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FIBRINOGEN

Fibrinogen is a soluble plasma glycoprotein that, under normal circumstances, is
present in human plasma at a concentration of 2-4 mg/ml (6-12 uM). The plasma
half-life is 3-4 days in humans and about 10-25% of the total body fibrinogen is
extravascular'. Fibrinogen is composed of two sets of three polypeptide chains (Aw,
B “and +) that are interconnected by disuiphide bridges (figure 1), The
aminoterminal segments of all six chains form a central domain from which the A«
and BB chains protrude?, These aminotermini are the target of thrombin and small
peptides (FPA and FPB) can be cleaved off.
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Figure 1. Model of the human fibrinogen molecule showing structural characteristics?

Three main molecutar forms of fibrinogen have been identified in plasma®®,
Fibrinogen is assumed to be synthesized in the high molecular weight form
(HMW)', with two intact carboxyl ends of the e-chain. In plasma two groups of
degraded forms of fibrinogen can be distinguished. One group has one degraded Ao-
chain carboxyl end and is called the low molecular weight (LMW) form, in the other
form both Ac-chains are degraded and this is called the LMW’ form. In a normal,
average plasma 70% of fibrinogen is HMW, 26% is LMW and only 4% is LMW?*,
The LMW and LMW forms are heterogenous due to different lengths of their
residual Ae-chain, The enzymes responsible for the degradation have not yet been
identified'"'?. Recently, it has also been described that + 3% of the natural
occurring fibrinogen molecules have a globular C-terminal extension on both
carboxyterminal ends which shares C-terminal homology with the B and v chains.
The molecular weight of the fibrinogen molecules with the extended o chains is
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420.000"%, The extended Ao-chains of this fibrinogen are more resistant to
degradation than the normal forms.

The main function of fibrinogen is in the clolling process. After thrombin has
cleaved off the fibrinopeptides A from the N-terminal end of the Aa-chain the
molecule changes its conformation and, via intermediate stages, polymerizes into an
insoluble fibrin network. Somewhat delayed, the fibrinopeptides B are also cleaved
off the BB-chain, initiating the lateral polymerization of the fibrin fibres. This fibrin
network is normally constructed of fibres that are about one pm in diameter, which
means a width of several hundred molecules. Approximately 80% of the blood clot
volume consists of solvent and the relative mass of fibrin in the clot is not more than
0.3%. The remainder includes blood elements like platelets and red and white blood
cells,

A HIGH PLASMA FIBRINOGEN LEVEL - AN INDEPENDENT RISK
INDICATOR FOR CARDIOVASCULAR EVENTS

Only about 30% of all cardiovascular events can be predicted by the established risk
factors like hypercholesterolemia, smoking, overweight, diabetes, age, gender and
hypertension'*, This suggests the existence of more risk factors. In recent years the
relation between plasma fibrinogen levels and cardiovascular risk has been evaluated
in a number of epidemiological studies.

The Northwick Park Heart Study was the first large-scale prospective fongitudinal
study that described the association between plasma fibrinogen levels and the risk for
cardiac events'®. An increase of the plasma fibrinogen with one standard deviation of
the mean (about 15%) gave almost a doubling of the risk for cardiac events in the
next five years. After 10 years follow-up, approximaiety half of the coronary events
had occurred in the upper tertile of the plasma fibrinogen levels, The prognostic
value of fibrinogen is at least equal and probably greater than that of cholesterol
(figure 2).

The association between the plasma level and cardiac events has since then been
confirmed in a number of other studies, including the Gothenburg®, the
Framingham”, Leigh'®, PROCAM'", Scotlish Heari Healti®, Caerphilly-
Speedwell®"?, the GRIPS® and the ECAT-Angina pectoris® studies (table [},
Elevated plasma fibrinogen levels have also been associated with an increased risk of
myocardial infarction in patienls with unstable angina® and in patients that had
experienced a stroke® or a previous infarction”®, Even though these studies
differed in design and procedures they all identified fibrinogen as an independent
risk indicator. The predictive value of elevaled plasma fibrinogen levels for the
incidence of fatal and nonfatal myocardial infarctions and cerebrovascular events
were independent of the prevalence and distribution of other, established
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Figure 2. Relation between plasma fibrinogen and cholesterol fevels and the incidence of cardiac
events (in the 5 year follow up period) in the Northwick Park Heart Study'®
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Figure 3. Relation belwsen incidence of coronary events (events per [000 puatient years in Leigh
Study and events in 6 years/1000 in the PROCAM Study) and plasma levels of fibrinogen and
cholesterol in the Leigh Study™ and the PROCAM Study!?
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cardiovascular risk factors,
Interactions between high plasma fibrinogen levels and other risk factors

are repeatedly observed, In the PROCAM and the Leigh study it was shown that
individuals with both high fibrinogen and high cholesterol had the highest cardiac
risk, which was more than additive (figure 3), similar to individuals with high
fibrinogen and high blood pressure (figure 4). Also, several gender differences were
observed in the Framingham and the ECAT-angina pectoris sfudies which examined
both men and women. For example, in the Framingham Study, it was shown that the
magnitude of the fibrinogen-mediated risk in women declined with age. Also, in
women elevated fibrinogen levels were not associated with risk of stroke'?, figure 5).

EFFECTS OF INCREASED PLASMA FIBRINOGEN LEVELS THAT MAKE
A DIRECT RELATION WITH CORONARY ARTERY DISEASE PLAUSIBLE
It has been established in several epidemiological studies that elevated plasma
fibrinogen levels represent an increased risk for the development of cardiovascular
incidents (table 1). Even though the background of this relation has not yet been
elucidated it is plausible that increased fibrinogen levels can give a causal
contribution to cardiovascular disease: a) fibrinogen influences the formation and
growth of the arteriosclerotic lesion®, b) fibrinogen is the principal component of
gelatinous and fibrous plaques®™, ¢) there is interaction between many cell types and
fibrinogen: the proliferation®® and migration™ of smooth muscle cells is stimulated by
fragments of fibrinogen, d) fibrinogen is an important promoter of the aggregation
of activated platelets™ ™ 2, ¢) it also interacts with endothelial cells®¥, monocytes*
and macrophages®¥, ) as part of the extracelhar matrix fibrinogen is also involved
in tumor growth, although not for metastases',

A direct contribution of fibrinogen to risk might also be through the plasma
viscosity, which is mainly determined by the plasma fibrinogen level™. An increased
plasma viscosity can induce microcirculatory disorders, like reduced oxygen release,
in poststenotic vascular segments®,

Relation between plasma fibrinogen levels and the severity of vascular disease
The relation between plasma fibrinogen levels and vascular thrombotic events is
further strengthened by the correlations between plasma fibrinogen levels and the
degree of coronary artery disease®** and peripheral arterial discase®,



Table 1. Prospective epidemiological investigations.

Study sample size mean age length of method endpoint number of
(range) follow up events
(years)
NPHSY 1511 white men 52 10.0 gravimetric (1) JHD death (1) 68
{40-64) (2)Ri§on—fatal (2) 60
Gothenburg'® 792 men all 54 13.35 spectro- () ML ()92
photometric (2) stroke (2} 38
Leigh' 297 men 52 7.3 nephelometric  MI 40
(40-69)
Framingham'’ 554 men >55 12 Spectro- (1) IMHD (1} 312
761 women 47-79 photometric (2) stroke (2y 92
Caerphilly/Speedwell? 4860 men (45-49) 3.1/3.2 nephelometric  THD 251
(2 cohorts) Clauss
PROCAM" 2116 men 48 6 Clauss MI 82
) {40-65)
GRIPS* 5239 men (40-60) 5 Clauss . Ml 107
ECAT-angina pectoris® 2587 men 356 2 Clauss coronary 106
456 women events
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Figure 4. Relation between incidence of coronary events (incidence/1000 paticnt years), plasma
fibrinogen levels and systolic btood pressure in the Goteborg Study!®

MEASUREMENT OF PLASMA FIBRINOGEN LEVELS

The measurement of fibrinogen levels can be based on several different
principles'®*. The first group is formed by the clotiing rate assays, that give a
functional fibrinogen level**. The second group of assays measures the amount of
protein that can be clotted with thrombin®**, The third group are the methods based
on heat- and salt precipitation of fibrinogen®. Finally, there are the immunological
methods®™*, in which the interest has grown since the introduction of specific
monoclonal aniibodies that will make it possible to assay specific fractions of
fibrinogen®®,

In studies where the different fibrinogen assays are compared, the agreements
between the methods were acceplable®™®, However, because of the different
characteristics of the assays it is expected that the different assays are not equally
valuable for the use of fibrinogen as a risk indicator. This needs further attention in
the future and has not been addressed systematically.

YARIATIONS IN PLASMA FIBRINOGEN LEVELS

physiological variation

The plasina fevels of fibrinogen are related to several environmental, life-style and
physiological factors (table 2). Smoking® %, age®®, gender®™, body weight”,
race™, stress™ 3 social  class™™™,  aleohol intake, season”™  exercise®,
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pregnancy®, contraceplives™ ¥ and menopause™ have repeatedty been shown to
affect the fibrinogen levelgovervios: 69,8589

acute phase reaction
A part of the human defence system against tissue injury or infection is a change in
the synthesis rate and possibly also the clearing rate of a group of proteins, named
the acute phase proteins, Plasma fibrinogen levels can increase two to threefold as
the consequence of an acute phase reaction, C-reactive protein can increase more
than thousandfold®, Albumin and transferrin are two negative acute phase proteins,
whose synthesis is decreased by the acule phase reaction. These acute phase induced
changes in the synthesis rate are mainly the result of increased concentrations of
circulating interleukin-6, interleukin 1% and tumour necrosis factor o*¥,
Atherosclerosis has been suggested to be an inflammatory process of the vascular
wall®®, Because fibrinogen is an acule phase protein the high plasma fibrinogen
levels are suggested to be a reflection of vascular damage. This theory of
inflammation as a mechanism in coronary heart disease is also indicated by the
results of the ECAT Angina Pectoris study where both fibrinogen and C-reactive
protein were risk indicators for a cardiac event within two years in patients with
angina pectoris. Fibrinogen and C-reaclive protein were strongly correlated to each
other in this study, which strengthens the role of the acule phase reaction. In the
Framingham Study an association has been described between cardiovascular risk
and while blood cell count which also suggests a role of the inflammatory process®™.

genetic predisposition

The genetic contribution to the plasma level of fibrinogen is calculated to be between
20%%% and 50%*2. Tt is now becoming clear that an individual's response to
environmental changes is also partly determined by genetic variation® **%%; it has
already been indicated that the increases in fibrinogen levels by smoking is

associated with the genetic genotype®*t,

chronic disease related increase

It has already been mentioned above that plasma fibrinogen levels are increased in
patients with vascular disease. Also in hyperlipidaemic patients increased plasma
fibrinogen levels are observed®®, After surgery or as a result of other iraumatic
events the fibrinogen levels increase, probably as a resull of an acute phase reaction.

FIBRINOGEN DECREASE BY DRUGS

Several drugs have been reporled to reduce plasma fibrinogen levels, in addition to
their main activity™ i "™ Ribric acid derivatives and liclopidine are two examples
of such drugs which have been studied.
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Figure 5, Risk of cardiovascular discase by fibrinogen level and age, 12-year follow up, Framingham
Study"?

Fibrates

In patients with high blood lipid levels an increased plasma fibrinogen level has been
repeatedly observed®®. When these patients were treated with the lipid lowering
fibrates®**1%®, the fibrinogen levels decreased to normal levels. Fibrates are a class
of hypolipidemic compounds thal effectively reduce plasma triglyceride and
cholesterol levels and in many instances increase plasma high density lipoprotein
levels®¥™iex: % There are several mechanisms responsible for the lowering of
chotesterol and triglycericdes, among which an inhibition of liver acetyl CoA
carboxylase, the rate limiting enzyme in the synthesis of fatty acids, and an increase
of the activity of lipoprotein lipase, which promotes the catabolism of plasma
trigiycerides'!®. Other lipid lowering drugs, the vastatins, have not been shown to be
effective in lowering the fibrinogen level™. This suggests that the fibrinogen
lowering is not directly coupled to the lipid lowering effect. By what mechanism
fibrinogen is lowered by the fibrates needs to be further studied and the role of the
acute phase mechanism or genelic factors need to be investigated.
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Table 2, Variations in fibrinogen synthesis

physiological effect on the plasma fibrinogen level
factor
age + 3 to + IO% I.l iO years18,24‘6-1.65,117-70.135.I36
+ 3 to + 5% / 10 years in non-smokers™ ¥
+ 8to + 15% / 10 years in smokers™'®
smoking no effect to + 33% in smokers®687015137.159
no effect in age < 35 years™'? 7
8% to + 14% in smoking men® 1%
3% to + 7% in smoking women®-51¥
dose dependent relation with sigarettes/day™ ™
aleohol - 0.8% with 10g/day alcohol'™
- 6% in men with <20 g/day alcohol’”’
- 3% in women with <20g/day alcohol'”
body mass + 14% in highest tertile®
+ 0.17% / (kg/mn)'™
+ 12% in highest tertile in men'™?
+ 20% in highest tertile in women'”
gender + 3% to +20% in women®-'3%137"
no effect in non-smoking women®1
+ 20% in smoking women!*”
race - 16% in Japanese men compared to Caucasian”
+ 5% in black men, compared to white**
+ 7% and +9% in black women, compared to white*?*!
stress + L3%P and +15%™ with higher working stress
+ 8% after stress test™
season + 5% to + 38% in the cold months compared to the warm™™®
contraceptives no effect®®!%¥, 2947 and + 7% in pill users

physical exercise

menopause

no effect to -3%™1¥
no effect in persons <30 years

no effect of menopause®®
+ 5%% and + [0%™ in postmenopausal women without
hormone replacement therapy™
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Ticlopidine

Another drug that has been shown to decrease the fibrinogen levels is the platelet
aggregation inhibitor ticlopidine. This drug strongly inhibits the ADP-induced
aggregation of blood platelets''""", The plasma fibrinogen levels were increased in
patients with vascular diseases, and they could be normalized with ticlopidine!'*'**
oveniew 128 This effect might be associated with recovery of the disease since in
patients with intermittent claudication the walking distance improved.

No mechanism has yet been identified, but it might be possible that recovery of
the disease is accompanied by a reduction of the acute phase reaction. Another
possible mechanism is a reduction of the level of fibrin{ogen) degradation products
as the resulf of the inhibition of platelet aggregation. Since fibrin{ogen) degradation
products are known as stimulants of the fibrinogen synthesis in the liver', a
reduction of their levels may result in a decrease of the fibrinogen synthesis, Until
now, it has only been recognized that there is an effect of ticlopidine on fibrinogen
levels in patients with vascular diseases, but there have not been studies investigating
the mechanism,

GENETIC CONTRIBUTION TO FIBRINOGEN LEVELS

The three chains of fibrinogen are encoded by different genes, which are located
adjacent to each other on the long arm of chromosome 4'2'**, The genes for the o
and v chain are directed in the same direction and are transcribed toward the f§ gene.
The § gene is transcribed in the opposite direction (figure 6). The complete genomic
DNA sequence for all three genes has been elucidated™'?,

Several restriction fragment length polymorphisms (RFLP) in the genes for the
three chains of fibrinogen have been described (figure 6)"12"'. Fowkes et al
reported a higher frequency of the rare allele of the Bc/l RFLP of the Bf chain in
patients with peripheral arterial disease''. The RFLP of the B-fibrinogen gene are
associated with the plasma fibrinogen levels in a number of studies™ #1132 byt not
in all’®P13, No significant associations were found between plasma fibrinogen
levels and RFLP of the o« and « chains. In the Caucasian populations that have been
studied until now, a strong linkage disequilibrium between the polymorphisms of the
B and o chain has been observed'? 12132,

Interaction between environmental factors and the effect of genetic variation is
observed in determining differences in biochemical and physical characteristics in
healthy individuals”®*. DNA polymorphisms might also predispose to clinical
disorders, like cardiovascular disease since the genetic-environmental interactions
may cause some individuals to show large fluctuations while others in the same
environment show small fluctuations. The identification of these genetic-
environmental interactions might be important in identifying individuals that are
prone to develop high plasma levels, and therefore a higher thrombotic risk, after a
relatively small stimulus.
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Figure 6. Structure of ihe genes for the Ae, BB and v-chains of fibrinogen with the locations of the
resiriction fragment lengih polymorphisms,

AIM OF THIS THESIS

Several epidemiological studies have identified elevated plasma fibrinogen levels as a
risk indicator for cardiac events and this thesis concerns studies on the background
of this relation.

Measurement of fibrinogen (Chapters 1-3)

Of primary importance when studying risk indicators in epidemiological or clinical
studies are the characterization and standardization of the assays that are used. For
fibrinogen, there now is a plasma standard available, but standardization of the assay
method has not yet had much attention. One factor that will influence the fibrinogen
assays is the large number of different molecular forms of fibrinogen normally found
in the circulation. Qur aim in the first part of this thesis was to evaluate the effect of
variation in fibrinogen forms on the different assays.

The acute phase reaction and fibrinogen (Chapters 5-10)

The acute phase reaction is known to be a main mechanism for elevation of
fibrinogen levels in blood. Major injury can result in 2-3 fold increases of fibrinogen
levels, A low to moderate grade of an acute phase reaction is a candidate mechanism
of elevating fibrinogen also for prolonged periods, and may for instance be a
reflection of the inflammatory state of the vascular wall. The acute phase reaction
may also be (part of) the mechanism by which fibrinogen is influenced by smoking
or by medication (e.g. vitamin E, fibrates and ticlopidine).

The aim of this part of the study was to estimate the role of the low grade acute
phase reaction in the regulation of fibrinogen levels by evaluation in cross-sectional
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and intervention studies the association of fibrinogen with the well-known acute
phase protein, C-reactive protein,

Madification of plasma fibrinogen levels by medication (Chapters 7-10)

Plasma fibrinogen levels are known to be modified by medication, for instance by
fish oil plus vitamin E, fibrates and ticlopidine. However, the mechanism of it has
not yet had much attention. Therefore, the aim of this part of the study was to
clucidate the mechanism of fibrinogen lowering by medication:

1} to elucidate the contribution of the low grade acute phase reaction to fibrinogen
lowering by medication

2} to study the association between the effects of medication on fibrinogen and
fibrin{ogen) degradation products known to be involved in regulation of fibrinogen
synthesis,

3) to study the contribution of genetic heterogeneity of fibrinogen to fibrinogen
lowering by medication in order to determine whether it is possible to identify a
group of patients that will benefit more from fibrinogen lowering therapy.

Genetic polymorphisms and fibrinogen (Chapters 6,8,11,12)

There is a difference in risk for cardiac events among individuals. This difference is
partly genetic and might involve polymorphisms in the fibrinogen penes. These
polymorphisms are associated with differences in the regulation of the fibrinogen
levels, In this part of the thesis we studied whether the relation between
polymorphisms and plasma levels of fibrinogen is different in groups of individuals
with a different risk for an acute myocardial infarction, e.g, men and women, Inuit
and Caucasians, patients with symptomatic coronary heart disease and healthy
volunteers.

There is also a difference in the allelic frequencies of these polymorphisms in
patients with peripheral arterial disease with an increase in the frequency of the rare
allele that codes for higher fibrinogen levels in healthy individuals. We hypothesized
that this might more generally be the case in vascular disease. This hypothesis was
studied in groups with different risk of cardiac events, namely in Caucasians and
Inuit, and in patients with symplomatic coronary heart disease and healihy
volunteers,

REFERENCES

1 Cook NS, Ubben D. Fibrinogen as a major cardiovascular risk factor in cardiovascular disease.
TIPS 1990;11:444-451

2 Doclitite RE. Fibrinogen and Fibrin. In: Haemostasis and Thrombosis. Bloom AL, Forhes CD,
Thomas DP and Tuddenham EGD (Eds), Churchill Livingstone, Edinburgh 1993, 3th Ed,
ppd91-513

3 Mosesson MW, Alkjaersig N, Sweet B, Sherry §. Human fibrinogen of relatively high



introduction 23

10

n

12

14

15

16

17

13

20

21

22

23

24

solubitity. Comparative biophysical, biochemical, and biological studies with fibrinogen of
lower solubility, Biochemistry 1967;6:3279-3287

Mosesson MW, Finlayson JS, Umfleet RA, Galanakis D. Human fibrinogen heterogeneities, L.
Structural and related studies of plasma fibrinogens which are high solubility catabolic
intermediates, J Biol Chem 1972;247:5210-5219.

Lipinska I, Lipinski B, Gurewich V., Fibwvinogen heterogensity in human plasma,
Electrophoretic demonstration and characterization of bwo major Bbrinogen components, J Lab
Clin Med 1974;84:509-516.

Weinstein MJ, Deykin D. Low sclubility fibrinogen examined by two-dimensional sodium
dodecyt sulphate gel electrophoresis and isoelectric focusing, Thromb Res 1978;13:361-377
Phillips HM. Isolation of size homogeneous preparations of high molecular weight and fow
motecular weight fibrinogens. Can J Biochem 1981;59:332-342,

Regafion B, Vila V, Aznar J, Laiz B, Human fibrinogen heterogencity, A study of Fimited
fibrinogen degradation. Clin Chim Acta 1989;184:7-18.

Holm B, Niisen DWT, Kierulf P, Godal HC. Purification and characterization of 3 fibrinogens
with different molecular weights obfained from normal human plasma. Thromb Res
1985;37:165-176.

Holm B, Godal HC, Quantitation of the three normally occurring plasma fibrinogens in health
andl during so called "acute phase® by SDS electrophoresis of fibrin obtained from EDTA-
plasma. Thromb Res 1984;35:279-290.

Nakashima A, Sasaki 8, Miyazaki K, Miyata T, Iwanaga S. Human fibrinogen heterogeneity:
the COOH-terminal residues of defective Aw chains of fibrinogen 1I. Bleod Coag Fibrinol
1992;3:361-370.

Miller E, Henschen A. Isolation and characterization of human plasma fibrinogen melecular-
size-variants by high-performance liquid chromatography and amino acid sequence analysis. In:
Fibrinogen 3. Biochemistry, biological functions, gene regulation and expression, Mosesson
MW et al (Eds), Elsevier Science Publishers B.V., Amsterdam, pp 279-282,

Fu Y, Cao Y, Grieninger G. Fib420: a normal human variant of fibrinogen with two extended
alpha chains, Proc Natl Acad Sci USA 1994;91:2625-2628

Heller RF, Chinn S, Tunstall-Pedoe HD, Rose G. How well can we predict coronary heart
disease? Br Med J 1984;288:1409-1411

Meade TW, Brozovic M, Haines AP, Imenson JD, Mellows §, Miller GJ, North MRS, Stirling
Y, Thompson 5G. Haemostatic function and ischaemic heart disease: Principai resulis of the
Northwick Park Heart Study. Lancet 1986;2:533-538

Wilhelmsen L, Svardsudd K, Korsan-Benglsen K, Larsson B, Welin L, Tibblin G. Fibrinogen
as & risk factor for stroke and myocardial infarction, N Engl J Med 1984;311:501-505

Kannel WB, Wolf PA, Castelli WP, D’Agostine RBD. Fibrinogen and risk of cardiovascular
diséase: The Framingham Study. J Am Med Assoc 1987;258:1183-1186

Stone MC, Thorp JM. Plasma fibrinogen - a major risk factor, J R Coll Gen Pract
1985;12:565-569

Heinrich J, Balleisen L, Schulte H, Assmann G, van de Loo ). Fibrinogen and factor VII in the
prediction of coronary risk. Results from the PROCAM Study in healthy men. Atheroscler
Thromb 1994;144:54-59

Lee AJ, Smith WCS, Lowe GDO, Tunstall-Pedoe H. Plasma fibrinogen and coronary risk
faclors: the Scottish Heart Health Study. JF Clin Epidem 1990,43:913-919

Baker LA, Easthan RM, Elwood PC, Etheringion M, O’Brian JR, Sweetham PM. Haemostalic
faclors assoctated with ischemic heart disease in men aged 45 to 64 years. The Speadwell
Study. Br Heart J 1982;47:490-494

Yarnelt JWG, Baker 1A, Sweetnam PM, Bainten D, O'Brien JR, Whitehead PJ, Elwood PC.
Fibrinogen, viscosity, and white blood cell count are major risk factors for ischemic heart
disease. The Caerphilly and Speedwell Colluborstive Heart Disease Studies, Circulation
1991;83:836-844

Cremer P, Nagzl D, Labrot B, Mann H, Muche R, Elster H, Seidel D. Lipoprotein Lp(a) as
predictor of myocardial infarction in comparison to fibrinogen, LDL cholesterol and other risk
factors: results from the prospective Gottingen Risk Indicence and Prevalence Study (GRIPS).
Eur J Clin Invest 1994;24:444-453

Haverkate F. Thrombosis and diabilities, in Advances in Medical Biology, C. Baya, ed, [0S



24

introduction

25

26

27

28

29

30

31

32

34

35

36

37

38

39

40
41

42

43

44

45

46

47

48

49

Press, Amsterdam, 1994, 81-103

Fuchs J, Pinhas A, Davidson E, Rotenberg Z, Agmos J, Weinberger I. Plasma viscosity,
fibrinogen and haematocrit in the course of unstable angina. Eur Heart J 1990;11:1029-1032
Resch KL, Emst E, Matrai A, Paulsen HF. Fibrinogen and viscosity as risk factors for
subseguent cardiovascular events in stroke survivors, Ann Intern Med 1988;19:634-636

Smith EB. Fibrinogen, fibrin and fibrin degradation preducts in relation to atherosclerosis. Clin
Haematol 1986;15:355-370

Jespersen J, Gram J. Fibrinolysis and recurrence of myocardial infarction, Lancet 1987;2:461-
462

Qizilbash N, Jones 1, Warlow Ch, Mann J. Fibrinogen and lipid concentrations as risk factors
for transient ischaemic attacks and minor ischaemic strokes. Br Med } 1991;303:605-609

‘ishida T, Tanaka K. Effects of fibrin and fibrinogen-degradation products en the growth of

rabbit aortic smooth muscte cells in culture. Atherosclerosis 1982;44:161-174

Naito M, Hayashi T, Kuzuya M, Funaki C, Asai K, Kuzuya F. Effects of fibrinogen and fibrin
on the migration of vascular smooth muscle cells in vitro. Atheroselerosis 1990;83:9-14
Peerschike EIB. The platelel fibrinogen receptor. Sein Haem 1985;23:241-259

Degjana E, Languino LR, Polentaruiti N, Balconi G, Ryckewsert J), Larricu M!. Interaction
between fibrinogen and cultured endothelial cells. ) Clin Invest 1985;75: (-8

Duplaa C, Couffinhal T, Labat L, Fawaz J. Moreau C, Bietz 1, Bonnet J, Monocyte adherence
to endothelial cells in patients with atherosclerosis: relationship with risk factors. Eur J Clin
Invest 1993;23:474-479

