
concenttations of triglycerides in the culture medium. We found that fibrates inhibit PAI-1 
synthesis in a dose-dependent way and that different fibrates differ in their capacity to 
suppress PAI-1 production. Fibrates appeared to attenuate the accelerated increase in PAI-1 
synthesis occuring under basal culture conditions. The changes in PAI-1 protein synthesis 
correlated closely with changes in PAI-1 mRNA and could also be demonsttated at the 
ttanscriptional level. Therefore, fibrates act selectively on a pathway that stimulates the 
activation of PAI-1 gene ttanscription. The regulatory mechanism by which this suppressive 
effect is brought about remained unknown, but could involve PPARa/RXRa. 

Our finding that the suppression of PAI-1 synthesis by fibrates is a direct effect, i.e. 
independent of lowering triglyceride levels, is in agreement with in vivo studies which show 
that simply reducing triglycerides is not sufficient to lower PAI-1 in patient populations with 
elevated triglyceride and PAI-1 levels.'•''•*' Furthermore, our in vitro observation that fibrates 
inhibit an induction of PAI-1 synthesis rather than basal PAI-1 expression, is comparable to 
findings reported for the human hepatoma cell line Hep G2' and is in agreement with the in 
vivo situation where fibrates lower only elevated PAI-1 levels in patients. ' Similarly, our in 
vitro finding that different fibrates which are equipotent in lowering triglyceride levels can 
differ in their efficacy to lower PAI-1 synthesis, parallels in vivo results. For example, we 
found in our cultured cynomolgus monkey hepatocytes that gemfibrozil and clofibric acid 
were potent PAI-1 suppressors while Clofibrate and bezafibrate were not. Similarly, 
gemfibrozil but not bezafibrate was found to decrease enhanced PAI-1 levels in type IV 
hypertriglyceridemic patients.'"'" 

Our observation that PAI-1 synthesis in the simian hepatocytes is induced during basal 
culture conditions resembles similar findings in Hep G2 cells." PAI-1 synthesis in Hep G2 
was found to be induced by an autocrine factor, secreted during cell culture. The nature of 
this factor has not been identified until now, but had no similarity to any steroid, retinoid, 
growth factor or cytokine, factors known to induce PAI-1." Similarly, the factor(s) 
responsible for the accelerated production of PAI-1 in cynomolgus monkey hepatocytes 
remained elusive. 

The obscurity of the PAI-1 inducing factor hampered a rational approach to understand 
the mechanism by which fibrates suppress PAI-1 expression. We found that gemfibrozil 
rapidly and ttansientiy increased PAI-1 mRNA expression in a manner comparable to the 
PKC activator PMA, albeit much weaker, and this could be inhibited with the PKC inhibitor, 
Ro 31-8220. Activation of PKC by fibrates has also been reported in rat hepatocytes.''" 
However, specific activation or inhibiton of PKC did not prevent the accelerated increase in 
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PAI-1 during culture. Also, clofibric acid, which did not activate PKC, was as effective as 
gemfibrozil in suppressing PAI-1 production. These results make it unlikely that fibrates 
exert their PAI-1 suppressing action by interference with a PKC-dependent pathway. We 
could also exclude an effect of fibrates on the signal ttansduction pathways activated by 
growtii factors like EGF and TGF-ß. We found tiiat EGF and TGF-ß did induce PAI-1 
mRNA levels in simian hepatocytes, but this could not be prevented by fibrates. Apparentiy, 
not every PAI-1 induction is inhibited by fibrates. This is also true in vivo. For example, 
gemfibrozil did not lower elevated PAI-1 levels in patients with a history of venous 
thrombosis'' or in men with combined hyperlipoproteinemia.'* 

The findmg that a number of fibrates are potent activators of the nuclear receptor PPAR 
suggested the possibility that this receptor mediates the beneficial action of fibrates on PAI-1. 
Indeed, PPARa and its heterodimeric partner, RXRa, are both expressed in cultured 
cynomolgus monkey hepatocytes, and the ligand for RXRa, 9-cis retinoic acid, also 
suppressed PAI-1 production. Two mechanisms have been described how PPAR/RXR can 
interfere with gene transcription and which might be relevant for PAI-1 expression. 
PPAR/RXR can antagonize ttanscriptional activation by competing with another ttanscription 
factor for binding to the same cw-acting element, as described by Keller et al." Secondly, 
inhibition can be due to mechanisms involving DNA-independent negative interferences such 
as squelching. Sakai et al'* recentiy showed that PPARa downregulates ttanscription of the 
glutathione ttansferase-P gene in rat hepatocytes through squelching of the ttanscription 
factor c-Jun. Interference with c-Jun activity has also been reported for the RXRa receptor.'" 
In this context it is of interest that c-Jun is an important factor in PAI-1 gene ttanscription in 
the human hepatoma cell line Hep G2 (Arts and Kooistta, unpublished data). If PPAR 
activation is important for inhibition of PAI-1 expression by fibrates, then gemfibrozil and 
clofibric acid should be much sttonger activators of PPAR activity in our system than 
bezafibrate or Clofibrate. As a measure for PPAR activity we examined the expression of the 
acyl-CoA oxidase (ACO) gene. ACO is a peroxisomal target of PPARs, and its level has been 
found to be elevated manyfold in the livers of fibrate-treated rodents.*''*^ In conttast to 
rodents, however, ACO mRNA levels in cynomolgus monkey hepatocytes were only slightiy 
increased upon tteatment with fibrates (maximal increases of 150% were found after 24 h 
incubation with 1 mmol/L gemfibrozil). This is in agreement with previous reports showing 
that fibrates poorly induce peroxisome proliferation and peroxisomal ß-oxidation enzymes 
like ACO, in both human and cynomolgus monkey hepatocytes.'"'" Ultimately, transfection 
experiments with dominant negative PPAR/RXR mutants, antisense technology or the use of 
PPAR/RXR knock out mice are needed to answer the question whether PPAR and RXR are 
indeed involved in mediating the fibrate-induced decrease in PAI-1 production. 
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Abstract 

Fibrates are used to lower plasma triglycerides and cholesterol levels in hyperlipidemic 
patients. In addition, fibrates have been found to alter the plasma concentrations of 
fibrinogen, plasminogen activator inhibitor-1 (PAI-1) and apolipoprotein A-I (apo A-I). We 
have investigated the in vitro effects of fibrates on fibrinogen, PAI-1 and apo A-I synthesis 
and the underlying regulatory mechanisms in primary monkey hepatocytes. 

We show tiiat fibrates time- and dose-dependentiy increase fibrinogen and apo A-I 
expression and decrease PAI-1 expression in cultured cynomolgus monkey hepatocytes, the 
effects demonstrating different potency for different fibrates. After three consecutive periods 
of 24 hours the most effective fibrate, ciprofibrate (at 1 mmol/L), increased fibrinogen and 
apo A-I synthesis to 356 % and 322 % of control levels, respectively. Maximum inhibition of 
PAI-1 synthesis was about 50 % of control levels and was reached by 1 mmol/L gemfibrozil 
or ciprofibrate after 48 hours. A ligand for the retinoid-X-receptor (RXR), 9- cis retinoic acid, 
and specific activators of the peroxisome proliferator-activated receptor-a (PPARa), 
Wy 14,643 and ETYA, influenced fibrinogen, PAI-1 and apo A-I expression in a similar 
fashion, suggesting a role for the PPARo/RXRot heterodimer in the regulation of these genes. 
When comparing the effects of the various compounds on PPARot transactivation activity as 
determined in a PPARa-sensitive reporter gene system and the ability of the compounds to 
affect fibrinogen, PAI-1 and apo A-I antigen production, a good correlation (r=0.80; p<0.01) 
between PPARot transactivation and fibrinogen expression was found. Apo A-I expression 
correlated only weakly with PPARa transactivation activity (r=0.47; p=0.24), whereas such a 
correlation was absent for PAI-1 (r=0.03; p=0.95). These results strongly suggest an 
involvement of PPARa in the regulation of fibrinogen gene expression. 

Introduction 

Fibrates are widely used hypolipidemic drugs, very effective in lowering plasma cholesterol 
and triglycerides.'-^ In addition to these favourable lipoprotein profile-altering effects, fibrates 
have been shown to modulate the plasma levels of other cardiovascular risk factors, such as 
fibrinogen and plasminogen activator inhibitor-1 (PAI-1). '•' Although tiie exact mechanism of 
action of these drugs is not fuUy elucidated, there is increasing evidence that the peroxisome 
proliferator-activated receptor-a (PPARa) plays a centtol role in regulating lipid 
metabolism.'*'' PPARa belongs to the nuclear hormone receptor superfamily. Activated 
PPARo heterodimerizes with another nuclear receptor, the retinoid-X-receptor (RXR), and 
alters tiie transcription of target genes after binding to specific response elements (PPREs). 
Several studies have demonstrated a direct involvement of PPARa in the fibrate-modulated 
gene expression of hepatic apo A-I and apo A-II, tiie major apolipoproteins in HDL, 
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lipoprotein lipase and apo C-in, both involved in triglyceride lowering, and several enzymes 

implicated in ß-oxidation such as acyl-CoA oxidase (ACO)."* The importance of PPARa in 

fibrate-induced modulation of these genes and in lowering cholesterol and triglycerides was 

recentiy underlined in experiments with PPARa-deficient mice.* 

Given the reported modulating effects of fibrates on fibrinogen and PAI-1 in vivo, the 

question arises whether PPARa is also involved in regulating these haemostatic genes. 

Therefore, we studied the effects of fibrates on the expression of fibrinogen, PAI-1 and, for 

comparison, apo A-I in primary hepatocyte cultures of cynomolgus monkey {Macaca 

fascicularis). First we established that two fibrates, gemfibrozil and ciprofibrate, directiy 

influence fibrinogen, PAI-1 and apo A-I mRNA levels and antigen production in this in vitro 

model. Then, we compared the efficacy of various fibrates, two specific PPARa-activators 

CWyl4,643 and 5,8,11,14-eicosatetraynoic acid [ETYA])' and a ligand for RXR {9-cis 

retinoic acid) to alter fibrinogen, PAI-1 and apo A-I synthesis with the capacity of the 

compounds to activate PPARa. Because ACO, which is usually used as a measure of PPARa 

activity in rodents, is relatively insensitive to PPARa-activating compounds in cynomolgus 

monkey hepatocytes,* we have used a stably transfected CHO cell line -containing the 

chloramphenicol acetylfransferase (CAT) reporter gene under control of the PPRE present in 

the rat ACO promoter- to assess the PPARa-activating capacity of the various compounds. 

Materials and Methods 

Materials 
Clofibric add and Clofibrate were obtained from Sigma Chemical Co. Bezafibrate was provided by Boehringa 
Mannheim BV (Almae, The Nedierlands). Gemfibrozil was a gift from Dr B. Bierman, Wama-Lambert 
(Hoofddorp, The Nedialands). Ciprofibrate was a gift from Dr M. Riteco, Sanofi Winüirop (Maassluis, The 
Nedierlands). Fenofibric add was a gift ftom Dr A. Edgar, Laboratoires Foumia (Daix, France). Wyl4,643 
(pirixinic add) was obtained from Campro (Veenendaal, The Nethalands). 5,8,11,14-eicosatetraynoic acid 
(ETYA) was a gift fixim Dr G. Veldink, University of Uttecht (Utrecht, The Nedialands). 9- cis retinoic acid 
was a gift from Drs M. Klaus and C. Apfel, Hoffinann-LaRoche Ltd (Basel, Switzaland). Stock solutions of 
fibrates (1 mol/L), Wyl4,643 (100 mmol/L), ETYA (100 mmol/L) and 9- ds retinoic add (10 mmol/L) were 
pr^ared in dimethyl sulphoxide (DMSO) and kept at -20°C. Before use, fibrate stocks were diluted in 
incubation medium and placed on a rollerbank for 2 hours to ensure complete dissolution of the fibrates. 

Deoxycytidine 5[a-'^]triphosphalB (3 Ci/mol) and the Megsçrime kit were obtained from Amersham 
Nedaland BV (Almae, The Nethalands). The Tintelize enzyme immunoassay kit for determination of PAI-1 
antigen was fixim Biopool. CAT expression was deteimmed with the Boehringer Mannheim CAT ELISA kit. 
Bradford protein reagent was finm Biorad. Otha materials used in die methods described below have been 
spedfied in detail in relating references or wae purchased from standard commercial sources. 
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Isolation and culture of cynomolgiis monkey primary hepatocytes 
Simian hepatocytes were isolated fixim livas of both male and female cynomolgus monkeys ( Macaca 
fascicularis, 1.5 to 3 years old), which wae obtamed from the National Institute of PubUc Health and 
Environmental Protection (RJVM), Bildioven, The Nedialands. The anünals were bred at die RTVM and 
served as donors for kidneys used in the production of poliomyelitis vaccine at tiiat instimte. The isolation 
procedure was essentially as described for human hepatocytes '''° with a few modifications as described by 
Kaptein et al. "The cells were seeded in culture dishes at a density of 2x10 ̂  viable cells per square centhneta 
and were maintained in Williams' medium E supplemented with 10% (vol/vol) Jieat-inactivated fetal bovine 
serum, 135 nmol/L insulin, 50 nmól/L'dexamediasone, 2 mmol/L L-glutamine (Flow Laboratories), 100 lU/mL 
penicillin, 100 jj^mL stiBptomycin, 100 [ig/mL kanamydn, at 37°C in a 5% CO 2̂ 95% air atinosphae. After 16 
hours, the nonadherent cells were washed from the plates and the remaining cells refreshed with the same 
medium as described above. Afta 8 hours, the medium was dianged to incubation medium in which the 
amount of insulin was lowered to 10 nmol/L. Experiments were started 24 hours afta hepatocyte isolation. 
Conditioned media wae obtained by mcubating cells at 37°C for various times with incubation medium 
containing the appropriate test compound or stock solvent (DMSO; final concentration 0.1% [vol/vol]). The 
media were refreshed every 24 hours. Conditioned media wae centiifuged for 4 minutes at 5000g in a 
Beekman Microfuge centrifuge to remove cells and cellular debris, and the samples wae kept at -20°C until 
use. The cells wae washed twice with ice-cold PBS and used for isolation of RNA. 

Transactivation activity of PPARa 
To evaluate the PPARa-activating capadty of compounds, we used an in vitro test system developed by Drs K. 
Hofflnan and R. Tynes, Novartis (Basel, Switzaland). In short, Oiinese hamster ovary Kl cells (CHO cells) 
were stably teansfected with a pBLCAT5 vector containing a pentama of die rat ACO PPRE in front of die 
chloramphenicol acetyltransferase (CAT) gene. Afta neo-selection, die clones were selected with or without 
addition of clofibric add for the expression of CAT. Inducible clones with low background activity wae 
chosen for cotransfection with pCMV Vector-1 expression vectors containing the inserts for the murine 
PPARa, die human RXRa and die human liva fatty acid-binding protein (FABP). Expression of die CAT 
rqiorter gene was shown to be dependent on the degree of PPAR a activation (R. Tynes, unpublished results). 

The suibly tiansfected CHO cells were grown at 37°C in a 5% CO ß 5 % air atinosphae in 25 cm^ flasks in 
DMEM supplemented widi 1 mg/mL G418-sulphate, 50 mg/L L-proline, 12 mmol/L L-glutamine, 100 lU/mL 
penicillin, 100 (ig/mL stî ptomycin and 10% (vol/vol) heat-inactivated fetal bovine serom. The media wae 
refreshed every 2 or 3 days. Subcultures wae obtained by trypsin/EDTA treatment at a ratio of 1:20. 
Experiments wae performed at 80% confluency in 10 cm ^ dishes in duplicate. Afta 48 hours of incubation 
with the appropriate concentration of test compound or stock solvent, cells were washed twice with ice-cold 
PBS. Cells wae collected in 300 jd 0.25 mol/L Tris/HCL (pH 7.8) using a rubba policeman and lysed by 4 
cycles of freezing in liquid nitrogai and thawmg at 37°C. Extracts wae centrifuged for 10 minutes at 4°C in a 
Beekman Microfuge centrifuge to remove cdlular debris. Aliquots of die supematants were used for 
determination of protein concentration (Bradford assay) and CAT-ELISA. 

Northern Blot Analysis 
Total RNA was isolated from at least 2x10 ̂  smiian hepatocytes according to Chomczynski and Sacchi. '̂  RNA 
was fractionated by electrophoresis in a 1% (wt/vol) agarose gel under denaturing conditions using 1 mol/L 
formaldehyde," and blotted to Hybond-N filta according to manufacturer's instructions. The filters were 
hybridized overnight at 63°C in hybridization mix, consisting of 7% (wt/vol) SDS, 0.5 mol/L 
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Nâ HPOj/NaHjPO^ buffer (pH 7.2), and 1 mmol/L EDTA containing 3 ng of [ a-'̂ P]dCTP-labelled probe pa 
mL. After hybridization with fibrinogen, PAI-1, apo A-I or 18S ribosomal probe, the filters were washed twice 
widi 2x SSC (Ix SSC being 0.15 mol/L NaCl, 0.015 mol/L Na jdtiate pH 7.0), 1% (wt/vol) SDS, and twice 
widi 1 X SSC, 1% SDS for 20 minutes at 63°C. The filtas were ±en exposed to Kodak XAR-5 X-ray film widi 
an intensifying saeen at -80°C. The intensities of the bands present were determined on a Fujix Bas 1000 
phosphoünaga and expressed relative to die 18S ribosomal signal. 

cDNA probes 
cDNA probes used were a 2.2 kb Pst 1 fragment of die human apo A-I genomic DNA, provided by Dr S.E. 
Humphries"; a cDNA probe for the Bß chain of human fibrinogen, provided by Dr S. Lord (Chapel Hill, 
USA); a 2.5 kb ßcoRI fragment of die human PAI-1 cDNA"; and a 3.8 md £fcoRI fitigment of die human 18S 
ribosomal DNA.'" 

ys 
Apo A-I antigen was measured in triplicate by an ELISA procedure using polyclonal antibodies to human apo 
A-I, both as catdiing and tagging antibodies. " Fibrinogen accumulation in the media was measured by an 
ELISA using monoclonal antibodies against the carboxy terminus of the A a chain as catching antibody and 
monoclonal antibodies against die amino terminus of the A a chain as tagging antibody. " PAI-1 antigen levels 
were determined using an adapted TinteUze assay from Biopool as described by Arts et al, ' CAT expression 
was detennined using a Boehringa Mannheim CAT ELISA kit. 

Statistical analysis 
The data are presented as means ± S.E.M. The significance of treatment widi the various components was 
assessed by Student's paûed t-test. Because fibrinogai, PAI-1, apo A-I and CAT values wae slightiy skewed, 
natural logarithm-transformed values were used in the correlation analysis. Correlation coefficients were 
detennined using Pearson's correlation analysis. 

Results 

Effect of gemfibrozil and dprofibrate on fibrinogen, PAI-1 and apo A-I synthesis in 

cultured simian hepatocytes 

Cynomolgus monkey hepatocytes were incubated with 1 mmol/L of gemfibrozil or 

ciprofibrate for three consecutive periods of 24 hours, with the incubation medium refreshed 

after each period. As shown in Fig 1, both fibrates time-dependentiy increased fibrinogen and 

apo A-I synthesis, and decreased PAI-1 synthesis, with ciprofibrate showing the strongest 

effects. During the third 24-hour incubation period, gemfibrozil and ciprofibrate increased 

fibrinogen production to 251 ± 21 % (p<0.01) and 356 ± 79 % (p<0.001) and apo A-I 

production to 186 ± 16 % (p<0.01) and 322 ± 15 % (p<0.001) of control levels, respectively. 

With both fibrates PAI-1 levels decreased to about 50% of control levels during the second 

24-hour incubation period; prolonged incubation did not further lower PAI-1 synthesis 
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Figure 1. Time course of the effects of fibrates on fibrinogen, PAI-1 and apo A-I antigen production in 
primary cultures of simian hepatocytes. Cynomolgus monkey hepatocytes were incubated for three 
consecutive jieriods of 24 hours widi 1 mmol/L gemfibrozil ( •), 1 mmol/L ciprofibrate ( o), or vehicle 
(conüx)ls). Conditioned media were collected every 24 hours and analysed for fibrinogen, PAI-1 and ÎÇK) A-I 
antigen as described in the Methods section. Results are means ± s.e.m. of six independent experiments 
performed in duplicate. The data are expressed as percentage values of contirols. Conttol values ranged between 
0.45 mg/mL and 4.54 mg/mL for fibrinogen, between 358 ng/mL and 1657 ng/mL for PAI-1 and between 253 
ng/mL and 1634 ng/mL for apo A-I in die different experiments. "̂  p < 0.05 versus control values 

Fig 2 illustrates the results of experiments in which the cultured simian hepatocytes were 
incubated with three concentrations of ciprofibrate (0.1,0.3 and 1.0 mmol/L) for two periods 
(PAI-1) or three periods of 24 hours (fibrinogen and apo A-I). As depicted in Fig 2A, 
ciprofibrate concentration-dependentiy increased fibrinogen and apo A-I synthesis and 
decreased PAI-1 synthesis. Similar, albeit less marked, results were obtained after incubation 
with gemfibrozil (data not shown). To analyse these effects further, total RNA was isolated 
from fibrate-treated and contiol cells at the end of the incubation period, and subjected to 
Northern analysis. Fig 2B shows a representative experiment, in which fibrinogen and apo A-
I mRNA levels increase and PAI-1 mRNA levels decrease with increasing ciprofibrate 
concentration, in accordance with the antigen data shown in Fig 2A. 

Effect of 9-cis retinoic add, Wyl4,643 and ETYA on fibrinogen, PAI-1 and apo A-I 

synthesis 
Previously, we have shown that PPARa and its heterodimerization partner, RXRa, are 
expressed in cynomolgus monkey hepatocytes (8). As a first approach to finding evidence 
for a role of tiie PPARa/RXRa heterodimer in tiie regulation of fibrinogen, PAI-1 and apo 
A-I expression, we evaluated the effect of two specific PPARot-activators, Wy 14,643 and 
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Figure 2. Concentration dependency of the effect of dprofibrate on fibrinogen, PAI-1 and apo A-I 
antigen production and mRNA levels in primary cultures of simian hepatocytes. Cynomolgus monkey 
hq>atocytes wae mcubated widi 0.1,0.3 or 1.0 mmol/L ciprofibrate or vehicle for two (PAI-1) or diree 
(fibrinogen and apo A-I) consecutive periods of 24 hours, and conditioned media were analysed for fibrinogai, 
PAI-1 and apo A-I antigen as described in die Mediods section. At the aid of the final incubation period, total 
RNA was isolated and analysed by Nordian blotting for fibrinogen, PAI-1 and ̂ x) A-I mRNA. A Antigen 
data for PAI-1 (A) afta 48 hours and fibrinogen ( o) and apo A-I ( •) afta 72 hours of incubation. Results are 
means ± s.e.m. of six indepaident expahnents in duplicate. The data are eiqnessed as pacentage values of 
controls. Conbxil values ranged between 0.45 mg/mL and 4.54 mg/mL for fibrinogen, between 358 ng/mL and 
1657 ng/mL for PAI-1 and betweai 253 ng/mL and 1634 ng/mL for apo A-I in the different experiments. B. 
Signals for PAI-1 mRNA afla 48 hours and fibrinogen and aço A-I mRNA afta 72 hours of mcubation. Equal 
loading was checked by hybridising widi an 18S rRNA cDNA probe. *p<0.05 versus conbrol values 

ETYA, and of the RXR ligand, 9-cw-retinoic acid on this expression. Similarly as seen with 
fibrates, 9-ci,y retinoic acid time-and concenttation-dependentiy increased fibrinogen and apo 
A-I synthesis and decreased PAI-1 synthesis. As shown in Fig 3 and Table 1 for a 72-hour 
incubation period, 1 |jmol/L 9-cis retinoic acid stimulated fibrinogen and apo A-I antigen 
levels to 226 ± 9 % (p<0.001) and 204 ± 21 % (p<0.05) of conttol levels, respectively, and 
decreased PAI-1 antigen levels to 73 ± 5 % (p<0.01) of conttol levels. No additive or 
synergistic effect was seen when the hepatocytes were exposed to a combination of 9-cis 
retinoic acid and fibrates (data not shown). After 72 hours incubation in the presence of 100 
pmol/L of tiie spedfic PPARa activators Wyl4,643 or ETYA, fibrinogen levels were 
increased to 188 ± 10 % (p<0.001) and 150 ± 24 % (p<0.05) and apo A-I levels to 127 ± 18 
% (p<0.05) and 134 ± 22 % (p=0.05) of conttol levels, respectively; ETYA lowered PAI-1 
levels to 64 ± 11 % (p<0.01) of conttol levels after 72 hours, but Wy 14,643 was witiiout 
significant effect on PAI-1 synthesis (p=0.58) (Table 1). 
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Figure 3. Effect of 9-cù retinoic add on fibrinogen, 
PAI-1 and apo A-I antigen production in primary 
cultures of simian hepatocytes. Cynomolgus monkey 
hepatocytes were incubated with 1 |jmol/L 9- ds retinoic 
add or vehicle for diree consecutive periods of 24 hours, 
and conditioned media were analysed for fibrinogen, PAI-
1 and apo A-I antigen as described in die Mediods section. 
Results for PAI-1 (•) afta 48 hours of incubation and for 
fibrinogen (o) and apo A-I (•) afta 72 hours of incubation 
are means ± s.e.m. of six independent experiments in 
duplicate. The data are expressed as pacentage values of 
controls. Conttol values ranged between 0.45 mg/mL and 
4.54 mg/mL for fibrinogen, between 358 ng/mL and 1657 
ng/mL for PAI-1, and between 253 ng/mL and 1634 
ngteL for apo A-I in die different experiments. * p < 0.05 
versus control values. 

Relationship between induced PPARa transactivation activity and fibrinogen, PAI-1 

and apo A-I synthesis 

The above data show that fibrates time- and dose-dependentiy increase fibrinogen and apo 

A-I expression and decrease PAI-1 production in cultured simian hepatocytes. The finding 

that 9-cis retinoic acid, Wyl4,643 and ETYA influence fibrinogen, PAI-1 and apo A-I in a 
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Figure 4. Effect of various hypolipidemic 
compounds on transactivation activity of 
PPARa utilizing a CAT reporter gene system. 

A CAT reporta gene cell line for measurement of 
PPARa transactivation activity was made by 
stably ttansfecting CHO cells with a pentama of 
die ACO PPRE in front of die CAT gene and die 
expression vectors for PPARa, RXRa and FABP 
(see Methods section). The cells were incubated 
for 48 hours with different concenb:ations of 
dprofibrate (o), bezafibrate ( •) , clofibric acid ( •) 
or Wy 14,643 (v) in duplicate. Higha 
concenbrations of test compounds dian those 
shown were toxic to the cells. After incubation, 
cell extiacts were prepared and assayed for CAT 
antigen and cell protein. CAT values are expressed 
as a percentage of conttol values (i.e. CAT in cells 
incubated with vehicle only) and normalized for 
cell protein. Mean values ± s.e.m. of at least five 

c o n c e n t r a t i o n ( m m o l / L ) independent experiments performed in duplicate 

are shown. 
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similar fashion, suggests a possible involvement of the PPARa/RXRa heterodimer in the 
regulation of these three genes. To examine whether the changes in expression of fibrinogen, 
PAI-1 and apo A-I by the various hypolipidemic compounds and the retinoid are related to 
differences in induction of PPARa ttansactivation activity, we used recombinant CHO cells 
stably containing the reporter gene CAT -under the conttol of a pentameric PPRE- and 
expression vectors for PPARa, RXRa and FABP (see Methods section). Representative dose-
response curves for the PPARa activators ciprofibrate, bezafibrate, clofibric acid and 
Wyl4,643 are shown in Fig 4. PPARa elicited significant ttanscriptional activation of the 
CAT reporter in the absence of added compounds. This intrinsic transactivation ranged from 
20 to 30 % of the maximum activation achieved in the presence of fibrates. The high intrinsic 
activity remained when the serum used in the medium was tteated with activated charcoal in 
order to remove potential agonists, and is possibly due to endogenous ligands such as fatty 
acids. All compounds tested produced concenttation-related increases in CAT activity (Fig 4) 
and showed marked differences in potency (Table 1). 

Table 1: Effect of various bypolipidemic compounds on transactivation activity of 

PPARa and the production of fibrinogen, PAI-1 and apo A-I antigen. 

Compound 

Ciprofibrate 

Bezafibrate 

Fenofibric acid 

Gemfibrozil 

Clofibrate 

Cloflbric add 

KlYA 

Wyl4,643 

9-cis retinoic acid 

CAT expression 
(relative to control) 

3.5 ±1.1 

2.6 ±0.7 

2.1 ±0.2 

1.9 ±0.4 

1.6 ±0.1 

1.6 ±0.2 

2.1 ± 0.8 

2.1 ± 0.6 

1.9 ±0.2 

fibrinogen 

(% of control) 

329 ± 22 

223 ± 8 

212 ±35 

190 ± 8 

184 ± 2 

1 7 6 ± n 

188 ±10 

150 ±24 

226 ± 9 

PAI-1 
(% of control) 

77 ±9 

78 ±7 

65 ± 3 

64 ±16 

88 ± 4 

74±6 

64 ±11 

101 ±5 

73 ±5 

apo A-I 

(% of conttol) 

268 ± 22 

109 ± 9 

150 ± 9 

200 ± 3 

125 ± 6 

146+14 

134 ± 22 

127 ±18 

204 ±21 

A CAT reporter gene cell line for measurement of PPAR a transactivation activity (as desaibed in die legend to 
Fig. 4.) was mcubated for 48 hours widi 300 [smoVL of die different fibrates, 1 ^mol/L 9- cis retinoic acid, 100 
junol/L Wyl4,643 or 100 Mmol /L ETYA. Afta incubation, cell extracts wae prepared and assayed for CAT 
antigen and cell protdn. CAT values are expressed as a pacentage of control values and normalized for cell 
protein. Parallel, cynomolgus monkey hepatocytes wae incubated with the compounds at the above 
concenttations or vehicle for three consecutive periods of 24 hours, and conditioned media wae analysed for 
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fibrinogen, PAI-1 and apo A-I antigen as described in the Methods section. Results shown for PAI-1 are after 
48 hours of incubation and those for fibrinogen and qx) A-I afta 72 hours of incubation, and expressed as 
percentage values of continis. All data shown are means ± s.e.m. of six mdependent experiments performed in 
duplicate. 

Different maximal CAT activities were observed for different compounds, suggesting that in 
addition to different binding affinities, also differential transactivation efficiencies may occur 
due to differences in ligand-induced receptor conformational changes. We have compared the 
ability of numerous compounds to influence the synthesis of fibrinogen, PAI-1 and apo A-I 
with their ability to induce CAT expression (Table 1). Association analysis showed a sttong 
and significant correlation between CAT expression and fibrinogen synthesis (r=0.81: 
p<0.01) (Fig 5). A weak, not-significant correlation was seen between CAT expression and 
apo A-I syntiiesis (r=0.47: p=0.24), whereas the ability of the compounds to induce CAT 
expression showed no relation to their effects on PAI-1 synthesis (r=0.03: p=0.95). Similarly 
as seen for the effect on fibrinogen, PAI-1 and apo A-I synthesis, a combination of fibrates 
and 9-cis retinoic acid showed no additive or synergistic effect on CAT expression. 

r = 0.47 
p = 0.24 

200 

100 

r r = 0.03 
p = 0.95 

0 
0 

0 0 

1 2 3 4 

CAT 

Figure 5. Scatter plots showing the relationship between Induction of fibrinogen, FAI-1 and apo A-I 
antigen levels and PPARa transactivation activity. The results obtained widi a series of dght PPAR a 
activators with respect to fibrinogen, PAI-1 and ̂ o A-I antigen production on the one hand and CAT 
expression on die odia as shown in Table 1 were subjected to Pearson correlation analysis. Fibrinogai, PAI-1, 
apo A-I and CAT disbibutions were slightiy skewed, and diaefore natural logaridun-transformed values were 
used in the analysis. 
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Discussion 

In this study, we demonsttate that hypolipidemic fibrates can directiy influence the synthesis 
of fibrinogen, PAI-1 and apo A-I in cultured cynomolgus monkey hepatocytes. Our 
experiments show that fibrates time- and dose-dependentiy increase fibrinogen and apo A-1 
antigen and mRNA levels and decrease PAI-1 expression, with different fibrates showing 
different potencies towards these three genes. In view of recent findings indicating that the 
hypolipidemic action of fibrates involves activation of the nuclear receptor PPARa (bound to 
its heterodimeric partner RXR), we investigated a possible role for PPARa in die fibrate-
induced changes in fibrinogen, PAI-1 and apo A-I expression. When comparing the effects of 
six different fibrates, the RXR-ligand 9-cis retinoic acid and the PPARa-activators Wyl4,643 
and ETYA on the synthesis of fibrinogen, apo A-I and PAI-1 with their PPAR a-activating 
potency as determined in an in vitro gene reporter system, we found a sttong correlation 
between the potency of a compound to activate PPARa and to induce fibrinogen. A weak 
relationship was seen between the relative potency values for PPARa and apo A-I, and no 
correlation could be demonsttated between the relative potency values for PPARa and PAI-1. 
Although conclusions drawn from an association analysis are only inferential, our data 
suggest that in addition to its role in the hypolipidemic effect of fibrates, PPAR a is also 
important in regulating the haemostatic factor fibrinogen. Our results also indicate that 
fibrates can alter the expression of other factors independentiy of their potency to induce 
PPARa ttansactivation, as is the case for PAI-1 and (partly) for apo A-I. 

Fibrinogen is a powerful and independent risk factor for cardiovascular disease. "'^'' 
Therefore, it is important to understand the mechanism(s) mvolved in the regulation of this 
protein in order to identify ways of decreasing elevated plasma levels. Our finding that 
PPARa-activating compounds upregulate fibrinogen production in hepatocytes is of 
particular relevance in that respect, because of the capacity of PPARa to be activated by 
dietary compounds (e.g. fatty acids) and pharmacological compounds (e.g. fibrates). In 
accordance with this, an increase in fibrinogen production was found in HepG2 cells after 
treatment with polyunsaturated fatty acidŝ ^ which have been shown to be PPARa 
activators.''^ Also, the relationship between free fatty acid mobilization and fibrinogen 
synthesis, as reported by several investigators,^''^ may be explained in that way. Considering 
the involvement of fibrates in both PPARa activation and fatty acid metabolism, the net 
effect of fibrates on plasma fibrinogen levels in vivo would be the resultant of these 
processes. This may explain the variable results observed for different fibrates with respect to 
changes in plasma fibrinogen levels.^^ It seems therefore that the activation state of PPARa 
is a crucial factor in conttolling fibrinogen expression. 