Altieri DC, Mannucci PM, Capitanic AM. Binding of fibrinogen to human monocytes, J Clin
Invest 1986,78:968-976

Colvin RB, Fbotsk HF. Fibrinogen/fibrin on the surface of macrophages: detection,
distribution, binding requirements and possible role in macrophage adherence phenomena, J
Exp Med 1975;142:1377-13%0

Sherman LA, Lee J. Specific binding of soluble fibrin to mucrophages, J Exp Med
1977;145:76-85

Leschke M, Blanke H, Styellwaag M, Motz W, Strauer BE. Hyperfibrinogenimie und
pathologische Plasmaviskositdt. Disch Med Wsch 1988;143:1175-1181

Schmidt-Schdnbein H, Thrombase als Vorgang in "strémendem Blut", Wechsehwirkungen
fluiddynamischer, rheologischer und enzymologischer Ereignisse beim  Ablaul  ven
Thrombozytenaggregation und Fibrinpolymerisation. Hamostaseology 1988;8:149

Balteisen L, Schulte H, Assman G, Epping PH, van de Loo J. Ceagulation factors and the
progress of coronary heart disease (letter). Lancet 1987;1:461

Broadhust P, Kelleher C, Hughes L, Tmeson JD, Raftery EB. Fibrinogen, factor VII clolting
activity and coronary arlery disease severity. Atherosclerosis 1990;85:169-173

Handa K, Kono 8, Saku K, Sasaki J, Kawano T, Susaki Y, Hiroki T, Arakawa K. Plasma
fibrinogen levels as independent indicator of severity of coromary alherosclerosis,
Atherosclerosis 1989;77:209-213

Gurewich V, Lipinski B, Hyde E. The effect of fibrinogen concentration and the leucocyle
count on intravascular fibrin deposition from soluble fihrin moenomer complexes. Thromb
Haemostas 1976;36:605-614

Folsom AR, Wu KK, Shabar E, Davis CE, Associations of hemostalic varables with prevalent
cardiovascular disease and asymptomatic carolic artery athrosclerosis, The Atherosclerosis Risk
in Communities (ARIC) Study Investigators. Arterioscler Thromb [993;13:1829-1836

Lassila R, Pellonen §, Lepintalo M, Saarinen O, Kavhanen P, Manninen. Severity of
peripheral atherosclerosis is associated with fibrinogen and degradation of cross-linked fibrin,
Arterioscler Thromb 1993;13:1738-1742

Rampling MW, Gaftney PJ. Measurement of fibrinogen in plasma. In: Progress Chemical
fibrinolysis and Thrombosis, Davidson JF, Samama MM, Desnoyres PC (Eds), vol 2, Raven
Press New York 1976, pp 91-103

Shaw TW. Assays for fibrinogen and its derivatives. CRC Crit for Clin Lab Sci [977;8:145-
192

Von Clauss A, Gerinnungsphysiologische Schnellmethode zur Bestimmung des Fibrinogenes.
Acta Haematol 1957;17:237-246,

Astrup T, Brakman P, Nissen U. The estimation of fibrinogen: a revision. Scand I Clin Lab



infroduction 25

50

51

52

53

54

55

56

57

58

59

60

6]

62

63

64

65

66

67

68

69

70

7l

72

73

7

Invest 1965;17:57-65

ECAT Assay Procedures. A manual of taboratory techniques, Jespersen ], Bertina RM,
Haverkate F, Eds. Dordrecht, Boston, London: Kluwer Academic Publishers, 1992, 230 pp.
Ellis BC, Stransky A. A quick and accurate methed for the defermination of fibrinogen in
plasma. Scand J} Clin Lab Invest 1961;58:477-488

Jacobsson K. Studies in the determination of fibrinogen in human blood plasma. Scand J Clin
Lab Invest 1955;7 (supp! 14):1-54

Natelson EA, Dooley DF. Rapid determination of fibrinogen by thromhokinetics. Am J Clin
Pathol 1974;61:828-833

Rossi E, Mondonico P, Lombardi A, Preda 1. Method for the determination of Funclional
(clottable) fibrinogen by the new family of ACL coagulometers, Thromb Res 1988;52:453-468.
Goodwin JF. Estimation of plasma fibrinogen, using sodium sulfile fracticnation, Am J Clin
Pathol 1961;35:227-232

Machin SJ, Mackie ). Rowtine measurement of fibrinogen concentration. Br Med J
1993;307:882-883

Laurell CB. Quastitative estimations of proteins by electrophoresis in agarose gel containing
antibodies. Anal Biochem 1966;15:57-65

Hoegee-de Nobel E, Voskuilen M, Briet E, Brommer EIP, Nieuwenhuizen W. A Monoclonal
antibody-based quantitative enzyme inmnunoassay for the determination of plasma fibrinogen
concentrations, Thromb Haemostas 1988;60:415-8

Palareti G, Maccaferri M, Manotti C, Tripodi A, Chantarangkul V, Rodeghiero F, Ruggeri M,
Mannucci PM. Fibrinogen Assays: a Collaborative Study of Six Different Methods, Clin Chem
£991;37:714-719,

Bxner T, Burridge J, Power P, Rickard KA. An eviluation of currently available methods for
plasma fibrinogen. Am J Clin Pathel 1979;71:521-527

Emst E, Matrai A, Schéld C, Magyarosy 1. Dose-effect relationship between smoking and
biood rheology. Br J Hacmatol 1987;65:485-487

Emst E, Koenig W, Matrai A, Filipizk B, Stieher J. Plasma viscosity and related variables in
healthy cigarette smokers - results from the MONICA-project Augsburg. Asteriosclerosis
1988;8:385-388

Dcobson Al, Alexander HM, Heller RF, Lloyd DM. How soon afler quitting smoking does risk
of heart attack decline? J Clin Epidemiol 19%1;44:1247-1253

Kannel WB, D'Agostino RB, Befanger Al Fibrinogen, cigarette smoking, and risk of
cardiovascular disease: insights from the Framingham Study. Am Heart ) 1987;113: 1006- 1010
Meads TW, Imeson J, Stirling Y. Effects of changes in smoking and other characteristics on
clolting factors and the risk of ischaemic heart disease. Lancet 1987,2:986-988

Wilkes HC, Kelleher C, Meade TW. Smoking and plasma fibrinogen (letter). Lancet
1988;1:307-308

Hager K, Seefried G, Felicetti M, Platt D, Plasma fibrinogen - are there age-dependent
changes? Arch Gerontol Geriatr 1994;suppl 4:99-106

Laharraguz PF, Cambus JP, Fillola G, Corberand JX. Plasma fibrinogen and physiological
aging. Aging Clin Exp Res 1993;5:445-449

Batleisen L, Bailey J, Epping PH, Schulte H, van de Loo J. Epidemiology study on factor Vii,
factor VI and fibrinogen in an industrial population, L. Bascline datz on the relation to age,
gender, body weight, smoking, alcohol, pill using and menopause. Thromb Haemostas
1985;54:475-479

Lee AJ, Lowe GDO, Smith WCA, Tunstall-Pedoe H. Plasma fibrinogen in women: relationship
with oral contraception, the menopause and hormone replacement therapy. Br } Haematol
1993;83:616-621

Emst E, Weihmayr T, Schmid M, Baumann M, Matrai A, Cardiovascular risk factors and
hemorheology. Physical fitness, stress and obesity. Atherosclerosis [986;59:263-269

Iso H, Folsom AR, Wu KK, Finch A, Munger RG, Sato S, Shimamote T, Terao A, Komachi
Y. Haemostatic variables in Japanese and caucasian men. Am J Epidemiol 1989;130:925-934
Rosengren A, Wilhelmsen L, Welin L, Tsipogianni A, Teger-Nilsson AC, Wedel H, Social
influences on cardiovascular risk factors as determinants of plasma fibrinogen cancentration in a
general population sample of middle aged men. Br Med J [990;300:634-638

Markowe HLJ, Marmot MG, Shipley MJ, Buipitt CJ, Meade TW, Stirling Y, Vickers MV,



26

introduction

75

76

77

78

79

80

8t

82

83

84

85

87

83

89

90

a1

92

93

94

95

96

97

98

Semmence A. Fibrinogen: a possible jink between social class and coronary heart disease, Br
Med J 1985;291:1312-1314 '

Jem C, Eriksson E, Tengbom L, Risberg B, Wadenvik H, Jerm S. Changes of plasma
coagulation and fibrinolysis in response to mental stress, Thromb Haemostas 1989;62:767-771
Baker JA, Sweetnam PM, Yamell JWR, Bainton D, Elwood PC. Disease and social class:
evidence from the Caerphilly and Speedwell studies. Int J Epidemict 1988;17:759-494

Stout RW, Crawford V. Seasonal variations in fibrinogen concentrations among elderly people.
Lancet 1991;338:9-13

Woodhouse PR, Khaw KT, Plummer M, Foley A, Meade TW. Seasonal variations of plasma
fibrinogen and factor VII activity in the elderly: winter infections and death from cardiovascular
disease. Lancet 1994;:435-439

Stratton JR, Chandler WL, Schwartz RS, Cerqueira MD, Levy WC, Kahn SE, Larson VG,
Cain KC, Beard JC, Abbrass IB. Effect of physical conditioning on fibrinolytic variables and
fibrinogen in young and old healthy adults, Circulation 1991;83:1692-1697

Inglis TCN, Stuart J, George AJ, Davies AJ. Haemostalic and rheological changes in normal
pregnancy and pre-eclampsia, Br J Haematol 1982;50:461-465

Cohen H, Mackie IF, Walshe K, Gillmer MDG, Machin 8}, A comparison of the sffects of two
triphasic oral contraceptives on haemostasis. Br ] Haematol 1988;69:259-263

Ernst E. The effects of oral contraceptives on fibrinogen. Atherosclerosis 1992;93:1-5

Pyke SDM, Thompson SG, Buchwalsky R, Kienast J, on behalf of the ECAT Angina Pectoris
Study Group. Variability over time of haemostatic and other cardiovasewlar risk fuctors in
patients suffering from angina pectoris, Thromb Haemostas 1993,70:743-746

Thompson §G, Martin JC, Meade TW. Sources of variability in coagufation factor assays.
Thromb Haemost 1987;58:1073-1077

Kushner I. The phenomenon of the acute phase response. Ann N Y Acad Sci 1982;38%9:39-48
Huber P, Laurent M, Dalmon J. Humun B-fibrinogen gene expression. Upstream sequences
involved in its tissve specific expression and its dexamethasone und intedevkin 6 stimulation. J
Biol Chem 1990;265:5695-5701

Caslelt JV, Go6mez-Lechén MIJ, David M, Andus T, Geiger T, Trullenque R, Fabra R,
Heinrich PC. Interleukin-6 is the major regulator of acute phase protein synthesis in adult
human hepatocytes, FEBS letlers 1989;242:237-239

Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature 1993;362:801-
809

Kanne! WB, Anderson K, Wilson PWF. White blood cell count and cardiovascular .disease.
Insights from the Framingham Study, J Am Med Assoc 1992;267:1253-1256

Humphries SE, Cook M, Dubowitz M, Stirling Y, Meade TW, Role of genetic variation at the
fibrinogen locus in determination of plasma fibrinogen concentrations, Lancet 1987:i:1452-1455
Green KG, Heady A, Oliver MF. Blood pressure, cigarette smoking and heart aftack in the
WHO co-operative trial of clofibrate. Int T Epidem 1989;18:355-360

Hamsten A, Iseluis L, de Faire U, Blomback M. Genetic and culturat inheritance of plasma
fibrinogen concentraticn, Lancet 1987;2:988-990

Berg K. Genetics of coronary heart disease and its risk factors, Ciba Found Symyp 1987:130:14-
133.

Cook M, Godingr N, Green F, Stirling Y, Meade TW, Humphries SE. Genetic control of
plasma fibrinogen levels, In: Mosseson MW, Amran DL, Sichenlist KR, DiOriv JP, eds.
Fibrinogen 3. Biochemistry, biclogical functions, gene regufations and expression. Amsterdam:
Elsevier Science Publishers BV, 1988:1E-15

Green F, Hamsten A, Blombick M, Humphries 8. The role of B-fibrinogen genutype in
determining plasma levels in young survivors of myocardial infarction and healthy controls
from Sweden. Thromb Haemost 1993;70:915-920

Scarabin P, Plu-Bureau G, Bara L, Bonithon-Kopp C, Guize L, Samuma MM. Huaenostatic
variables and menopausal status: influence of hormone replacement therapy, Thromb Haemost
1993,70:584-587

Koenig W, Sund M, Emst E, Mraz W, Doring A, Keil U, Hombach V. Blood viscosity and
hyperipoproteinemia. Biorheology 1989;26:601

Lowe GDO, Drummond MN, Third JLH, Bremner WF, Forhes CD, Prentice CR, Lawrie TD.
Increased plasma fibrinogen, and platelet aggregates in type I hyperdipoproteinuemia, Thromb



introduction 27

99

100

101

102

103

104

105

106

107

108

109

1o

111

152

113

114

115

116

117

118

119

120

121

Haemost 1979;42:1503-1507

Niort G, Bulgarelli A, Cassader M, Pagano G. Effect of short-term treatment with bezafibrate
on plasma fibrinogen, fibrinopeptide A, platelet activation and blood filterability in
atherosclerotic hyperfibrinogensmic patients. Atherosclerosis [988;71:113

Di Minno G, Mancini M. Drugs affecting plasma fibrinogen levels. Cardiovase Drugs Ther
1992;6:25-27

Bo M, Bonino F, Neirotti M, Gottero M, Pernigotti L, Molaschi M, Fabris F, Hemorheologic
and coagulative pattern in hypercholesterolemic subjects treated with lipid-lowering drugs.
Angiology 1991;42:106-113

Simpson 1A, Lorimer AR, Walker ID, Davidson JF. Effect of ciprofibrate on platelet
aggregation and fibrinolysis in patients with hypercholesterolaemia. Thromb Hazemosl
1985;54:442-444

Almer LO, Kjelstedm T. The fibrinolytic system and coagulation during bozafibrate treatment
of hypertriglyceridemia, Atherosclerosis 1986;61:81-85

Branchi A, Rovellini A, Sommariva D, Gugliandolo AG, Fasoli A. Effect of three fibrate
derivatives and of two HMG-CoA reductase inhibitors on plusma fibrinogen level in patients
with primary hypercholesterolemia. Thromb Haemostas 1993;70:241-243

Elkeles RS, Chakrabarti R, Vickers M, Stirling Y, Meade TW. Effect of treatment of
hyperlipidaemia in haemostatic variables, Br Med J 1980;281:973-974

Ogston D, Beanett NB, Crawford GPM, Douglas AS. The effect of clofibrate on components
of the fibrinolytic enzyme system, Atherosclerosis 1972;16:273-276

Pazzucconi F, Mannucei L, Mussoni L, Gianfranceschi G, Maderna P, Werba P, Franceschini
G, Sirtori CR, Tremoli E. Bezafibrate lowers plasma lipids, fibrinegen and platelet
aggregability in hypertriglyceridemia. Eur } Clin Pharmacol 1992;43:219-223

Pickart L. Suppression of acute-phase synthesis of fibrinogen by a hypolipidemic drug
(Clofibrate}. Int J Tiss Reac 1981;3:65-72

Strtori CR, Franceschini G, Eftect of fibrates on serum lipids and atherosclerosis. Plrarm Ther
1988,37:167-191

Catapano AL. Mede of action of fibrates, Pharmac Res 1992;26:331-340

Desager JP, Clinical pharmacokinetics of ticlopidine., Clin Pharmacokinet 1994;26:347-355
Defreyn G, Bemat A, Delebassee D, Maffrand J. Pharmacology of Ticlopidine: A Review.
Sem Thromb Hemost 1989;15:159-166

O’Brien J, Etherington MD, Shuttlaworth R, Adams C, Middieton JE, Goodland FC. A pilot
study of the effect of gemfibrozil on some haematological parsmeters. Thrombh Res
1982,26:275-279

Hass WK, Easton JD, Adams HP Jr, Molony BA, Kamm B. A randomized trial comparing
ticlopidine hydrachloride with aspirin for the prevention of stroke in high-risk patients, N Engl
¥ Med 1989;321:501-507

Avellone G, Di Garbo V, Crodova R, Ranelli G, De Simone R, Bimppiani G. Effect of
gemfibrozil {reatment on fibrinolysis systen in patients with hypeririglyceridemia. Curr
Therapeutic Res 1992;52:338-348

Conard J, Lecrubier C, Scarabin PY, Horellon MH, Samama M, Bousser MG, Effects of long
ferm admininistration of ticlopidine on platelet function and hemostatic variables. Thromb Res
1980;20:143-148

Randi ML, Fabris F, Crociani ME, Batteechio F, Girolami A. Efiects of ticlopidine on hlood
fibrinogen and blood viscosity in peripheral atherosclerotic disease, Dmug Res 1985;12:1847-
1849

Palareti G, Poggi M, Torricetli P, Balestra V, Coccheri 8. Long-term effects of ticlopidine on
fibrinogen and haemorheology in puatients with peripheral arterial disease. Thromb Res
1988;52:621-629

Teheres M, Sarosi I, Juricskay I, Losoncsy H, Nagy 1. Effect of longterm ticlopidine therapy
on the rheological propertics of blood. Seventh International Congress on Thrombosis,
Valencia, Spain, October 1982, (abstract 215)

Auvkland A, Hurlow RA, George AJ, Stuart J. Platelet inhibition with ticlopidine in
atherosclerotic intermittent claudation, J Clin Pathol 1982;35:740-743

Mazoyer E, Ripoll L, Boisseau MR, Prouct L. How does Ticlopidine treatment lower plasma
fibrinogen 7 Thromb Res [994;755:361-370



28

introduction

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

Henry 1, Uzan G, Weit D, Nicholas H, Kaplan JC, Marguerie G, Kahn A, Junien C. The
genes coding for the Aa, BB and y chain of tibrinogen map to 4q2. Am ] Human Genet
1984;36:760-768

Kant JA, Fommace Al, Saxe D, Simon MI, McBride OW, Crabiree GR, Evolution and
organization of the fibrinogen locus on chromosome 4: Gene duplication accompanied by
transposition and inversion. Proc Natl Acad Sci USA [985;82:2344-2348

Chung DW, Que BG, Rixon MW, Mace MJr, Davie EW. Characterization of complementary
deoxyribonucleic acid an genomic deoxyribonucleic acid for the # chain of human fibrinogen,
Biochemistry [983;22:3244-3249

Chung DW, Chan WY, Davie EW. Characterization of a complementary deoxyribonucleic acid
coding for the y chain of human fibrinogen. Biochemistry 1983;22:3250-3256

Rixen MW, Chan WY, Davie EW, Chung DW. Characterization of a complementary
deoxyribonucleic acid coding for the o chain of human fibrinogen. Biochemistry £983;22:3237-
3244

Aschbacher A, Buetow K, Chung D, Walsh 8, Murray J. Linkage disequilibrivm of RFLP's
associated with o, §§ and + fibrinogen predict gene order on chromosome 4. Am } Hum Genet
1985;37:186A,

Murray JC, Buetow K, Chung D, Aschbacher A. Linkage disequilibrivin of RFLPs at the bata
and gamma fibrinogen foci on chromosome 4. Cytogenet Cell Genet 1985;40:707-708

Thomas A, Lamlum H, Humphries S, Green F. Linkage disequilibrium across the fibrinogen
locus as shown by five genetic polymorphisms, G/A™® (Haelll), C/T™* (Hind1l/ A,
TIGH (Avall), and Bell (B-fibrinogen) and TFaql (o-fibrinogen), and their detection by PCR.
Human Mutation 1994;3:79-81 .

Wiseman SA, Jaye PD, Powell JT, Humphries SE, Greenhalgh RM, Frequency of DNA
polymorphisms of the apolipoprotein B and fibrinogen genes in young patients with peripheral
arterial disease, in Zilla P, Fasol R, Callow A (eds): Applied Cardiovasculur Biology 1989,
Basel, Karger 1990;1:118-123

Fowkes FGR, Connor JM, Smith FB, Wood J, Donnan PT, Lowe GDQ. Fibrinogen genotype
and risk of peripheral atherosclerosis. Lancet [992;339:693-696

Thomas AE, Green FR, Kelleher CH, Wilkes HC, Brennan PJ, Meade TW, Humphries SE,
Variation in the promoter region of the f§ fibrinogen gene is associated with plasma fibrinogen
levels in smokers and non-smokers, Thromb Haemost 1991;65:487-490,

Berg K, Kierulf P. DNA polymorphisms al fibrinogen loci and plasma fibrinngen concentration.
Clin Gen 1989;36:229-235

Meade TW, Chakrabarti R, Haines AP, North WR, Stirling Y. Characteristics affecting
fibrinodytic activity and plasma fibrinogen concenlrations, Br Med ! 1979;1:153-156

Bain BJ, Some influences on the ESR and the fibrinogen level in healthy subjects. Clin Lab
Haemat 1983;5:45-54

Aillaud MF, Pignol F, Alessi MC, Harle JR, Escande M, Mongin M, Juhan-Vague L Increase
in plasma concentration of plasminogen aclivator inhibitor, fibrinogen, von Willehrand factor,
factor VIII:C and in erythrocyte sedimentation rate with age. Thromb Haemost 1986;55:330-
332

Krobot K, Hense HW, Cremer P, Eberle E, Keil U. Determinants of plasma fibrinogen:
relation to body weight, waist-to-hip ratio, smoking, alcchol, age, and sex. Arterioscl Thromb
1992;12:780-788

Kester T, Rosendaal FR, Reitsma PH, van der Velden PA, Bridt E, Vandenbroucke JP. Faclor
VII and fibrinogen levels as risk factors for venous thromhosis, Thromb Haemostas
1994;71:719-722

Meller L, Kristensen TS. Plasma fibrinogen and ischemic heart disease risk fuctors, Arterioscl
Thromb 1991;11:344-350



29

CHAPTER 1

CRITICAL EVALUATION OF FIBRINOGEN ASSAYS

M.P.M. de Maat, F, Haverkate
Gaubius Laboratory TNO-PG, Leiden, The Netherlands

Hypercoagulable State: Biological Aspects and Clinfcal Management. Samama M,
Seghatchian J (Ed). CRC-Press. In Press



30




chapter 1 31

INTRODUCTION

Fibrinogen is a soluble plasma glycoprotein that is present in normal human plasma
at a concentration of 2-4 g/L. In pathological states il can fluctuate from
approximately 0 to above 10 g/L. It is composed of two pairs of three polypeptide
chains (Aa, BB and +) that are interconnected by disulphide bridges. The
aminoterminal segments of the six chains form a central domain from which the
fibrinopeptides A and B protrude!. During clolting thrombin cleaves off the
fibrinopeptides A from the Ao chains which leads to a conformational change of the
molecule and, via intermediate stages, eventually leads to polymerisation into the
insoluble fibrin fibres. Somewhat delayed also the fibrinopeptides B from the BgS-
chain are cleaved off, which initiates the lateral polymerization of the fibrin fibres,
The fibrin network is normally constructed of fibres that are about one um in
diameter, corresponding to a width of several hundred molecules, Only 0.3% of the
mass of a blood clot is made up of fibrin, about 80% of the volume is liquid and the
remainder includes blood elements like platelets and red and white blood cells,

Fibrinogen concentrations are subject to considerable biological variation,
Fibrinogen is one of the major acute phase reactant proteins, and increased hepatic
synthesis occurs as a physiological response to inflammation and tissue necrosis?,
Altered protein catabolism due to intravascular consumption may also influence
circulating plasma concentrations, The plasma fibrinogen concentration rises 5-7%
per ten years of age®S, and a gender difference is described in both young and old
groups™. Fibrinogen levels are also correlated with smoking®™* 7, body weight**
and degree of coronary stenosis®*!2. In women, the fibrinogen levels rise after the
menopause. The effects of hormone replacement therapy are inconsistent’, The
plasma fibrinogen level is increased in users of combined oral contraceptives™ and
during pregnancy®.

At least three molecular forms of fibrinogen have been identified in plasma™®,
Fibrinogen is synthesized in the high molecular weight form (HMW), with two
intact carboxyl ends of the w-chain, In plasma two groups of degraded forms of
fibrinogen can be distinguished. One group has one degraded Ac-chain carboxyl
end and is called the low molecular weight (LMW) form, in the other form both
Aa-chains are degraded and this is called the LMW' form. In a normal, average
plasma 70% of fibrinogen is HMW, 26% is LMW and only 4% is LMW?*, The
LMW and LMW’ forms are heterogenous due to the different length of their
constituent Aa-chain. The enzymes responsible for the degradation have not yet been
identified®,

There are indications of a pathological significance of the occurrence of relatively
high levels of HMW fibrinogen. Treatment of patients with acule myocardial
infarction (AMI} with streptokinase results in a radical consumption of their
fibrinogen. Fibrinogen is then newly synthesized in the HMW form® which has an
increased clotting capacity. This procoagulant tendency might explain the
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observation that in patients with the highest HMW-fibrinogen levels more
reinfarctions are observed. For the management of AMI patients it is therefore
advisable to measure fibrinogen levels with a method that is more sensitive to HMW
fibrinogen than to the other fibrinogen forms, because such an assay may give the
best estimation of the thrombotic risk. Promising methods for this purpose are in
development and will be discussed. A prethrombotic state due to increased HMW-
fibrinogen also rapidly develops after hip surgery; after MI not treated with
streptokinase; or afler any major trauma, where much HMW-fibrinogen is
synthesized while the LMW only increases much later®,

Usually plasma fibrinogen levels are measured in the management of consumptive
coagulopathies, During the last decade fibrinogen levels have been studied in other
diseases. An association between fibrinogen levels and the severity of atherosclerosis
has been repeatedly observed™??, Also, the results of the Northwick Park Heart
Study® and several other studies in healthy populations®*** have shown (hat
elevated plasma fibrinogen levels are associated with an increased risk for ischaemic
heart disease (IHD). Although methods for fibrinogen quantification differ from
study to study, a significant association between plasma fibrinogen levels and risk
for cardiac events was found in all of them.

There are several different principles on which the measurement of fibrinogen can
be based®®¥, First, there are the clolting rate assays, that give a functional
fibrinogen level. The second group of assays measure the amount of protein that can
be clotted with thrombin. Furthermore, there are the methods based on heat- and salt
precipitation of fibrinogen, Finally there are the immunological methods for which
there is growing interest since the introduction of specitic monoclonal antibodies.

Each of these methods will be susceptible in its own way to sources of variation,
The expression of the three forms of fibrinogen mentioned above is likely to be
different in clotting assays, because the thrombin clotting times of the three
fibrinogen forms differ'®?'®%  The different fibrinogen forms also produce clots
with a different fibre structure®®, which might influence methods where the end point
depends on the clot structure (Elis and Stransky, Prothrombin Time-derived
(discussed later)). In this paper, we will focus on the currently used methods lo
determine fibrinogen, and on the methodological aspects including specificity,
sensitivity, interfering substances and calibration.