Activated PPARs heterodimerize with RXR and alter the ttanscription of target genes 
after binding to specific response elements, PPREs, consisting of direct repeats of AGGTCA-
related sequences with a spacing of 1 base pair (DR-1).' A search for PPREs in the proximal 
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1.6 kb region of the fibrinogen B ß-chain promoter revealed two putative PPREs, namely 
ATGTCGTGGGTCC at position -1143 bp and TGAGGAfiTGCCCT at position -259 bp. 
Interestingly, we also found an increase in fibrinogen synthesis after tteatment with the RXR 
ligand, 9-cis retinoic acid. This is consistent with the data of Nicodeme et al^' who showed 
that fibrinogen production is stimulated by activation of RXR in rats in vivo and in cultured 
rat hepatocytes. Because RXR, apart from being a heterodimeric partner of PPARa, can also 
bind as a homodimer to and activate ttanscription from DR-1 response elements, we cannot 
exclude the possibility that RXR/RXR homodimers rather than PPAR/RXR heterodimers are 
also involved in the effects of 9-cis retinoic acid on fibrinogen expression. 

We observed a weak, positive correlation between PPARo ttansactivation and the 
induction of apo A-I synthesis in simian hepatocytes. This is in conttast to a report by Peters 
et al' who showed, using PPARa-deficient and wild-type mice, that PPARa plays an active 
role in the down-regulation of apo A-I gene expression by fibrates. Apparentiy, species-
specific differences in the regulation of apo A-I exist. This was elegantiy demonsttated in a 
study by Berthou et al'" who showed a stimulating effect of fibrates on human apo A-I 
expression in human apo A-I ttansgenic mice containing a human genomic DNA fragment 
driving apo A-I expression in liver, whereas endogenous mouse apo A-I expression decreased 
markedly. The 5'-flanking region of the cynomolgus monkey apo A-I gene is virtually 
identical to that of the human apo A-I gene. " Characterization of the human apo A-I 
promoter elements by promoter reporter studies in HepG2 cells revealed both a PPARa-
independent, down-regulatory element at position -41 to -1-91 bp and a PPARa-dependent, 
upregulatory element at postition -214 to -192 bp. The overall regulation of the human apo 
A-I gene (and probably also the simian apo A-I gene) is therefore the resultant of a delicate 
interplay between these two regulatory elements which is dependent on the identity of the 
fibrate used. This might explain why no significant correlation was observed between the 
potency of the various compounds tested to activate PPARa and the abihty to increase apo 
A-1 production. 

In this and a previous study' we showed that fibrates suppress PAI-1 expression in 
cultured cynomolgus monkey hapatocytes, and similar findings have been reported for 
HepG2 cells.'"' The molecular mechanism by which fibrates suppress PAI-1 remains 
unknown however. In die present study we found no correlation between the suppression of 
PAI-1 synthesis and the ability of the various compounds to ttansactivate PPARa, suggesting 
that fibrates can alter PAI-1 expression independentiy from PPARa activation. Recentiy, 
Eriksson et al'^ identified a very-low-density lipoprotein response element (VLDLRE) in the 
promoter region of the human PAI-1 gene which showed some homology with a PPAR 
response element.'* Inasmuch as this VLDLRE is able to bind PPAR and to mediate fibrate 
responses requires further research. 

In conclusion, the present investigation has provided a molecular explanation, viz. 
activation of PPARa, for the effects of fibrates on plasma fibrinogen levels. Considering that 

66 



Fibrate-modulated expression of fibrinogen, PAI-I and apo A-I 

a variety of fatty acids can activate PPARa,' plasma fibrinogen levels may reflect the 
endogenous lipid and lipoprotein metabolism in humans. The stimulating effect of fibrates on 
apo A-I expression in the simian hepatocytes may also partiy be accounted for by activation 
of PPARa, but such a direct mechanism could not be demonsttated for the fibrate-induced 
lowering of PAI-1. 

Acknowledgements 
This study was supported by a grant from the Netiieriands Organisation for Scientific 
Research (NWO: 900-523-181). We gratefiilly acknowledge EUy de Wit and Diana Neele for 
technical help with the simian hepatocyte isolations. 

67 



Chapter 4 

References 

1. Schonfeld G. Hie effects of fibrates on lipoprotein and hemostatic coronary risk fadors. Atherosclerosis 
1994; 111: 161-174 

2. Levine GN, Keaney JF, Vita JA. Cholestaol reduction in cardiovascular disease. N Engl J Med 1995; 
332: 512-521 

3. Tikkanen MJ. Fibric acid derivatives. Curr Opin Lipidol 1990; 1: 262-269 
4. Schoonjans K, Staels B, Auwerx J. Role of peroxisome proliferator-activated receptor (PPAR) in 

mediating the effects of fibrates and fatty adds on gene expression. J Lipid Res 1996; 27: 907-925 
5. Lembager T, Desvergne B, Wahli W. Peroxisome proUferalor-activated receptors: a nuclear receptor 

signaling pathway in lipid physiology. Ann Rev Cell Dev Biol 1996; 12: 335-363 
6. Peters JM, Hennuyer N, Staels B, Fruchart J-C, Fievet C, Gonzalez FJ, Auwerx J. Altaations in 

lipoprotein metabolism in peroxisome proliferator-activated receptor a-deficient mice. J Biol Chem 
1997; 272: 27307-27312 

7. Forman BM, Chen J, Evans M. Hypolipidemic drugs, polyunsaturated fatty adds, and eicosanoids are 
ligands for peroxisome prolifaator-activated receptors a and Ô. Proc Nad Acad Sei USA 1997; 94: 
4312-4317 

8. Arts J, Kockx M, Princen HMG, Kooistra T. Studies on the mechanism of fibiate-inhibited expression of 
plasminogen activator inhibitor-l in cultured hqpatocytes from cynomolgus monkey. Artaioscla 
Thromb Vasc Biol 1997; 17:26-32 

9. Princen HMG, Huijsmans CMG, Kuipas F, Vonk RJ, Kempen HJM. Ketoconazole blocks bile add 
synthesis in hepatocyte monolaya cultures and in vivo in rat by inhibiting cholestaol 7 a-hydroxylase. J 
CUn Invest 1986; 78:1064-1071 

10. Kooistra T, Bosma PJ, Tons HAM, Van den Bag AP, Meya P, Princen HMG. Plasminogen activator 
inhibitor 1: biosynthesis and mRNA level are increased by insulin in cultured human hepatocytes. 
Thromb Haemost 1989; 62: 723-728 

11. Kaptein A, De Wit ECM, Princen HMG. Retinoids stimulate apo A-I synthesis by induction of gene 
transcription in primary hepatocyte cultures from cynomolgus monkey ( macaca fasdcularis). 
Artaioscla Thromb 1993; 13:1505-1514 

12. Chomczynski P, Sacchi N. Single-stqi method of RNA isolation by acid guanidinium thiocyanate-
phenol-chloroform exttaction. Anal Biochan 1987; 162:156-159 

13. Sambrook J, Fritsch EF, Maniatis T. (1989) Molecular cloning: a laboratory manual, 2nd Ed., Cold. 
Spring. Harbor Laboratory, Cold Spring Harbor, NY. 

14. Kessling AM, Horsthemke B, Humphries SE. A study of DNA polyporphisms around the human 
^olipoprotein A-I gene in hypalipidaemic and normal individuals. CUn Genetics 1985; 28:296-306 

15. Van den Bag AP, Sprengers ED, Jaye M, Burgess W, Maciag T, Van Hinsbagh VWM. Regulation of 
plasminogen activator inhibitor-l mRNA in human endothelial cells. Thromb Haemost 1988; 13: 
1431-1442 

16. Wilson GN, Hollar B A Waterson JR, Schmickel RD. Molecular analysis of doned human 18S 
ribosomal DNA segments. Proc Naü Acad Sei USA 1978; 75: 5367-5371 

17. Kaptein A, Roodaiburg L, Princen HMG. Butyrate stimulates the secretion of apolipoprotein (sço) A-I 
and apo B100 by the human hepatoma cell line Hep G2: induction of apo A-I mRNA with no change in 
^ o BlOOmRNA. Biochem J 1991; 278; 557-564 

68 



Fibrate-modulated expression of fibrinogen, PAI-I and apo A-I 

18. Hoegee-De Nobel E, Voskuilen M, Briet E, Bromma EJP, Nieuwenhuizen W. A monoclonal 
antibody-based quantitative enzyme immunoassay for die determination of plasma fibrinogen 
concentrations. Thromb Haemost 1988; 60: 415-418 

19. Ernst E. Lowaing die plasma fibrinogen concenbiaüon with drugs. Clin Pharmacol 1992; 11: 968-971 
20. Thompson SG, Kienast J, Pyke SDM, Havakate F, Van De Loo JCW. Hemostatic factors and the risk 

of myocardial infarction or sudden death in patients with angina pectoris. N Engl J Med 1995; 332: 
635-641 

21. Kiserud CE, Kierulf P, Hostinark AT. Effects of various fatty acids alone or combined widi vitamin E on 
cell growdi and fibrinogen concentration in die medium of HepG2 cells. Thromb Res 1995; 80: 75-83 

22. Kliewer SA Sundsedi SS, Jones SA, Brown PJ, Wisely GB, Koble CS, Devchand P, Wahli W, WiUson 
TM, Lenhard JM, Lehmann JM. Fatty adds and eicosanoids regulate gene expression through direct 
interactions with peroxisome proliferator-activated receptors alpha and gamma. Proc Nati Acad Sei USA 
1997; 94:4318-4323 

23. Pickart L. Rree fatty acidemia as an induca of systemic hyperfibrinogenemia and fibrinolytic inhibition. 
Inflammation 1981; 5: 61-70 

24. Handley DA, Hughes TE. Pharmacological approaches and strategies for dierapeutic modulation of 
fibrinogen. Thiomb Res 1997; 87:1-36 

25. Pidcart L. Suppression of acute-phase syndiesis of fibrinogen by a hypolipidemic drug (Clofibrate). Int J 
Tissue React 1981;3:65-72 

26. Kockx M, De Maat MPM, Knipscheer HC, Kastelein JJP, Kluft C, Princen HMG, Kooistta T. Effects of 
gemfibrozil and ciprofibrate on plasma levels of tissue-type plasminogen activator, plasminogen 
activator inhibitor-1 and fibrinogen in hypalipidaemic patients. Thromb Haemost 1997; 78:1167-1172 

27. Branchi A, Rovellme A, Sommariva D, Gugliandolo AG, Faoli A. Effed of duee fibrate derivatives and 
of two HMG-CoA reductase inhibitors on plasma fibrinogen levels in patients with primary 
hypacholestaolania. Thromb Haemost 1993; 70:241-243 

28. Simpson lA, Lorima R, Walka ID, Davidson JF. Effect of ciprofibrate on platelet aggregation and 
fibrinolysis in patients with hypercholestaolaemia. Thromb Haemost 1985; 54:442-444 

29. Nicodeme E, Nicaud M, Issandou M. Retinoids stimulate fibrinogen production bodi in vitix) 
(hepatocytes) and in vivo. Arterioscla Thromb Vasc Biol 1995; 15:1660-1667 

30. Badiou L, Duvaga N, Emmanuel F, Langouët S, Auwerx J, Guillouzo A, Fruchart J-C, Rubin E, 
Denèfle P, Staels B, Bianellec D. Opposite regulation of human versus mouse apolipoprotein A-I by 
fibrates in human apolipoprotdn A-I transgenic mice. J Clin Invest 1996; 97: 2408-2416 

31. Murray RW, Marotti KR. Nucleotide sequence of the cynomolgus monkey apolipoprotein A-I gene and 
corresponding flanking regions. Biochim Biophys Acta 1992;1131:207-210 

32. Fuji S, Sawa H, Sobel BB. Inhibition of endodielial cell expression of plasminogen activator inhibitor 
type-1 by gemfibrozil. Thromb Heamost 1993; 70:642-647 

33. Nordt TK, Komas K, Peter K, Fujii S, Sobel BE, Kübla W, Bode C. Attenuation by gemfibrozU of 
expression of plasmmogen activator inhibitor type 1 induced by insulin and its precursors. Circulation 
1997; 95: 677-683 

34. Eriksson P, Nilsson L, Karpe F, Hamsten A. Very-low-density lipoprotein response elonent in die 
promota region of the human plasminogen activator inhibitor-1 gene implicated in the impaired 
fibrinolysis of hypertriglyceridania. Arteriosda Thromb Vasc Biol 1998; 18: 20-26 

69 



CHAPTER 5 

Fibrates suppress fibrinogen gene expression in rodents via 
activation of the peroxisome proliferator-activated receptor-a 

Maaike Kockx', Philippe P. Gervois^, Philippe Poulain^, Bruno Derudas^, Jeffrey M. Peters', 
Frank J. Gonzalez', Hans M.G. Princen', Teake Kooistta', and Bart Staels^ 

' Gaubius Laboratory, TNO-PG, Leiden, The Netiieriands 
^Département dÂthérosclerose, Institut Pasteur, and Faculté de Pharmacie, 

Université de Lille II, Lüle, France 
'National Cancer Institute, National Institutes of Health, Bethesda MD 

Reproduced from 
Blood 1999; 93: 2991-2998 
by copyright permission of 

The American Society of Hematology 



Chapter 5 

Abstract 

Plasma fibrinogen levels have been identified as an important risk factor for cardiovascular 
diseases. Among the few compounds known to lower circulating fibrinogen levels in humans 
are certain fibrates. We have studied the regulation of fibrinogen gene expression by fibrates 
in rodents. Treatment of adult male rats with fenofibrate [0.5 % (wt/wt) in the diet] for 7 days 
decreased hepatic Aa-, Bß- and y-chain mRNA levels to 52 ± 7 %, 46 ± 8 % and 81 ± 19 % 
of conttol values, respectively. In parallel, plasma fibrinogen concenttations were decreased 
to 63 ± 7 % of conttols. The suppression of fibrinogen expression was dose-dependent, and 
was already evident after 1 day at the highest dose of fenofibrate tested [0.5 % (wt/wt)]. 
Nuclear run-on experiments demonsttated that the decrease in fibrinogen expression after 
fenofibrate occurred at the ttanscriptional level, as exemplified for the gene for the A a-chain. 
Other fibrates tested showed similar effects on fibrinogen expression and ttanscription. The 
effect of fibrates is specific for peroxisome proliferator-activated receptor- a (PPARa), 
because a high-affinity ligand for PPARy, the thiazolidinedione BRL 49653, lowered 
triglyceride levels but was unable to suppress fibrinogen expression. Direct evidence for the 
involvement of PPARa in the suppression of fibrinogen by fibrates was obtained using 
PPARa-nuU (-/-) mice. Compared to (+/+) mice, plasma fibrinogen levels in (-/-) mice were 
significantiy higher (3.20 ± 0.48 vs 2.67 ± 0.42 g/L). Also, hepatic fibrinogen A a-chain 
mRNA levels were 25 ± 11 % higher in the (-/-) mice. Upon tieatment with 0.2 % (wt/wt) 
fenofibrate, a significant decrease in plasma fibrinogen to 77 ± 10 % of conttol levels and in 
hepatic fibrinogen Aa-chain mRNA levels to 65 ± 12 % of conttol levels was seen in (-I-/+) 
mice, but not in (-/-) mice. These studies show that PPARa regulates basal levels of plasma 
fibrinogen and establish that fibrate-suppressed expression of fibrinogen in rodents is 
mediated through PPARa. 

Introduction 

Many cross-sectional and case-conttol studies and numerous prospective cohort studies have 
identified elevated plasma fibrinogen levels as an independent risk factor for coronary heart 
disease, sttoke and peripheral vascular disease. In addition, several cardiovascular and 
metabolic risk factors such as smoking, hypertension, hyperlipoproteinemia and diabetes are 
also associated with high plasma fibrinogen concentrations (for a review see,' and references 
therein). Interpretations of the relationship between fibrinogen and coronary heart disease are 
interesting and unresolved, but most likely reflect low grade inflammatory processes 
associated with atherogenesis.^ 

The recognition that fibrinogen is an important factor in the promotion of various disease 
states has led to the search for specific therapies intended to reduce plasma fibrinogen levels. 
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Although many different pharmacological approaches and sttategies for therapeutic 
modulation of fibrinogen have been tested, the efficacy of the different tteatments to lower 
plasma fibrinogen in humans is limited and the mode of action unidentified. ' ' Among the few 
compounds that consistentiy lower circulating fibrinogen levels are some, but not all of the 
fibrates.''* Fibrates are widely used hypolipidemic drugs, very effective in lowering elevated 
plasma triglyceride and cholesterol levels.' There is increasing evidence that at least part of 
the action of fibrates on lipid metabolism is exerted via the peroxisome proliferator-activated 
receptor-a (PPARa).* PPARa is a member of the nuclear receptor family of transcription 
factors, a diverse group of proteins that mediate ligand-dependent ttanscriptional activation 
and repression.' Several studies have demonsttated a direct involvement of PPARa in the 
fibrate-modulated gene expression of hepatic apo A-I and apo A-II, the major apolipoproteins 
in HDL, of lipoprotein lipase and apo C-III, both major determinants of plasma triglyceride 
levels, and of several enzymes implicated in fatty acid ß-oxidation such as acyl-CoA oxidase 
(ACO).* The importance of PPARa in these fibrate-induced changes in gene expression and 
in lowering plasma ttiglyceride and cholesterol levels was confirmed in experiments using 
PPARa-deficient mice.*"'" More recentiy, activation of PPARa by fibrates was also shown to 
inhibit the action of inflammatory cytokines by antagonizing the activities of the ttanscription 
factor, nuclear factor-icB (NF-KB)." 

Given the reported suppressive effect of certain fibrates on plasma fibrinogen levels in 
humans, the hypothesis that PPARa is involved in regulating fibrinogen gene expression was 
tested. To that end, we first established tiie effect of fibrates on fibrinogen expression in rats. 
The fibrate-induced decrease of fibrinogen expression is regulated at the ttanscriptional level, 
as shown by nuclear run-on experiments, and is accompanied by a concomitant increase in 
ACO mRNA level and gene transcription, indicating PPARa activation. To establish the role 
of PPARa in fibrinogen gene expression, we studied the effect of fibrates in PPAR a-nuU 
mice. Plasma fibrinogen concenttations were significantiy higher in PPARa-nuU (-/-) mice 
than in wUd-type (+/+) ntice. Upon treatment with fibrate, a significant decrease in plasma 
fibrinogen levels and hepatic fibrinogen gene expression was observed in (+/-I-) mice but not 
in (-/-) mice. Our data provide sttong evidence for an important role of PPAR a in the 
suppression of fibrinogen gene expression and may explain fibrate-induced reductions of 
fibrinogen in humans. 

Material and Methods 

Fenofibric acid, gemfibrozil and dprofibrate were kind gifts of Drs. A. Edgar (Laboratoires Foumia, Daix, 
France), B. Bierman (Warner-Lambert, Hoofddorp, The Nedialands) and M. Riteco (Sanofi Windirop, 
Maassluis, The Nethalands), respectively. BRL 49653 was generously provided by Dr. Berdiellon (Lipha 
Merds;, Lyon, France). Bezafibrate was obtained from Boehringa Mannhemi (Almae, The Nedialands). 
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Animal studies 
Animal studies wae carried out in compliance with European Community spedfications regarding die use of 
laboratory animals. Details of experimental conditions have been described previously. '̂  Briefiy, male Wistar 
lats (three months old) were divided in groups of 4 animals each and tteated for 7 days with fenofibrate mixed 
at the indicated concenttations (by mass) in standard rat chow. The food intake was recorded every 2 days 
duoughout die tteatinent period. None of die treabnaits caused major changes in die amount of food consumed 
by the animals. Because eadi rat consumed approximately 20 g of diow pa day, doses of 0.5 %, 0.05 % and 
0.005 % (wl/wO correspond to 320, 32, and 3 mg of fibrate/kg of body wdght/day. In a subsequent expaiment, 
rats were tteated wi± 0.5 % (wt/wO fenofibrate for different time periods up to 14 days, followed by a wash
out period varying from 1 to 14 days. In a second sales of experiments, male Sprague-Dawley rats (3 months 
old) wae divided in groups of 4 animals each and boated for diree days with BRL 49653 (10 mg/kg of body 
weight/day), fenofibrate (200 mg/kg of body weight/day) or 10 % (wt/v) carboxymediylcellulose (vehicle for 
gavage) by gavage, twice a day. At die end of the treatinent period, rats were fasted overnight, weighed and 
sacrificed by exsanguination unda ether anaesthesia between 8 and 10 a.m. Blood was collected by aortic 
puncture and part of it was used for serum preparation. The otha portion was incubated with 0.1 volume of 
ttisodium dtiate [3.8 % (wt/v)] to prevent coagulation, and platelet-fiee plasma was prepared for determination 
of fibrinogai. Livers were removed munediately, rinsed witii 0.9 % (wt/v) NaCl, weighed, frozen in liquid 
nibDgen, and stored at -70°C until RNA pr^aration. In a diird sales of experiments, male S v/129 homozygous 
wild-type (+/+) and PPARa-null (-/-) mice' (10 -12 weeks of age) were fed for 17 days with eitha a standard 
mouse chow or one containing 0.2 % (wt/wt) fenofibrate. At die end of the tieatinent period, die anünals were 
fasted for 4 hours, weighed and sacrificed by exsanguination unda ether anaesthesia. For determination of 
plasma fibrinogai levels, blood was collected ftom a small tail-cut using potassium-EDTA Microvate CB 300 
tabes (Sarstedt, Niimbrecht, Germany). Livers wae removed immediately, weighed, rinsed with 0.9 % (wt/v) 
NaCl, frozen in liquid nittogen, and stored at -70 °C until RNA preparation. 

Rat hepatocyte isolation and culture 
Rat hqiatocytes wae isolated and cultured as described previously. " Briefly, hepatocytes were isolated by 
perfusion with 0.05 % (wt/v) collagenase and 0.005 % (wt/v) trypsin inhibittir. Afta a 4-hour attachment period 
in Williams E medium supplemented widi 10 % (v/v) heat-inactivated fetal calf serum, 135 nmol/L insulin, 50 
nmol/L dexamethasone, 2 mmol/L L-glutamine, 100 lUtaiL penicillin, and 100 |ig/mL strqitomydn, the 
nonadhaent cells wae washed from the plates and the remaining cells refed. Afta 16 hours, the medium was 
dianged to incubation medium in which the amount of insulin was lowered to 10 nmol/L. Experiments were 
started 20 hours afta isolation. Conditioned media were obtained by mcubating cells at 37°C for 72 hours widi 
incubation medium containing the appropriate test compound or stock solvent [DMSO; final concenttation 0.1 
%(v/v)]. The media wae changed every 24 hours. Conditioned media wae centiifuged for 4 minutes at 5000g 
to remove cells and cellular debris, and the samples were kept at -20°C until use. The cells were washed twice 
with ice-cold PBS and used for isolation of RNA. 

Serum triglycerides and plasma fibrinogen measurements 
Serum triglycerides wae detamined using a commacially available kit to measure total serum tiiglycerides 
(Bodiringa Mannheim). Fibrinogai concenbations in plasma and conditioned media were measured by an 
ELISA procedure, using polyclonal antibodies to rat fibrinogen both as catdiing and tagging antibodies. " 
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RNA analysis 
RNA was isolated from liva and cultured cells by die acid guanidinium diiocyanate/phenol/cbloroform 
method.'̂  Nonhan and dot-blot analysis of total cellular RNA were performed as described. '̂  All probes were 
labeled widi a Megqnime kit, yielding an average activity of 0.5 |iCi/ng DNA. Filtas were hybridized widi 3 
ng of [a-'^jdCTP-labelled probe pa mL as described. " Mouse fibrinogen cDNA probes used wae provided 
by F. Razaee from our institute, and wae a 1.2 kb fragment of die mouse fibrinogen A a-chain cDNA; a 1.0 kb 
fragment of die mouse fibrinogen B ß-chain cDNA; a 0.6 kb fragment of die mouse fibrinogen y-diain cDNA. 
Otha cDNA probes used were a 2.0 kb Sac I fragment of die rat ACO cDNA provided by Dr. T. Osumi, " and 
a 3.8 mDa fcoRI fragment of the human 18S ribosomal DNA. " The intensities of the signals wae detamined 
using a Fujix Bas 1000 phosphoimaga and expressed relative to die signal of the 18S ribosomal RNA band. 

Isolation of nudei and transcriptional rate assay 
Nuclei weie prepared from livas of untreated rats and rats tteated for 14 days widi 0.5 % (wi/wt) of different 
fibrates in lat chow, exacfiy as described by Gorski et al. " Transcription run-on assays were performed as 
described by Nevins.^ Equivalent amounts of labeled nudear RNA were hybridized for 36 hours at 42°C to 5 
|ig of purified cDNA probes immobilized on Hybond C Extia filters (Amersham, Arlington Heights III). The 
follovidng cDNAs were spotted: a mouse fibrinogen A a-chain cDNA probe, a rat ACO cDNA probe and a 
chicken fi-actin cDNA probe. As a conttol, 5 )ig of vector DNA was applied to die filter. Afta hybridization, 
filters wae washed at room tempaature for 10 nünutes in 0.5 x SSC (1 x SSC being 0.15 mol/L NaCl, 0.015 
mol/L Najdtrate) and 0.1 % (wt/v) SDS, and twice for 30 minutes at 65°C, and subsequentiy exposed to X-ray 
(X-OMAT-AR, Kodak) film. The intensities of the signals present wae determined by scanning densitometry 
(Bio-Rad GS670 Densitometa) and expressed relative to the signal of the ß-actin mRNA band. 

statistical analysis 
The data are presented as means ± SD. The significance of treatment was assessed by an unpaired Student's- t 
test, with exertion of the dose-response and time-course experiments in which analysis of variance was used 
to evaluate die results. For comparison of die wUd type and PPAR a-deficient mice also an unpaired Student's-1 
test was used. Differences wae considered significant at p<0.05. 

Results 

Fibrates decrease hepatic fibrinogen gene expression and plasma fibrinogen 

concentrations Adult male rats were tteated for 7 days with different concenttations [0.005, 

0.05 or 0.5 % (wt/wt)] of fenofibrate mixed in standard rat chow, and analyzed for hepatic 

fibrinogen gene expression and plasma fibrinogen levels (Fig. 1). Fibrinogen is secreted as a 

fully assembled dimer, with each half composed of three non-identical polypeptide chains, 

Aa, Bß and y. Fenofibrate treatment decreased hepatic fibrinogen Aa-, Bß- and y-chain 

mRNA as weU as plasma fibrinogen levels in a dose-dependent fashion. At the highest dose 

(0.5 %) of fenofibrate tested, fibrinogen mRNA levels were reduced to 52 ± 7 %, 46 ± 8 % 

and 81 ± 19 % of conttol values for the Aa-, Bß- and y-chain, respectively (Figs 1A and B). 

This weaker effect of fibrates on the y-chain was consistentiy found in all experiments 
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Figure 1. Dose-dependent effect of fenofibrate on hepatic fibrinogen mRNAs and plasma fibrinogen 
levels. Adult male rats were ti^ated widi 0.005,0.05 or 0.5 % of fenofibrate [(wt/wt) in rat chow] for 7 days 
and compared with animals on rat chow only. Total RNA was extracted from livas and analyzed by Northern 
blotting for fibrinogen Aa-, Bß-, and y-chain mRNA, and ACO mRNA. Equal loading was checked by 
hybridizing with an 18S rRNA cDNA probe. Plasma fibrinogen levels were measured as described in the 
Methods section. Data shown are from a representative experiment with four animals p a experimental group. 
(A) Representative Northern blot analysis of fibrinogen (Fbg) A a-, Bß-, and y-diain mRNA, ACO mRNA and 
18S rRNA. (B) Signals for the duee fibrinogen chain mRNAs and ACO mRNA were quantified by 
densitometry and adjusted for die corresponding rRNA signals. Data are expressed relative to that found in 
untteated animals. Results are means ± SD of four animals. (C) Plasma fibrinogen data are means ± SD of four 
animals. Statistically significant diffaences (p<0.05) are indicated by an asterisk; # p = 0.13. 

conttol values (Fig. IC). At the lowest dose (0.005 %) of fenofibrate tested, fibrinogen 

mRNAs in the liver and plasma fibrinogen levels were not significantiy affected. Hepatic 

mRNA levels of ACO, the rate-limiting enzyme in peroxisomal ß-oxidation, the induction of 

which by fibrates is strictiy PPARa mediated,* showed a dose-dependent response to 

fenofibrate-treatinent comparable to that of fibrinogen, reaching an approximately sixfold 

increase at a fenofibrate dose of 0.5 %. 

When rats were treated with 0.5 % (wt/wt) fenofibrate for different periods of time, the 

mRNA levels of fibrinogen Aa-chain, the presumed rate-limiting chain in the assembly of the 

mature fibrinogen molecule in rats,^' were found to be decreased to 55 ± 3 % of conttol levels 

after just 1 day of fenofibrate treatment (Fig. 2). Fibrinogen A a-chain mRNA concentrations 

decreased only slightiy further upon prolonged tteatment, reaching 44 ± 9 % and 41 ± 3 % of 

control values after 7 and 14 days of tteatment, respectively. 
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Figure 2. Time-dependent effect of 
fenofibrate on fibrinogen Aa-chain mRNA 
levels. Adult male rats were tteated widi 0.5 % 
(wt/wt) fenofibrate for different time periods. 
Total RNA was exttacted from livers and 
analyzed for fibrinogen Aa-chain mRNA levels 
by dot blot analysis as described in the 
"Methods" section. Equal loading was checked 
by hybridizing with an 18S rRNA cDNA probe. 
Values are means ± SD of diree animals and 
presented as pacentage of conttol values. 
Statistically significant differences (p<0.05) are 
indicated by an asterisk. 
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To examine whether the observed down-regulation of plasma fibrinogen and hepatic fibrinogen 
gene expression is a general characteristic of fibrates rather than a specific effect of fenofibrate, 
we also tested the effect of other fibrates. In rats exposed for 14 days to 0.5 % (wt/wt) of 
gemfibrozil or bezafibrate, or 0.05 % (wt/wt) of ciprofibrate, fibrinogen A a-chain mRNA 
levels were reduced to 74 ± 12 %, 53 ± 3 % and 59 ± 2 % of conttol values, respectively. 

Down-regulation of fibrinogen expression is due to a direct effect of fibrates on 

hepatocytes 
Fibrates are known to cause extensive peroxisome proliferation and hepatomegaly in rodents.* 
In the present study we found that tteatment of rats with 0.05 % (wt/wt) and 0.5 % (wt/wt) of 
fenofibrate for 14 days increased liver weights 1.4- and 2.0-fold, respectively. To exclude the 
possibility tiiat the suppressive effects of fenofibrate on fibrinogen expression are due to 
changes in Uver structure and/or function, we performed wash-out experiments: male rats 
were tteated for 14 days with 0.5 % (wt/wt) of fenofibrate, after which the fibrate was 
withdrawn from the food. At the start of tiie wash-out period, hepatic fibrinogen A a-chain 
mRNA levels were 51 ± 9 % of conttol levels (Fig. 3). Fibrinogen A a-chain mRNA levels 
increased to 76 ± 13 % of conttol values within 1 day after withdrawal of fenofibrate, and 
reached conttol levels after 4 days, staying constant thereafter. These findings indicate that 
fibrates decrease fibrinogen expression reversibly and independent of changes in liver 
structure and/or function. 
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Figure 3. Effect of cessation of fenofibrate 
treatment on fibrinogen Aa-chain mRNA 
levels. Adult male rats were treated with 0.5 % 
(wt/wt) of fenofibrate for 14 days, afla which 
fenofibrate was withdrawn from the food. Total 
RNA was exttacted from livers and analyzed for 
fibrinogen Aa-chain mRNA at different time 
point afta cessation of fenofibrate b%attnent. 
Equal loading was chedced by hybridizing with 
an 18S rRNA cDNA probe. Values are means ± 
SD of three animals pa group and presaited as 
percentage of control values obtained from 
unb%ated animals (C). Statistically significant 
differences (p<0.05) are indicated by an asterisk. 

To find further evidence for a direct effect of fibrates on hepatic fibrinogen expression, we 
investigated whether these effects are also observed in primary cultures of rat hepatocytes. 
Treatment of rat hepatocytes for 72 hours with ciprofibrate or the active form of fenofibrate, 
fenofibric acid, reduced fibrinogen production dose-dependentiy to 62 ± 13 % and 59 ± 2 % 
of conttol values, respectively at the highest concenttation of the fibrate tested (1 mmol/L) 
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(Fig. 4). The reduction of fibrinogen antigen levels was reflected in a reduction of fibrinogen 
Aa-chain mRNA levels (data not shown), indicating that fibrates suppress fibrinogen gene 
expression in a direct manner. 

fenofibric add 

0 0.3 1.0 0 0.3 1.0 

Fibrate (mmol/L) 

Figure 4. Effect of dprofibrate and fenofibric 
add on fibrinogen production hi primary 
cultures of rat hepatocytes. Isolated rat 
hepatocytes wae incubated with 0.3 or 1 
mmol/L dprofibrate or fenofibric add or vehide 
for diree consecutive periods of 24 hours. The 
conditioned media were analyzed for fibrinogen 
antigai as described in die Methods section. 
Results are means ± SD of duee mdependent 
experiments performed in duplicate. The data 
are expressed as percentage values of controls. 
Statistically significant differences (p<0.05) are 
indicated by an asterisk. 

Fibrates suppress fibrinogen gene transcription 

To assess the effects of various fibrates on fibrinogen gene ttanscription rate, nuclear run-on 
transcription assays were performed on nuclei prepared from livers of untreated (conttol) rats 
or rats tteated for 14 days with 0.5 % (wt/wt) of fenofibrate or ciprofibrate. Both fibrates 
decreased fibrinogen Aa-chain ttanscription rate (to 24 % and 45 % of conttol levels for 
fenofibrate and ciprofibrate, respectively) and increased ACO ttanscription rate (to 373 % and 
589 % of conttol levels for fenofibrate and ciprofibrate, respectively ) (Figs 5A and B), 
reflecting activation of PPARa. 