CLOTTING RATE BASED ASSAYS

The assays that are most often used in a routine laboratory are based on measuring
the time it takes to clot plasma after the addition of excess thrombin®™, The
concentration of fibrinogen is expressed as a function of the clotting time. By
applying different dilutions of the plasma, it is possible to measure fibrinogen levels
between 0.5 and 10 g/L. It is also possible lo use snake venom (Arvin) or reptilase
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in clotting rate assays instead of thrombin. The latter enzymes function more
specifically than thrombin because they will only split oft the fibrinopeptide A%,

It has to be remembered that this method yields a functional fibrinogen level, and
not an absolute concentration of fibrinogen. As will be discussed below, the
fibrinogen levels found with this method are influenced by forms of fibrinogen that
have an altered fibrinogen clotling rate,

An additional point of importance is that the effect of certain factors (such as the
degradation products of fibrin and fibrinogen (FDP); heparin) on the clolting rate
assays may be different from the effect they have on the clotling rate in vivo,

Factors Influencing the Clotting Time

Fibrin degradation products (FDP) have a strong anticoagulant effect and affect the
polymerisation times of fibrinogen solutions. This effect is most pronounced for
fragments X and Y*, but fragment D also has anticlotting properties®. Increased
FDP levels are therefore expected to delay clotting in clotting rate based assays and
as a consequence yield spuriously low fibrinogen levels, However, no effect of FDP
(< 190 pg/mL) on the Clauss assay was found in samples containing normal
fibrinogen levels, Only in samples with fibrinogen levels below 1 g/L did the high
FDP levels interfere™, This might be explained by a difference in the type of FDP
in that situation™#, Increased fibrin monomer lfevels in the patient are expected o
cause spuriously high levels through reduction of the clotting time.

Also, an alteration in the distribution of the three fibrinogen forms (HMW, LMW
and LMW?’) in plasma may affect the Clauss assay. The LMW and LMW’ forms
have a prolonged thrombin clotting time'®'*? and therefore changes in the ratio of
the three fibrinogen forms will affect the thrombin clotting time and result in
different values without differences in molar concentrations. The time required for
the transformation from HMW- and LMW-fibrinogen to fibrin by thrombin is
similar, but the rate of polymerization is reduced for LMW compared to HMW and
is even lower for LMW’. Also, the different heighls of the polymerization curves
indicate different fibril length and thickness, Clots from HMW fibrin have thicker
and shorter fibrils than those from LMW fibrin®®, A more compact clot has a higher
turbidity and firmness than a looser clot and this influences the turbidimetric and
mechanical end point measurements.

Newly synthesized fibrinogen is more phosphorylated, particularly in
fibrinopeptide A at serine 3, than normal fibrinogen®™***, The fibrinogen found
after streptokinase treatment has 66% of the possible sites phosphorylated whereas
normal fibrinogen has only 30%%. Reports on the effect of phosphorylation on
clotting are conflicting. Witt et al¥’ find no effect, but both Hanna et al'® and
Reganon et al® describe that phosphorylation increases the release of FPA, which
they ascribe to an enhanced binding of thrombin to the phosphorylated fibrinogen. If
indeed phosphorylated fibrinogen clots faster, this further emphasizes that not all
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forms of fibrinogen show the same clotting behaviour.

Another compoenent that influences the clotting rate*assay is heparin, which in
patients’ plasma (concentrations (.03 - 3 TU/mL) gives apparent increases up to 20%
of the estimated plasma fibrinogen level in the Clauss assay¥. This artefact might
hinder the use of the fibrinogen level to predict the thrombotic risk, Polybrene (1,5-
dimethyl-1,5-diazaundeca-methylene polymethobromide) can be used to neutralize
heparin in the sample®,

Little is known about the disturbance by lipids in the clotting rate assay. No effect
was found when plasma from healthy volunteers was supplemented with plasma with
increasing levels of B-lipoprotein®™, In assays based on a turbidimetric end point,
lipemic and haemolytic plasmas may disturb the measurements, .

In patients with cirrhosis of the liver, the fibrinogen molecules have an increased
sialic acid content. This causes prolonged clotting times with thrombin®-*?. After
removing the sialic acid from the fibrinogen molecules with neuraminidase, the
clotting times normalize. It has been reported that during inflammation the
glycosylation of the acute phase proteins is altered™*. As fibrinogen is an acute
phase protein, this may resuit in defective functional fibrinogen levels™ in patients
with an increased inflammatory status.

One freezing-thawing step does not give levels different from those found in fresh
plasma®,

Accuracy

I a quality control study performed in 18 different laboratories, the Clauss method
was the most accurate haemostatic assay™, reporting a coefficient of variation (CV)
of 3.3% between duplicate measurements in the same series, a between day CV of
4,7% and a between centres CV of 5.3%,

Use as Routine Assay

The clotting rate based methods are the most frequently used in routine laboratories,
because they measure the functional fibrinogen levels and also because they are fast,
cheap and have little variation®, A major problem, especially in the assessment of
thrombotic risk, is the discrepancy between the different laboratories. This will be
discussed below,

Comments

In clotting rate assays the velocity of the fibrinogen to fibrin conversion can be

enhanced by the presence of dextran and calcium chloride. Dextran increases the

turbidity of the fibrin polymer al subnormal plasma concentrations of fibrinogen®.
Calcium ions are not essential for fibrinopeptide release nor for polymerisation of

fibrin monomers, bul they greatly accelerate the apggregation of soluble fibrin
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monomer’*®, Calcium also makes fibrinogen more resistant to.thermal and acid
denaturation, and to digestion by plasmin®.

CLOTTABLE PROTEIN BASED ASSAYS
A, ASSAYS BASED ON CLOT MASS MEASUREMENT
Methods that delermine the amount of clottable protein use the unique property of
fibrinogen that it becomes a clot after the addition of thrombin. After complete
clotting of the fibrinogen, the non-clottable proteins trapped in the fibrin network
must be washed out before the weight or protein content of the clot is determined.
The methods are time-consuming, because both complete clofting and thorough
washing out of the non-clottable proteins take time.
Compared to the clotting rate method, measurement of clottable protein is more
representative of the molar concentration of fibrinogen, because fibrinogen forms
with prolonged clotting times are also measured,

Imterfering Factors

Arnesen et al® found only a minor increase of up to 1 g/L early FDP in the
measured amount of total clottable protein. This is confusing, because the fragment
X is an early FDP that still has clotting capacity. Hoffmann et ai*® describe a
marked increase of the apparent fibrinogen levels when + 2.5 g/l fragment X is
added to pooled plasma, a small increase when fragment Y is added and no effect
from fragments D and E. These concentrations are only obtained after thrombolytic
therapy, Interference by heparin, haemolytic plasma or increased sialic acid content
of fibrinogen has never been described and is uniikely.

Fat is trapped in the fibrin clot formed from blood collected during alimentary
lipemia. The error in the determination of fibrinogen, due to trapped fat, is small
provided correction is made for "extraneous absorption"®®, Lipid containing
plasmas that have been lyophilized cannot be used in a gravimetric assay, because
clotting is disturbed by the lipids. We observed this repeatedly with this method, but
not with other fibrinogen assays. One freezing-thawing step of the plasma yields the
same levels as in fresh plasma®.

Accuracy

The total clottable protein methods have a 4.6% variation in duplicate
measurements®®. The method is less accurate with low fibrinogen levels, because
weak clots are formed that are difficult to handle.

Use in Routine Assays
This assay is hardly ever used in a routine laboratory, because it is very labour-
intensive. However, two epidemiological studies, the Northwick Park Heart Study®
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and the Framingham Study® employed this method,

Comments

Originally, the final step was drying the clot and weighing it (gravimetric assay)®,
as in the Northwick Park Heart Study®. Alternatively, the fibrin clot can be
dissolved in urea and the protein content is then calculated from the absorbance at
279 nm®. To correct for non-protein contamination, such as lipids, the absorbance at
315 nm was subtracted from the absorbance at 279 nm®, Astrup et al*’ dissolved the
clot in 2.5 N NaOH in a boiling water bath and then measured the protein content
with sodium carbonate and phenol reagent, oblained thereby a variance of fess than
1%. Ratnoff and Menzie® dissolved the clot in 1 N NaOH and measured the protein
with the Biuret test.

B. ASSAYS BASED ON CHANGE IN TURBIDITY

The Ellis and Stransky method® is also based on complete clotting of fibrinogen by
thrombin, but the quanlitation is based on the increase in opacity (turbidity) at 470
nm, due to the formation of fibrin. This method gives additional information on
kinetics of fibrin formation and fibrinolysis which can be obtained from the
continuous monitoring of the absorbance.

Nowadays, many laboratories use automalic coagulometers. These machines often
derive the fibrinogen levels from the prothrombin time (PT)™7', This method is
based on the Ellis and Stransky method because it measures increased optical density
after clotting. It yields pood results when the prothrombin time is relatively
normal 707,

Accuracy

The Ellis and Stransky methed has a 5.6% variation between duplicate
measurements®. The PT derived fibrinogen assay gives a same day CV of 5.6% and
a different day CV of 6.5%%,

Use as Routine Assay

Measurement of PT-derived fibrinogen levels is used frequently nowadays, because
this assay can be performed on automalic coagulatometers. Because this test can be
performed in combination with the PT, it is relatively cheap,

Comments

Changes in the fibrin clot structure will affect the turbidity of the clot. Because the
different molecular weight forms of fibrinogen and the degree of phosphorylation of
fibrinogen affect clot structure, these factors influence the measurement of
fibrinogen with this method. The presence of calcium during clot formation also
modifies the clot structure™,
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The effects of lipids on turbidity and thereby on the PT-derived measurement can
be corrected for with the newest apparatus. In patients on oral anticoagulants, results
do not significantly differ from those in the Clauss assay’!, Bilirubin (<15 mg/dL)
and haemoglobin (<150 mg/dL) have no disturbing effects™™, An effect of the
clottable, early FDP has not yet been described, but is theoretically expected.

Unless clot formation is complete, spuriously low levels are obtained. This might
be a problem in patients receiving heparin; therefore it is usually neutralized with
polybrene®, One freezing-thawing step does not alter the measured fibrinogen
levels™.

PRECIPITABLE PROTEIN BASED ASSAYS
Fibrinogen can be precipitated by heating™™ or with salt™. These methods
determine both the clottable and the non-clottable fibrinogen.

The heat precipitation method measures the amount of protein that precipitates at
56°C. It is very sensitive to assay conditions. An increase in the temperature of
one °C leads to a 12% error due to co-precipitation of other proteins. The assay is
also sensitive to the pH in the system.

Sulphite™ ™ and ammonium sulphate” have been used in quantitative assays
because they specifically precipitate fibrinogen. Other salts have the disadvantage
that they co-precipitate many other proteins., The best resulis are obtained with
sodium sulphite because it cleaves the disulphide bonds of fibrinogen specifically and
accurately™.

Accuracy
It the assay conditions are well controlled the heat precipitation methods gives

coefficients of variation of 3.9%, precipitation with sodium sulphite 7.1% and
precipitation with ammonium sulphate 5.4%%. Because of the many possible
technical errors and interferences, these methods are generally considered
unreliable®,

Use in Routine Assays
As the precipitation methods are prone to errors they are not routinety used,

Comments
Low levels of fibrin monomers (<0.1 g/L) do not influence the precipitation of
fibrinogen by heat or by sait. Lipids in the sample de not influence the turbidimetric
measurement when sufficient care is taken of the cooling procedure in the heat
precipilation method®,

If the assay conditions are well controlled the heat precipitation method is not
influenced by moderate haemolysis, heparin, fibrin monomers, hyperlipemia and
bilirubin™. There is however an effect of early fibrin(ogen) degradation products (X
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and Y), but not of D and E%, if they are present in large amounts (> 15% of the
fibrinogen level),

IMMUNOLOGICAL ASSAYS

Immunological methods measure the fibrinogen related amtigens, rather than the
amount of fibrin that can be formed. They include immuno-precipitation methods
like radial immunodiffusion (RIDY’ or rocket immuno electrophoresis™ where
polyclonal antibodies are applied. These precipitation assays need polyclonal
antibodies, which unfortunately crossreact with fibrin degradation products,
fibrinogen degradation preducts and soluble fibrin. The enzyme immune assays
(EIA) can use cither polyclonal or specific monoclonal antibodies (e.g. specific to
HMW 4+ LMW fibrinogen™). The use of fibrinogen-specific monoclonal antibodies
specifically determines fibrinogen and gives an assay system that has a lower
detection limit than clotting rate or total clottable protein methods. The disadvantage
of EIAs is that they are more time-consuming than clotting rate assays, although for
instance the recently developed HMW+LMW fibrinogen EIA™ takes less than |
hour (apart from sample preparation time).

The specificity of the monoclonal antibodies used in the HMW+LMW fibrinogen
assay has the advantage of measuring specifically those molecular weight forms of
fibrinogen that have the highes! clottability and therefore are possibly associated with
the highest thrombotic risk.

Interfering Factors

It depends on the specificity of the antibody™ whether FDP are measured in
immunological assays. Usually, polyclonal antibodies crossreact’ with FDP, but the
FDP levels have o be very high to noticeably influence the fibrinogen levels. In
patients treated with streptokinase, apparently normal fibrinogen levels are found in
radial immuno diffusion assays due to the high level of FDP. The clotting rate and
total clottable protein assays would suggest a marked reduction of fibrinogen in these
patients®s,

The influence of the different forms of fibrinogen also depends on the specificity
of the antibody, The recently developed HMW+LMW fibrinogen EIA" uses
antibodies that do not detect the LMW' form of fibrinogen. Most polyclonal
antibodies are not expected to react differently to the three fibrinogen forms,
However, as stated above they will cross-react with FDP.

Effects of lipids, heparin, haemolysis, phosphorylation and sialic acid on the
measurement have not been reported, but are unlikely. One step of freezing-thawing
does not influence the RID assay™, In the rockel immuno-electrophoresis the
addition of EDTA is required.
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Accuracy
When RID is performed on blood plasma that has been collected in heparin, the
fibrinogen levels will be 10.7% higher than in sodium citrate plasma, whereas the
concentrations in EDTA plasma are [0.3% higher than the heparin plasma®. This
difference may partly be due (o the dilution effect of plasma in citrate. Heparin is
known to inhibit the formation of antigen-antibody complexes in immunoassays.

The same day CV of the HMW+LMW EIA was between 3% and 7%, depending
on the plasma dilution used, the different day CV was between 2.8% and 7.7%".

Use as Routine Assay
The traditional immunological methods were very time consuming, a radial
immunediffusion assay {akes three days. In most routine laboratories the
immunelogical methods are mainly used when the presence of dysfibrinogenaemia is
suspected.

The earlier EIAs took one day because they used relalively long incubation
periods. The new HMW+ LMW fibrinogen EIA only takes one hour, from the first
incubation to the end of the staining reaction™, which makes it suitable for routine

use.

COMPARISON BETWEEN METHODS AND BETWEEN LABORATORIES
Standards

To identify an increased fibrinogen level as a potential cardiovascular risk factor, it
is essential that a correct standard is used. Furlan® reported that there were giant
differences between the indicated tevels of commercial fibrinogen standards and the
actual levels. To overcome the problem of differences between standards, it is
desirable to establish the potency of a standard after a collaborative study, by
agreement with the participants, For a long term reference standard the stability has
to be checked. An international standard for fibrinogen is now available®.

Comparison Between the Different Methods
In various studies the available fibrinogen assay methods have been compared. In
general, there is good correlation between different methods when rank order is
considered (i.c. high levels with one method yield high levels in another and,
similarly, for intermediate or low levels™®. There is also a high degree of
consistency in different studies of the association between fibrinogen levels on the
one hand and physiclogical factors (e.g. smoking, age, body mass index (BMI)) and
risk of arterial disease on the other.

One study compared the clotting rate’, clottable protein (PT-derived) and
immunological (RID) methods in plasma samples from healthy individuals and
patients with acute pneumonia and postoperative patients with increased fibrinogen
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_levels™. Palareti et al*’ found large discrepancies between the results obtained with
the same samples applying different methods when they used the standard included
in the different test kits. When they calibrated all methods to the same reference,
there was satisfactory agreement, i.e, in the relation between different methods and
the average of the methods. The most accurate is the Clauss method, but all methods
had an inaccuracy below 8%. Although agreement in the group as a whole was
acceptable, differences in agreement between the healthy individuals and the patients
was not studied. Less agreement might be observed in patients with increased levels
of HMW- and phosphorylated fibrinogen,

In another study Exner et al®® compared the Clauss method, total clottable
fibrinogen (protein and clot opacity), salt ((NH,),S0, and Na,$0O,) and heat
precipitation methods to measure the plasma fibrinogen levels in patients with
various diseases, e.g. consumptive coagulopathy and hepatic cirrhosis. The
correlation of the total clottable protein level with the other methods was satisfactory
(>0.91), but the results of salt precipitation methods were inaccurale at low levels
(below 1 g/L) and gave spuriously high values in jaundiced samples. The Clauss
method had the best reproducibility.

Comparison Between Laboratories

The differences between laboratories are much farger than those between different
methods in one laboratory. In 1993, the results of the College of American
Pathologists (CAP) Proficiency Testing Program in 2250 laboratories from 1988 to
1991 were published®, Poor interlaboratory reproducibility was described. The
authors ascribe this to both instrument and reagent variables. The absence of an
international standard for plasma fibrinogen was believed to be the major reason for
the reagent variation,

In the European Concerted Action on Thrombosis {(ECAT) project the patients’
plasma samples were not analyzed centrally and therefore the study included a
quality control programme. The CV between the 6 participating European
laboratories was assessed as 5.3% for the Clauss assay, which is only slightly higher
than the mean different day CV of 4.7%". These variation levels remained constant
after five quality assessment exercises®,

PHYSIOLOGICAL VARIATION

We have recently reported a longitudinal study of healthy volunteers® which found
that the longitudinal variation for fibrinogen within an individual (physiological +
methodological variation) was 18%, Because the methodological variation was very
small, ifs effect on this within-individual variation was negligible. Similar within-
individual variations have been described in healthy volunteers by Thompson®’ and
Marckmann®, Because the varialions within individuals are comparable o the
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variation between individuals, it will be necessary in order to classify groups with
different thrombotic risks to study large groups or to calculate habitual levels from
multiple samples.

Pathology
An overview of fibrinogen levels in different diseases and of acquired dysfibrinogen
is given by Dang et al*®, Hereditary dysfibrinogenemia may yield decreased levels
with functional fibrinogen assays and normal or slightly decreased levels of
fibrinogen with immunological assays. Most of these dysfibrinogens are either
asymptomatic or cause a bleeding tendency. However, several families have now
been identified in which the dysfibrinogen yields apparently low levels in functional
assays in association with thrombophilia® e ¥,

In epidemiological studies for haemostatic indicators of cardiovascular risk, the
gravimetric assay?®*'** clotting assays™*** and immunologic assays’**** work
equally well,

CONCLUSION

In this paper we have described the major categories of assays. The clotling rate
assays give a functional fibrinogen level, are reproducible, fast, cheap and, in
normal circumstances, not very ecasily affected by disturbing factors, The tests can
be used in automatic coagulometers with turbidimetric end point assessment. The
clottable protein assays also give fibrinogen levels based on the clotting capacity, but
prolonged clotting is not detecled by these tests. The advantage of the Ellis and
Stransky derived methods is that they can easily be used in automatic coagulometers
in combination with the prothrombin time,

A promising development in immunoclogical methods is the introduction of the EIA
that uses monoclonal antibodies specific for the HMW and LMW forms of
fibrinogen. As these are the most clottable forms, this assay may eventually be
valuable to assess thrombotic risk.

When using plasma fibrinogen levels to determine thrombotic risk, it is very
important to have 1} a reliable method and 2) a good standard. When such a
standard is used, the different methods give comparable results in healthy volunteers.
Good comparability is also described for patients, but the evidence is less
convincing. An international reference for fibrinogen is now available.

The value of the different assays to estimate thrombotic risk has not yet been
described, Therefore, epidemiological studies are needed in which the value of
fibrinogen as risk indicator is compared with different assays, to establish a
standardized fibrinogen method.
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ABSTRACT

Plasma fibrinogen levels are an important indicator for the risk of cardiac events.
There is much diversity in the fibrinogen molecules that can be found in vive. The
methods that are available for the assessment of plasma fibrinogen levels have
different specificities for these forms of fibrinogen, which suggests that they may not
detect the cardiac risk equalily well,

The heterogeneity of fibrinogen is partly explained by the degradation of the A
chains, resulting different molecular weight (MW) forms, namely the high (HMW),
the tow (LMW) and the very low (LMW?) forms that normally constitute 70%, 26%
and 4%, respectively of the total fibrinogen in plasma. In this study we evaluated if
and how these molecular weight forms influenced the results of fibrinogen assays,
including clotting rate assays using either thrombin, peptidase or reptilase and an
enzyme immuno assay (EIA) based on monoclonal antibodies an which detects
fibrinogen that has both intact amino- and carboxyterminal ends of the Aa-chains.

The clotting rate assays showed complex clolting curves for the three forms at
increasing concentrations. The sensitivity of the EIA for the HMW fibrinogen forms
was found to be three times higher than for the LMW form, while as expected the
LMW’ form was hardly detected. 1t is therefore concluded that the fibrinogen assays
need to be compared in prospective, epidemiological studies to select the assay(s)
which give(s) optimal assessment of the risk of cardiac events.

INTRODUCTION

The plasma level of fibrinogen has been identified as a strong risk indicator for
cardiovascular disease®. The mechanisms underlying this relation have not yet been
identified. A possible mechanism might be that increased plasma fibrinogen levels
will stimulate clot formation. Fibrinogen might also be directly associated with
cardiac risk because of its important contribution to the plasma viscosity*"; because
fibrinogen stimulates the growth and migration of smooth muscle cellst*'?; because it
is involved in the aggregation of blood platelets' and because it is associated with
plaque growih". Another hypothesis is that atherosclerosis is due to a chronic
inflammation of the vascular wall”® and that this causes increased plasma levels of
fibrinogen as a consequence of an acule phase response'®,

In the above mentioned epidemiological studies a variety of fibrinogen assays was
applied, namely assays based on the clotting rate™ or the amount of clottable
protein'?* and immunoclogical assays®. The association between the risk for cardiac
events and the plasma fibrinogen level was observed with any of the methods.
However, since each assay has itls own characteristics and fibrinogen occurs in
several different molecular weight forms'’ it is conceivable that the various assays
will give different information and indicates that their value in risk assessment may
vary, This suggests that it will be worthwhile to evaluate the fibrinogen assays for
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optimal assessment of cardiac risk,

One of the reasons for molecular heterogeneily in the fibrinogen molecules is
limited degradation of the COOH-terminal ends of the Ao chains, resulting in three
molecular weight forms of fibrinogen in plasma’™?, Fibrinogen is assumed to be
synthesized in the high molecular weight form (HMW), with both A«-chains intact
at the carboxyl-terminal ends, In plasma two degraded forms exist, one form in
which one of the Ax-chains is degraded at the carboxyl end. This form is catled the
low molecular weight (LMW) form. In the other form both Aw-chains are degraded
and this form is called the LMW?* form. Tn a normal plasma 70% of fibrinogen is
HMW, 26% is LMW and only 4% is LMW'?, The enzyme or enzymes, responsible
for the degradation have not yet been identified, but analysis of the COOH-terminal
end of the Aa-chain has excluded plasmin, gelatinase and trypsin®?,

The clotting behaviour of these three fibrinogen forms is different™ ™%, The
thrombin clotting rate of the HMW forms is higher than that of the LMW forms,
With the LMW?* form the longest clotting times are observed. The difference in
clotting times is more pronounced when reptifase is used', It is expected that these
different clotting characteristics may influence the functional fibrinogen assays that
use thrombin® or reptilase when the ratios of HMW, LMW and LMW’ differ from
normal, The methods that measure the fibrinogen protein concentration, such as
enzyme immuno assays with polyclonal antibodies will probably not be affected by a
difference in clotting behaviour.

Moreover, these variations in characteristics of the three molecular weight forms
suggest that their contribution to the cardiac risk might be different, and require a
further definition of the specificity and sensitivity of assays for the three molecular
weight forms of fibrinogen, The aim of this study was to define in more detail the
sensitivity of various cloting (Clauss, peptidase and reptilase tests) and enzyme
immuno methods (total fibrinogen, HMW+LMW fibrinogen) for measuring the
different forms of fibrinogen and as a consequence for the measurement of total
fibrinogen levels.

MATERIALS AND METHODS

Materials

Aprotinin (Trasylol®) was obtained from Bayer (Leverkusen, Germany), soybean
trypsin inhibitor from Sigma (St Louis, MO, USA), diisoprophylftuorophosphate
(DFP) and B-afanine were obtained from Aldrich (Beerse, Belgium), Sepharose-
lysine, Sepharose-heparin and Sepharose-6B-CL were obtained from Pharmacia
{(Woerden, the Netherlands). Acrylamide and bisacrylamide were obtained from
BDH (Poole, England).

Buffers
0.15 M phosphate buffer contained 27 mmol/L. elhylenedinitrilo tetraacetic acid
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disodium salt (EDTA) and 20 KIU/L trasylol pH=7.45. Owren buffer contained of
0.029 mol/L sodium diethylbarbiturate, 0.126 mol/L NaCl, pH=7.35. Fibrinogen
solvent consisted of 8 vol 0.3 mol/L NaCl, | vol Owren buffer and | vol 10
KIU/mL trasylot as described by Holm et al.™,

Fibrinogen isolafion

Nine volumes venous blood (250 mL) were collected of healthy volunteers in |
volume sodium citrate (0.11 mol/L) with the protease inhibitors trasylol (400
KIU/mL), soybean trypsin inhibitor (I mg/mL) and DFP (I mmol/L} and
immediately placed in melting ice. After centrifugation (30 min, 3000 g, 4°C) the
plasma was collected and fibrinogen was isolated as previously described (27).
Briefly, the plasma was diluted three times in phosphate buffer, The plasma was
passed over a Sepharose-lysine column to remove the plasminogen. Then (NH,),50,
was added to a final concentration of 25%, The precipitate was collected by
centrifugation (20 min 3000 x g, 4°C), dissolved in the phosphate buffer and passed
over a Sepharose-6B-CL column run in the same buffer, The fractions of the second
eluded peak were pooled and precipitated with 50% (NH,),80,. The precipitate was
collected after centrifugation {20 min 3000 x g, 4°C), resuspended in fibrinogen
solvent and subsequently dialysed against Owren buffer containing 0.011 M citrate.
Finally, the fibronectin was removed by passing the fibrinogen solution over a
Sepharose-gelatine column.