Fibrinogen gene expression is suppressed by PPARa but not by PPARy activators 
In addition to their PPARo activating capacity, fibrates are also known to activate, albeit 
much more weakly, PPARy." To verify that the suppressive effect of fibrates on fibrinogen 
is mediated via activation of PPARa rather than PPARy, we compared the effects of 
fenofibrate with the effects of the antidiabetic drug thiazolidinedione, BRL 49653, previously 
shown to be a high affinity hgand for PPARy.^ Rats treated for 3 days with 400 mg/kg/day 
fenofibrate or 10 mg/kg/day BRL 49653 by gavage showed significantiy reduced plasma 
triglyceride levels (to 69 ± 12 % and 68 ± 8 % of conttol levels for fenofibrate and BRL 
49653, respectively). However, whereas tteatment with fenofibrate reduced fibrinogen Aa-
chain mRNA levels to 55 ± 3 % of conttol levels, BRL 49653 did not affect fibrinogen 
expression (115±l l%of conttol levels) (Fig. 6), indicating that the suppressive effect of 
fibrates on fibrinogen levels requires PPARa activation. 
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Figure S. Effect of fibrates on fibrinogen and ACO gene transcription. Nuclear run-on assays were 
performed on nuclei obtained from livers of conttol rats and rats tteated with 0.5 % (wt/wt) fenofibrate or 0.5 ' 
(wt/wt) ciprofibrate for 14 days as described in the Mediods section. The data shown are of a representative 
experiment. (A) Autoradiogram showing vector (pSG5), ß-actin, ACO and fibrinogen Aot-chain (Fbg Aa) 
signals. (B) Signals were quantified by densitometric scanning and adjusted for the corresponding ß-actin 
signal. Data are expressed as pacentage values relative to that in conttol nuclei. 
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Figure 6. Effect of BRL 49653 and fenofibrate on fibrinogen A a-chain mRNA levels in rats. Adult male 
rats were tteated widi 10 mg/kg of body weight/day BRL 49653 or 400 mg/kg of body weight/day fenofibrate 
by gavage twice a day for 3 days. Plasma triglyceride levels were determined as described in the Methods 
section. Total RNA was extracted from livers and analyzed for fibrinogen A a-chain mRNA by Northern 
blotting. Equal loading was checked by hybridizing with an 18S rRNA cDNA probe. Values are means ± SD of 
two independent experiments (widi four animals per group) and presented as percentage of conttol values. 
Statistically significant differences (p<0.05) are indicated by an asterisk. 
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PPARa-null mice are refractory to the suppressive effects of fibrates on fibrinogen 

expression 
To establish a direct role of PPARa in the regulation of fibrinogen gene expression, we 
studied fibrinogen expression and its response to fenofibrate in PPARa-null (-/-) mice. 
Compared with wild type (+/+) mice, plasma fibrinogen levels were significantiy higher in 
(-/-) mice, being 2.67 ± 0.42 g/L and 3.20 ± 0.48 g/L, respectively (Table 1). 

Table 1: Effects of fenofibrate on plasma fibrinogen levels in PPARa-null (-/-) and wild type 
(+/+) mice 

Treatment 

Conttol 
(n=7) 

Fenofibrate 
(n=7) 

Difference 

Fibrinogen 

wild type 

(+/+) 

2.67 ± 0.42 

2.06 ±0.26 

-0.61 ±0.31 
(p= 0.007) 

(g/L) 

PPARa-null 
(-/-) 

3.20 ±0.48' 

2.87 ±0.23' 

-0.33 ± 0.36 
(p = 0.13) 

Wild type (+/+) and PPARa-null (-/-) mice (n=7) wae boated witii 0.2 % (wt/wO fenofibrate mixed in chow 
for 17 days. Values are means ± SD. * Statistically significant (p<0.05) difference between wild type versus 
PPARa-null mice. 

Hepatic fibrinogen Aa-chain mRNA levels were 25 ± 11 % higher in the (-/-) mice (Fig. 7). 
Upon tteatment with 0.2 % (wl/wt) fenofibrate for 17 days, liver weights were increased to 
277 % of conttols in (+/+) mice, while no change in liver weights of ( -/-) mice was observed 
(data not shown). Fenofibrate significantiy decreased plasma fibrinogen levels in (+/+) mice 
(-0.61 ± 0.31 g/L; p=0.007) but not in (-/-) mice (-0.33 ± 0.36 g/L; p=0.13) (Table 1). 
Consistent with the antigen data, fibrinogen Aa-chain mRNA levels were significantiy 
decreased in (-t-/+) mice (-35 ± 12 %; p=0.04) but not in the fibrate-tteated ( -/-) mice (-i-l ± 
13 %; p^ .9) (Fig. 7). These results indicate that PPAR a is involved in the suppression of 
basal levels of plasma fibrinogen, and that fibrate-suppressed expression of fibrinogen in 
wild-type mice is dependent on PPARa activation. 
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Figure. 7. Effect of 
fenofibrate on flbrim^en Aa-
chaln mRNA levels In wild-
type versus PPARa-null mice. 
Wild type (+/+) and PPARa-
null (-/-) mice wae tteated with 
0.2% (wt/wt) fenofibrate mixed 
in chow for 17 days. Total RNA 
was extracted fiom livers and 
analyzed for fibrinogen A a-
diain by Northern blotting. 
Equal loading was chedced by 
hybridizing with an 18S rRNA 
cDNA probe. Values are means 
± SD of seven animals pa 
group and presented as 
pacentage values of contixil, 
untteated wild type mice. 

Discussion 

Fibrates reportedly lower plasma fibrinogen in humans, but the regulatory mechanism of this 
effect remains to be clarified. Here, we show that activation of the nuclear hormone receptor 
PPARa mediates the suppression of fibrinogen gene ttanscription by fibrates in rodents. A 
direct involvement of PPARa in fibrinogen gene expression was provided using PPARa-null 
(-/-) ntice. Basal levels of plasma fibrinogen were significantiy higher in the (-/-) mice than 
in (+1+) ntice, and fibrates suppressed fibrinogen gene expression and plasma levels in (+/+) 
mice only. These observations clearly estabHsh PPARa as a key regulatory factor in 
fibrinogen gene expression in rodents and may explain the suppressive effect of fibrates on 
plasma fibrinogen levels in humans. 

The fibrinogen molecule is arranged as a dimer, with each monomer composed of three 
non-identical polypeptide chains: Aa, Bß and y.^ The three fibrinogen chains are encoded by 
three separate, closely linked genes situated on the same chromosome and located in the 
sequence y, Aa and Bß, with the last one in opposite ttanscriptional orientation to the first 
one." It has been reported that in rat hepatocytes, the amount of Aa-chain limits the rate of 
assembly of the fibrinogen molecule.^' whereas in human hepatoma cells the amount of Bß-
chain appears to limit assembly. '̂̂ ^ We found that, at least in rats, the inhibition of gene 
expression by fibrates was evidentiy not confined to the Aa-chain, but equally affected the 
Bß-chain and, albeit to a lesser extent, the y-chain. Recentiy, Binsack et al. reported that also 
in the human hepatoma cell line HepG2 bezafibrate suppressed Aa-, Bß- and y-chain mRNA 
levels.^ These findings corroborate the concept of the coordinated expression of the three 
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fibrinogen chains in both rats and humans." 
Our results show that PPARa has an important role in mediating the effects of fibrates on 

fibrinogen expression. Whereas several genes involved in lipid metabolism -apo A-I, 
lipoprotein lipase and acyl-CoA synthetase- are positively regulated by PPARa,^"" the genes 
encoding die three fibrinogen chains are negatively regulated by PPARa, like apo CIII.* 
Although the coordinate suppression of gene ttanscription of the three fibrinogen chains by 
fibrates would suggest a shared regulatory mechanism, the exact molecular mechanism by 
which PPARa acts is not understood. Further experiments, including functional analysis of 
the regulatory regions of the genes encoding for the fibrinogen chains, will be necessary to 
elucidate the precise mechanism of transcriptional repression of fibrinogen gene expression 
by PPARa. 

Fibrates are also implicated in suppressing elevated fibrinogen levels under inflammatory 
conditions. Many reports link the inflammatory mediator IL-6 to elevated fibrinogen 
expression,'^" and indeed IL-6 responsive elements have been identified in the promoters of 
the different rat and human fibrinogen genes. ̂ ^ Recent evidence indicates that activated 
PPARa can interfere negatively with cytokine-induced signalling pathways. " " It is thus 
conceivable that PPARa also plays an important role in down-regulating cytokine-increased 
fibrinogen gene expression. 

We found significantiy higher basal plasma fibrinogen levels in PPARa-null (-/-) mice 
than in wild-type (+/+) ntice, suggesting that PPARa is involved in modulating basal 
fibrinogen expression. Several endogenous ligands have been identified such as long chain 
fatty acids (palmitic acid, linoleic acid, arachidonic acid) and eicosanoids (leukotriene B4, 
8(S)-hydroxyeicosatettaenoic acid)^'* which could account for PPARa activation under 
basal conditions. Therefore, changes in endogenous fatty acid profiles as a result of changes 
in environmental and life-style factors may explain reported intta-individual variation in 
fibrinogen levels of about 10-15 %. '*^' Similarly, the recent identification of structural and 
functional polymorphisms in human PPARa*^ may be relevant for understanding regulation 
of plasma fibrinogen levels. It would be interesting to delineate the role of abnormal PPAR a 
activity in patients with disturbed fibrinogen and lipid levels by genetic linkage studies. 

It is important to recognize that fibrates down-regulate fibrinogen expression via the same 
transcription factor as that identified for reducing circulating triglyceride and cholesterol 
levels, i.e. activated PPARa. Other lipid lowering drugs such as HMG CoA reductase 
inhibitors (statins) and PPARy activators (thiazolidinediones) show no significant consistent 
effects on fibrinogen levels. For example, lovastatin therapy has resulted in minor fibrinogen 
reductions in hypercholesterolentic patients'" or actually increased fibrinogen"', while 
reductions were seen in a single reported study with pravastatin therapy in familial 
hypercholesterolemia patients.^ In the present study, we found no effect of the 
thiazolidinedione, BRL 49653, on plasma fibrinogen levels in rats, while triglyceride levels 
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were lowered to a similar extent as with fenofibrate. These results further emphasize that the 
lowering effect of fibrates on fibrinogen are not the result of lowered triglyceride levels. 
Because both elevated plasma fibrinogen levels and elevated plasma lipids have been 
identified as key risk factors for cardiovascular diseases,' the identification of a common, 
specific molecular target, PPARa, that is suitable for application of modem drug discovery 
provides a new lead for therapy. Such a novel compound specifically activating PPARa may 
prove superior to existing fibrates, in the action of which other, as yet unidentified molecular 
mechanisms are also involved.*'*' 
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Abstract 

This study was aimed at evaluating the relationship between visceral fat accumulation and 
plasma plasminogen activator inhibitor-1 (PAI-1) levels in healthy, obese men and women 
undergoing weight loss therapy. The subjects, 25 men and 25 premenopausal women, aged 
between 26 and 49 years, with an initial body mass index between 28 and 38 kg/m^, received 
a conttolled diet for 13 weeks providing a 4.2 MJ/day energy deficit. Magnetic resonance 
imaging was used to measure visceral and subcutaneous abdominal fat. Our results show that 
before weight loss visceral fat was significantiy correlated with PAI-1 in men (r = 0.45; 
p < 0.05), but not in women (r = - 0.15; ns). The association between visceral fat and PAI-1 in 
men remained significant after adjustment for age and total fat mass, and multiple linear 
regression analysis showed a significant independent contribution of visceral fat to plasma 
PAI-1 levels. Both visceral fat areas and PAI-1 levels decreased significantiy with weight loss 
in both men and women. Changes in visceral fat area were related to changes in PAI-1 in 
women (r = -0.43; p = 0.05) but not in men (r = - 0.01 ; ns); however, this association in 
women disappeared after adjustment for total fat mass. We conclude that there is a 
relationship between visceral fat and PAI-1 in obese men but not in obese women, and that 
PAI-1 levels decrease substantially (52%) by weight loss, but tiiis change is not related to 
changes in visceral fat mass per se. 

Introduction 

Obesity, defined as an accumulation of excess body fat, is a common condition in affluent 
societies, and represents a major health problem. Obesity is an independent risk factor for 
atherosclerosis and cardiovascular disease, and a major contributor to morbidity and 
mortality'. Several studies have indicated that obesity is associated with an impaired 
fibrinolytic activity, mainly as a result of an increased plasma level of plasminogen activator 
inhibitor-1 (PAI-1), an inhibitor of tissue-type plasmmogen activator (t-PA)^. The 
pathophysiological importance of elevated PAI-1 and a low fibrinolytic activity is illusttated 
by work showing elevated plasma levels of PAI-1 in young survivors of myocardial 
infarction', in subjects with deep vein tiirombosis*, and in patients with non-insulin-
dependent diabetes mellitus (NIDDM)^. Increased PAI-1 also correlates with thrombosis in 
animal models, and ttansgenic mice that overexpress PAI-1 develop venous thrombosis . 
Studies directed at understanding the role of fat tissue in elevating plasma PAI-1 levels in 
obese subjects may contribute to our insight in the underlying mechanisms of the 
pathophysiology of obesity. 
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It has been frequentiy shown that the location of tiie body fat deposits rather than their 
mass is a key factor in the development of obesity-linked disorders'-'". Accumulation of intta-
abdominal visceral fat located in the mesenterium and omentum is a better predictor of 
coronary heart disease than is the body mass index (BMI, weight in kilograms divided by the 
square of the height in mettes) in both men' and women'". A direct link between excess 
abdominal adipose tissue and attenuated fibrinolysis was recentiy suggested by several 
groups showing that plasma levels of PAI-1 are closely related to tiie visceral fat area but not 
to the subcutaneous fat area in obese and nonobese children and adults"'*. The question 
arises how corpulence influences plasma PAI-1 levels. 

There is increasing evidence that adipocytes, in particular from visceral fat tissue, may 
dhectiy contribute to the elevated expression of PAI-1 in obesity". PAI-1 gene expression 
was significantiy elevated in the adipose tissue of obese mice compared with their lean 
counterparts'*. Expression of PAI-1 mRNA has also been demonsttated in the visceral and 
subcutaneous fat of obese rats" and in adipose tissues from human subjects''. In both cases, 
visceral tissues expressed significantiy more PAI-1 than subcutaneous tissues from the same 
subject. In rats subjected to lesion in the venttomedial hypothalamus, an animal model of 
obesity, PAI-1 mRNA expression increased in visceral fat but not in subcutaneous fat or liver 
as obesity developed". Recentiy, Alessi et al.'^ demonstrated that PAI-1 antigen production 
by expiants of adipose tissue from visceral areas was higher than that from subcutaneous 
areas. However, a variety of observations also implicate factors other than visceral fat mass 
per se in determining plasma PAI-1 levels. For example, in humans a large variation in PAI-1 
levels exists between individuals with the same degree of adiposity'. Also, abdominal obesity 
is accompanied by a variety of metabolic disorders such as hypertension, hyperlipidemia, 
insulin resistance and NIDDM (reviewed in'*), disorders which themselves are associated 
with increased PAI-1 levels'". In addition, specific hormones and/or cytokines known to 
upregulate PAI-1 gene expression are elevated locally or systemically in obesity''^". 
Furthermore, sex steroids influence circulating PAI-1 levels^', while plasma levels of sex 
steroids are affected by adipose distribution^. 

In the present study we have evaluated the contribution of visceral fat to plasma PAI-1 
levels in overweight men and women. In most, usually cross-sectional studies in which 
plasma PAI-1 levels and centtal adiposity have been found to be associated, adjustments were 
made for insulin and triglyceride levels but no adjustments have been made for potential 
confounders, such as total body fat and gonadal steroids, each of which may affect both the 
accumulation of visceral fat and PAI-1. In several studies, weight loss in overweight subjects 
as a result of surgical tteatment^' or diet^ has led to reduced PAI-1 levels in these patients. In 
only a few studies the relations between changes in body fat distribution and changes in 
fibrinolysis parameters were determined. Folsom et al.^ found a decline in PAI-1 to be 
correlated with declines in most anthropometric variables, and with correlations being 
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sttonger for men than for women. We reasoned that proportional changes in visceral fat 
should correlate with proportional changes in PAI-1 levels, if visceral fat directiy contributes 
to plasma PAI-1 levels. We also evaluated whether relations between (changes in) centtal 
adiposity and fibrinolysis parameters were attributable to other potential confounders, and 
which (metabolic) factors other than fat mass are associated with increased plasma PAI-1 
concenttations. 

Materials and Methods 

study population 
Subjects were partidpants in a wdght loss stody carried out by die University of Wageningen *•". Particqiants 
were recruited through local newspapa advatisemenls. Fifty obese subjects (25 women and 25 men) were 
selected on die basis of their body mass index (BMI, weight in kUograms divided by die square of the height in 
meb:es; between 28 and 38 kg/m^, premenopausal state, smoking behaviour (< 5 dgarettes p a day), and 
drinking behaviour (< 2 alcohoUc consumptions p a day). All subjects were sppateaây healthy on cUnical 
exammation and medical history. Subjects with glycosuria and proteinuria were excluded. Throughout the 
study, none of the volunteers used any prescription medication known to affect the variables measured in this 
study, and none of the women used oral contraceptives. None of the subjects had been on a sUmming diet for 
several months before the study. The study was approved by the Medical Ediical Committee of the Department 
of Human Nubition, and each particö>ant gave written informed consait before participation. 

Experimental design and diet 
Subjects wae given a weight-maintenance diet before the weight-loss intervention. A standard Westem-type 
food was supplied and individuaUy tailored to meet each person's enagy requiranent which was estimated 
from resting metaboUc rate and physical activity pattern ". Body weights wae recorded twice a week by the 
subjects, and energy intakes wae adjusted to maintain individual weights. Afta a weight-stable period of 3 to 
10 weeks, baseline measurements were performed to determine body composition and fat distribution, and 
blood samples were drawn. The subjects dien received a 4.2 MJ/day energy-deficit diet during a period of 13 
weeks. Individual enagy deficits were based on estimated daily enagy intake at the end of the weight-stable 
period preceding die period of enagy restiiction. At die end of die wdght-loss period, aU measurements were 
repeated and bkxxl samples wae collected. 