Alternatively, the fibrinogen was isolated using B-alanine, essentially as described
by Straughn®. Briefly, B-alanine was added to a final concentration of | mol/L and
incubated on ice for 30 min. The precipitate was removed by centrifugation for 30
min at 2000 x g, 4°C. To the supernatant B-alanine was added to raise the final
concentration to 3 mol/L, and incubated for 30 min on ice. The precipitated
fibrinogen was collected by centrifugation for 20 min at 9000 x g, 4°C and
dissolved in 154 mmol/L NaCl with 0.011 mol/L citrate. The fibrinogen was
reprecipifated by adding B-alanine to a final concentration of 3 mol/L and incubation
for 30 min on ice. The fibrinogen was collected by centrifugation for 25 min at 2000
x g, 4°C and dissolved to a concentrafion of approximately 5 in Owren buffer with
0.011 mol/L citrate gIL‘, and then dialysed for 16 hour against the same buffer,

table 1, Precipitation fractions of fibrinogen.

fraction nr, The expected main fibrinogens form Molecular weight
in the fractions

fraction 1 HMW-fibrinogen 340.000 Da
fraction 2 LMW-fibrinogen 305,000 Da
fraction 3 LMW’-fibrinogen 270.000 Da
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Fractionation of molecular weight forms of fibrinogen by sequential (NH)),S0,
precipitation

The molecular weight forms of fibrinogen were separated as described previously'”,
Briefly, saturated (NH,),SO,-solution was added to a fibrinogen solution to a final
concentration of 19% (v/v) and incubated for 10 minutes. The precipitate was
collected by centrifugation (1200 x g, 10 min)(fraction [) and resuspended 154
mmol/L NaCl in 1/3 of the original volume. The precipitate obtained between 22
and 24% (NH,),S0, saturation was collected (1200 x g, 10 min.}{fraction 2) and
resuspended in 154 mmol/L. NaCl in /20 of the original volume; and finally the
precipitate between 26 and 30% (NH,),50, saturation was collected by centrifugation
(1200 x g, 10 min.){fraction 3) and resuspended in 154 mmol/L NaCl in 1/40 of the
original volume. The precipitates were resuspended in and dialysed against [54
mmol/L NaCl (table 1). The whole procedure was performed at room temperature,

Electrophoresis

SDS/polyacrylamide gel electrophoresis was performed according to the method of
Laemmli, with resolving gels containing a gradient of 2.5 - 16 % (w/v) acrylamide
and stacking gels of 2.5% acrylamide®. The individual chains of fibrinogen were
examined on SDS&/polyacrylamide gels under reducing circumstances, with resolving
gels containing 10% (w/v) acrylamide and stacking gels of 5% acrylamide. After
staining of the bands with Coomassie blue, the bands were scanned.

Fibrinogen assays

The fibrinogen concentrations in the purified fractions were estimated by the optical
density at 280 nm, using the OD (1%, 280 nm) = 15.0, but we are aware that this
factor might vary for the three forms of fibrinogen.

Total fibrinogen antigen was determined with an enzyme immuno assay (EIA) that
uses a pool of rabbit anti human Abrinogen IgG’s as catching antibodies™ and
peroxidase conjugated monoclonal antibodies against fragment DD (DDI3Y" as
tagging antibodies.

(HMW-LMW)-fibrinogen levels were determined using an enzyme immuno assay
(EIAY?(Organon Teknika, Boxtel, the Netherlands). In this assay a monoclonal
antibody against the intact carboxyl-terminal end of the fibrinogen Aq-chain is used
as the capture antibody (G8), and a monoclonal antibody against the amine-terminal
end of the Awx-chain, including fibrinopeptide A (Y 18) as the tagging antibody.

Clotting times of the three fibrinogen forms were determined using thrombin,
according to Von Clauss®, reptilase and peptidase according to the instructions of
the manufacturer ({DIAMED, Morat-Murien, Switserland) in a dilution series of 0.1
- 0.5 mg/mL (concentrations determined by the total fibrinogen ElA). The clotting
times were determined in the. presence of 10% citrated plasma of a patient that is
deficient in fibrinogen (functional and immunological levels <0.2 mg/mL){(kind gift
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of Prof. Egbring, Marburg, Germany).

RESULTS

On SDS-PAAGE gels the bands of the fibrinogen forms were clearly different for
HMW, LMW and LMW?- fibrinogen forms and showed the expected pattern (figure
1). Scanning of the density of the SDS-PAAGE gels, using the y-band as an internal
control (100%), gave a densily of the Aw band in fraction | of 155% (SD 26%,
n=4) while in fractions 2 the Ao band had decreased to 113% (SD 7%, n=4). In
fraction 3 the A« band had further decreased to 34% (SD 10%, n=4). Furthermore
it is observed that several lower molecular weight bands appeared and that the peak
of the Aa chain had broadened (table 2, figure 1) in the LMW fraction. No
difference was observed in the patterns between the fibrinogens that had been
isolated using B-alanine or using (NH,),SO, precipitation followed by gel filtration,

Table 2. Mean (SD) of the density of the respective bands after scanning resulls of the SDS-PAAGE
gel of fibrinogen forms under reducing conditions. The density of the Bf-chuin has heen used as
internal standard.

Ac-chain Bil-chain ¥-chain
fraction HMW 127% (14 %) 100 % 10t % (27%)
fraction LMW <87% (0%) 100% 84% (9%)
fraction LMW? 41% (9%) 100% 92% (12%)

340 kD HMW
305 kD LMW
270 kD LMW’
67 kD Aa-chain
56 kD BB-chain
47 kD y-chain

Figure 1. SDS/polyacrylamide gels of fibrinogen fractions 1 {mainly HMW), 2 (mainly LMW) and 3
(mainly LMW?) under non-reducing and reducing conditions
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Fibrinogen assays
The levels measured in the fractions with the EIA for total fibrinogen were virtually
equal to the levels that were calculated from the optical density of the fibrinogen
solution at 280 nm. Figure 2 shows that the dilution curves of the three fractions
were parallel to each other and to pooled plasma. In the EIA for HMW+LMW
fibrinogen the HIMW fraction was 127% (8D 14%, n=3) of that of pooled plasma
and LMW was detected approximately a faclor three less sensitive with 41% (8D
22%)} of pooted plasma (figure 3). Since the monoclonal antibodies in this assay
were insensitive to LMW’ fibrinogen, it was not expected that this fraction would be
detected. In fraction 3 we measured 13 % (SD 7%) of pooled plasma which
indicates contamination with fibrinogen forms that have intact Aa-chains (figure 3).
Tie results of the three clotting rate assays were very similar (figure 4). In the
Clauss, the peptidase and the reptilase based assays the clotting rate of the HMW
fraction was slightly higher than that of pocled plasma, the curve of the LMW
fraction crossed that of the pooled plasma, while the LMW? fraction has longer
clotting times than pooled plasma. It was remarkable that the dilution curves of the
fibrinogen fractions were not parallel to each other or to pooled plasma (figure 4).

|
ODys0
2.0 | e s
’I
1.5} /
1.0 |
0.5 |
0.0 L l. N Ll PR ot " tiensal —
0.01 0.1 1
fibrinogen (pg/mL)

Figure 2, Typical example of dilution curves of pooled plasma (—————) , HMW (———-),
LMW (----), and LMW’ (-} fibrinogen in the enzyme immuno assay for total fibrinogen,
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Figure 3. Typical example of dilution curves of pooled plasma (————), HMW (~——), LMW
(----), and LMW? (-} fibrinogen in the enzyme immuno assay for HMW + LMW tihrinogen.

clotting time clotting time c¢lotting time
30} 0f. 30
G
\"‘-‘-..LL\&.\__
10 10 10 -
.1 0.5 0.1 0.5 0.1 0.5
added fibrinogen {ugfmL ) added fibrinegen (ug/mL) addad fibrlnegen {ugfmL}
a b c
Figure 4. The clotting characteristics of pooled plasma (—————), HMW (———=}, LMW {(----},

and LMW? () fibrinogen when thrombin (a), peptidase (b) and reptilase (c) are used as enzymes
to start the clotting,
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DISCUSSION

In the circulation fibrinogen can be found in many different forms. There are for
example differences in the extent of degradation of the catboxyl-terminal ends of the
Aa-chain, resulting in HMW, LMW and LMW’ fibrinogen. This heterogencity of
fibrinogen makes it necessary to assess the specificity of different fibrinogen assays
for the various forms,

The results of this study suggest only a slightly higher sensitivity for the HMW
fibrinogen forms in clotiing rate assays, independent of whether the clotting was
initiated with thrombin, peptidase or reptilase. In the EJIA for HMW+LMW
fibrinogen the responses with the HMW fibrinogen forms are much higher than
those for the other forms.

The HMW, LMW and LMW’ fractions of fibrinogen isolated using #-alanine
precipitation had much longer clotting times with thrombin, peptidase or reptilase
than the corresponding fractions prepared from fibrinogen isolated by the method
described by Ruyven et al”’. On the SDS-PAAGE gels the band pattern of the
fractions obtained by the two isolation methods of fibrinogen were simitar, and
HMW, LMW and LMW' yiclded the expected patterns. This suggests some
denaturation of the fibrinogen using the f-alanine precipitation method®. When we
compared the clotting curves of the three fibrinogen forms that were derived from
fibrinogen, isofated as described by Ruyven et al”” we observed that the clotting time
for LMW’ was somewhat longer than that for HMW, which was somewhat longer
than HMW, This might be ascribed lo a decrease in the number of "b" binding site
involved in the lateral polymerisation of fibrin®.

To our surprise the clotting curves of the HMW, LMW and LMW’ fractions
were not parallel to each other or to those of pooled plasma in none of the three
clotting assays. This indicates that the fibrinogen levels, measured with clotting rate
assays rate assays, depends on a complex composite of relative contributions of the
three fibrinogen forins, which will make the interpretation of these clotting rate
assays complicated.

The fibrinogen levels, measured with the EIA for HMW+LMW fibrinogen, are
mainly determined by the HMW level, since this form is detecled three times more
sensitive than the LMW form and since the LMW’ form is hardly detected at all.
Every LMW fibrinogen molecule has one epitope for the G8 monoclonal antibody
and might therefore, theoretically, be detected as well as a molecule with two
" epitopes. Since there was a clear difference in sensitivity for the HMW and LMW
forms, it might be suggested that the two intact carboxyl-terminal ends of the Aw-
chain in the HMW form are cooperative. Because the LMW fraction is contaminated
with HMW and the LMW’ fraction contains some LMW fibrinogen, the actual
differences in sensitivity of this HMW+LMW EIA for the three fibrinogen forms
might be greater.

In normal plasma a distribution of 70% HMW, 26% LMW and 4% LMW’ has
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been reported. Using the relative sensitivities of the EIA towards the different chains
(127%, 41% and 13% for HMW, LMW and LMW, respectively}, the calculated
fibrinogen concentration was 99.5%. This indicates that measurement in a mixture
of the MW fibrinogen forms, i.e. plasma, gives a simple addition of the different
forms in this assay.

If the clotting characteristics of fibrinogen determine the thrombotic risk, it will be
expected that HMW fibrinopen form coniributes most to the risk. A higher
thrombotic risk by HMW fibrinogen has also been suggested by the study of
Thorsen et al, who describe that the ADP-induced aggregation of blood platelets of
the LMW fibrinogen was only 75% of the effect of the HMW form®, while with a
mixture of LMW and LMW’ fibrinogen the aggregation was even further decreased
to 50%. However, there are also indications that there is no increased tendency of
HMW to thrombus formation because no difference was found in the amounts of '*1
labelled HMW and ™1 labelled LMW that had been incorporated.in venous thrombi
in patients that had undergone total hip arthroplasty®.

It might also be possible that the LMW fraction is the most dangerous fibrinogen
form, because clots made of LMW fibrin have thicker fibres™* which makes the
LMW clots more difficult to lyse than clots of HMW fibrin'** Increases in the
LMW form would be best detected by the ratio of the fibrinogen levels measured
with the HMW +LMW EIA over the total fibrinogen level: this ratio will be lower if
there is relatively more LMW fibrinogen.

Our conclusion is that the clotting rate assays and the EIA for HMW4+LMW
fibrinogen are sensitive to the quality of fibrinogen. It would be interesting to study
if the highest sensitivity for HMW fibrinogen forms makes the HMW+LMW EIA
or a ratio of the EIA over the Clauss a better indicator of the thrombotic risk. The
characteristics of method that identifies the most dangerous form of fibrinogen might
also give the best indication of thrombotic risk,
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ABSTRACT

In patients with liver cirrhosis the fibrinogen molecule is under constant attack of
various proteolytic enzymes, which might affect results of the different assay
systems for fibrinogen. We therefore studied the measurement of fibrinogen in the
plasma of patients with mild, moderate and severe cirrhosis of the liver. Fibrinogen
levels were measured with the Clauss method (functionat fibrinogen); an enzyme
immuno assay (EIA) for HMW+LMW fibrinogen; and an assay that measures the
total clottable fibrinogen. With all three methods we found normal or slightly
increased fibrinogen levels in patients with mild or moderate cirrhosis, whereas
patients with severe cirrhosis had decreased levels. No evidence was found for
increased partial fibrinogen proteolysis, resulting in increases of LMW -fibrinogen in
cirrhotic patients.

We also documented the fibrin{ogen) degradation, and we ohserved that fibrinogen
degradation products levels increased slightly with the severity of the disease, but
were still in the normal range in patients with severe cirrhosis. This indicates a very
fow level of primary fibrinolysis. Fibrin degradation products levels increased much
stronger, which points to intravascular coagulation. The levels of the fibrin
degradation products remained below the level where they are expected to influence
the Clauss assay,

In patients with liver cirrhosis the measurement of plasma fibrinogen levels with
the three studied methods give comparable results. However, the assay for total
clottable protein can not accurately measure very low fibrinogen levels, which can
be frequently observed in severe cirrhotics. We suggest to apply the Clauss assay in
cirrhotic patients because of this and because it has a good reproducibility and
because the test is cheap, quick and easy to perform.

INTRODUCTION

Fibrinogen is a symmetrical glycoprotein consisting of two Aa, two Bf and two -
chains. Under normal conditions fibrinogen occurs in three molecular forms'®: 1)
the high molecular weight form (HMW-fibrinogen) with both Aa-chains intact; 2)
the low molecular weight form group (LMW-fibrinogen) with one Awa-chain intact
and the other Aw-chain shortened in the carboxyl-terminal region to varying extent;
and 3} the group of LMW’ -forms of fibrinogen with both Ag-chains shortened to
different degrees. The percentages of HMW-, LMW- and LMW’ -fibrinogen in
healthy individuals are about 70%, 26% and 4%, respectively. The LMW and
LMW?'-forms can be considered as partly proteolysed derivatives of the HMW-form
of fibrinogen'*, The enzyme or enzymes, responsible for this degradation, have not
yet been identified®. Although fibrinogen degradation by plasmin in vive can give
degradation products of similar size, analysis of the amino acids of the C-terminal
region of the Ax chains of LMW- and LMW’ -fibrinogen has shown that these
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fibrinogen forms do not result from plasmin degradation in vitre ®',

Fibrinogen is also subject to several other proteolﬁatic processes. Firstly the
conversion to fibrin by thrombin, the product of an activaled coagulation system and
secondly the degradation by plasmin, the product of an activated fibrinolytic system.

Several assays exist for the assessment of fibrinogen levels. Examples are the
Clauss assay, based on the clotting rate}; an assay for clottable fibrinogen®; and a
recently described EIA which quantitates the amount of the HMW+LMW forms of
fibrinogen'®, These assays are affected to differenl extents by the presence of
fibrinogen derivatives and the amounts of the three molecular forms.

The Clauss method is influenced by the presence of anticoagulant fibrinogen
degradation products (FgDP) and fibrin degradation products (FbDP)!, which will
lead to spuriously low fibrinogen levels. Soluble fibrin will lead to apparently
increased fibrinogen levels. The amount of clortable fibrinogen will be increased by
clottable degradation products. The Eid for HMWALMW fibrinogen will not detect
LMW* fibrinogen'®,

The aforementioned proteclytic processes may be strongly affected during cirrhosis
of the liver'™'®, and the resulting fibrinogen derivatives may have effecis on the
recording of fibrinogen levels, depending on the method used. As a consequence
conclusions as to the effects of the severity of the disease on fibrinogen levels may
not be easy lo draw.

We studied the measurement of fibrinogen levels with the functional Clauss
method, the total clotiable fibrinogen assay and the EIA for HMW4-LMW
fibrinogen in healthy individuals and in patients with mild, moderate and severe
cirrhosis of the liver. We also documented the status of fibrin(ogen) degradation
using assays for soluble fibrin'®, FgDP?®, FbDPY and TDP (lolal degradation
products = FgDP+FbDP)* (table 1).

Cur data show that in patients with liver cirrhosis there is an ongoing disseminated
intravascular coagulation with concomitant reactive fibrinolysis which is more active
than the primary fibrinolysis. The more severe the cirrhosis, the higher the FhDP
and TDP levels in the patients. We evaluated to what extent these fibrinogen
derivatives affected results in three different assays for fibrinogen and from this
evaluation we suggest to apply the Clauss assay in patients with liver cirrhosis.

PATIENTS, MATERIALS AND METHODS

Patients

The study group comprised 44 patients with biopsy-proven cirrhosis of the liver, The
patients were classified according to Pugh’s modification of the Child classification®
as mild (Child A, n = 20), moderate {Child B, n = 10) and severe (Child C, n =
i4), Twelve apparently healthy volunteers were included as normal controls.
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Informed consent was obtained from the patients and the volunteers. The study was
carried out according to the principles of the Helsinki Declaration.

Blood samples

Nine volumes of venous blood were collected between 10,00 and 12,00 a.m. in
plastic tubes containing one volume of cold trisodium citrate 0.11 mol/L, and placed
immediately in melting ice. Plasma was prepared by centrifugafion (2006 x g, 30
min, 4°C) and stored in small aliquots at -70°C.

Assays (an overview is given in table )

Total clottable fibrinogen (modification of Jacobsson®) was determined by aflowing
1 mL plasma to clot with 25 1U of thrombin for two hours at room temperature. The
clot was washed with 0.15 M NaCl, dried and subsequently suspended in 6.7 M
alkaline urea, The fibrinogen concentration is calculated from the optical density at
280 nin (A(lem, 1%) = 15.75).

Functional fibrinogen levels were determined according to Clauss®. The standard
curve was made using purified fibrinogen (Merz & Dade, Diidingen, Switzerland),

Table 1. Assays for fibrinogen and its degradation products

Methad What is measil[ed

Clauss method Functional fibrinogen assay

Jacobsson modification Total clottable protein

EIA (HMW + LMW)-fibrinogen HMW + LMW degradation products of

tihrinogen, with two intact (HMW) or one
intact and one degraded Aa-chain (LMW)

EIA FgDP Fibrinogen degradation products

EIA FbDP Fibrin degradation products

EIA TDP Fibrin + fibrinogen degradation products (sum of
FgDP + FhDP)

EIA soluble fibrin Sotuble fibrin

(HMW + LMW)-fibrinogen levels were determined using an enzyme immuno assay
(EIA)™. In this assay a monoclonal antibody against the carboxyl terminal end of the
fibrinogen Aco-chain is used as the capture antibody (G8), and a monoclonal
antibody against the amino-terminal end of the Aa-chain (YI8) as the tagging
antibody. Thus the EIA will only measure HMW- and LMW-fibrinogen. LMW’-
fibrinogen will not be detected, but can be calculated as the difference between the
fibrinogen values determined with the assay for total clottable fibrinogen and
fibrinogen as determined with this EIA. The standard curve was made from pooled
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citrated plasma in which the fibrinogen concentralipn was determined by a
gravimetric method®.

Fibrinogen degradation products (FgDP) were measured using a test kit
(Fibrinostika FgbP, Organon Teknika, Turthout, Belgium)™. In this sandwich EIA,
a monoclonal antibody (FDP-14), directed against an epitope on the stretch 52-114
of the fibrinogen BB-chain®, specific for FgDP and FbDP and not reactive with
fibrinogen or fibrin is used as a capture antibody. A horse-radish peroxidase (HRP)-
conjugated monoclonal antibody, specific for fibrinopeptide A (Y18/HRP) is used as
a tagging antibody. As a consequence of the combined specificities of FDP-14 and
Y18, the EIA is specific for FgDP and does not detect fibrinogen (HMW, LMW nor
LMW?*), fibrin of FbDP.

Fibrin degradation products (FbDP) were measured using a test kit (Fibrinostika
FbDP, Organon Teknika, Turnhout, Belgium)?', In this sandwich EIA, FDP-14 (see
above) is used as capture antibody. The tagging antibody (DD-I3/HRP), elicited
against D-dimer, makes this EIA specific for FbDP, Although the DD-13 antibody
was directed against D-dimer, it does not discriminate between crosslinked and non-
crosslinked forms of FbDP. It does not detect HMW-, LMW- or LMW -fibrinogen,
fibrin or FgbhP,

Total degradation products (TDP) were measured using a test kit (Fibrinostika
TDP, Organon Teknika, Turnhout, Belgium)®, In this sandwich EIA, FDP-14 (see
above) is used as the capture antibody. The tagging step is done with a mixture of
YI8/HRP and DD-13/HRP (see above}. The assay assesses the total of FgDP +
FbDP (= TDP) and does not detect HMW, LMW and LMW -fibrinogen or fibrin.

Soluble fibrin was measured using a sandwich EIA (Fibrinostika Soluble Fibrin,
Organon Teknika, Turnhout, Belgium)™ in which monoclonal antibody anti-Fb-1/2
specific for soluble fibrin, is used as capture antibody. The tagging step is with G8
conjugated with HRP (see above). The assay assesses soluble fibrin and does not
detect fibrinogen, FgDP or FbDP,

Immunoblotting: Aa-chain degradation was visualized by immunoblotting afler
polyacrylamide electrophoresis essentially as described by Gron et al.’, using
Y18/HRP for immunostaining.

Statistical analysis was performed using non-parametric tests. Correlations were
calculated with the Spearman rank correlation and the fibrinogen levels in the groups
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were compared with the Kruskall Wallis test. Any probability tess than 0.05 was
considered to represent a significant difference, The assay variation was expressed
by the standard deviation of the duplicate measurements and was calculated using the
formula:

(differences of the duplicate measurement)®
2 « numberof assays

RESULTS

Levels of fibrinogen and soluble fibrin

The median levels of functional fibrinogen (Clauss assay) were 1.8 g/L. in the
normal group (defined as 100%), 2.1 g/L (i.e. 117% of normal) in Child A, 2.4 g/L.
(137% of normal) in Child B and 1.3 g/L (74% of normal} in Child C (Fig. 1). The
fibrinogen levels in patients with Child C cirrhosis were significantly lower than the
levels in the other patients,

The median levels of total clottable fibrinogen were 2.1 g/L in the normal group
(defined as 100%), 2.2 g/L (i.e. 103% of normal) in Child A, 2.2 g/L (103% of
normal) in Child B and 0.86 g/L. (41% of normal) in Child C. In this assay
fibrinogen levels under 1 gfl. gave too low fibrinogen levels, because there was
incomplete recovery of the clotted fibrinogen.

With the EIA for (HMW+LMW)-fibrinogen we found 2.65 g/L in the normal
group (defined as 100%), 2.65 g/L (i.e. 100% of normal) in Child A, 3.50 g/L
(£32% of normal) in Child B and 1.90 g/L (i.e. 72% of normal) in Child C.

The differences in absolite levels of fibrinogen are probably due to differences in
calibration material (see Malerials and Methods)., There was a good correlation
between the fibrinogen levels, measured with the three assays (between EIA and
Clauss method R = (.88, p < 0.001, between ElIA and total clottable fibrinogen
method R = 0.89, p < 0.001, between Clauss method and total clotiable tfibrinogen
method R = 0.88, p < 0.001}, There was no indication for systematic errors in
these assays. The assay variation was 3% in the Clauss assay, 5% in the total
clottable protein assay and 6% in the EIA,

The calculated LMW' levels (fibrinogen measured with the total clottable
fibrinogen minus levels measured with the EIA) were comparable in the individuals
in the four groups. This is supported by our finding that with immunoblotting no
increases in the degraded Awa-chains could be demonstrated (results not shown)., We
conclude therefore that there are no increased LMW' fibrinogen levels in cirrhotic
plasma.

Plasma levels of soluble fibrin in patients with a severe cirrhosis were comparable
to levels in the normal group, i.e. below 10 gg/ml.
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Figure 1. Plasma levels of functional fibrinogen (Clauss) in healthy volunteers (N} and in patients
with mild (A), moderate (B) and severe (B) cirrhosis of the liver.
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Figure 2. Plasma levels of fibrin (FbDP), fibrinogen (FgDP) and total (TDP) degradation fevels in
healthy volunteers (N} and in patients with mild (A}, moderate (B) and severe (B} cirrhosis of the
liver.
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Plasma fibrin{ogen) degradation products

The levels of fibrin degradation products were different between groups of patients
with different severity of the cirrhosis using the Kruskall Wallis test (p <0.001). The
median in the normal group was 0.23 ug/ml, in Child A 0.33 pg/ml, in Child B
0.66 pg/ml and in Child C 2.45 pg/ml (Fig. 2).

The levels of fibrinogen degradation products (FgDP) also differed significantly (P
< 0.03) in the four groups using the Kruskail Wallis test. In the normal group the
median was 0,23 pg/ml, in Child A 0,26 pg/ml, in Child B 0.34 ug/ml and in Child
C 0.40 pg/mi (Fig. 2).

As could be anticipated from the FgDP and FbDP levels, a similar difference
between the patient groups could be found for the levels of the total degradation
products (TDP)(P < 0(.001) using the Kruskall Wallis test. The median in the
normal group was 0.41 ug/mi, in Child A 0.64 pug/ml, in Child B 1.19 ug/ml and in
Child C 2.75 pg/ml (Fig. 2). The levels of the total depradation products
corresponded well with the calculated sum of the separately determined levels of
FbDP and FgDP (R = 0.98), with no indication for a systematic error.

DISCUSSION

In this study we assessed fibrinogen and some of its derivatives in plasma of patients
with varying degrees of liver cirrhosis, We found normal or slightly increased levels
of fibrinogen using the functional Clauss test, the EIA and with the assay for total
clottable fibrinogen in patients with liver cirrhosis classified as Child A and B, With
the three tests for fibrinogen we only found decreased levels of fibrinogen in Child
C cirrhotics, which may be the result of an increased consumption or a decreased
synthesis, .

Partial fibrinogen proteolysis appears to be a normal physiological event, since
slightly-proteolysed forms of fibrinogen occur under normal conditions. These
slightly-damaged fibrinogen forms (LMW and LMW') are clottable and will
contribute to the result of functional assays, such as the Clauss method. It was
expected that in patients with liver circhosis there is a higher degree of proteolysis,
because Lipinski'” and Weinstein'® described an increased proteolysis of fibrinogen
in patients with liver cirrhosis, However, the results of our study indicate that the
LMW’ is not atfected, because a good correlation was found between the fibrinogen
levels measured with a recently-developed enzyme immuno assay (EIA) for
(HMW +LMW)-fibrinogen and fibrinogen as assessed by the Clauss method or the
{otal clottable fibrinogen method in plasma from patients with different stages of
liver cirrhosis. The calculated LMW levels did not change with increasing degree of
cirrhosis. Also, immunoblotting experiments performed to visualize a possible
increase of degraded Ag-chains showed no differences of degraded Aco-chains
between the studied groups, which further supports the conclusion that there is no
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significant increase in LMW' formation in liver cirrhosis.

The soluble fibrin levels found in severe cirrhotics were comparable with those
found in the normal group (< [0 ug/mi), indicating that the haemostatic balance is
not severely disturbed.

Activation of the coagulation system in patients with liver cirrhosis has been
suggested by various authors?®?, The increased levels of FbDP found here indicates
that some activation of the coagulation system takes place, but that the fibrinolytic
system is able to cope with the generation of fibrin, We also found a correlation of
the degree of cirrhosis with fibrinogen degradation products, which is expected when
plasmin is formed without prior activation of the coagulation system. However, the
levels of the fibrinogen degradation products show only a minor increase, which
indicates that there is either a very low grade of primary fibrinogenolysis or that the
small amount of FgDP is the result of spillover cleavage of fibrinogen by plasmin.

FbDP and TDP are known to have a significant influence in the Clauss test.
However, in this group of patients the levels of FbDP and FgDP did not reach the
levels that are known to affect the Clauss lest indicating that even in severe
cirrhotics, the Clauss method gives accurate results,

In conclusion: The level of activation of the coagulation system correlates with the
level of liver cirrhosis in this group. The increases in filvinogen degradation levels
in the patients with more severe cirrhosis indicate a low level of ongoing primary
fibrinolysis. We could not show an increased degradation of the Aa-chains of
fibrinogen. In the Clauss, nor in the total clottable fibrinogen assay nor in the EIA
could a disturbance be found of degradation products or fibrinogen or fibrin as they
can be found in patients with mild, moderate or severe liver cirrhosis, Therefore, we
believe that for measuring the fibrinogen levels, all three methods can be used.
However, we suggest to use the Clauss assay, because it can accurately measure low
fibrinogen Jevels, has a good reproducibility and because the test is cheap, quick and
easy to perform,
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ABSTRACT

Histidine-rich glycoprotein (HRG) is a human plasma protein that is synthesized by
the liver, During the acute phase reaction the plasma levels of HRG are decreased,
We could confirm this negative acute phase behaviour in cell culture experiments
with cynomolgus monkey (Macaca fascicularis) hepatocytes that were cultured in the
presence of conditioned medium from stimulated monocytes/macrophages. Both the
protein and mRNA levels of HRG were decreased whereas the protein and mRNA
levels of the positive acute phase proteins C-reactive protein (CRP) and fibrinogen
were increased. To investigate the mechanism of the negative acute phase reaction of
HRG in more detail, the effects of interleukin 6 (IL6), interleukin 18 (IL1R) and
tumour necrosis faclor-a (TNFwa) were documented. Both the protein and the mRNA
levels of HRG were markedly reduced by ILIB and TNFw, whereas interleukin-6
(IL.6) had no effect. Different effects were observed for the positive acute phase
proteins fibrinogen and CRP, where secreted protein and production of mRNA were
increased by IL6 and decreased by TNFe, and fibrinogen was additionally decreased
by TL18.

Our observations indicate that hepatocytes from humans or cynomolgus monkeys
can be considered a suitable mode! for studying the regutation of HRG. We showed
that HRG is a negative acute phase protein and that the negative acute phase reaction
in hepatocytes from the cynomolgus monkey is regutated by TNFa and ILLB, and
not by IL6.

INTRODUCTION

Histidine-rich glycoprotein (HRG) is a plasma glycoprotein that in vitro modulates
both coagulation and fibrinolysis', A range of possible functions arises from the
capacity of HRG to interact with multiple ligands, including heparin?, plasminogen?,
thrombospondin® and fibrinogen and fibrin®, An association between HRG levels and
the risk of thrombosis is suggested by the high prevalence of elevated plasma HRG
levels in patients with venous thrombosis®, In addition several thrombophilic families
with familial elevation of HRG have been described™. Patients who develop deep
venous thrombosis during the acute stage of a myocardial infarction have higher
HRG levels than patients who do not devetop this complication™,

Only limited knowledge is available about the regulation of the plasma HRG
levels. In several studies a significant decrease of HRG levels (17% to 36%) has
been found upon administration of oral contraceptives'*. A decrease is also
reporled in diseases like severe liver malfunction” and sepsis™, or in response to
immunosuppressive steroid therapy". Furihermore HRG levels are negatively
correlated with C-reactive protein (CRP) levels, indicating that HRG levels exhibit a
negative response in the acute phase’®. In addition, treatment of rabbits with
turpentine results in a four to five fold decrease of the mRNA levels of HRGY,
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The acute phase synthesis of proteins in the liver .is mainly regulated by the
cytokines interler kin-6 (IL6), interleukin-18 (IL1B) and tumour necrosis factor-o
(TNF)'*?, These cytokines can be secreted by stimulated monocytes”. Since HRG
is synthesized only in the liver” we decided to study the regulation of the HRG-
synthesis by these three cytokines in cultured hepatocytes,

In the study of the regulation of HRG the cell culture model that most approaches
the in wivo situation would be primary cultures of human hepatocytes, However,
human hepatocytes are difficult to obtain and a large variation in the quality of the
hepatocytes due to a high diversity in the donor lifestyle complicates this model.
Several alternative cell culture systems can be suggested lo study HRG synthesis,
The first are the human hepatoma cell lines HepG2 and Hep3B, which are cell lines
secreting many human liver proteins™ @™ 2 and in which the regulation of the
protein synthesis bears great resemblance to the regulation in primary hepatocytes. A
disadvantage of the use of hepatoma cell lines is that the cells are dedifferentiated
and thereby lost several functions. An alternative model may be primary monolayer
cultures of hepatocytes from the cynomolgus monkey (Macaca fascicularis), a
nonhuman primate. The HRG of old world monkeys has several antigenic domains
which are similar to domains in human HRG™?, Additionally, it has been shown
that the cynomolgus monkey can be used as a model to study the development of
atherosclerosis?’, which is often considered as a process of chronic inflammation®,
and to study the lipid and lipoprotein metabolism®2,

We studied the HRG secretion of the hepatoma celi lines HepG2 and Hep3dB and
of primary human and cynomolgus monkey hepatocytes. We then documented the
acute phase regulation of HRG in primary hepatocyte cultures of Macaca
fascicularis. We investigated the HRG secretion and mRNA levels in the presence of
conditioned medium from monocyies/macrophages. The regulation mechanism was
further studied in experiments where the hepatocytes were culiured in the presence
of the cytokines IL6, IL1B and TNFa. Key experiments with TNF« were performed
with primary human hepatocyte cultures.

MATERIALS AND METHODS

Hepatoma cell lines. The established cell lines HepG2 and Hep3B, derived trom
human liver tumours, were obtained from Dr. B.B. Knowles (Wistar Institute of
Anatomy and Biology, Philadelphia, PA, USA). The cells were cultured in
Dulbecco’s modified Eagle's Medium (DMEM) medium (Flow Laboratories, Irvine,
Scotland, UK), supplemented with 10% heat-inactivated fetal bovine serum (30 min
56°C), 2 mmol/L L-glutamine, 100 pg/mL streptomycin and 100 FU/mL penicillin
(Boehringer Mannheim, Mannheim, Germany) at 37°C in a 3% CO0,/95% air
atmosphere, The medium was renewed wice a week. The experiments were started
when the cells had grown to confluency.

Primary hepatocyte cultures, Isolation of parenchymal cells from human and
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monkey liver was performed by a modification of the two step cotlagenase method®
as described previously**. Human donor livers became available through the
Rotterdam  Auxiliary Liver Transplantation Program. Livers from Macaca
fascicularis (1.5-3 years old) were obiained from the National Institute of Public
Health and Environmemtal Prolection (RIVM), Bilthoven, the Netherlands, The
animals were bred at the RIVM and served as donors for kidneys used in the
production of poliomyelitic vaccine at this institute. Viability, based on the ability of
hepatocytes to exclude trypan btue dye (0.11%) was 66-96%. The parenchymal celis
were seeded on fibronectin coated culture dishes at a density of 2 x [0° viable cells
per cm? and were maintained in Williams E (WE) medium, supplemented with 10%
heat-inactivated fetal bovine serum (30 min 56°C), 2 mmol/L. L-glutamine, 135
nmol/L insulin, 50 nmol/L dexamethason, 100 pg/mL kanamycin, 100 pg/mL
streptomycin and 100 [U/mL penicillin at 37°C in a 3% C0,/95% air atmosphere,
After 14-16 hours the non-adherent cells were washed from the plates and the cells
were maintained in the same culture medium.

Conditioned medium (CM) from monocytes/macrophages. ' Monocytes were
isolated as described previously”. Briefly, mononuclear cells were isolated from the
blood of healthy blood donors using density centrifugation over Ficoll (Pharmacia,
Woerden, the Netherlands), resuspended in M 199 medium and incubated in culture
wells for 45 minutes, The monocytes, that had specifically attached to the plastic,
were then cultured for 48 hours in M199 medium, supplemented with [0 ug/ml
lipopolysaccharide from Escherichia coli (LPS)(serotypé 0128:R12, Sigma), 10%
fetal bovine serum (not heat-inactivated), 2 mmol/L L-glutamine, 100 pg/mL
streptomycin and 100 TU/mL penicillin at 37°C in a 5% CO,/95% air atnosphere as
described previously”, Conditioned medium was collected and stored at -20°C until
use. The concentrations of IL1B in CM has recently been described to range from
2,5-500 U/mL and of IL6 from 500-10000 U/mL as determined by immunoassay™.
Incubation of hepatocytes with cytokines, The effeet of conditioned
monocyte/macrophage medium was studied by culturing the cells during two
consecutive 24 hours incubation periods in the presence of 10% conditioned
monocyte/macrophage medium. The effects of the cytokines on protein secretion and
mRNA levels were also studied by culturing the cells during two consecutive 24
hours periods in the presence of cytokines with final concentrations of 50 and 250
Uf/ml IL6; 50 and 500 U/mi ILIA and 10,25,50,100 and 250 U/ml TNF«. The
protein measurements and mRNA assays were performed after the second incubation
period.

Assays \

The antibodies that were used for the measurement of HRG, CRP and fibrinogen
were raised against purified human proteins, but were also suitable for the
measurement of HRG, CRP and fibrinogen in the media of hepatocytes from the
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cynomolgus monkey. Human pooled plasma was used for the reference curve in the
assays for HRG, fibrinogen and CRP, therefore the lavels of these proteins are
expressed as equivalents of the corresponding human proteins,

HRG secretion was measured in conditioned hepatocyte medium with a sandwich
ELISA specific for HRG. Polyclonal rabbit anti-HRG antibodies raised against
purified human HRG (Behringwerke, Marburg, Germany} were used for coating.
Rabbit anti-HRG IgG was used as tagging antibody. The detection limit was 0.5
ng/ml.

Fibrinogen secretion was measured in culture medium with an enzyme immune
assay®, using monoctonat antibodies against the COOH terminus of the Ax chain as
catching antibedy and horseradish peroxidase labelled monoclonal antibodies against
the NH, terminus of the Ae chain as tagging antibody.

C-reactive protein secretion was measured in conditioned medium with an enzyme
immune assay, using horseradish peroxidase labelled rabbit polyclonal antibodies
against human CRP (DAKQ, Denmark) as catching and tagging antibodies.

Total cell profein. Cell protein was assessed with the Lowry method for total
protein® using bovine serum albumin (BSA, Sigma) as reference.

mRNA analysis, RNA was isolated from the hepatocyles after the second 24 hours
period using the method described by Chomzynski and Sacchi''. Equal amounts of
RNA from different incubation experiments were separated on a denaturing 1.2%
agarose gel containing 0.22 mol/L formaldehyde. The RNA was then transferred to
a nylon membrane (Amersham, UK) by Northern blotting. The membranes were
hybridized at 65°C in 7% sodium dodecyl sulphate with 0.5 mol/L NaHPO; and [0
mmol/L. EDTA, pH="7.2 using ’P labelled probes which were labelled with a
random primer method (Amersham, Bucks, UK). The complete 2.1 kb cDNA
fragment of human HRG*, cDNA for the BS chain of fibrinogen (gift of Dr. S,
Lord, Chapel Hill, USA), cDNA of CRP®, and a 1.2 kb fragment of rat
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ¢DNA (Kindly provided by
Dr. R. Offringa)* were used as probes. The blots were routinely washed at 65°C
two times with 2 x 88C (1 x SSC = 0.15 mol/L NaCl/0.015 mol/L sodium citrate,
pH=7.0), 1% SDS and two times with 0.3 x SSC, {%SDS. Autoradiograms were
prepared using Kodak XAR-5 fily and intensifying screens at -70°C. The mRNA
bands were scanned using a Hewlet Packard ScanjetPlus, after which guantitation of
the relative amounts of mRNA was conducted using the density of the 285 RNA
band, stained by ethidium bromide, as an internal standard.

Statistical analysis. The effects of conditioned monocyle/macrophage medium and
of the individual cytokines on the protein synthesis of HRG, CRP and fibrinogen
were studied with the Student’s t-test. The statistical package SOLO for personal
computers was used to do the calculations. P levels under 0.05 were considered
significant,
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figure 1. Effect of 2 times 24 hours treatment with interleukin-6 (ELG), interlevkin- HY (IL.IR), tumour
necrosis actor o (FNFea) or conditioned medivm from LPS-stimufated mononeytes/macrophages on the
secretion of histidine-rich glycoprotein (HRG)(A), C-reactive protein (CRP)(B) and tibrinogen (C) by
cynomolgus monkey hepatocytes. An average of 4 experiments was performed for exch concentration
of a cytokine. The levels are expressed as a percentage of the control, The meun absolute synthesis of
HRG under basal culture conditions was 100 ngfmy cell proteinf24 hours (SD 98, range 17-359,
n=12), of CRP this was 63 ng/mg cell protein/24 hours (SD 57, range 8-194, n=13) and of
fibrinogen 2.24 pg/myg cell protein/24 hours (SD 0.93, range 0.86-4.06, n=12).
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RESULTS

HRG production by hepatoma cell lines and primary hepatocytes

HRG was analyzed in the media of HepG2 and Hep3B cells cultured either with
serum free medium or with medium supplemented with 10% FCS or 1% (w/v)
HSA., However, no HRG could be detected in the conditioned media after 24 and 48
hours with our assay that has a detection limit of 0.5 ng/ml HRG. Also, no HRG
mRNA coutd be demonstrated in the hepatoma celis.

In primary cultures of simian hepatocytes a mean basal HRG secretion of 100 (SD
98, range 17-359, n=12) ng/mg cell protein/24 hours was found, whereas in human
hepatocytes a basal level of HRG secretion of 173 (SD 188, range 12-430, n=4)
ng/mg cell protein/24 hours was observed. The mean basal CRP synthesis in the
simian hepatocyles was 63 ng/mg cell protein/24 hours (SD 57, range 8-194, n=13)
and for fibrinogen it was 2.24 pg/mg cell protein/24 hours (SD 0,93, range 0.86-
4.06, n=12). In both simian and human hepatocytes substantial amounts of mRNA
could be detected with the human ¢cDNA probe for HRG. The length of the human
and simian mRNA was 2.4 and 2.9 kb, respectively. The human HRG mRNA length
was in agreement with published data®,

Effects of conditioned monacyte/macrophage medium

After culturing simian hepatocyies for two consecutive 24 hours periods in the
presence of 10% conditioned medium from lpopolysaccharide (LPS) stimulated
monocytes/macrophages the HRG secretion had decreased to 71% of the control (SD
11, range 61-86%, p=0.01, n=4). A marked increase of the CRP secretion to

390% (SD 156%, range 173-589%, p=0.07, n=4) and of the fibrinogen secretion
to 310% (SD 156%, range 183-581%, p=0.05, n=4) of the control levels were
observed (figure 1). The density of the HRG mRNA band was compared with the
density of the 285 RNA band, which was therefore used as a measure of the amount
of RNA that was analyzed. With the conditioned medium a decrease of the HRG
mRNA level to 15% of the control was observed while the mRNA levels of CRP
and fibrinogen had increased (figure 2).

Effect of individual cytokines on secreted protein and mRNA fevels

When the hepatocytes had been cuftured for two times 24 hours in the presence of
IL18 or TNFe, the HRG secretion had decreased in a dose dependent way, showing
a decrease to 79% of the control at 500 U/ml IL1S (SD 14%, p=0.004, n=9) and a
decrease to 66% of the control at 500 U/ml TNFa (SD 9%, p<0.001, n=6) (figure
1). The HRG secretion was not significantly influenced by IL6 at concentrations up
to 250 U/ml In 3 key experiments with human hepatocytes the HRG secretion was
decreased 30% by 500 IU/mL TNFeq, comparable to the effects in simian
hepatocytes.

The secrelion of the acute phase prolein CRP was dose dependently elevaled by
IL6 (380% of control tevels with 250 U/mL IL6), but not influenced by 500 TU/mL
IL18. A dose-dependent decrease was observed with TNFe (22% of the controi
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levels with 500 U/mL TNFa)(figure ).

The synthesis of fibrinogen was dose-dependently decreased by ILIB (50% of
confrol levels with 500 U/mL) and TNFa (14% of control levels with 500 U/mL
TNFw). Culturing of the simian hepatocytes in the presence of 1L6 showed a dose-
dependent increase of the fibrinogen secretion (225% of the control levels with 250
U/mL IL6)(figure 1).

To investigate the regulatory mechanism of HRG, CRP and fibrinogen secretion,
the effects of the cylokines on the HRG, CRP and B#-fibrinogen chain mRNA levels
were assessed by Northern blot hybridization (figure 2). Since the GAPDH mRNA
levels were increased by TNFw« (results not shown}, the density of the 285 RNA
band was used as an internal control. The decrease of the mRNA levels of the three
proteins after culturing the simian hepatocytes in the presence of TNFo was dose-
dependently and much stronger than the decrease of the secreted protein. HRG
mRNA levels were 10%, fibrinogen B3 mRNA levels 2% and CRP mRNA levels
33% of the control levels with 500 U/mL TNFe. Culturing the hepatocytes with
ILIR also showed a dose-dependent decrease of the mRNA of the three proteins that
was much stronger than the effect of the secreted proteins, but the effect is less
pronounced for HRG and BB fibrinogen. HRG mRNA levels were 49%, fibrinogen
B mRNA levels 38% and CRP mRNA levels 75% of the control levels with 500
U/mL IL18, No effect of IL6 on the HRG mRNA level was observed.

DISCUSSION

Most acute phase proteins are synthesized in the liver. Therefore, cultured
hepatocytes might be used as a model system for studying the acute phase behaviour
of several proteins such as HRG. Primary cultures of human hepatocytes can be
considered as the most physiologically relevant cell culture system, but since their
availability is limited, we evalualed alternative models,

Firstly, the hepatoma cell lines HepG2 and Hep3B were considered, because they
are known to produce many proteins that are also synthesized in the human liver™ ¥,
It has repeatedly been shown that there is also consistency in the regutation of the
synthesis of these proteins**, However, we could not detect the presence of HRG
in conditioned medium of these cell lines, making HepG2 and Hep3B cells
unsuitable for studying the regulation of HRG. The absence of HRG in conditioned
media of HepG2 cells has previously been described by Fair et al*’. The acute phase
protein CRP is also not produced by HepG2 cells™*, However, hepatoma cell lines
have been described as being useful for the study of a number of other acute phase
proteins, like fibrinogen, haptoglobin and albumin®®,

Secondly, primary monolayer cultures of hepatocytes from the cynomolgus
monkey were evaluated, In these cells mRNA encoding for HRG was detected and
they secreted HRG in the culture medium in comparable quantities to primary human
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hepatocyte cultures, Therefore, primary cultures of simian hepatocytes were used to
study the acute phase regulation of HRG. We started by culturing simian hepatocytes
in the presence of conditioned medium (CM) from LPS stimulated
monocytes/macrophages which conlains high levels of the cytokines TL6, 1L18 and
TNFw. CM induced a marked decrease of the HRG synthesis and exerted even
larger effects on the level of HRG mRNA. This contirms that HRG is a negative
acute phase reactant, as has previously been suggested by studies in patients with
inflammatory diseases'® and shown in studies performed in cultured rabbit
hepatocytes'”. CM significantly increased the secretion of the positive acute phase
proteing fibrinogen and CRP, that were used as controls for the stimulation of the
acute phase of the cultured hepatocytes.

The decreasing effects of CM, TNF« and IL18 on the mRNA levels of HRG, Bf
fibrinogen and CRP was much more pronounced than their effects on the protein
secretion. The secretion of the proteins is the accumulated secretion of a 24 howur
period, while the mRNA levels represent the situation in the hepatocytes at the end
of this 24 hour period. This might be the explanation for the ditferences in the
magnitude of the effects that we observed. Another explanation might be that the
cytokines affect RNA transcription or other steps in the protein synthesis,

To characterize the regulation of the HRG synthesis by the acute phase the effects
of individual cytokines on the HRG secretion were studied. Our results with the
primary cultured simian hepatocytes identified TNFo and IL18 as the cylokines that
regulate the HRG synthesis. The cylokine that is the ‘strongest determinant of the
synthesis of most positive acute phase proteins, IL6, produced only a small, but not
significant decrease of the HRG secretion. ILIA and TNFa have also been described
to decrease the synthesis in hepaloma and primary human hepatocytes of albumin
and transferrin, two other negative acute phase proteins'®****, However, although
IL6 has been described as decreasing the secretion of these two proteins in hepatoma
and primary human hepatocytes, it did not affect the HRG secretion in stmian
hepatocytes in our study. This suggests that there are either species differences in
the regulation of acute phase proteins or that the regulations of the negative acute
phase proteins do not always parallel each other. Differences in the regulation of
acute phase proteins are further indicated by our observations on the secretion of
fibrinogen which was increased by L6 and decreased by ILIB and TNFe, while
CRP secretion was increased by 1L6, decreased by TNFa and not affected by IL18.

The models to study the reguiation of protein synthesis in hepatocytes have their
own advantages and limitations. For example, the effects of cylokines on the
synthesis of acute phase proteins in human hepatoma cell lines are not consistent in
the different cell lines. Also, the effects are not always identical to the effects in
primary human hepatocyte cuitures because hepatoma cells may have
dedifferentiated®, resulting either in different regulation of some proteins or in a
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loss of the capacity to synthesize specific proteins like HRG and CRP. On the other
hand, the advantage of human hepatoma celi lines is that they yield a reproducible
model, The preferred primaty hepatocyte mode! would be human hepatocytes. Since
their availability is limited, hepatocytes from other species are regularly used. The
disadvantage here is the possibility of species differences. Especially for acute phase
proteins, these differences have been described. For example, CRP is an acute phase
protein in human, but not in goat and cow that have a constitutional high level of
CRP which do not rise following injury®-*? indicates that the acute phase reaction
needs to be studied in a species that is as closely related as possible. Since the
cynomolgus monkey is an old world monkey, it is relatively close to human.

In our study we only had the opportunity to compare the effect of TNFa in human
and simian hepatocyles. In both models, the HRG secretion was decreased by
TNFw. Furthermore, the positive acute phase effects of cytokines on CRP and
fibrinogen in hepatocytes from the cynomolgus monkey were comparable to the
effects that have been described for these cytokines in human hepatocytes®™®, The
similarity in the observations in human and simian hepatocytes suggests that primary
cultures of hepatocytes from cynomolgus monkeys may be considered a suitable
model system for studying acute phase proteins, However, care must be taken in
extrapolating the results of simian hepatocytes to the human situation, because
differences between the two systems are also observed, for example, in human
hepatocytes where both ILIB and L6 stimulate the CRP synthesis™, while we
observed no effect of IL13 on CRP sccretion in simian hepatocytes, This requires
further comparative studies in human and simian hepatocytes.

The resuits of this study showed that TNFa and ILIJ downrepulated the HRG
secretion and mRNA levels in primary cultures of simian hepatocytes, IL6 does not
appear to be an important cytokine for the regufation of the HRG synthesis, as
opposed to its strong effect on the synthesis of mosl positive acule phase proteins,
such as fibrinogen and CRP.
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ABSTRACT

The plasma levels of fibrinogen and C-reactive protein (CRP) are associated with the
risk for ischaemic heart discase (IHD), Both these proteins are significantly
increased by the acute phase reaction. The cytokines that have a major role in the
regulation of synthesis of acute phase proteins by the liver are interleukin 6 (IL6),
interleukin 1B (IL1B), and tumour necrosis factor o (TNFa). The production of
these cylokines will be increased by an inflamed vascular wall. It has therefore been
suggested that plasma fibrinogen and CRFP levels reflect the inflammatory condition
of the vascular wall as well,

Smoking is another well-known risk factor for cardiovascular disease. Both
fibrinogen and CRP have been reported to correlale with smoking habits, If the
inflammatory state of the vascular wall is increased by smoking, it will result in
increased plasma cytokine levels and consequently in increased levels of acute phase
proteins.

In this study we evaluated the inflammatory state of 34 patients with severe
coronary artery disease (CAD)(with complaints of angina and scheduled for PTCA)
and 30 healthy controls comparable for age and smoking habits. We measured
fibrinogen, CRP, ILIB, IL6 and TNFa-levels and also combined the individual
proleins in an index which we denominate as the intflammatory index,

Our data indicate an elevated inflammatory status in the palient group compared to
the healthy controls. When we discriminate belween smokers and non-smokers, we
find a significant higher inflammatory status: in non-smoking patients than in non-
smoking controls; in smoking patients than in smoking controls; in smoking than in
non-smoking patients; and in smoking than in non-smoking controls.

Our results indicate an increased inflammatory condition of the vascular wall in
patients with severe CAD compared to healthy controls. Furthermore, we
demonstrate that in patients with CAD and in healthy controls, smoking increases
the inftammatory state as reflected by an index consisting of fibrinogen, CRP and
IL6. Remarkably, the increase of fibrinogen in CAD patients could not be fully
explained by increased inflammation.