The nutrient compositon of the diets remained the same throughout the experimental period and was 
calculated widi die use of the Dutch computerized food-composition table (UCV). The diet consisted of 25% of 
enagy (en%) as protein, 33 en% as total fat (11 en% as saturated fatty adds, 11 en% as monosaturated fatty 
acids, 11 en% as polyunsabttated fatty acids) and 42 en% as carbohydrates. The weight-stable diets consisted of 
conventional foods, whaeas die enagy-deficit diet was a combination of sUmming products and conventional 
foods. The partidpants were encouraged not to change their Ufestyie throughout the study. They were asked to 
record any sign of illness, deviations fixim the diet medication used, and changes in smoking and activity 
pattans in a diary. Compliance to the diet was diecked by weight conttol and meetings with tiained dietitians 
every 2 weelcs. 
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Blood sampling and analyses 
Blood sampUng was performed in die morning hours afta an overnight fast of 11-13 hours, widi an interval of 
2 days. The mean concentration of the 2 samples was used for statistical analysis. Saum was prepared by low-
speed centtifugation withm 1 hour afta venepuncture and stored at -80 °C until analysis. For die fibrinolysis 
assays, blood samples were coUected in ice-cold CTAD tabes (1/10 volume of 0.11 mmol/L citiic acid, 15 
mmol/L dieophylline, 3.7 mmol/L adenosine, 0.198 mmol/L dipyridamol (Becton Dickinson, Cedex, France) 
essentiaUy as described in die protocol of the Leiden Fibrinolysis Working Party ". The blood samples were 
munediately centiifuged (2000 x g, 15 min at 4 °C), and plasma was snap frozen and stored at -80 "C until use. 
Before and afta intervention samples were measured simultaneously. 

Total serum cholesterol was detennined by an enzymatic colorimetric mediod *". HDL cholestaol was 
measured by the same procedure foUowing precipitation by dextran sulphate -Mg ^". The LDL cholestaol 
concentration was calculated using the Friedewald equation ^. Triglycerides and insulin were determined with 
commercially available kits (Boehringa Mannheim, Mannhdm, Germany). PAI-1 activity was measured by a 
t-PA-based specific chromogenic assay ("Coatest", Kabi Diagnostica, Möhidal, Sweden). PAI-1 antigen was 
determined using commerciaUy available enzyme immunoassay (EIA) kits ("Innotest" PAI-1 from 
Innogaietics, Zwijndrecht Bdgium and "Imulyse" PAI-1 fiom Biopool AB, Umeâ, Sweden). Statistical 
analysis of the results obtained with both assays showed very similar relationships between PAI-1 and the 
various parameters. For the sake of being condse, only die data obtained widi die Imulyse assay are shown. 
The EIA kit for determination of t-PA antigen was obtained from Biopool AB (Umeâ, Sweden). 

Levels of sex-hotmone-binding-globulin (SHBG) were determined using the mununoradiomettic assay of 
Farmos Diagnostica (Oulunsalo, Finland). Total testosterone (T) was measured by radio-immuno-assay (RIA) 
afta extiaction widi diethyletha as described previously ^. Estixine (El) and total 17 ß-estiradiol (E2) were 
extracted with diediyledia, purified and separated by chromatognqihy on Sephadex LH-20 columns using 
toluene: medianol (92:8, v/v) as duent, and quantified by RIA ''. The percentages of free T and free E2 were 
calculated indirecdy by the use of the equations described by Nanjee and Wheela ** and Moore et al. , 
respectively. 

Body composition and fat distribution 
AU andiropometiic measurements were made with the subjects wearing only swimmmg gear or underwear. 
Body weight was determined to the nearest 0.05 kg on a digital scale and body hdght was measured to the 
nearest 0.001 m using a waU-mounted stadiometa. BM was calculated by dividing weight in kilograms by 
height in metres squared. The circumfaence of the waist was measured midway between the Iowa rib margin 
and the Uiac oest at the end of a gende expiration. The hip circumfaence was measured at die levd of the 
widest circumference ova the great ttochanters. Both circumferences were measured to the nearest 0.001 m 
widi the partidpant standing aecdy. The waist-to-hip ratio (WHR) was calculated as a measure of fat 
distiibution. Percentage body fat was calculated from total body density, as determined by underwata 
weighing, by applying the equation described by Siri ". 

Magnetic resonance imaging (MRI) scans wae made on a whole-body scanna (GYROSCAN S15, 
PhiUps Medical Systems, Best The Netiialands) using a 1.5-T magnetic field (64 Mhz) and a sUce diickness of 
10 mm. Transvase MRI-scans wae taken midway between the Iowa rib margin and the iliac crest while 
subjects were lying supine. Imaging analysis to detamine the visceral and subcutaneous fat areas was carried 
out as previously described". 
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statistical methods 

Deviations from normaUty of the distributions of the variables were checked within each sex. In case of a 
skewed distribution, natural logarithm-biansfoimed values wae used in statistical analysis. Nonparametiic tests 
were used with respect to analyses mvolving PAI-1, which was skewed afta logarithm-transformation. 
Difiaences in baseline characteristics as weU as differences in responses due to weight loss between the sexes 
were tested by the Stadent's unpaired {-test The effect of wdght loss on variables within each sex was tested 
widi die Student's paned r-test Correlations between PAI-1/t-PA antigen levels and otha variables wae 
determined by Spearman's rank correlation analysis. Multiple linear regression analysis was performed to 
evaluate die relative contiibution of visceral fat area b> die variabiUty in PAI-1 and t-PA antigen levels . Two-
sided p-values <. 0.05 wae considered to be statistically significant Results are expressed as means ± standard 
deviation (SD). 

Results 

Pre-diet baseline values 

Sex-specific baseline characteristics of the obese subjects participating in the study are shown 
in Tables 1 and 2. The differences in variables between women and men were all statistically 
significant, except for age, BMI, total abdominal fat area, PAI-1 and insulin. Although 
women and men did not differ in total abdominal fat areas, women had substantially more 
subcutaneous abdominal adipose tissue, whereas men had larger visceral fat areas. 

Simple correlation coefficients of PAI-1 and t-PA with body composition and body fat 
distribution variables, triglycerides, free testosterone and insulin are summarized in Table 3. 
Because PAI-1 activity and PAI-1 antigen data were very comparable, only PAI-1 antigen 
data are shown. Baseline PAI-1 levels in women were sttongly negatively correlated with 
age, but such a correlation was absent in men. In women, PAI-1 levels were positively 
correlated with free testosterone levels, but not with visceral fat areas (see also Fig.1). In 
men, however, PAI-1 concenttations correlated with visceral fat areas (see also Fig.1), but not 
with free testosterone concenttations. 

For t-PA plasma levels in women, positive correlations were fotmd with fat mass, 
subcutaneous fat and total fat area, whereas in men, t-PA correlated positively with waist-to-
hip ratio. 

Effects of weight loss 

Within each sex group, all variables were significantiy lower after a 13-week diet period, 
except for esttogens in women and testosterone in men, which did not significantiy change, 
and HDL-cholesterol and sex hormone binding globulin (SHBG), which increased in both 
sexes (Tables 1 and 2). In men, elevated levels of esttone were found after weight loss. The 
diet-induced decreases in body weight and fat mass did not significantiy differ between 
women and men. Women and men lost similar amoimts of subcutaneous abdontinal fat, but 
men lost significantiy more visceral fat than women, and the decrease in the waist/hip ratio 
was also significantiy larger in men. 
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Figure 1. Scatter plots showing the relationship between PAI-1 antigen level and visceral fat area in 
obese men (n = 25) and obese women (n = 25), before and after weight loss, and between changes inPAI-1 
and visceral fat in response to weight loss. 
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Established associations between PAI-1 and variables at baseline generally remained 
intact after weight reduction, albeit sometimes weaker (Table 3). However, some factors not 
correlated with PAI-1 at baseline, did so after the diet period. Notably, after weight loss PAI-
1 positively correlated with fat mass and insulin in women and with fat mass and triglycerides 
in men. When comparing baseline and follow-up correlations for t-PA, much less consistency 
than for PAI-1 was observed. In women, positive correlations between t-PA and fat mass and 
subcutaneous fat area had disappeared after the diet period, whereas a correlation between t-
PA and insulin became significant. In men, the correlation between t-PA and waist-to-hip 
ratio became insignificant after weight loss, while statistically significant correlations 
between t-PA and fat mass, triglycerides, and visceral, subcutaneous and total fat areas 
became apparent. 

The associations between PAI-1 and visceral fat area before and after weight loss in men 
were not markedly affected if adjustments were made for age and total fat mass (r = 0.55; p < 
0.05 before and after weight loss). 

Sex-specific correlations between changes in PAI-1 and t-PA on the one hand and 
subject characteristics on the other are shown in Table 4 and Fig.1. Remarkably, none of the 
parameters that significantiy correlated with PAI-1 in women or men before or after weight 
loss did so when analyzed for relationships with diet-induced changes in PAI-1 levels. 
Surprisingly, the diet-induced decrease in PAI-1 levels in women showed a negative 
correlation with changes in visceral fat area (Table 4 and Fig.1). However, this association 
was reduced to a non-significant level after adjustment for total fat mass. The strong 
relationship between PAI-1 and visceral fat area before and after weight reduction in men was 
totally absent for the diet-induced changes in these two parameters (Fig.1). For t-PA, diet-
induced changes correlated negatively with changes in insulin in men. All other relationships 
as observed for t-PA before and after weight reduction were found to be irrelevant with 
respect to diet-induced changes in t-PA. 

Multiple linear regression analysis of PAI-1 and t-PA 
Multiple linear regression analysis showed that in women, the individual contribution of 
visceral fat area to the variability of plasma PAI-1 was low (0.7% and 7% before and after 
weight loss, respectively), whereas in men this parameter accounted for 28% and 44% of the 
variation in PAI-1 before and after weight loss, respectively. Changes in visceral fat area 
could explain 16% of the diet-induced changes in PAI-1 in women, but in men, such a 
contribution was found to be negligible. 

The individual contributions of visceral fat area to the variability in plasma t-PA also 
were modest (between 6% and 15% in women and between 21% and 24% in men), and of the 
diet-induced changes in t-PA, no contribution at all of changes in visceral fat area could be 
found, belt in women or men. 
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Table 4: Simple Spearman Correlation Coefficients of Changes in PAI-1 

and t-PA with Changes in Subject Characteristics. 

Characteristics 

PAI-l antigen 

Women Men 

t-PA antigen 

Women Men 

Fat mass 

Visceral fat area 

0.04 • 0.25 0.33 0.08 

0.43* -0.01 0.08 0.23 

Subcutanous fat area 0.03 0.08 0.02 0.05 

Total fat area -0.09 0.12 -0.01 0.09 

WHR 

Insulin 

Triglycerides 

FreeT 

0.06 0.11 

-0.15 -0.32 

0.09 

0.02 

0.04 

• 0.32 •• 

0.09 0.32 -0.03 0.27 

-0.02 0.27 -0.15 0.23 

WHR = waist-to-hq) ratio, PAI-1 = plasminogen activator inhibitor-l, t-PA = tissue-type 
plasminogen activator, T = testosterone.* p ^0.05 

Discussion 

Elevated plasma PAI-1 is a frequent finding in obesity, but the molecular basis of this 
connection is not fully understood. Our study was undertaken to investigate a possible 
relationship between visceral adipose tissue and plasma PAI-1 concentrations in overweight 
subjects undergoing weight loss therapy. We found that there is a significant correlation 
between visceral fat area and PAI-1 levels in obese men, but not in obese women. However, 
our findings provide no evidence for a significant contribution of visceral fat mass per se to 
plasma PAI-1 levels. Rather, our results suggest that the factors that lead to increased plasma 
PAI-1 in obesity are complex and gender specific, and may involve interactions between 
multiple variables. 

We have found that in men a positive relationship exists between visceral fat area -as 
measured by precise MRI- and PAI-1 concentrations in plasma, also after adjustments had 
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been made for total fat mass and age. In multivariate analysis, the individual contribution of 
visceral fat accounted for 28% and 44% of the variation in plasma PAI-1 levels in men before 
and after weight loss, respectively. An association between plasma PAI-1 levels and visceral 
fat accumulation in men has also been described in previous studies, involving obesel '"* as 
well as non-obese male subjects'"'". 

In contrast to the studies in men, and also deviant from three recent cross-sectional 
studies conducted in obese and non-obese women"'^'*, we observed no significant link 
between visceral fat and plasma PAI-1 levels in our experimental group of women. Although 
an explanation for these discrepancies is not immediately obvious, several points may be of 
relevance. In the study by Shimomura et al. " too, the visceral fat area appeared to be much 
more significantiy related to plasma PAI-1 levels in men than in women. Giltay et al. '* indeed 
showed that at baseline, the PAI-1 level in young, nonobese women was correlated 
significantiy with the visceral fat area (r=0.59; p=0.03), but an even stronger correlation was 
found with total body fat (r=0.70; p=0.006). The question remains whether the association 
between PAI-1 and visceral fat area in this study is still significant if adjustment had been 
made for the potential confounder, total body fat. Interestingly, after cross-sex hormone 
administration to these transsexual women (and men), the plasma PAI-1 levels were no 
longer correlated with visceral fat. An important aspect of the study by Janand-Delenne et 
al.'^ is the wide range of body mass index (21-49 kg/m^) and visceral adipose tissue (7-336 
cm )̂ of the women evaluated (cf., 23-31 kg/m^ and 52-163 cm ,̂ respectively in our 
experimental group). 

Diet intervention resulted in a significant reduction of plasma PAI-1 levels in both 
females and males, but no correlation between diet-induced changes in visceral fat area and 
PAI-1 in men was found. The significant inverse relationship between changes in visceral fat 
and PAI-1 in women disappeared when adjusted for total fat mass. These findings in women 
and men are not consistent with the notion that visceral fat accumulation is a major, 
independent determinant of plasma PAI-1, as reported by several groups'^"'•''•''. However, 
much of this evidence is based on crude anthropometric measures such as BMI and waist/hip 
circumference ratios, and their implications for visceral fat accumulation may not be 
unequivocal*". Also, in many studies that have reported a relationship between fat distribution 
and PAI-1, no adjustment has been made for potential confounders such as total body fat and 
age. Therefore, based on the present study and the currentiy available evidence from literature 
a direct causal relationship between visceral fat mass per se and plasma PAI-1 levels is not 
proven and even questionable. The available data do not exclude the possibility, however, 
that the adipocyte, in an interaction between and in response to, systemic and/or local factors 
is a major site of synthesis of plasma PAI-1. In fact, the possibility that adipose tissue itself 
may directiy contribute to plasma PAI-1 levels has recentiy gained considerable support. 
Studies of obese and non-obese rodents and humans demonstrate that adipose tissue is a 
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major site of PAI-1 mRNA expression, and pieces of adipose tissue in culture release 
significant amounts of PAI-1 protein, with the expression and secretion of PAI-1 being 
elevated in obesity"""'". 

In both animals and humans, omental fat tissue has been found to express more PAI-1 
than subcutaneous tissue from the same subject""'*'. The question arises which factors are of 
importance in increasing adipocyte PAI-1 synthesis. In obesity, both the size and number of 
adipocytes increase several-fold. Eriksson et al.*' recentiy demonstrated that in human 
adipose tissue PAI-1 secretion is related to the lipid content and cell volume of the fat cells. 
In addition, specific hormones and/or cytokines known to influence size and number of fat 
cells and to upregulate PAI-1 gene expression are elevated systemically or locally in obesity'. 
For example, adipocytes are known to express TNF« and TGFß, and the synthesis of these 
proteins is upregulated in adipocytes from obese subjects, as demonstrated for TNF« and 
TGFß m rodents" and for TNF« in humans*l Botii TNF« and TGFß stimulate PAI-1 gene 
expression and induce PAI-1 in plasma and adipose tissue of lean mice*'"**. Morange et al.*' 
recentiy reported that PAI-1 production by human adipose tissue expiants was significantiy 
correlated with that of TNF«. Circulating TNF« is extremely low or undetectable in humans, 
even in obese patients who showed overexpression of TNF« in adipose tissue (*̂ ; T. Kooistra 
et al., unpublished data), suggesting direct action of TNF« in fat cells via an 
autocrine/paracrine loop. 

It has been reported that insulin resistance is a major determinant of plasma PAI-1 levels, 
and that besides visceral fat accumulation, other elements of this syndrome are associated 
with elevated plasma PAI-1**^. We found that a weight loss of about 12 kg resulted in a 
strong decrease in PAI-1 levels and in favourable changes in insulin resistance parameters in 
both women and men, but correlations between changes in PAI-1 and changes in triglyceride 
and fasting insulin levels were not significant in either sex. Similar results were reported by 
Folsom et al.^' who also found that the reduction in PAI-1 levels was more related to the 
degree of weight loss than to changes in insulin or triglycerides, indicating that the exact 
nature of the connection between plasma PAI-1 levels and the cluster of variables defining 
the insulin resistance syndrome is not established yet. 