INTRODUCTION

Elevated plasma fibrinogen levels have been identified as an independent risk
indicator for coronary artery diseases in healthy populations™®. Recently, in the
ECAT-Angina Pectoris study on patients with angina pectoris both plasma fibrinogen
and C-reactive protein (CRP) levels were higher in the event group’. In this study
both the fibrinogen and the CRP level were well within the clinical normal range in
both the high and the low risk groups. Other inflammatory markers, such as
leucocyte count®*?*, monocyte count™, cylokines in the atheroma!, expression of
granulocyte and monocyte receptors'?, and inflammatory infiltrates in cardiac
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arteries'® have also shown a correlation with the pathogenesis of coronary artery
disease,

In general, during inflammation the levels of the acule phase proteins fibrinogen
and CRP are increased. A contribution of inflammation lo atherosclerosis has been
suggested*®, Ross et al.'? postulates that advanced lesions of atherosclerosis result
from excessive inflammatory - fibroproliferative response lo numerous different
forms of insults. The resulting low grade inflammation of the vascular wall is even
suggested to be the main "mechanism" of atherosclerosis'®. The plasma fibrinogen
and CRP levels might then very well represent the inflammatory condition of the
vascular wall, because an association has been found between the number of
diseased vessels and the plasma fibrinogen levels?™®,

Smoking increases the risk for cardiovascular disease™?. In general, the idea is
that smoking enhances the platelet aggregation® or reduces the oxygenation status of
the blood, by an increase in the tonus of the coronary arteries and by the binding of
carbomonoxide to haemoglobin®®, However, both fibrinogen and CRP show a
correlation with smoking habits as well”?®73*¥ which may suggest that smoking
induces an inflammatory reaction of the coronary arteries, finally leading to
aggravation of the coronary artery disease. The correlation with smoking might also
be mediated through the acute phase reaction. Therefore, we established in this study
the refation between smoking habits of patients with severe coronary artery disease
(CAD) and healthy controls on the one hand and the inflammatory status, as
reflected by the levels of fibrinogen, CRP, interleukin-18 (IL18B), interleukin-6 {IL6)
and tumour necrosis factor-o (FNEa), on the other.

PATIENTS AND METHODS

Patients and controls
Thirty-four patients (26 male, 8 femate) with complaints of angina and scheduled for
percutaneous transluminal coronary angioplasty (PTCA) were enroled in this study,
On the diagnostic coronary angiogram only one target vessel was considered
responsible for the complaints. The mean (I SD) age was 54.2 (8.3) years. Fifteen
patients had a history of myocardial infarction, 6 patients had undergone PTCA
earlier and in 2 patients a coronary artery bypass graft (CABG) operation had been
performed before their participation in the study. The severity of anginal complaints
was scored according to the New York Heart Association classification: eight
patients were in Class II, 17 patients were in Class III and 9 patients were in Class
1V. The patients did not take any medication known to influence fibrinogen levels.
On coronary angiography one vessel disease (VD) was documented in 29 patients,
two VD in 4 patients and three VD in [ patient. The target vessel was the left
descending artery (LAD) in 17 patients, the left circumflex artery in 7 patients and
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the right coronary artery in 10 patiems. Thirty healthy male blood donors,
comparable for age (54.0 (6.4} yearsy*" and smoking habits, formed the control
group.,

The study was conducted in accordance with the Declaration of Helsinki: approval
was given by the Medical Ethical Committee of the Erasmus University, Rotterdam
and wrilten consent was oblained from the patients,

Smoking

The participants were interviewed for their smoking status. 1f smoking was stopped
within one month before blood sampling the participant was considered a smoker.
The ex-smokers who had stopped smoking at least 6 months before blood sampling
were considered non-smokers. No patients stopped smoking between | and 6 months
before the start of the study. Sixteen patients and S controls were smokers.

Blood Sampling

Blood was collected and anticoagulated with 5.4 mM EDTA in melting ice. After
centrifugation at 2000 x g for 15 min the plasma was collected and stored at -80°C
until use. The buffy-coat fraction was used for monocyte isolation.

Cytokine secretion of monaocytes

Monocytes were isolated from the buffy-coat fraction which was reconstituted with
phosphate buffered saline (PBS} to 20 ml, layered on top of a Lymphoprep
{Nycomed, Haarlem, The Netherlands) gradient, and centrifuged at 800 x g for 10
min at room temperature. The fraction containing the mononuelear leucocyles was
washed with PBS. Next, the erythrocytes were lysed in 155 mmol/L NH,CI, 10
mmol/L NaHCO,, 0,1 mmol/L. EDTA. The remaining mononuclear leucocyles were
washed once with ammoniwm chloride solution, once with PBS and were then
resuspended in RPMI-medium (Flow Laboratories, Irvine, UK} with 2% fetal calf
serum. The percentage of monocyles in this fraction was delermined from cytospin
preparations and in general amounted to 25%. 6.3 x 10° cells were transferred into
96-wells culture plates (Costar, Badhoevedorp, The Netherlands) and incubated at
37°C in a humidified environment of 5% CO,/95% air in the presence or absence of
5 ng/ml lipopolysaccharides'. After 24 h supernatants were collected and stored at -
70°C,

Fibrinagen

Fibrinogen is measured with an enzyme immuno assay that uses the monoclonal
antibody G8 (direcled against the COOH-terminal part of the fibrinogen «-chain) as
a catching antibody and peroxidase conjugated - Y18 (directed against the NH,-
terminal part of the fibrinogen e-chain) as tagging antibody",
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C-reactive protein
C-reactive protein is measured with a sensitive enzyme immuno assay that uses
rabbit anti-human C-reactive protein (Dako) as a catching and a tagging antibody.

Cytokines
IL6, IL1B and TNFa were measured with enzyme immuno assays according to the
instructions of the manufacturer (Medgenix, Amersfoort, the Netherfands).

Inflammatory index

Because the study groups are small and with a large variation, we combined the
inflammatory markers in an inflammatory index to study the total acute phase
condition of the patients. The inflammatory index was composed by replacing the
data for each variable with their ranks and adding those ranks. Eventually, the
inflammatory index consisted of fibrinogen, CRP and IL6. We did not include ILIS
and TNFw because they did not contribute.

Statistical analysis

The distribution of the variables was positively skewed. Logarithmic transformation
gave a normal distribution for fibrinogen, CRP and TNFw, but not for IL-1# and
1L6 and therefore we used non-parametric lesls (Mann-Whitney, median and range)
to study the single variables. The inflammalory index was studied using analysis of
covariance with adjustment for age and pender as described by Conover¥, who
shows that parametric tests can be assessed for analyzing rank transformed data.
Because the fibrinogen levels were normally distributed after a logarithmic
transformation, we studied the effect of smoking and CAD on fibrinogen in healthy
controls and patients after adjusting the fibrinogen levels for CRP and IL6 in a
multiple regression analysis,

RESULTS

When we compared the plasma levels of acute phase proteins in the patient group
with those in the control group we found that the fibrinogen levels in the patients
were significantly higher than those in the healthy controls (table 1). We found no
difference for CRP, When comparing the plasma levels of the individual cytokines,
we observed only a difference in IL6 and not for ILIG and TNF«., We constructed a
parameter that represents the inflammatory markers by replacing the data for
fibrinogen, CRP and IL6 with their ranks and adding these ranks of the grouped
variables, IL18 and TNF« were not included in this index because they did not
contribute, We then noticed that this inflammatory index is significantly higher in
patients (mean 114) than in controls {mean 79){(p=0.0002) using the Mann-Whitney
test (table 1).
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Table 1. Median and (range) of acute phase markers in healthy controls and patients.

Controls Patients

Fibrinogen (g/L})

2,09 (1.34-3.05)

2.87 (1.7-4.7) 0.0002

C-reactive protein (mg/L) 1.99 ¢0.27-20) 1.3 {(0.1-20) n.s,
Interleukin-1ff (pg/ml) 0 (0-46.0) 0.22 (0-50.3) n.s.
i{unterleukin-6 (pg/ml) 0 (0-40.8) 1.81 (0-38.9) 0.0001
Tumour necrosis factor-or (pg/ml} 8.8 (3.1-82.8) 8.7 (0.7-43.2) IL.5.
Combined marker index 79 (26-135) 114 (45-183) 0.0002

p gives the significance between the controt and paiient group as found with the Mann-Whitney test,

When the patient and control groups were subdivided into smokers and non-smokers
the acute phase protein fibrinogen levels were higher in smoking than in non-
smoking controls (2.3 g/L. and 1.9 g/L, respectively), but similar in non-smoking
and smoking patients (both 2.9 g/L)(table 2). The plasma fibrinogen levels were
higher in non-smoking patients than in non-smoking controls, and also higher in
smoking patients than in smoking controls. We further observed that smoking gives
a comparable increase of the CRP levels in CAD patients and healthy controls {0.9
vs 3.0 g/L and 1.0 vs 4.0 g/L, respectively). The levels of the 11.6 and IL18 were
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Table 2. Acute phase markers (median and range) in healthy controls and patients, considering their smoking status.

controls patients
non-smokers smokers non-smokers smokers A B C D
Fibrinogen (g/1.) 1.93 2.29 2.87 2.86 0.07 n.s. 0.02 0.008
{1.34-2.74) (1.35-3.05) (1.654.73) (2.00-4.55)
C-reactive protein (mg/L) 1.00 3.97 0.85 3.01 n.s. 0.02 ns. n.s
(0.27-20) (0.27-20) (0.11-5.68) (0.31-20)
Interleukin-1B (pg/ml) 0 0 ¢ 0.87 n.s. 0.08 n.s n.s
(0-46.0) (0-46.0) 0-7.3) (0-50.3)
Interfeukin-6 (pg/ml} 0 0 0.1 3.8 n.d. 0.02 Q.06 <0.001
(0-40.8) (0-0) (0-9.5) (0-38.9)
Tissue necrosis factor-¢ (pg/ml) 6.3 10.3 8.5 9.3 0.10 n.s n.s. 1.8
(3.1-82.8) (3.1-24.5) (0.7-42.5) (2.4-43.2)
Combined marker index 69 89 93 132 0.03 0.002 0.04 0.007
(27-135) (26-130) (45-152) (66-183)
Significance levels in columns A berween non-smoking and smoking controls

B: between non-smoking and smoking patients
C: between non-smokiang controls and non-smoking patients
D between smoking controls and smoking patients

7.5, Significance level >0.1 in the Mana Whitney test
n.d. not determined (too maay very low levels)
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very often below the detection limit, which hampered the study of the control group.
The levels of these cytokines were highest in the smoking patient group. No
significant effects on the TNFa levels were found.

Combining fibrinogen, CRP and IL6 in an inflammatory index resulted in highly
significant differences between non-smokers and smokers in both the patients and the
controls. The inflammatory index was also significantly elevated in smoking patients
in relation to smoking controls and in non-smoking patients in relation to non-
smoking conirols (table 2).

When we adjusted the fibrinogen levels for CRP and IL6 we still observed
significantly higher values in non-smoking patients than in non-smoking controls
(p <0.001) and in smoking patienlts when compared to smoking controis (p=0.03).
The effect of smoking on the adjusted fibrinogen levels in patients and in healthy
conirols was not significant (data not shown).

We also studied the secretion of cytokines by normal and LPS-stimulated
monocytes of non-smoking and smoking patients. The results showed that smoking
did not affect the basal cytokine secretion or the LPS-induced cytokine production
(table 3). There was no relation between the cytokine secretion of normat and LPS-
stimulated monocytes and the cylokine levels we measured in plasma.

Table 3. Median and range of cytokines sccreted by lipopelysaccharide (LPS) stimulated and
unstimulated monoeytes of patients,

non-smokers smakers P

unstimulated B 31 (0-272) 63 {0-210) n.s.
monocytes

16 340 (1-1381) 794 {0-2230) ns,

TNFa 47 (2-218) &1 (0-29%) s,
LPS-stimulated {B1}] 113 (19-4a1) 125 {0-565) n.s.
monocyles

L6 801 (19-1952) 1106 (3-2284) s,

FNFee 84 (24-266) 64 (0-457) 0.5

p gives the sigaificance between the control and patient group as found with the Mann-Whitney test,

DISCUSSION

We studied the inflammatory markers fibrinogen, CRP and the cytokines IL6, ILIS
and TNFe in patients with severe PAD and in healthy volunteers. The patients had
significantly higher levels of fibrinogen and L6 than controls. As anlicipated, the
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inflammatory index was higher in patients than in controls. Even though the majority
of the levels would cIi'nically not be considered increased, our results indicate that
patients with CAD have an increased habitual inflammatory status,

When we then studied the effect of smoking on the plasma fibrinogen levels in the
two groups, we found an effect of smoking in healthy controls, but not in patients.
Previously, it has already been reported in individuals without cardiovascular disease
that smoking increased fibrinogen levels in a dose dependent way®®", The absence
of an increase of fibrinogen levels in patients suggests that the fibrinogen-increasing
effect of smoking is eliminated in patients where the fibrinogen is already increased
by CAD, The PLAT study on patienls with vascular disease also described the
absence of an effect of smoking on the plasma fibrinogen levels?,

The CRP levels were equally elevated by smoking in the controls and the patients.
The effects of smoking on CRP have repeatedly been reported in healthy controls*-*®
but the effect of smoking on CRP in CAD patients has not been studied before.

The association between smoking and the acute phase proteins fibrinogen and CRP
suggests that smoking induces a low-grade, continuous inflammatory status. This
does not necessarily mean that the vessel wall is more inflamed, but the
identification of smoking as a risk factor for ischaemic heart disease strongly
suggests that smoking has an effect on the condition of the vascular wall.

The regulation of the fibrinogen and CRP synthesis in the liver is mainly by IL6,
IL1# and TNFa*“¢, Tn this study the levels of IL6 and TL I8 are higher in smoking
than in non-smoking patiends, but no conclusions can be drawn for the controls
because in too many individuals the levels are below the detection limit, TNFo is
not influenced by smoking.

Because of the modest sample size of this study, we combined fibrinogen, CRP
and IL6 in an inflammatory index, ILI8 and TNFo were not included in this index,
because they did not contribute. We found a comparable increasing effect of
smoking on the inflammatory index in controls and atherosclerotic patients, This
further supports the hypothesis of an increased inflammatory status in
smokers? 26273438

In this study we only had one blood sample from each patient. It is known that
acute phase proteins, especially CRP, react very strongly to inflammatory reactions,
Even a light common flu gives a marked elevation. This process should be separated
from the levels that were increased as a result of the inflamnratory status of the
blood vessels”. Therefore it is advisable to use multiple samples in order to
determine a basal, constant level for acute phase proteins and exclude the outliers. In
this study, a few CRP levels were above the clinical normal value of 10 mg/L and
this increase might be caused by some other disease. Because we used nonparametric
statistics or parametric statistics on rank transformed data our resulis are not biased
by these patients, but more precise results will be obtained if habitual levels can be
determined.
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Monocytes are a major source of various cytokines, Because smoking patients had
a higher inflammatory index than non-smokers we studied whether the basal or the
LPS-stimulated production of cylokines in monocytes of smokers was increased.
This was not the case, This might indicate that smoking does not bring circulating
monocytes in an activated condition. Although there is also ne association between
plasma levels of cytokines and (he basal or LPS-induced cytokine production of
monocyles it is still possible that smoking has an effect on local cytokine release by
monocytes or has an effect on other cylokine-releasing cells, like the endothelial
cells that line the (coronary) blood vessels. '

To evaluate whether the acute phase reaction was the only regulatory mechanism
that contributed to the observed increase in the levels of fibrinogen, we also studied
the fibrinogen levels when we adjusted those for CRP and IL6. The effect of
smoking in controls was reduced, indicating that smoking indeed induces an
inflammatory response, However, we still found ,both smokers and non-smokers, a
significant contribution of atherosclerosis to the fibrinogen levels. This implies that
another mechanism may also be involved here, which may be at least partly genetic,
as it has been reported that up to 5I% of the fibrinogen level is genetically
determined®,

In summary, we have shown that [) patients with CAD have a higher
inflammatory status than healthy controls; 2) that the inflammatory status is
increased by smoking both in CAD patients and in healthy controls; and 3) that the
increase of the plasma fibrinogen levels in patients with coronary artery disease
cannot be fully explained by an increased inflammatory status.
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ABSTRACT

We investigated the intraindividual variability in plasma levels of fibrinogen,
plasminogen activator inhibitor (PAI} activity, C-reactive protein (CRP) and
histidine-rich glycoprotein {HRG) in 20 healthy, young individuals and compared
this with the interindividual variability in a comparable group. For each of these
parameters the intraindividual variation (13% for fibrinogen, 4% for log(PAI-
activity), 14% for log(CRP), 1% for HRG of the lotal variance) is smaller than the
interindividual variation (87%, 96%, 86%, 99% of the total variance, respectively).

The resulls in this group indicate that for assessment of an individual level multiple
sampling will not be needed for HRG and PAl-activity. For fibrinogen duplicate
sampling will be recommended and for CRP triplicate sampling is recommended
because that will make the identification of incidental peak values possible. In an
epidemiological study the sample sizes, based on the vartance of this transversally
studied group of healthy young individuals, needed to detect a 15% difference
between two groups will be 142 for fibrinogen, 162 for PAl-activity, 412 for CRP
and 86 for HRG.

Additionally, we studied the contribulion of genetic polymorphisms of the BS-
fibrinogen (Bcll and G/A™?) and PAl-activity (HindlIl and CA-repeat) genes to the
intra- and the interindividual variation. The fibrinogen genotypes were associated
with plasma fibrinogen levels. However, no effects of fibrinogen or PAI
polymorphisms on intraindividual variation were observed in this group of young,
healthy individuals. One has to be conscious that different variations might be
possible in groups of older or diseased individuals.

INTRODUCTION

Fibrinogen'? as well as plasminogen activity inhibitor-1 (PAI-1)* and C-reactive
protein (CRP)* are variables that have been identified as risk indicators for
cardiovascular disease in various epidemiological studies. Elevated plasma levels of
histidine-rich giycoprotein (HRG) are associated with venous thrombosis® and
patients who develop venous thrombosis during the acute phase of a myocardial
infarction have higher HRG levels'. Thercfore interest is developing in the
measurement procedures of these faclors, because accurale and specific knowledge
of plasma fibrinogen, PAl-activity, CRP and HRG levels will increase their value as
risk indicators,

The plasma levels of fibrinogen, PAl-activity, CRP and HRG are influenced by
various life style aspects. Fibrinogen is raised by smoking, obesity, increasing age
and by oral contraceptive use!™'”. A negalive association has been found between
mild alcohol intake and the plasma fibrinogen concentration'’. PAl-activity is raised
by smoking", increasing age'™', pregnancy”, regular alcohof intake™ " and fish oil
consumption®™, Training” and use of oral contraceptives or anabolic steroids®® can
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reduce plasma levels. Furthermore, PAl-activity levels in plasma are subject to
diurnal variation®. CRP levels are increased in smokers®>*», with physiological
stress® and are associated with obesity’. HRG is decreased by estrogens®™® and
anabolic steroids®,

The acute phase reaction can increase the plasma fibrinogen levels two to fourfold
and CRP levels can increase even a hundredfold. PAI-1 and HRG are also an acute
phase proteins, but the effect on their plasma levels is much smaller. PAl-activity
will also increase in acute phase situations, but HRG is a negative acute phase
protein®®®2, When using these factors as risk indicators we are interested in habitual
levels and not in short-time fluctuation by transient acute phase reactions. In most
epidemiological studies one blood sample is taken, which is then accepted as
representing the habitual levet,

Several investigators have reported genetic polymorphisms of the fibrinogen and
PAI-1 genes. The genotypes were associated with plasma fibrinogen and PAI-
levels®**, Humphries et al* also reported that individuals carrying the rare allele of
the Be/t polymorphism of the BB-fibrinogen gene have a larger longitudinal
variation of their fibrinogen levels.

In this study we have investigated the value of single and mulliple sampling in
assessing the habitual levels of fibrinogen, PAl-activity, CRP and HRG in young,
healthy individuals. We also documented the contribution of genetic polymorphisms
of fibrinogen and PAT to their habitual plasma levels and to their longitudinal
variation in plasma levels of these factors.

VOLUNTEERS, MATERIALS AND METHODS

Healthy individuals

In the longitudinal study 20 apparently healthy volunteers were included with a
median age of 31 years range (24-58). Of the 10 males and 10 females, two were
smokers. The median body mass index (BMI) was 22.3 kg/m? range (16.9-28.7).
Blood was collected every three weeks during 6 months (from december 1990 to
june 1991). At each visit the volunteers completed a questionnaire on factors
influencing fibrinogen, PAl-activity, CRP and HRG levels (smoking, diet, alcohol
use, medication, disease).

For the transversal study the first blood sampling from the volunteers of the
longitudinal study was used, extended wilh blood samples from 39 healthy male
volunteers from whom only one blood sample was drawn. In the transversal group
{(n=59) the median age was 38 years (range 24-58), the median BMI 25.1 kg/m?
range (16.9-31.5) and 22 were smokers.

Blood collection
Venous blood was collected into CTAD (Becton Dickinson, Meylan Cedex, France)
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or sodium citrate (final concentration 0.0l mol/L} under strictly standardized
conditions”, Plasmas were stored at -70°C,

Assays
Fibrinogen levels were determined according to Clauss® and expressed as g/L using
as a standard pooled citrated plasma in which the fibrinogen level was determined
with a gravimetric method®. PAl-activity levels were obtained from the CTAD
plasma using the Verheijen method™ and expressed as 1U/ml, using pooled plasma
(7.6 IU/mL) as a standard. CRP levels were measured with an enzyme immuno
assay that used rabbit antibodies to CRP (DAKO, Denmark) as both catching and
tagging antibody and expressed as mg/L. CRP standard serum ({Behringwerke,
Marburg, Germany) was used for calibration, HRG levels were determined by single
radial immuno diffusion® with rabbit antibodies raised against purified HRG
(Behringwerke, Marburg, Germany) and the levels are expressed as percentage of a
plasma pool of 20 healthy volunteers (%PP).

The within-day and between day coefficients of variation were 1.7% and 6.3% for
the fibrinogen assay, 6% and 12% for the PAl-activily assay, 2.9% and 7.2% for
the CRP-EIA and 9% and 11 % for the HRG-assay, respectively.

Detection of polymorphisms

The Bell restriction fragment. length polymorphism (RFLP) of the BS-fibrinogen
gene was assessed by Southern blot analysis of Bell digested genomic DNA using a
B-fibrinogen cDNA probe (courtesy Dr. 8. Lord) as previously described™,

The G/A™* RFLP of the BB-fibrinogen gene was determined by amplification of
the polymorphic region by polymerase chain reaction (PCR), followed by digestion
wilh the restriction enzyme Hae3 as described by Thomas et al™,

The Hindlll RFLP of the PAI-1 gene* was assessed by Southern blot analysis of
Hindlll digested DNA using a PAI-1 ¢DNA probe (courtesy of Dr, P, Bosma),

Determination of the genotype of the polymorphic (CA)n region in the PAI-1 gene
was performed as described before®. The most frequent aflele was designated "z"
and the other atleles were designated by their base pair differences from z, Thus, the
following allele types z, z+2, z-+4, z+8 and z+ 10 can be identified.

Statistical evaluafion

The (geometrical) mean level of the nine samplings was used as the habitual level.
Due to skewed distribution of PAl-activity and CRP levels, we used logarithmical
transformed data. The distribution of fibrinogen and HRG levels was not
significantly deviant from normal and therefore not transformed. The arithmetical
mean is given for fibrinogen and HRG, where the geometrical mean is given for
PAT-activity and CRP,



Table 1. Estimates of components of variation in plasma fibrinogen, PAl-activity, CRP and HRG levels of 20 healthy volunteers
followed over 6 months,

Tipg Tlois mean total interindividual intraindividual
fibrinogen (/1) 20 164 2.64  variance 0.807 0.706 0.101
% of total variance 87% 13%
log (PAl-activity) (IU/L) 20 164 0.805  variance 5.11 491 0.20
% of total variance 96% 4%
log (CRP) (mg/L) 20 164 -0.125  wvariance 4.04 3.46 0.58
% of total variance 86% 14%
HRG (%PP) 20 164 113 variance 7173 7074 a9
% of total variance 99% 1%
N number of volunteers
n number of observations up to 9 per volunteer)

obs
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In the longitudinal study one-way analysis of variance (ANOVA) was performed to
separate the sources of variation. We applied an additive variance component model
in which: Yj; (the value of person i at time j)= pu + o + &;

In this model p is the triue mean of the population, a, is the deviation from the true
mean of the fth person (f = 1....20). The residual, &, thus comprises the intra-
personal variation and intra-serial analytical variation. The random terms a; and &
were assumed to be independent and normally distributed with zero expectations,
The measurement number was not added as a factor, because the deviations from the
true mean are assumed to be independent from the sample time.

The within subject component can be reduced by using the average of m repeated
measurements, using the formula: o2,=(02, +a%,/m).

In the transversal study analysis of covariance (ANCOVA) using multiple linear
regression analysis was performed to evaluate the effect of genetic BA-fibrinogen and
PAI genotypes on plasma levels of fibrinogen and PAl-activity, respectively. Age,
body mass index (BMI) and gender were added as covariables and mean {standard
error of the mean) are given. From those individuals that also participated in the
longitudinal study, results from the first sampting were used in the transversal
analysis,

The statistical package SOLO was used for the analysis and p-values below 0.03
were considered significant,

RESULTS

Figures 1 to 4 show the data of plasma fibrinogen, PAT-activity, CRP and HRG in
20 individuals (sampled repeatedly up to 9 times) over a period of 6 months, Both
intra- and interindividual variation is obvious for all variables, The estimated
contributions of the intra- and interindividual variation to the total variance is given
in table 1. The contributions of the intraindividual variation of a parameter to its
total variation were 1% for HRG, 4% for log(PAl-activity), 13% for fibrinogen and
14% for log(CRP), which was much smaller for each parameter than the
interindividual varialion, which ranged between 86% and 99%. Information from the
questionnaire that the participants of the longitudinal study filled in at every visil
could explain only a iimited number of the peak values.

The descriptive statistics of the transversal analysis are presented in table 2. The
plasma levels observed in this enlarged group (n=59) are comparable to the levels in
the longitudinal group {n=20),

In table 3 the influence of the Bell and G/A™* polymorphisms on the plasma
levels of fibrinogen are shown. Individuals with the rare allele have higher
fibrinogen levels, The Bcll and G/A™* fibrinogen polymorphism were closely linked
in this group. Taking the habitual levels (mean of all longitudinal samplings) from
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Table 2, Mean range (central 95%) of plasma fibrinogen, PAl-activity, CRP and HRG levels in the
transversal study with 59 healthy volunteers. The arithmetical mean'is given for fibrinogen and HRG,
the geometrical mean for PAl-activity and CRP.

Nepe mean (range of central 95%)
fibrinogen (g/L) 59 2.64 (1.85-3.43)
PAT-activity (IU/mi) 59 8.81 (2.57-30.21)
C-reactive protein {mg/L) 59 0.83 (0.12-6.00)

HRG (%PP) 59 99.2 (49.4-149)

Table 3, Influence in the transversal study and on the habitual level of the longitudinal study of
genetic polymorphisms on plasma fibrinogen levels, adjusted for age, gender, and BMI.

fibrinogen (g/L} habitua! fibrinogen (/L)
RFLP Ny meain SEM s MEn SEM
ﬁcH B1B! 42 2.58 0.06 15 2.54 0.05
BEE?/BZBZ I4 2.91% 008 5 2.98%%x (0,00
GIA GIG*S 36 2.57 0.06 15 2.54 0.05
GIABIATASS 18 2.81%  0.10 5 2.98%%% 0,09
* significantly different from individuafs with genotype BIB1 (p=0.006)
hd significantly different from individuals with genatype G/G™* (p=0.03)
Ll significantly different from individuals with penotype B2B2 or genotype G/G

{p=0.002). Since the genolypes were in complete linkage disequifibrivm, the data are the
same for both RFLP.

N, nutaber of individuals

SEM standard error of the mean

the individuals in the longitudinal study a slightly larger effect of the polymorphism
on the plasma fibrinogen levels was observed. In the longitudinal study we found no
association between the intraindividual variation and the fibrinogen genotypes using
ANOVA analysis.

The HindTIl PAI polymorphism was not associated with the levels or the
intraindividual variation of PAl-activity, The CA repeat polymorphism of the PAl
gene showed many different genotypes, as expected for a multiple allele
polymorphism. No effects of any of the alleles were delectable for either the
(habitual) level or the intraindividual variation of PAI-activity.
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Figure 1. Plasma fibrinogen levels in 20 individuals on up to 9 samplings over a 6 months period.
Each dot represent the level of one sampling.
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Figure 2. Piasma plasminogen activator inhibitor (PAD-activity levels in 20 individuals on up to 9
samplings over a 6 months period. Each dot represent the level of one sampling.
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Figure 3, Plasma C-reactive protein levels in 20 individuals on up to 2 samplings over a 6 months
period, Bach dot represent the level of one sampling.
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Figure 4, Plasma histidine-rich glycoprotein (HRG) levels in 20 individuals an up to 9 samplings over
a 6 months period. Each dot represent the level of one sampling,
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DISCUSSION

Because elevated fibrinogen, PAl-activity and CRP levels have gained interest as
risk indicators for cardiovascular disease!® and elevated HRG is associated with
thrombosis™' it has become important to accurately know the habitual levels of these
parameters, Until now, single fibrinogen, PAl-activity, CRP and HRG
measurements are accepled lo represent habitual levels. This might be inaccurate as
the plasma levels of these proteins are for instance influenced by a transient acute
phase reaction, which may lead to temporary variations in the plasma levels. In the
present study we documented the inaccuracy of eslimating habitual levels when only
1 plasma sample is studied and how many samples should be taken to obtain
eslimates of habituat plasma levels of fibrinogen, PAT-activity, CRP and HRG.

In a longitudinal study of 9 blood samplings in 20 individuals we showed that for
plasma fibrinogen levels the intraindividual variation has an contribution of 13% to
the total variance. It is required to perform multiple sampling in order to decrease
the contribution of this intraindividual variation and to obtain an estimate of the
habitual level that is accurate when compared o the interindividual variation, With 2
random samplings of plasma fibrinogen levels the contribution of the individual
variation will be reduced to less than 10%, indicating a correlation between the
interindividual variance and the total variance above 0,90, which we used as an
arbitrary unit. In this study the period between the samplings was 3 weeks. Peak
values were not consistent in consecutive samplings, indicating that a period between
samplings of 3 weeks is sufficient for disposing of peak effects.

To compare the interindividual varialion in our group with the variation reported
in other studies, we calculated the coefficient of variation (CV) in a transversal part
of the study on 59 healthy individuals (single sampling). We found a CV of (.15,
which is in good agreement with the results of Marckmann et al** and Thompsen et
al, Tt was calculated that a sample size of 142 (2 groups of 71} individuals will be
needed to differentiate two groups with a difference of | standard deviation of the
mean, We choose this example of | standard deviation because in the Northwick
Park Heart Study' it was shown that this difference will give a 84% increase for the
risk of cardiac events in the next five years.

When we studied the variation in the logarithmically transformed PAl-activity data,
we observe that almost all variance can be ascribed to the interindividual variation.
The intraindividual variation is well below 10% and therefore single sampling is
sufficient. The sample size required to measure a difference of 15% of the log(PAl-
activity) between two groups is 162 individuals. For PAl-activity, CRP and HRG the
association between increase and cardiac risk is not so well established as for
fibrinogen. Since | standard deviation of fibrinogen is 15% of the mean level, we
calculated the sample size for 15% differences between the groups.

For the logarithmically transformed CRP levels we find a 14% contribution of the
intraindividual variation to the total variance. The mean of two samplings will give a
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good estimation of the habitual level. However, if we study figure 3, we frequently
observe oulliers. Therefore, in assessing the habitual level, we advise to perform
three of more measurements fo be able to identify and exclude these outliers. For the
same reasons as for fibrinogen, a 3 week period between sampling can be used, The
sample size required to measure a difference of 15% of the log(CRP) between two
groups is 412 individuals. In this study the contribution of the analytical variance
was not analyzed separately, but it is included in the intraindividual variation. For
fibrinogen measurements with the Clauss method it has been described* that the
analytical variance is only a small part of the intraindividual variation. For the other
methods the variation is already below 0% so that reduction of the analytical
variation will not be required,

The intraindividual variation of plasma HRG level is very smail (only 1% of the
total variance) and can therefore be neglected. Multiple sampling is thus not
warraited {o determine the habitual HRG level, The sample size required to measure
a difference of 15% of the HRG level between two groups is 86 individuals.

If duplicate sampling will be performed, the required sample size for fibrinogen
will go from 142 to 133, while for CRP it will go from 412 to 381, This implies
that when the intraindividual variation is relatively low, multiple sampling will
hardly influence the number of individvals that need to be studied in an
epidemiological study. However, for the reliable determination (10% criterium) of
the habitual level of an individual, multiple sampling will be necessary,

The genetic polymorphisms of the BB-fibrinogen gene showed an association with
the plasma fibrinogen levels obtained by simple sampling in the transversal group,
These findings are in agreement with other studies in healthy volunteers™™. The
association between the habitual levels (mean of up to nine samplings) of the
individuals of the longitudinal study and genotypes of the B8-RFLP were more
significant and the difference between the levels was somewhat larger as expected.
Since the association was already significant with single sampling, multiple sampling
will not give an essential improvement.

No association was found between the genotypes and the intraindividual variation
in the longitudinal group. The genotypes of HindIH and CA-repeat polymorphisms
of the PAI gene did not associate with either habitual ptasma levels or intraindividual
variation, The association was also not significant when the habitual log(PAI-
activity) levels of individuals in the longitudinal study were evaluated. It might be
interesting to study the contribution of genelic elements to the variation of fibrinogen
and PAI-activity in a larger study, because there are reports about different reaction
to acute phase stimulation (e.g. smoking) in individuals with different G/A™Y
genotypes of the BB-fibrinogen RFLP.

In conclusion, we observed that the intraindividual contribution of the total
variance in a longitudinal study of fibrinogen, PAl-activity, CRP and HRG is lower
than the interindividual variation. However, muitiple sampling is advised for
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fibrinogen to decrease the contribution of the intraindividual variation under 10%
and for CRP to exclude the outliers. A contribution of genetic polymorphisms of the
Bf-fibrinogen gene to the interindividual, but not the intraindividual, variation was
observed,
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ABSTRACT

High plasma levels of fibrinogen, C-reactive protein (CRP) and plasminogen
activator inhibitor (PAI) activity are associated with an increased risk of ischaemic
heart disease and stroke, There are indications that N-3 falty acids are involved in
the production of these proteins, but only in the presence of an adequate amount of
the antioxidant vitamin B,

In this study we have evaluated the effect on plasma levels of fibrinogen and CRP
of fish oil containing N-3 fatty acids and the natural antioxidant vitamin E. 1!
healthy young volunteers with fibrinogen and CRP levels in the normal range were
supplemented for one week with 30 g/day fish oil, containing 60 IU vitamin E. No
effects on fibrinogen and on CRP were found, indicating that fish oil has no effect
on basal levels of fibrinogen and CRP, The effect of vitamin E on fibrinogen, CRP
and PAI activity levels was evalvated in 20 healthy volunteers (age 21-31) who
received vitamin E (dose doubling every 2 weeks from 25 to 800 [U/day) for 12
weeks. No significant changes in fibrinogen, CRP and PAI activity levels were
found.

From these studies we conclude that it is unlikely that short term supplementation
with fish oil or vitamin E influences the levels of the acute phase reactanis
fibrinogen, CRP or PAI activity in healthy young volunteers with normal levels of
these risk indicators,

INTRODUCTION

High plasma levels of fibrinogen'?, C-reactive protein (CRP)! and plasminogen
activator inhibitor (PAD® are associated with an increased risk of myocardial
infarction and stroke. Plasma fevels of the three proteins are increased during the
acute phase reaction. It has been suggested that the actual factor which may increase
the risk of heart disease and stroke is a chronic focal inflammatory state and that the
plasma levels of fibrinogen, CRP and PAI are indicators thereof and as such
positively associated with risk'#,

The major initiators of increased synthesis of acute phase proteins in the liver are
the cytokines interleukin-6 (IL6), interleukin-18 (IL18) and tissue necrosis factor-¢
(TNFa). Activated monocytes and other activated cells of the reticulo-endothelial
system are major sources of these cytokines, N-3 fatty acids reduce the response of
monocytes to stimuli which may result in a reduced production of cytokines®, On the
other hand, polyunsaturated fatly acids in LDIL, if not well protected by
antioxidants, are more susceptible to oxidation. There is accumulating evidence that
oxidation of LDL will lead to activation of cells in the vascular wall to produce
cytokines, resulting in a local inflammatory reaction®. Vitamin E protects LDL
against oxidalive modification” which may explain the observation in epidemiological
studies that there is an inverse relation between intake and plasma levels of dietary
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antioxidants and the risk of myocardial infarctions®?.

Recently, Haglund et al'® reporied effects of fish oil supplemented with vitamin E
on fibrinogen levels also in healthy volunteers rendering it possible that basal
synthesis of fibrinogen is influenced. The aim of this study was to evaluate in
healthy volunteers the effect of fish oil and the antioxidant vitamin E on fibrinogen
and in addition PAT activity and to document the acute phase condition by measuring
CRP,

YOLUNTEERS AND METHODS

Volunteers

To evaluate the effect of fish oil containing a moderate dose of vitamin E, 11
healthy volunteers (age 18-22) were supplemented with fish oil (Maxepa: 30 gram
daily containing 5.4 g EPA, 3.6 g DHA, 60 mg Vitamin E) for one week,

To evaluate the effect of vitamin E, 20 healthy volunteers (age 21-31) were given
vitamin E (consecutively 25-50-100-200-400-800 mg/day, each for 2 weeks) for 12
weeks,

Methods

(HMW + LMW) Fibrinogen levels were determined in EDTA plasma using an
enzyme immuno assay (EIA)!. In this assay a monoclonal antibody against the
carboxyl terminal end of the fibrinogen Ac-chain is used as the capture antibody
{G8), and a monoclonal antibody against the amino-terminal end of the Aa-chain
(Y18) as the tagging antibody. Thus the EIA will only measure HMW and LMW
fibrinogen.

C-reactive protein was measured with an EIA based on rabbit polyclonal antibodies
against human CRP. One volunteer with CRP levels > [0 mg/l was excluded,
because this high level is an indication of substantial inflammation.

PAI activity was measured according to Verheijen'?.

Statistical methods

Because CRP and PAI activity were positively skewed, the dala were transformed
logarithmically before analysis. Mean (for CRP and PAI the geometrical mean) and
its 95% confidence interval are presented. The effects of fish oil and vitamin E
treatment were studied with the paired Student t-test. Correlations were calculated
with the Pearson correfation test. All statistical methods were performed with the
SOLO computer program.

RESULTS
In the eleven young volunteers the one week treatment with 30 g fish oil plus 60 mg
vitamin E per day had marked effects on plasma fatty acids {mean decrease of 39%)
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and on triglyceride levels (mean decrease 36%), as reported previously. In
contrast, neither fibrinogen nor CRP levels did show a significant change (lable 1),
In accordance with the differences in behaviour of fibrinogen and CRP versus
triglyceride and fatty acids, no relations were observed between these two categories
of variables.

In the twenty healthy young volunteers receiving up to 800 mg/day vitamin E,
plasma vitamin E levels showed an increase from 23,6 + 3.6 uM to 61,2 + LL.8
uM. Triglyceride and total cholesterol levels did not change (data not shown). No
significant changes in fibrinogen or CRP aclivity were found (lable 2); in
accordance, using the Pearson correlation test, significant correlations of 0.74 and
0.78 between the levels before and after trealment were found for fibrinogen and
CRP, respectively. For PAL activity we also found no significant changes, but a
correlation between pre- and post-values was absent.

Table 1. Mean (95% contidence interval) of plasma fibrinogen and CRP levels beture and after 1
week fish oil administration in 11 heafthy young volunteers.

before fish il after fish oil
Fibrinogen (g/L) 1.9 (1.7 -2.1) 1.7 (1.6-1.9)
CRP (mg/L) 0.83 (0.47-1.5) 0.91 (0.54-1.5)

Table 2. Mean (95% confidence interval) of plasma fibrinogen, CRP and PAI activity levels before
and afier 12 weeks vitamin E supplementation in 20 healthy young velunteers.

before vitamin E after vitamin E
Fibrinogen {g/L} 1.8 (1.6-2.0 1.8 (1.5-2.1)
CRP (mg/L} 0,37 (0. 19-2.0) .29 (0.16-0.56)
PAY (TU/mL 5.0 (4.6-6. 1) 6.2 (5.3-7)

DISCUSSION
One requirement for reducing plasma tibrinogen levels by fish oil treatment on
fibrinogen levels might be an adequate amount of vitamin E. Haglund et al' showed
in [2 healthy volunteers that fibrinogen levels decreased after supplementation with
30 ml fish oil containing 45 mg vitamin E per day, whereas no effects were found
when the volunteers were given 30 mi fish oil with 9 mg vitamin E per day for a
three week period.

We found no effects on fibrinogen levels afler administration of fish oil with
relatively high vitamin E levels or after administration of moderale to high doses (up
to 800 mg/day) of vitamin E for 12 weeks, Although our studies had a different
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design, our results can not confirm the resulis of Haglund.

A possible explanation for the absence of fibrinogen decrease in our fish oil study
might be the duration of our fish oil administration, which was only one week in our
study, while Haglund gave his volunteers fish oil for three weeks. The treatment
period with vitamin E, however, should have been sufficient (12 weeks),

An analysis of “the literature reveals that the studies showing a decrease of
fibrinogen levels concerned patients with increased fibrinogen levels. A prolonged
low grade acute phase reaction is the main mechanism known to increase habitual
fibrinogen levels, Therefore we documented in our volunteers the level of the acute
phase reactant CRP. Our volunteers had no increased fibrinogen or CRP levels at
the start of the study. Our findings of absence of a change in both fibrinogen and
CRP would therefore support the above analysis that fish oil or vitamin E might be
mainly active in case of elevated levels of these components.

We conclude that in young, healthy volunteers without signs of a stimulated acute
phase reaction, supplementation with vitamin E has no effect on the mentioned
variables. It remains to be tested whether effects can be found in individuals with
elevated levels of fibrinogen and/or CRP, e.g. smokers.
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ABSTRACT
The mechanisms of the antithrombolic effect of the platelet aggregation inhibiting
agent Ticlopidine might include a decrease of the plasma fibrinogen tevel. The effect
of ticlopidine on increased fibrinogen synthesis following trauma, such as surgery, is
however not known. 46 patients who underwent suprapubic prostatectomy were
randomized to receive either (group A} Ticlopidine (2 x 250 mg daily) from the
second preoperative day until the seventh postoperative day or (group B) placebo up
tilt the day of surgery and further acenocoumarol against posl-operative thrombosis.
We measured the plasma fibrinogen levels pre- and post-operatively and observed
that the level and in particular the rise of the plasma fibrinogen concentration was
not different in the two groups. It is concluded that compared with the standard
treatment in group B ticlopidine does not influence trauma-induced fibrinogen
increase.

INTRODUCTION

Ticlopidine has been reporied to reduce the number of thromboembolic events and of
restenosis in patients undergoing haemodialysis' and cardiac surgery™, It also
improves the walking ability in patients with intermitient claudication®?,

The main effect of Ticlopidine appears to be on the first and second phase of the
blood platelet aggregation induced by ADP, collagen and platelet aggregation
factor®?, Varying effects are reported concerning the effect on the aggregation
through the arachidonic pathway and in contrast to aspirin, ticlopidine does not
inhibit cyclo-oxygenase®, The activity is suggested to be mediated through blocking
platelet fibrinogen receptors® or altering platelet ADP-binding""!!, However, no
exact biochemical mechanism of ticlopidine has been established, and in view of
discrepancies between in vitro and in vivo effects, the formation of at least one
active transient metabolite is surmised'?,

Recently, an additional effect of Ticlopidine in patients with peripheral
atherosclerotic disease or ischaemic cerebrovascular disease has been reported;
namely a decrease in the plasma fibrinogen level'". This finding is particularly
inleresting because an elevated plasma fibrinogen level is a risk factor for
arteriosclerosis, stroke and myocardial infarction™, The fibrinogen decreasing effect
has sofar only been observed in patients, with the exception of diabetic subjects'
and no information of effects in healthy volunteers is available as yet.

It remains possible therefore that the effect of liclopidine is confined to situations
with induced increases in fibrinogen. In this context we studied the effects of
ticlopidine in a group of patients who underwent an urologic operation, viz
suprapubic prostatectomy®, Post-operatively there always is an increase in the
plasma fibrinogen levels, induced by surgical trauma.
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PATIENTS AND METHODS

Patients

Fifty consecutive patients admitted to the urological ward for open prostatectomy
were - with informed consent - randomly allocated to one of two groups (A or B).
Group A received Ticlopidine, 250 mg twice daily from the second pre-operative
until the seventh post-operative day; group B received a placebo from the second
pre-operative day until the day of surgery. Post-operatively, paties in group B
were treated with acenocoumaro! like the other patients on the ward not participating
in the study. The patients and technicians performing the leg scanning were not
informed about the medication,

Excluded from the study were patients with serious liver or renal disease,
haemorrhagic diathesis, or patients who received drugs that could interfere with
platelet function. Post-operatively, all patients were treated with Baralgin® to prevent
painful biadder spasms. Patients taking part in this trial did not receive -
aminocaproic acid. Of the fifty patients who entered the study, four could not be
evaluated, Two patients appeared on return from the operation rocom to have
undergone a trans-urethral prostatectomy, one patient turned oWl to suffer from a
bladder carcinoma. One patient was excluded from the trial because of technical
errors in the leg scanning (belonged to group B).

Eventually group A consisted of 26 patients, group B of 20. There were no
differences between the two groups regarding risk factors for heart and vessel
disease. More information on this palient group, platetet aggregation inhibition,
bleeding complications, and isotopic DVT can be found in ref, 21,

Methods
Plasma fibrinogen levels were measured on day -3 (start of the study}, day O {day of
the operation) and day +3 by the Clauss method® in platelet-poor plasma (PPP).
Patient compliance was assessed by platelet ADP-aggregation. Aggregation was
measured in a Peyton aggregometer: 9 ml of blood was collected in | ml 0.109 M
Na citrate, centrifuged for 15 min at 100 x g for the preparation of platelet-rich
plasma (PRP), Two mi of this PRP was centrifuged for 10 min at 1500 x g in order
to obtain PPP. The aggregation tests were performed between | and 2 hours after
collection of the blood. To induce aggregation, ADP (Sigma Chemie) was added to
PRP with a final concentration of 0.5 pg/ml. Apgregation was expressed as percent
of maximal aggregation.

Thrombosis was detected by *I-fibrinogen uptake test®,

Data analysis was performed by non-parametric tests for beth independent and
paired samples. Any probability equal or less than 0.05 is considered to represent a
significant difference between the data studied.
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RESULTS

The biological effect of Ticlopidine was monitored by following the ADP-induced
aggregation of the patients’ blood platelets, Ticlopidine inhibited the ADP-induced
aggregation as shown in Fig. 1. In the placebo group, some impairment of
aggregation was also seen, but on day 0, the ADP-induced aggregation was already
significantly more reduced in the Ticlopidine group compared with the control
group.

Both the Ticlopidine group and acenccoumarol group showed significantly
increased fibrinogen levels on day 3 compared with preoperative levels (P < 0.001)
(Fig. 2), The levels were not significantly different in the two groups (P > 0.20).
The individual rise in postoperative fibrinogen levels was also not different in the
two groups.

% of maximal aggregation
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Figure I. ADP induced aggregation in group A (@) and group B (O). (Fp<0.01)

During the whole study only one case of clinically detectable thrombosis was
encountered; this was a patient in the placebo group who showed transient signs of
deep vein thrombosis (DVT) in his left calf, By means of the I-fibrinogen uptake
test DVT was detected in four patients of group A (12.7%) and in seven patients in
group B (28.5%), including the patient with clinical thrombosis, all within the first
three postoperative days, This difference is not significant (p = 0.23). In group A
only one case of bilateral thrombosis was found, in group B four cases®.
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Figure 2, Mean plasma fibrinogen levels on days -3, 0, and +3 in group A (@) and group B (O).

DISCUSSION
A significant reduction in the ADP-induced platelet aggregation from the day of
surgery onwards witnessed the biological effect of ticlopidine in the treatment group,
where ticlopidine was given from day -3 onwards. As it is unethical to withhold
anticoagulants after surgery the control group was postoperatively treated with
acenocoumarol.

The fibrinogen levels in the ticlopidine group and the placebo-acenocoumarol
group were similar at the start of the study (day -3) and no effect on these basal
tevels was apparent at day O pre-operatively. It indicates that ticlopidine had no
effect on the constitutive synthesis of fibrinogen in this group of men. In men of this
age group an enlarged prostate is considered normal, therefore they can be
considered healthy. Until now, all reports of ticlopidine effects on plasma fibrinogen
levels dealt with patient groups™'. It is therefore possible that the observed
fibrinogen lowering only occurs in disease and is, in fact, a normalization of the
elevated fibrinogen levels. On the other hand, these studies describe fibrinogen
decrease after a treatment period of several months™", It is possible that our
treatment period was too short to show an effect on the base-line levels as the
biological half life of fibrinogen is 2% days.

The post-operative rise in fibrinogen concentration is a measure for the acute phase-
stimulated production. This rise was not different in the two groups, indicating that
ticlopidine is not capable of preventing the post-operative rise of the fibrinogen
concentration. In other studies'™®* it has been suggested that the action of ticlopidine
on the fibrinogen level is an anti-inflammatory effect. Randi® hypothesized (hat
ticlopidine acts by inhibiting the exposure of fibrinogen receptors on platelets which
results in a decrease in the fibrinogen levels, After major surgery there is important
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platelet stimulation, but we could not observe a reduction of the fibrinogen rise.

Therefore, it is unlikely that this mechanism plays a major role in the acute
increase of fibrinogen levels after surgery.

Patereti et al'® report a longitudinal study where the fibrinogen fevels increased
gradually in the placebo group. The end of the 21 month follow-up study coincided
with the winter months. The elevated incidence of illness in the winter may
contribute to this increase. In the ticlopidine group, this relation was not seen.
Therefore it is possible that a reduction of disease induced fibrinogen elevation may
be the underlying mechanism.

Further studies thal measure other acute phase proteins (e.g. C-reactive protein}
and cytokines (e.g. interleukin-6) may elucidate the effect of ticlopidine on the acute
phase induced increase of fibrinogen levels,

We can only conclude that, after operations with a high post-thrombotic risk, the
fibrinogen increase is not significantly altered by ticlopidine in its magnitude, in
comparison with the acenocoumarol treatment. That both treatments have reduced
the fibrinogen increase to a similar extent is not probable, since no effect of
acenocoumarol on fibrinogen levels has been described in the literature.
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CHAPTER 9

MODULATION OF PLASMA FIBRINOGEN LEVELS BY TICLOPIDINE IN
HEALTHY VOLUNTEERS AND PATIENTS WITH STABLE ANGINA
PECTORIS.

Contributions of the acute phase reaction, fibrin(ogen) degradation and genetic
polymorphisms of fibrinogen,
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ABSTRACT

Efevated plasma fibrinogen levels represent an increased risk for cardiac events,
Ticlopidine is a drug that inhibits the ADP-induced aggregation of blood platelets
and it also has been described that ticlopidine can decrease the plasma fibrinogen
level in patients with vascular diseases. The mechanism of this decrease has not yet
been elucidated and therefore mechanisms that are known to affect fibrinogen levels
were studied, viz. the acule phase reaction, total fibrin and fibrinogen degradation
(TDP) levels and the fibrinogen G/A™* Bfi-chain polymorphism.

The fibrinogen lowering effect of ticlopidine was studied in 26 healthy volunteers
and in 26 palients with stable angina pectoris in a double blind, placebo controlled,
randomized cross-over study. Plasma fibrinogen levels were measured with the
Clauss assay and enzyme itmmuno assay for high plus low molecular weight
(HMW+LMW) forms of fibrinogen, C-reactive protein and TDP levels were
measured with an EIA.

In the healthy volunicers the functional fibrinogen levels had decreased 0.20 g/L
(9%, p<0.05) after 4 weeks of ticlopidine administration, whereas the
HMW+LMW fibrinogen levels, the CRP and the TDP levels were not significantly
decreased. In the stable angina pecloris patients the baseline fibrinogen, CRP and
TDP levels were significantly higher than in the volunteer group. After four weeks
ticlopidine administration the functional fibrinogen levels had decreased with 0.39
g/L (1%, p<0.005}, whereas the HMW+LMW fibrinogen, the CRP and the TDP
levels were not significantly changed. Neither in the volunteers or the patients was
the effect of ticlopidine on the fibrinogen levels associated with the fibrinogen G/A-
4% senotype.

Therefore, the fibrinogen lowering effect of ticlopidine is unlikely to be regulated
by the acute phase reaction, TDP-levels or the fibrinogen G/A** BB-chain
polymorphism.

INTRODUCTION
1t has been shown repeatedly that elevated plasma levels of fibrinogen indicate a risk
for the development of cardiovascular diseases'”, peripheral arterial disease® and
stroke®, After adjusting for other risk factors such as cholesterol levels and smoking
the fibrinogen levels remained significantly associated with risk of atherothrombotic
events. Additionally, the plasma levels of fibrinogen are associated with the severity
of atherosclerosis'®!?, Since it has been suggested that atherosclerosis is an
inflammatory process of the vascular wall’®, the increased plasma levels of the acute
phase protein fibrinogen that are observed in patients with cardiovascular disease'*'s
might reflect an elevated inflammatory status of the vascular wall of these patients.
Although a causal relation between elevated plasma fibrinogen levels and increased
risk of atherothrombotic evenls has not yet been definitively established, much
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interest has developed for agents that can lower the fibrinogen levels. An agent that
has shown to have a decreasing effect on fibrinogen levels in patients with coronary
diseases is ticlopidine'™. The main effect of ticlopidine is the inhibition of platelet
aggregation and for that reason it is consequently used in the reduction of
atherothrombotic events®?, Ticlopidine is not functional in itself, but is transformed
in an active, not yet identified, metabolite?,

Although the additional fibrinogen lowering effect of ticlopidine has repeatedly
been observed, the underlying mechanism still has to be elucidated. Studying
patients that atready have elevated plasma fibrinogen levels, makes it impossible to
differentiate between normalization and systemic decrease of the basal fibrinogen
levels. Such a separation of mechanisms can only be made when both patients and
healthy volunteers are studied, but these studies have not yet been performed.