Plasma PAI-1 and t-PA antigen were strongly correlated in our study, but the reason for 
the association between PAI-1 and t-PA is not precisely known". It could be that PAI-1 and 
t-PA synthesis are regulated by the same factors. Like PAI-1, plasma t-PA is related to the 
variables belonging to the insulin resistance syndrome as shown in this and other studies". 
Also, t-PA and PAI-1 levels have been found to be influenced by steroid hormones in a 
comparable manner^''**'"'''. Another explanation could be that t-PA antigen levels are mainly 
a reflection of the formation of t-PA:PAI-l complexes, which have a delayed clearance 
compared to free t-PA". t-PA antigen then accumulates in the presence of high plasma PAI-1 
concentrations, as seen in obesity and other disease states*'̂ . This interaction between PAI-1 
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and t-PA further indicates that correlations between visceral fat accumulation and plasma 
PAI-1 levels should be interpreted with caution, and emphasizes that the mechanisms 
responsible for the high plasma PAI-1 in obesity are far from being elucidated. 
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chapter 7 

Summary 

In Chapter 1, fibrinogen (Fbg) and plasminogen activator inhibitor-1 (PAI-1), key 
components of the coagulation and the plasminogen/plasmin systems, respectively, are 
introduced. Fbg is a plasma glycoprotein, secreted as a dimer of two A a-, Bß- and y-
polypeptides. During coagulation Fbg molecules polymerise into an insoluble fibrin network. 
Fibrin clots are removed by the plasminogen/plasmin system in which PAI-1 plays an 
important regulatory role by inhibiting the activity of tissue-type plasminogen activator (t-
PA), a pivotal enzyme in the onset of the fibrinolytic process by converting plasminogen into 
plasmin. Both Fbg and PAI-1 are synthesized in liver hepatocytes. Being key factors of two 
systems involved in many (patho-) physiological processes, it is of relevance to understand 
how Fbg and PAI-1 gene expression are regulated. Because in this thesis emphasis has been 
on delineating the regulatory mechanisms by which a specific class of hypolipidaemic drugs, 
fibrates, modulate Fbg and PAI-1 expression, possible modes of action of fibrates are 
summarized. Particular attention is paid to the nuclear hormone receptor, peroxisome 
proliferator-activated receptor-a (PPARa), as a mediator of fibrate action in liver hepatocytes. 

In Chapter 2, we sought to learn more about the variability in reported results of fibrates 
on plasma Fbg and PAI-1 levels. Therefore, the effects of two fibrates, gemfibrozil and 
ciprofibrate, on plasma levels of Fbg and PAI-1 were examined in primary hyperlipidaemic 
patients after six and twelve weeks of treatment, using different assay systems for Fbg and 
PAI-1. We found that although both fibrates effectively lowered triglyceride and cholesterol 
levels, no effect on the elevated PAI-1 levels was observed by fibrate treatment. With regard 
to Fbg, different effects were seen using different fibrates, assays or treatment periods. Fbg 
antigen levels were increased with gemfibrozil after six and twelve weeks of treatment, 
whereas there was no effect of ciprofibrate. Using a Clauss functional assay with either a 
mechanical end point or a turbidity-based end point, no significant change in Fbg levels was 
seen after six weeks of gemfibrozil treatment. However, after twelve weeks, gemfibrozil 
enhanced functional Fbg levels as assessed by the Clauss mechanical assay, but decreased Fbg 
levels when a Clauss assay based on turbidity was used. Remarkably, the functionality of Fbg 
(assessed by the ratio of functional Fbg to Fbg antigen) was found to be decreased by both 
fibrates. These results indicate that the diversity and variability in effects of fibrates on 
haemostatic variables may be due at least partiy to intrinsic differences between the various 
fibrates, but in addition to different outcomes of the various assays used and differences in 
treatment periods. 

The effects of fibrates on PAI-1 synthesis and the molecular mechanism(s) involved were 
further studied in primary cultures of cynomolgus monkey hepatocytes (Chapter 3). In the 
monkey hepatocytes fibrates attenuated the observed accelerated increase in PAI-1 synthesis 
occurring under basal culture conditions. Different fibrates were found to lower PAI-1 
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synthesis with different efficacy. A concomitant lowering effect on PAI-1 mRNA levels was 
observed, and nuclear run-on assays showed that fibrates suppress PAI-1 at the transcriptional 
level. This action of fibrates was shown not to involve protein kinase C (PKC) activation, as 
specific activation or inhibition of PKC did not interfere with the accelerated increase in PAI-
1 synthesis during culture. Also, clofibric acid, which did not activate PKC, was as effective 
as gemfibrozil in suppressing PAI-1 production. We could also exclude an effect of fibrates 
on the signal transduction pathways activated by growth factors like epidermal growth factor 
(EGF) and transforming growth factor- ß (TGF-ß). We found tiiat EGF and TGF- ß did induce 
PAI-1 mRNA levels in simian hepatocytes, but this action could not be prevented by fibrates. 
As fibrates are known to activate PPARa, a possible role of this nuclear receptor was 
investigated too. We found that PPARa and its heterodimerization partner RXRa are both 
expressed in cultured cynomolgus monkey hepatocytes, indicating that basal conditions 
necessary for an involvement of PPARa/RXRa heterodimer are present. Interestingly, the 
specific ligand for RXRa, 9-cis retinoic acid, also suppressed PAI-1 production, pointing to a 
possible involvement of the PPARa/RXRa heterodimer. 

A possible role of PPARa/RXRa in mediating the effects of fibrates on PAI-1 expression 
was further evaluated in a second study using primary monkey hepatocytes, which 
investigation is described in Chapter 4. In addition, the effects of fibrates on Fbg expression 
and a role of PPARa herein were determined. The approach chosen was to compare the 
effects of various fibrates and PPARa-activating compounds on Fbg and PAI-1 synthesis with 
their PPARa-activating capacity in order to establish a possible relationship. As a measure of 
PPARa activation the induction of the acyl-CoA oxidase (ACO), whose expression is known 
to be dependent on PPARa activation, was chosen. Because ACO mRNA levels were only 
slightiy induced by fibrate treatment of our monkey hepatocyte cultures, we detennined 
PPARa-activation in a more sensitive PPARa-dependent gene reporter system consisting of 
stably-transfected Chinese hamster ovary cells, containing a reporter gene under control of 
several PPAR responsive elements. When comparing the effects of six different fibrates, 9- cis 
retinoic acid and the specific PPARa-activators Wyl4,653 and 5,8,11,14-eicosatetraynoic 
acid on the synthesis of Fbg and PAI-1 with their PPARa-activating capacity as determined in 
the in vitro reporter gene system, the potency of the compounds to activate PPARa and to 
induce Fbg were found to be strongly correlated, whereas no correlation between the PPARa 
activating potency of the compounds and their effects on PAI-1 synthesis was observed. Apo 
A-I, which was included as a control, correlated moderately with PPARa transactivating 
activity. These results suggest that fibrates can alter PAI-1 expression independentiy of 
PPARa activation. Interestingly, they strongly point to a role of PPAR a in the fibrate-
mediated effects on Fbg. 

Because the conclusions drawn from the association analysis are only inferential, we 
further investigated the involvement of PPARa in the effects of fibrates on Fbg regulation in 
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Chapter S. In adult male rats, fibrates dose-dependentiy decreased hepatic Fbg Aa-, Bß and 
y-chain mRNA levels, hi parallel, plasma Fbg concentrations were decreased. The fibrate-
induced decrease of Fbg expression in rats is regulated at the transcriptional level, as shown 
by nuclear run-on analysis, and is accompanied by a concomitant increase in ACO mRNA 
level and gene transcription, indicating PPARa activation. Using PPARa-deficient (-/-) mice 
a direct role of PPARa in the regulation of Fbg expression by fibrate was established; upon 
treatment with fibrate, a significant decrease in plasma Fbg levels and hepatic Fbg gene 
expression is observed in wild-type (-H/+) mice, but not in (-/-) mice. Compared with (-H/-H) 

mice, basal plasma Fbg levels in (-/-) mice were significantiy higher. These studies 
demonstrate that PPARa regulates basal levels of plasma Fbg and establish that fibrate-
suppressed expression of Fbg in rodents is mediated through PPARa. 

Recent studies suggests that next to liver, adipose tissue, especially the visceral fat area, 
may be an important source of plasma PAI-1. In Chapter 6 the contribution of the amount of 
visceral fat area to plasma PAI-1 levels in obese men and women was investigated. We found 
a relationship between visceral fat area and plasma PAI-1 levels in moderately obese men. In 
contrast, in women no such relation was observed. Weight loss therapy for 13 weeks resulted 
in a significant decrease in plasma PAI-1 levels in both men and women. These changes in 
PAI-1 were, however, not related to changes in visceral fat area per se, indicating that 
variables other than just the amount of fat tissue are important for determining PAI-1 
concentrations in the circulation. 

In Chapter 7, the results of the studies arc summarized and discussed, and suggestions for 
further research are made. 
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Discussion and future perspectives 

In this thesis, a role of PPARa in mediating basal as well as fibrate-suppressed expression of 
Fbg was established. In contrast, our studies are not indicative for an involvement of PPAR a 
in modulation of PAI-1 expression by fibrates in hepatocytes, indicating that at least in this 
cell type, fibrates must affect PAI-1 synthesis independentiy from PPARa activation. 

Two lines of evidence point to a key role of PPAR a in regulating basal and fibrate-
suppressed Fbg gene expression. First, in cultures of cynomolgus monkey hepatocytes a 
strong association exists between the effects of various compounds, including fibrates, on Fbg 
expression and their PPARa transactivation capacity. Second, in PPARa-deficient mice basal 
Fbg levels are increased as compared to wild-type mice; furthermore, no effect of fibrates on 
Fbg levels in PPARa- deficient mice was found, whereas in wild-type mice fibrates decreased 
Fbg levels. The differing effects of different fibrates on modulating plasma Fbg levels in 
humans could therefore be related to a differing potency to activate PPARa. This contention 
does not explain however, why, using one type of Fbg assay, an increasing effect of 
gemfibrozil on plasma Fbg levels was found, whereas ciprofibrate lowered plasma Fbg levels 
(Chapter 2). A complicating factor in the interpretation of such findings is that fibrates also 
mobilize free fatty acids, which are known activators of PPARa''. Several investigators 
actually have suggested that fibrates affect Fbg expression via modulation of free fatty acid 
metabolism*'. Considering the effect of fibrates on fatty acid metabolism and the involvement 
of both fibrates and fatty acids on PPARa activation, the net effect of fibrates on plasma Fbg 
levels in vivo would be the resultant of these processes. Thus, besides differences in PPARa 
activating potency, changes in fatty acid metabolism may contribute to the variability in 
results observed for different fibrates with respect to changes in plasma Fbg levels. 

Our studies show that intrinsic differences between fibrates, differences in patient groups 
and the usage of different assay systems can contribute to variabiUty in effects of fibrates on 
plasma Fbg levels. The finding that different assays systems can yield different Fbg values 
has also been observed by others*"'". In addition to different assay principles by which Fbg 
levels can be determined, the use of different types of instruments and reagents have been 
found to influence the outcome of Fbg measurements*"". To what extent these differences in 
outcome as a result of different methodology is related to the variability in reported effects of 
fibrates has not been looked into before. Our results strongly suggest that this is an important 
factor to consider in the explanation of the diversity in effects reported on fibrates. 

We observed large differences in the effects of fibrates on Fbg levels using a functional 
Fbg assay versus an assay measuring Fbg antigen. It has been suggested that the variation 
between immunological and functional assays is related to the different molecular forms of 
Fbg present in plasma'*. As the different forms exhibit different clotting behaviour''•'*, 
changes in the functionality of Fbg could result from an altered distribution of these forms. 
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However, this explanation is unlikely to be true for the observed differences in functional 
versus antigen Fbg levels after fibrate treatment in our study, since comparison of the 
molecular weight distribution of Fbg before and after fibrate treatment of the hyperlipidaemic 
patients did not reveal any difference in distribution pattern. An interesting alternative 
explanation would be that fibrates (possibly via PPARa) induce a factor that affects the 
functionality of the Fbg molecules without influencing the outcome of the Fbg antigen 
measurements. 

Our findings also raise questions about the use of the different Fbg assays in the risk 
assessment of cardiovascular disease. It is not clear, which molecular form of Fbg is the most 
"dangerous" one and is related to the highest risk for cardiovascular disease. The most 
functional (i.e. the best clottable), high molecular weight form of Fbg has been found to make 
clots better lysable than clots made of a lesser clottable, low molecular weight form of 
Fbg'^'*. It should be noted that in our study functionality of Fbg (assessed by the ratio of 
functional Fbg to Fbg antigen) was found to be decreased by both fibrates. Others have also 
suggested that the ratio of functional to antigen might be a of more relevance in the prediction 
and treatment of cardiovascular disease than measurement of either functional or Fbg antigen 
levels'*'". Comparative studies directed at studying the risk of the different forms are clearly 
necessary to answer the question which form is a better indicator and predictor of 
cardiovascular risk, and will eventually establish which Fbg assay is the best to use in risk 
assessment. 

The exact mechanism by which PPARa downregulates Fbg expression is not known yet, 
but could occur in several ways, for each of which there is a precedent. Firstiy, fibrates could 
suppress the occurrence of essential transcription factors necessary for Fbg transcription. For 
example. Hertz et al^ showed that fibrates repress transcription of the apolipoprotein (apo) 
Cin gene by down-regulating the expression of the strong positive transcription factor, 
hepatocyte nuclear factor-4 (HNF-4). Secondly, fibrates could induce factors that suppress 
Fbg transcription directiy. Such a mechanism has been observed in the suppression of apo A-I 
expression by fibrates in rodents, where the negative regulation of apo A-I expression by 
fibrates was shown to involve a PPARa-dependent induction of the nuclear factor Rev-erba, 
which after binding to its responsive element suppresses transcription of the apo A-I gene^'. 
Thirdly, PPARa may compete with other factors positively influencing Fbg transcription, as 
is the case in the apo CHI promoter were HNF-4 is displaced from the promoter by non
productive PPAR/RXR heterodimers^". Fourthly, as Fbg is an acute phase protein induced by 
IL-6, fibrates may interfere with the IL-6 induction of Fbg, by decreasing IL-6 levels or by 
interfering with lL-6 signalling. The latter hypothesis is supported by recent studies showing 
that activated PPARa can interfere negatively with IL-6-induced signalling pathways ̂ '̂̂ '. 

The stimulating effects of fibrates on Fbg expression observed in the monkey hepatocytes 
(Chapter 4) is in contrast with the Fbg lowering effects of most fibrates observed in vivo in 
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humans (Table 3 of the general introduction) and with our in vivo studies in rodents (Chapter 
5). The reason for this discrepancy is unknown, but is unlikely to be related to in vitro versus 
in vivo conditions: we found a decrease of Fbg levels after fibrate treatment in primary rat 
hepatocytes (Chapter 5), which were cultured under similar conditions as the primary monkey 
hepatocytes. In addition, a fibrate-mediated suppression of Fbg levels was also found in 
cultures of the human hepatoma cell line HepG2 by Binsack et al. ̂  Therefore, the stimulatory 
effect of fibrates on Fbg levels in the monkey hepatocytes versus the suppressive effect found 
in human and rodent hepatocytes is more likely to represent a species-specific effect. A 
species-specific difference in the effects of fibrates was also observed for apo A-I expression 
in humans versus rats. Studies of Vu-Dac et al^' showed that this difference was related to 
differences in promoter context of a positive and a negative regulatory element. In humans, 
apo A-I is induced by activation of the PPARa/RXRa heterodimer bound to a PPRE, whereas 
a negative element is nonfunctional. In rats, apo A-I is downregulated by a PPARa-mediated 
increase of the negative regulatory protein, Rev-erba. The PPRE in rats was shown to be 
nonfunctional due to differences in the nucleotide sequence of this responsive element. The 
opposite effect of fibrates on Fbg levels in human/rodent versus monkey hepatocytes could 
also be due to differences in promoter context of the elements involved in fibrate-modulation 
of Fbg expression in these species. Another explanation may involve additional factors 
necessary for PPARa-mediated transcription. A number of co-activators or repressors that 
interact with PPAR/RXR heterodimers have been identified""^. Differences in the presence of 
such factors may explain why Fbg expression is downregulated in human and rodent 
hepatocytes and upregulated in monkey hepatocytes. 

The studies performed in this thesis do not provide an answer to the question by which 
mechanism(s) fibrates modulate PAI-1 expression in hepatocytes. Besides the observation that 
PAI-1 expression is altered independentiy from PPARa activation, our results indicate that 
fibrates do not affect PAI-1 expression by interference with protein kinase C, growth factor 
signalling pathways or by lowering tiiglyceride levels. In the cynomolgus monkey 
hepatocytes fibrates appeared to attenuate the accelerated increase in PAI-1 synthesis 
occurring under basal culture conditions. This is in agreement with the in vivo situation in 
which fibrates only lower elevated PAI-1 levels in patients^'. Comparison of the different 
clinical studies show that fibrates influence PAI-1 levels in type IV and type V (according to 
the Fredrickson classification) and in patients with previous myocardial infarction,^'' but not 
in type Ha or type lib patients (Chapter 2 and '^•"). This observation might be related to 
differences in the underlying causes of elevation of plasma PAI-1 levels in these patient 
groups. The mechanism(s) responsible for elevation of plasma PAI-1 in some patient groups 
is not clear. It has been suggested that fatty acids derived from VLDL-triglycerides are the 
mediators of elevation of plasma PAI-1 levels'*. In vivo studies consistentiy have 
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demonstrated a strong positive correlation between the plasma VLDL-triglyceride and PAI-1 
activity levels"". In vitro studies have shown that VLDL induces PAI-1 secretion in cultured 
endothelial cells and HepG2 cells'*^'. Fibrates are known to affect fatty acid metabolism and 
as a result might decrease PAI-1 synthesis only in patients with high levels of PAI-1-inducing 
fatty acids. On the other hand, PAI-1 is known to behave as an acute phase reactant and to be 
induced by TNFa and IL-1. Therefore, elevation of PAI-1 could reflect an inflammatory 
response. Fibrates may, like for Fbg, lower PAI-1 by suppressing tiiese inflammatory 
responses. In the case, in which both Fbg and PAI-1 are increased as a result of inflammatory 
reactions, activation of PPARa by fibrates may downregulate plasma Fbg as well as PAI-1 
levels. It should be realized, however, that PPARa is mainly expressed in liver and to some 
extent in smooth muscle cells, whereas PAI-1 may originate from many cell types in vivo. 
Inasmuch, activation of PPARa by fibrates has a significant impact on overall PAI-1 
synthesis in vivo under inflammatory conditions is not clear. 

Recentiy, a role fat tissue, especially of the visceral fat area, in determining plasma PAI-1 
levels was suggested*^'. We observed that there is no evidence for a significant contribution 
of visceral fat mass per se to plasma PAI-1 levels in obese men and women. However, in vitro 
studies demonstrated PAI-1 production in expiants of adipose tissue*'**. Eriksson et al** 
suggested that it is the quality rather than the quantity that is important for tiie level of 
adipocyte synthesis of PAI-1. Their studies show that PAI-1 secretion is related to the lipid 
content and volume of the fat cells. Our finding that factors other than the amount of visceral 
fat area are important in determining circulating PAI-1 levels support this view. It is very well 
possible that the axlipocyte, in an interaction between and in response to, systemic (e.g. 
insulin, triglycerides, cytokines) and/or local factors (e.g. TNFa) is a major site of plasma 
PAI-1. How these factors all link together is far from being elucidated but provides interesting 
and exciting research for the future eventually establishing the relationship between plasma 
PAI-1 and fat tissue. 

Future perspectives 

In this thesis we have identified PPARa as a key regulatory component in the expression of 
basal Fbg levels. It is conceivable that PPARa also plays an important role in down-regulating 
increased Fbg gene expression under inflammatory conditions. In line with this are reports 
showing that other acute phase proteins are also regulated by fibrates and PPARa. In a report 
of Staels et al^ treatment of hyperlipidaemic or healthy subjects with fenofibrate decreased 
the plasma concentration of IL-6, as well as the acute phase proteins, Fbg and C-reactive 
protein (CRP). Using PPARa-deficient mice, PPARa was shown to be involved in the 
expression of the acute phase protein a2 urinary globulin*** .̂ To obtain insight into the 
(patho-)physiological processes in which PPARa is involved and which could be modulated 
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by activation of this receptor, it is of great interest to study whether PPAR a can interfere with 
acute phase induced Fbg expression. In addition, it is important to resolve the exact 
mechanism by which PPARa suppresses Fbg expression during basal condition. Therefore, 
transfection experiments directed at the functional analysis of the regulatory regions of the 
genes encoding for the Fbg chains, will be necessary to elucidate this precise mechanism of 
transcriptional repression of Fbg gene expression by PPARa. 

Resolving the mechanism(s) by which fibrates affect plasma PAI-1 levels, may help 
explaining why only in some patient groups PAI-1 levels are affected. It is therefore important 
the study the mechanism of elevation of circulating PAI-1 levels. It would be worthwhile to 
investigate whether PAI-1 in patients is elevated as a result of ongoing inflammatory 
processes and whether PAI-1 can be modulated by fibrates through PPARa activation during 
inflammation. The other PPAR isotype, PPARy has also been reported to interfere witii 
cytokine signalling.^' As fat tissue is a major determinant of plasma PAI-1 and the major 
tissue expression PPARy, it is interesting to investigate a role of this receptor in basal as well 
as cytokine mediated adipose PAI-1 expression. 
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Samenvatting 

Samenvatting voor de geïnteresseerde \eék 

De vorming van bloedstolsels (stolling) en het oplossen daarvan (fibrinolyse) spelen een 
belangrijke rol bij tal van processen in het lichaam, zoals bijvoorbeeld wondheling. Bij een 
teveel aan stolling of een verminderde fibrinolyse bestaat er een kans op trombose, een 
belangrijke oorzaak van hart- en vaatziekten, terwijl een slechte stoUing of een versterkte 
fibrinolyse kan leiden tot bloedmgen. Het zal daarom duidelijk zijn dat het belangrijk is dat 
de vorming van bloedstolsels en het oplossen ervan goed geregeld moet zijn in het lichaam. 

Een stolsel ontstaat na een opeenvolging van reacties. In de laatste reactie wordt 
fibrinogeen, een eiwit dat in oplosbare vorm circuleert in de bloedbaan, omgezet in het 
onoplosbare fibrine. Het fibrine-netwerk vormt de basis van een stolsel. Als het stolsel zijn 
dienst heeft gedaan, moet het worden afgebroken. Dit gebeurt door het enzym piasmine, dat 
het fibrine netwerk in stukjes knipt. Piasmine ontstaat door activering van plasminogeen door 
plasminogeen-activatoren. Dit proces wordt geremd door plasminogeen-activator remmers 
waarvan plasnünogeen-activator inhibitor-1 (PAI-1) de belangrijkste is. Een te veel aan 
PAI-1 betekent een minder snelle fibrinolyse, en daarom een belemmering voor het oplossen 
van stolsels. 

Dit proefschrift richt zich op twee belangrijke componenten uit de stolling en de 
fibrinolyse, namelijk fibrinogeen en PAI-1. Verschillende patiënten-studies hebben laten zien 
dat zowel fibrinogeen als PAI-1 concentraties in het bloed beïnvloed kunnen worden door 
bepaalde medicijnen, de zogenaamde fibraten. Fibraten zijn geneesmiddelen die verhoogde 
concentraties aan vetten en cholesterol in het bloed effectief kuimen verlagen. Sinds een 
aantal jaren is bekend dat ze ook de concentraties van stollings- en fibrinolyse-factoren in het 
bloed (waaronder fibrinogeen en PAI-1) kunnen beïnvloeden, maar niet bekend is hoe 
fibraten dat doen. Ook is het opvallend dat er veel variatie in de beschreven effecten van 
fibraten op fibrinogeen en PAI-1 bestaat. Een overzicht van de m de literatuur beschreven 
effecten van fibraten op fibrinogeen en PAI-1 is gegeven in hoofdstuk 1. Daarnaast bevat dit 
hoofdstuk een samenvatting van wat bekend is over de mechanismen via welke de aanmaak 
van fibrinogeen en PAI-l is geregeld en hoe fibraten deze regelmechanismen mogelijk 
kunnen beïnvloeden. 

In hoofdstuk 2 van dit proefschrift is getracht meer inzicht te krijgen in de oorzaken van 
de variabele effecten van fibraten op fibrinogeen en PAI-l. Onze resultaten laten zien dat in 
elk geval een deel van de variatie in fibrinogeen veranderingen o.i.v. fibraten verklaard kan 
worden door verschillende uitkomsten van verschUlende meetmethoden, de behandelingsduur 
van fibraat-toediening, maar ook doordat verschillende fibraten een verschillende werking 
kunnen hebben. Zo werd bij het gebruik van één meetmethode om fibrinogeen te meten in 
onze patiënten met verhoogd cholesterol de fibrinogeen concenttatie verlaagd door het ene 
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fibraat (ciprofibraat), terwijl een ander fibraat (gemfibrozil) de fibrinogeen concentraties in 
het bloed verhoogde. In dezelfde patiënten werd bij het gebruik van één methode een 
verlaging van de fibrinogeen concentratie in het bloed door ciprofibraat gevonden, terwijl bij 
het gebruik van een tweede methode om fibrinogeen te meten er geen effect van ciprofibraat 
op de fibrinogeen concentratie geconstateerd werd. Dat verschillende behandelperioden ook 
kunnen bijdragen aan de variatie, bleek uit het feit dat na 6 weken behandeling er nog geen 
effect van gemfibrozil op de fibrinogeen concentratie werd gezien, terwijl na 12 weken de 
fibrinogeen concentratie duidelijk verhoogd was. In deze studie bleek uit metingen van de 
PAI-l concentraties in het bloed, dat noch gemfibrozil noch ciprofibraat een effect op PAI-l 
hadden, ook niet als verschillende meetmethoden werden gebruikt. Dit geeft aan dat door 
anderen gevonden effecten van fibraten (inclusief gemfibrozil en ciprofibraat) waarschijnlijk 
niet het gevolg zijn van een direkt effect van fibraten op de aanmaak van PAI-l. Mogelijk 
wordt de PAI-l aanmaak op een indirekte manier door fibraten beüivloed. 

Verder onderzoek was er vooral op gericht uit te zoeken hoe, d.w.z. via welk 
mechanisme, fibraten de aanmaak van PAI-l en fibrinogeen beïnvloeden. In eerste instantie is 
dit werk uitgevoerd m.b.v. gekweekte levercellen, die zowel PAI-l als fibrinogeen 
produceren. Later zijn de belangrijkste bevindingen nader onderzocht in proefdieren. Bij het 
ophelderen van de betrokken regelmechanismen is uitgegaan van bestaande kennis m.b.t. 
processen die van invloed kunnen zijn op het meer of minder produceren van PAI-l en 
fibrinogeen in levercellen alsook van in de literatuur gesuggereerde werkingsmechanismen 
van fibraten. 

In hoofdstak 3 is het onderzoek beschreven naar het effect van fibraten op een aantal 
bekende regelmechanismen voor de aanmaak van PAI-l. Hierbij is gebruik gemaakt van 
levercellen van een aap {Macaca fascicularis) die in zogenaamde celcultures in bakjes 
gekweekt kunnen worden. Onze studies laten zien dat fibraten de aanmaak van PAI-l in deze 
cellen verlagen. Opvallend hierbij was dat alleen de versnelde aanmaak van PAI-l die tijdens 
het kweken optrad, beïnvloed werd. De constante (basale) hoeveelheid PAI-l die door deze 
cellen gemaakt wordt, werd niet beïnvloed in aanwezigheid van fibraat. Dit komt 
overeenkomt met de bevindingen in patiënten, waar fibraten alleen verhoogde PAI-l 
concentraties in het bloed beïnvloeden. Van drie onderzochte regelmechanismen betrokken 
bij de aanmaak van PAI-l bleek er geen betrokken te zijn bij de verlaging van PAI-l door 
fibraten in de ape-leverceUen. 

Hierna is gekozen voor een andere benadering om meer te weten te komen over het 
mechanisme via welk fibraten PAI-l beïnvloeden. Recent is er namelijk een verklaring 
gevonden hoe fibraten de productie van verschillende eiwitten kunnen beïnvloeden. Hierbij 
beïnvloeden fibraten direct een factor die van belang is bij het vertalen van genetische 
informatie naar een eiwit. De informatie voor het maken van een eiwit ligt opgeslagen in een 
stukje erfelijk materiaal (het DNA) dat zich in de kern van een cel bevindt. Voor het omzetten 
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van een DNA-code in een eiwit wordt de code eerst omgezet in een tussen-code: het mRNA. 
Het omzetten van de DNA-informatie naar de mRNA-informatie heet transcriptie. De 
mRNA-code wordt vervolgens vertaald in een eiwit. Bekend is nu dat fibraten een factor 
activeren die de transcriptie kan beïnvloeden. Deze transcriptiefactor wordt de peroxisoom 
proliferator-geactiveerde receptor (PPAR) genoemd. PPAR behoort tot de familie van de 
hormoon-receptoren. Dit zijn eiwitten in de kern van een cel en die actief worden na binding 
van een hormoon of, zoals in het geval van PPAR, een fibraat. PPARs kunnen aan specifieke 
delen van het DNA binden en zo via transcriptie de aanmaak van eiwitten beïnvloeden. Er 
bestaan verschillende PPAR subtypen, waarvan het a-type voornamelijk in de lever voorkomt 
en door fibraten geactiveerd wordt. 

In hoofdstuk 4 is een mogelijke rol van PPARa in de verlaging van PAI-l door fibraten 
in levercellen van de aap bestudeerd. Gelijktijdig is naar het effect van fibraten op Fbg en de 
rol van PPARa daarin gekeken. Na blootstelling aan fibraten bleek de fibrinogeen-productie 
in de ape-levercellen verhoogd te worden. De volgende stap was om te zien of de effecten van 
fibraten op fibrinogeen en PAI-l in de ape-levercellen in verband stonden met de mate waarin 
PPARa werd geactiveerd. Omdat het niet mogelijk is PPAR a-activiteit direct te meten in 
levercellen van de mens of aap, is gebruik gemaakt van een losstaand model-systeem waarin 
het wel mogelijk is om PPARa-activiteit te meten. Wanneer de effecten van verschillende 
verbindingen, waaronder fibraten, op de fibrinogeen en PAI-l productie in ape-cellen werden 
vergeleken met hun PPARa-activerende capaciteit, werd er een sterk verband gevonden 
tussen de mate waarin deze verbindingen fibrinogeen-aanmaak stimuleren en de mate waarin 
zij PPARa activeren. Voor PAI-l bleek er nauwelijks zo'n verband te bestaan, hetgeen 
suggereert dat fibraten in ape-levercellen PAI-l-synthese onafhankelijk van PPARa-activatie 
beïnvloeden. Daarnaast duiden de resultaten wel op een betrokkenheid van PPARa in de 
effecten van fibraten op fibrinogeen-productie. 

Om te bepalen of PPARa inderdaad een rol speelt, in de beïnvloeding van fibrinogeen 
productie door fibraten, zijn de de effecten van fibraten op fibrinogeen-productie verder 
onderzocht in proefdieren (hoofdstuk 5). In eerste instante werd het effect van fibraten op de 
fibrinogeen-productie in mannelijke ratten bepaald. De experimenten lieten zien dat in ratten 
de fibrinogeen concentraties in het bloed verlaagd werden na fibraat-behandeling. Deze 
effecten waren ook op mRNA en transcriptie-niveau te zien, wat aangeeft dat fibraten plasma 
fibrinogeen concentraties verlagen door de transcriptie te remmen. De effecten werden alleen 
gevonden met PPARa activerende stoffen. De verlaging van de fibrinogeen-productie ging 
gepaard met een gelijktijdige verhoging van een eiwit waarvan al eerder was aangetoond dat 
het specifiek door PPARa beïnvloed wordt. Om direct te kunnen bewijzen dat PPARa 
betrokken is bij de regulatie van fibrinogeen is gebruik gemaakt van PPAR a-deficiënte 
muizen. Dit zijn muizen die geen PPARa bezitten waardoor ze PPARa afhankelijke reacties 
niet vertonen. Onze studies laten zien dat fibraten in normale muizen (die wel PPARa 
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bezitten) de fibrinogeen-productie verlagen, terwijl in de PPAR a-deficiënte muizen geen 
invloed van fibraten op fibrinogeen te zien was. Deze resultaten tonen duidelijk aan dat 
PPARa betrokken is in de effecten van fibraten op fibrinogeen. Daarnaast bleek ook dat de 
aanwezige hoeveelheid fibrinogeen in het bloed van de niet-met-fibraat behandelde PPARa-
deficiënte muizen hoger ligt dan die van onbehandelde normale muizen, wat aangeeft dat 
PPARa tevens betrokken is bij de basale aanmaak van fibrinogeen. 

Recente studies geven aan dat naast de lever ook het vetweefsel en met name het 
viscerale vet (het vet dat in de buikholte ligt) PAI-l produceert. In hoofdstuk 6 is de 
mogelijke bijdrage van het viscerale vet aan PAI-l concentraties in het bloed van gematigd 
obese (zwaarlijvige) mannen en vrouwen onderzocht. In obese mannen werd een verband 
gevonden tussen de hoeveelheid visceraal vet en de PAI-l concentrades in het bloed. 
Naarmate mannen meer visceraal vet hadden, nam de PAI-l concentraties in het bloed toe. Er 
werd echter geen verband gevonden tussen de hoeveelheid visceraal vet en PAI-l in obese 
vrouwen. Gewichtsverlies door een dieet ging gepaard met een sterke daling in PAI-l bij 
zowel maimen als vrouwen. Deze verandering in PAI-l was echter niet gerelateerd aan de 
veranderingen in de hoeveelheid visceraal vet. Dit suggereert dat er geen directe relatie is 
tussen de PAI-l concentratie in het bloed en de hoeveelheid visceraal vet. Omdat studies van 
anderen hebben aangetoond dat het viscerale vet wel degelijk betrokken is bij de productie 
van PAI-lin obese mensen, betekenen onze resultaten dat het niet de kwantiteit van het vet is, 
maar de kwaliteit die een rol speelt. Waarschijnlijk zijn er andere factoren in het vet van 
belang voor het bepalen van de hoeveelheid PAI-l in het bloed van obese mensen. 

In hoofdstuk 7 worden de resultaten uit de verschillende studies bediscussieerd en 
toekomstige punten voor vervolg-onderzoek aangegeven. 



Abbrevations 

ACO 
AP 
C/EBP 
DMEM 
EGF 
EIA 
FCS 
Fbg 
HDL 
HNF 
IL 
kb 
LDL 
MMP 
MRI 
PA 
PAI 
PBS 
PKC 
PMA 
PPAR 
PPRE 
RID 
RXR 
TGF 
TNF 
STAT 
TRE 
t-PA 
u-PA 
USF 
VLDL 
VLDLRE 
WE 

acyl-CoA oxidase 
activator protein 
CAAT/binding protein 
Dulbecco's modified Eagle's medium 
epidermal growtii factor 
enzyme immune assay 
fetal calf serum 
fibrinogen 
high-density lipoprotein 
hepatic nuclear factor 
interleukin 
kilo basepair(s) 
low-density lipoprotein 
matrix metalloproteinases 
magnetic resonance imaging 
plasminogen activator 
plasminogen activator inhibitor 
phosphate buffered saline 
protein kinase C 
phorbol myristate acetate 
peroxisome proliferator activated-receptor 
peroxisome proliferator-response element 
radial immunodiffussion 
retinoid X receptor 
transforming growth factor 
tumor necrosis factor 
signal transducer and activator protein 
PMA response element 
tissue-type plasminogen activator 
urokinase-type plasminogen activator 
upstream stimulatory factor 
very-low density lipoprotein 
VLDL response element 
Williams E medium 
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