The most important mechanism that regulates the plasma fibrinogen levels is the
acute phase reaction, which can lead to a two to fourfold increase. In patients with
vascular disease a modest increase of the inflammatory state has been observed,
demonstrated by increased plasma levels of several markers of inflammation, such as
fibrinogen, interleukin-6, leucocyte receptors on  vascular  endothelium,
comptement'®**2, If ticlopidine influences the acute phase status, it may involve the
cylokine secretion of activated cells, resulting in a normalization of the plasma
fibrinogen levels., Additionally, the plasma levels of other acute phase markers, like
the strong acute phase reactant C-reactive protein, are then expected to decrease.

Upregulation of fibrinogen synthesis in response to increased fibrin{ogen)
degradation was indicated by a correlation between plasma fibrinogen fevels and
fibrin(ogen) degradation products (FDP)Y, Ticlopidine is known to inhibit the
aggregation of blood platetets by preventing the exposure of the glycoprotein ib/Illa
complex, which is the receptor of fibrinogen on platelets™. This decrease of the
fibrinogen binding to platelets might be a mechanism eventually leading to lowering
of the production of FDP and consequently to lowering of the plasma fibrinogen
levels, since i has been reported that FDP stimulate the fibrinogen synthesis of
cultured human hepatocytes®™*. This possible mechanism would imply that
ticlopidine administration lowers fibrinogen through lowering of the FDF levels.

The studies that have been performed until now have all measured the functional
fibrinogen levels. A lowering of the tibrinogen levels that are measured with
functional tests {viz. the Clauss test®®) might also be explained by a decrease of the
clotting characteristics of the fibrinogen molecules. Methods that measure the
fibrinogen antigen levels, like enzyme immuno assays (EIA) will not be altered if it
is the functionality of the fibrinogen that is affected by ticlopidine.

Another contribution to the fibrinogen regulation might be penetic. Different
genotypes of DNA polymorphisms of the fibrinogen Bfi-chain are known to be
associated with plasma fibrinogen levels®*?, Besides higher fibrinogen levels, it has
been described that individuals with the rare allele of these fibrinogen

v
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polymorphisms also have a larger longitudinal variation of their plasma fibrinogen
concentration®, In individvals with a low grade inflammatory state, e.g. smokers,
the effect of the polymorphism is more pronounced®, This suggests that the rare
allele might be more sensitive to environmental influences which increase fibrinogen
synthesis. Consequently, the effect of ticlopidine administration of plasma fibrinogen
levels might also depend on the genotypes.

In this study we analyzed the effect of ticlopidine on fibrinogen activity and
HMW+LMW antigen levels in a group of healthy volunteers and in a group of
patients with stable angina pectoris. We tested the hypothesis that the decrease of
plasma fibrinogen levels by ticlopidine a) results from an effect on the acute phase
reaction by analyzing also C-rcactive protein, b) is an effect on the fibrin(ogen)
degradation by studying the correlation between the effect of ticlopidine on
fibrinogen and the effect on levels of circuiﬁling fibrin(ogen) degradation products
and ¢) whether genetic polymorphisms of the fibrinogen genes contribute to the
effect of ticlopidine on plasma fibrinogen levels.

PATIENTS AND METHODS

Subjects

One hundred male Caucasian blood donors of the Rotterdam Red Cross Blood Bank
were asked to participate in this study. The first thirteen with the BIBI genotype
and the first thirteen consecutive donors with the BIB2 genotype formed the healthy
volunteer group. The men were between 30 and 50 years of age and had no history
of vascular disease. Volunteers were not included if they suffered from any disease
and did not use any non-study medication. Twenly-six consecutive patients that
visited the cardiology outpatient departments of the Medical Centre Alkmaar (n=18)
or the University Hospital Rotterdam {n=8), having angina pectoris (NYHA 2-3/4)
with evidence of coronary artery disease by either 1) coronary angiography, 2)
documented myocardial infarction or 3) a positive exercise test formed the patient
group. Patients were not included if they had other diseases than coronary artery
disease. The patients only used medication for their cardiac complaints. The stable
angina pectoris patients and the healthy volunteers were excluded from the study if
they ever had had illnesses with bleeding risk, recent surgery or previous allergic
reactions to medication.

Three individuals in the healthy volunteer group and one in the patient group had
to leave the study because they developed pruritus, these individuals were replaced.
No individual left the study for another reason. The demographic characteristics of
the two groups are described in table 1, The study was approved by the Medical
Ethical Commitiees of the Medical Centre Alkmaar and the University Hospital
Rotterdam and written consent was obtained from the volunteers and patients in
accordance with the Declaration of Helsinki,
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Table 1. Baseline data of the healthy volunteers and the stable angina pectoris group. Mean (SD) are
given for age and BMI,

healihy volunteers - patients
age 41.6 (5.2) 65.3 (9.2)
gender 26 male 24 male/ 2 female
BMI 25.3 (4.4) 25.8 (0.6)

DPesign of the study

This study was a randomized double-blind AB/BA cross-over study. First all groups
received placebo for two weeks to let the participants get used to taking the
medication. Then the volunteers and the patients were ramdomized and either
ticlopidine (250 mg 2 dd) or placebo were administered for four weeks, followed by
a wash-out period of two weeks and the second test period in a cross-over design, A
wash-out period of two weeks was used, since the platelet agpregation had then
returned o normal® and because the half life of fibrinogen is 100 hours®. Blood
was sampled at the start (visit 1), after the two-week adaptation period (visit 2),
after 2 (visit 3) and 4 (visit 4) weeks in the first treatment period, after the two-week
wash-out period (visit 5) and after 2 (visit 6) and 4 (visit 7) weeks in the second
‘treatment period (see figure 1),

Ticlopidine Placebo
group 1
group 2

Placebo Ticlopidine
visit 1 2 3 4 5 6 7
day )] 14 28 42 56 70 84

Figure I, Treatment schedule for the heatthy volunteers and the stable angina pectoris paticnts.
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Assays

Platelet count and total white blood cell count were performed at each visit as safety
measurements, platelet count had to remain > 150,000/mm® and total white blood
cell count > 1,800/mm?®, No volunteer or patient ever had levels that were below
these limits. The maximal platetet aggregation in platelet rich plasma after induction
by ADP 5 uM was determined using a Peyton aggregometer (Salm en Kipp,
Breukelen, the Netherlands) at visits 4 and 7 to check the compliance.

Plasma fibrinogen levels were functionally determined by the Clauss method®.

High plus low molecular weight (HMW-+LMW) fibrinogen levels were
determined with an enzyme immuno assay (Fibrinostika intact fibrinogen, Organon
Teknika, Boxtel, the Netherlands) according to the instructions of the manufacturer.
In this assay a monoclonal antibody against the carboxyl-terminal end of the
fibrinogen A-chain is used as the capture antibody (G8), and a monoclonal antibody
against the amino-terminal end of the Aa-chain as the tagging antibody (Y [8). Thus
the EIA will onty measure HMW plus LMW fibrinogen, and not LMW’ %,

Total fibrin(ogen) degradation products (TDP) were determined with an enzyme
immuno assay (Fibrinostika TDP, Organon Teknika, Boxtel, the Netherlands)
according to the instructions of the manufacturer, In this EIA, a monoelonal
antibody specific for the degradation products of fibrinogen and fibrin, and not
reactive with fibrinogen or fibrin, is used as the capture antibody (FDP-14) and the
tagging step is,done with monoclonal antibodies against fibrinopeptide A (Y 18) and
D-Dimer (FDP-13), whereby- it assesses the total of degradation products of
fibrinogen and fibrin®,

C-reactive protein was determined with an EIA that used rabbit antibodies against
human CRP (DAKO, Denmark) as catching and tagging antibody.

DNA polymorphisms (Bc/l, Taqgl, G/A™) were determined as described before®??,
Briefly, genomic DNA was amplified with the appropriate primers, afler which the
reaction product was incubated with the respective restriction enzyme. After
separation on 2% agarose gels with ethidium bromide the fragments of different
length were visualized under ultraviolet light.

Statistical analysis

Because CRP and TDP were positively skewed, the data were logarithmically
transformed before analysis. The distribution of the resulling variables, called
logCRP and logTDP, was not different from normal. The first analysis addresses the
question whether any systematic differences in the composition of the treatment and
status groups occur. This was done by (ANOVA) of the baseline levels for both
visits 1 and 2 of functional and HMW+LMW antigen fibrinogen, logCRP and
logTDP. Adequacy of the length of the wash-out period was determined by ANOVA
applied to the data of visit 2 (baseline period 1) and visit 5 (baseline period 2). The
fixed factors were visil, group and visit*group, the random factor was patient nested
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by group. See Senn page 63* for more details. If the visit*group interaction was not
significant, the wash-out period was regarded as adequate. The analyses were
performed separately for patients and volunteers.

The effect of ticlopidine on the plasma fibrinogen levels in patients and volunteers
separately was estimated using a paired student’s t-test. The effect of genetic
polymorphisms on the plasma fibrinogen levels was assessed using ANOVA with
polymorphism group and status as fixed faclors.

All computations were done using the statistical package SAS.

RESULTS

Healthy volunteers

The mean (SD) baseline level of functional plasma fibrinogen was 2.35 g/L (8D
0.35) and for LMW +HMW fibrinogen this was 1.97 g/L (SD 0.53)(table 2). The
geometrical mean {central 95% range) of CRP was 0.21 mg/L (0.02-2.36) and for
TDP this was 0.18 pg/mL (0.03-1.00). The baseline functional and HMW +LMW
antigen levels of fibrinogen were not significantly correlated with logCRP or
logTDP levels using Pearson’s correlation analysis.

The design of this study was AB/BA cross-over and a 14 day wash-oul period was
applied. Using a general linear model procedure it was observed that the levels after
the wash-out period were comparable to the baseline data.

After a 2 week administration of ticlopidine these levels had decrea-;ed to 2.18 g/L
and after 4 weeks the mean functional fibrinogen levels was 2.16 g/L (SD 0.57) with
an average decrease of 0.20 g/L (SD 0.33) {=mean increase of 9%) while the
HMW-+LMW levels were unchanged. There were no significant changes in the CRP
or TDP levels.

The ratio of the functional fibrinogen over the HMW+LMW fibrinogen at baseline
and after 4 weeks liclopidine administration were comparable (1.23 and [.16,
respectively) suggesting that the function of the fibrinogen molecules has not been
changed by ticlopidine in the volunteers.

No relation between the Bell, G/A™™ or Taql polymorphisms and the plasma
fibrinogen level was observed. Also no difference in the effect of ticlopidine on
fibrinogen levels was observed in individuals with the different genotypes of the
Bell, GIA™ and Tagl polymorphisms.

Patients with stable angina pectoriy

The mean (SD) baseline levels in the patient group of functional plasma fibrinogen
were 3,44 g/L {SD 0,61} and of LMW +HMW they were 2.70 g/L (SD 0.60)(lable
3), both significantly higher than in the healthy volunteers (p<<0.00t), The
geometrical mean (central 5-95% range} of CRP was 1.45 mg/L (0.15-14.44) and
for TDP this was 0.28 pg/mi, (0.05-1.62), also significantly higher than in the
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Table 2. (geometric) mean {central 95% range) of functicnal fibrinogen and HMW + LMW fibrinogen
antigen, C-reactive protein (CRP) and total fibrin plus fibrinogen degradation products (TDP) in the
healthy volunteers at baseline and after two and four weeks of ticlopidine administration,

volunteers
basaline 2 weeks 4 weeks
functional fibrinogen {g/L) treatment 2.35 2.18% 2.16%%
(1.552.95)  (1.09-3.33)  (1.02-3.30)
placebo 2.25 2.17 2.19
(1.25-3.25) (1.05-3.29) {1.27-3.11)
HMW + LMW fibrinogen (g/L) treatment 1.97 2.07 1.94
(0.91-3.03) (0.41-3.73) (0.68-3.20)
placebo 2.17 2.08 2.26
(0,77-3.57)  (0.78-3.38)  (0.78-3.74)
CRP (mg/L) treatment 0.21 1.19% 0.83
(0.02-2.36)  {0.12-11.59)  (0.12-5.87)
placeho 0.69 0.81 0.74
(0.13-3.78)  (0.06-11.82})  (0.08-6.82)
TDP (pg/mL) treatment 0,18 0.15 0.17
(0.03-1.00)  (0.05-0.50)  {0.03-1.00)
placebo 0.16 0.15 0.14

(0.03-0.87)  (0.03-0.64)  (0.05-0.40)

* significantly different from the level at baseline (p <0.05) using a paired Student's t-test
*# gignificantly different from the level at baseline {p <0.005) using a puired Student’s t-test

healthy volunteers (p=0.003 and p=0.05, respectively). The baseline functional
fibrinogen levels were strongly correlated with the logCRP levels (R=0.73,
p<0.0001) but not with the logTDP levels. The baseline HMW+LMW fibrinogen
levels were not correlated with the logCRP and the logTDP levels.

Analogous to the healthy individuals, it was observed that in the patients the 14
day wash-out period was also sufficient, -

After a 2 week administration of ticlopidine the fibrinogen tevels were not changed
but after 4 weeks the functional fibrinogen levels had decreased to 3.18 g/L. {(SD
0.62)(p=0.01) with an average decrease of 0.39 g/L. (SD (.60} (= mean decrease of
11%) while the HMW + LMW levels were unchanged.

The ratio of the functional fibrinogen over the HMW + LMW fibrinogen at baseline
was 1.23 and after 4 weeks ficlopidine administration it had slightly increased to
1.28, which was not significant, suggesting that the function of the fibrinogen
molecules has not changed by ticlopidine in the patient group.

No relation between the Bcfl, G/A™™ or Tug! polymorphisms and the plasma
fibrinogen level was observed. Also no difference in the effect of ticlopidine on
fibrinogen levels was observed in individuals with the different genotypes of the
Bell, G/A** and Tag! polymorphisms.
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Table 3. (geometric) mean (central 95% range) of functional fibrinogen and HMW + LMW fibrinogen
antigen, C-reactive protein (CRP)} and total fibrin plus fibrinogen degradation products (TDP) in the
angina pecloris patients at baseline and after two and four weeks of ticopidine administration,

patients
baseline 2 weeks 4 weeks
functional fibrinogen (gfl.) treatment 3.56 3.39 3.i8%%
{2.22-4.66) (2.15-4.63) (1.94-4.42)
placebo 3.41 3.33 3.42
(1.97-4.85) (1.85-4.81)  (2.08-4.76)
HMW + LMW fibrinogen (g/L) treatment 2.70 2.68 2.76
(1.50-3.90) (0.94-4,42) (0.68-4.89)
placeho 2,75 2.73 2,77
(0.69-4.81) (£.23-4.23) (0.81-4.73)
CRP (mg/L) treatment 1.45 3.18 1.86
(0.15-14.44)  (1.94-4.42)  (0.24-14.30)
placebo 1.57 .40 113
(0.13-19.49) (0,15-12.94) (0.16-8.00)
TDP (ug/mL} treatment 0.28 2.36 0.29
¢0.05-1.62) (0.24-23.57) (0.05-1.57)
placeho 0,29 0.28 0.28

(0.04-0.61) (0.,05-1.60) (0.06-1,36)

* significantly different from the level at baseline (p < 0.05) using & paired Student's t-test
#% significantly different from the fevel al baseline {p < 0,005} using a paired Student’s t-test

DISCUSSION

In this study possible mechanisms for the fibrinogen decrease by ticlopidine were
analyzed in a group of healthy volunteers and in a group of patients with stable
angina pectoris. In the healthy volunteers the functional fibrinogen levels decreased
0.20 g/L (9%) after 4 weeks ticlopidine administration and in the patients with stable
angina pectoris the decrease was 0,39 g/L (11%).

In the group of healthy volunteers there was no association at baseline between the
functional fibrinogen levels and the levels of CRP and TDP, This might suggest that
the fibrinogen levels in the healthy volunieers are “true™ baseline levels, without an
elevation due to stimulation of the fibrinogen synthesis by an acute phase reaction or
increased TDPs. A basal state is further suggested by the low levels of- CRP and
TDP. After 4 weeks of ticlopidine administration a reduction of the functional
fibrinogen fevels with 0.20 g/L (9%) was observed. In the Northwick Park Heart
Study! an increase of the plasma fibrinogen level with | standard deviation refative
to the mean gave a 82% increase for the risk of a myocardial infarction within 5
years, This | standard deviation was + 15% of the mean value, which suggests that

the 9% decrease that we observed as a result of ticlopidine administration might
have therapeutic significance.
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In the stable angina pectoris patients the fibrinogen levels were higher than in the
healthy volunteers. This increase is much larger than the 5% increase per 10 years
that might be explained by the age difference between the groups. In the patient
group the absolute reduction of the functional fibrinogen was much larger than in the
volunteers, but the percentage reduction was comparable (11%).

Only the funclional fibrinogen levels, and not the CRP and TDP levels were
influenced by ticlopidine. This is in accordance with the results of Drouet et al, who
found no alterations of the CRP levels or leucocytle counts in patients with peripheral
arterial disease who were treated with liclopidine for three months?,

Ticlopidine was more effective than aspirin in the prevention of stroke in patients
who had experienced transient ischemic attacks were compared in the Canadian-
American Ticlopidine Study (CATS)®. Fibrinogen lowering could not be observed
with the platelet aggregation inhibitor aspirin in healthy controls™ or patients with
coronary artery disease™*2, The difference in the effect of ticlopidine and aspirin on
the plasma fibrinogen levels might contribute to this difference in efficacy.

The fibrinogen lowering effect of ticlopidine is only observed with the functional
Clauss test and not with the HMW-+LMW EIA, However, the ratio of these two
assays is not changed by the ticlopidine administration in the volunteers or the
patients, This suggests that the funclionality of the fibrinogen molecule is not
affected by ticlopidine. The variability of the EIA is larger (between day CV =
12%) than that of the Clauss assay (between day CV 4.2%), which might explain
why no decrease of HMW +LMW fibrinogen is found while functional fibrinogen
levels decreased and the ratio of functional over HMW+LMW fibrinogen was not
changed.

Both in the healthy volunteers and the stable angina pectoris patients no correlation
was observed between the genotypes of the BB-chain polymorphism and the
fibrinogen levels. This is in contrast (o several other observations®#>*, but some
other studies also found no effects'™**, This might be explained by the low number
of smokers in this study, since only 3 volunteers and 1 patient smoked. It has been
reported  that the relation between the G/A™™ fibrinogen polymorphism and
fibrinogen levels in much stronger in smokers'**™, We further did not observe a
relation between the decrease of the fibrinogen levels and this polymorphism.

Since the percentage reduction of functional fibrinogen levels in the volunteers and
in the patients was comparable after 4 weeks ticlopidine administration, and since an
effect of ticlopidine on the acute phase reaction, the TDP levels or the ratio
functional/HMW -+ LMW fibrinogen were not changed by ticlopidine, it is suggested
that the functional metabolite of ticlopidine might directly affect the fibrinogen
synthesis by human hepatocytes. A change of quantity rather than quality is also
indicated by Drouel et al®*, who found 10% reduction of the fibrinogen levels with
several methods (inununoreactive, clottable protein, Clauss, kinetic methods) in
patients with peripheral arterial disease that had been treated with ticlopidine.
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We conclude that since ticlopidine decreases the ﬁbrinogen levels both in healthy
volunteers and in patients with stable angina pectoris, and a contribution of the acute
phase reaction and fibrin{ogen) degradation products is not suggested, No effect of
DNA-polymorphisms of the fibrinogen BB-chain was observed. However, further
and particularly longer studies will be necessary to further elucidate the mechanism
of the fibrinogen decrease by ticlopidine,
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ABSTRACT

Elevated plasma fibrinogen levels are getting increasingly accepted as independent
risk indicators of cardiovascular disease. This has enhanced the interest in
identifying agents that can normalize elevated plasma fibrinogen leveis. One group
of agents with this capacity consists of the lipid lowering fibric acid derivatives, e.g.
ciprofibrate and gemfibrozil,

We studied the fibrinogen lowering effect of 12-week treatment with ciprofibrate
(n=48) and gemfibrozil (n=51) in hypercholesterolemic patients. The correlation of
the decrease in fibrinogen with the lipid lowering effects and the contribution of the
acute phase and genetic polymorphisms to this decrease were evaluated.

After 12 wecks treatment the fibrinogen levels were significantly decreased
{p<0.0005) with both drugs, although the decrease in the ciprofibrate group (3.4
pre-treatment 1o 2.4 g/l after 12 weeks) was larger than in the gemfibrozil group
(3.4 to 3.0 g/L). The lipid lowering effect of the two drugs was comparable and not
parallel to the fibrinogen lowering effect. A decrease in the major regulating
mechanism of plasma fibrinogen levels, the acute phase reaction, was invoked as
underlying mechanism because the increased pre-treatment fibrinogen levels were
normatlized after treatment. However, pre-treatment C-reactive protein levels were
not increased and did not change after treatment. No effects of the polymorphisms of
the BB-fibrinogen chain on the decrease of the plasma fibrinogen levels were
observed, This suggests that, a new, yel unknown, mechanism is involved in
fibrinogen lowering by fibrates,

INTRODUCTION

An elevated plasma fibrinogen level is an important independent risk indicator for
the development of cardiovascular disease'”, Prospective studies like the Northwick
Park Heart Study' and the Framingham Study? have shown that the predictive vahie
of elevated plasma fibrinogen levels for developing cardiac events is of the same
magnitude as that of elevated cholestero! levels. In the PROCAM study® it was
shown that the highest cardiac risk was present in individuals with both high
fibrinogen and high cholesterol levels.

In this respect it is of preat interest to study ways to reduce fibrinogen in
individuals with elevaied levels. No agents have yet been identified that can
selectively affect fibrinogen, but some drugs have been shown, as an additional
effect, to decrease plasma fibrinogen levels, For example there are the fibric acid
derivatives whose main effect is a reduction of triglyceride and cholesterol levels®,
Increased plasma fibrinogen levels®! can be decreased by about 20% after treatment
with bezafibrate and clofibrate'"'*, One study with ciprofibrate showed that this drug
also decreased plasma fibrinogen by 21% in dyslipidemic patients®®. Gemfibrozil
also belongs to the fibric acid derivatives, but reports on its effect on fibrinogen are
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conflicting17%¢,

The mechanism of the fibrinogen lowering effect of fibrates is still unknown. The
most important mechanism that regulates the plasma fibrinogen levels is the acute
phase reaction””*, A role for the acute phase in fibrinogen lowering by fibrates is
suggested by the results of Pickart et al who describe that clofibrate suppresses the
acute phase stimulated synthesis of fibrinogen in the rat®®, If the fibrinogen lowering
cffect of fibrates is a result of a diminished acute phase reaction it is expected that
the plasma levels of other acute phase proteins, like C-reaclive protein (CRP), will
also change,

Regulation of the fibrinogen level can parlly be accounted for by genetic factors,
Two DNA-polymorphisms (G/A™* and Bcll) of the BB-chain of fibrinogen have
been reported™?, and healthy individuals with the rare A% allele have the highest
plasma fibrinogen levels®?® and the greatest longitudinal variability of these
fibrinogen -levels®., If we use the longitudinal variation as a measure of the
sensitivity to faclors that regulate the fibrinogen levels, it might be suggested that the
fibrinogen lowering effect of lipid lowering drugs (e.g. ciprofibrate} in individuals
with the rare allele will be the largest,

In this study we documented the relation between plasma fibrinogen levels and
factors that are known to influence these levels in hypercholesterelemic patients and
evaluated the fibrinogen lowering effect of ciprofibrate and gemfibrozil and the
contributions of the acute phase (reflected by CRP-levels) and of genetic factors,

PATIENTS AND METHODS

Patienis

Ninety-nine patients with primary hyperlipidaemia (type [a and b according to the
Fredrickson classification) with a total cholesterol level equal to or higher than 6.3
mmol/L were randomly allocated to treatment with 00 mg/day ciprofibrale (n=48)
or 2 times 600 mg/day gemfibrozil (n=51).

The study consisted of a dietary washowt period and a placebo period of four
weeks each, followed by an aclive twelve week treatment period. Five visits look
place, the first visit was prior to the four week dietary period, the second visit took
place prior to the placebo period. The other three visits were planned for, after 6
weeks and after 12 weeks of active (reatment,

Age, body mass index (BMI) (weight divided by height®), gender and smoking
habits of the patients were carefully documented. Smokers were defined as
individuals who had never smoked or who had stopped smoking more than 10 years
ago. Information on smoking habits, however, could not be oblained from all
patients; {able 1 provides the available data. Basic characteristics are given, for each
treatment group, in table .

Thirty healthy male blood donors, comparable for age (54.0 (SD 6.4} years) were
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used as a reference group for the pre-treatment fibrinogen and CRP data.

At visils two, three, four and five blood samples were collected from fasting
patients in trisodium citrate (final concentration 11 mmol/L). The biood samples
were immediately put into melting ice. After centrifugation (30 min. 3000 g, 4°C)
plasma was collected and stored at -80°C, DNA was isolated from the white blood
cells and stored at 4°C,

The study was approved by the Medical Ethical Committee of the Slotervaart
Hospital, Amsterdam and written consent was obtained from the patients in
accordance with the Declaration of Helsinki,

Tahle 1. Baseline characteristics of the individuals in the ciprofibrate und the gemfibrozil group,
Given are mean (1 8D).

Gemlfibrozil Ciprofibrate p

men/wonen 27421 3219 .8,

age (years) 52.4 (12.5) 5.4 (11.4) .5,
smakers/non smokers 17725 24/16 p=0.07
BMI 25.6 (3.4) 27.1 (4.4) n.s,
cholestero! (mmol/L) 8.9 (1.8) 8.9 (2.0} n.s,
Familial combined 8 6 1.5,
hypercholesterolemia

Familial hypercholesterolemia 25 33. n.s.
pelygenetic hypercholesterolemiu 15 12 m.s.

BM]I is body mass index (weight in kg divided by (fength in m)?)
0.5 not significant with p>0.10 in the x?-test
p gives the difference between the ciprofibrate and the gemfiibrozil group

Assays

Funtctional plasma fibrinogen levels were determined according to Clauss™,
C-reactive protein levels were determined with an enzyme immune assay, using
rabbit anti-human C-reactive protein {Dako, Copenhagen, Denmark) as the catching
and the tagging antibody.

The G/A™** polymorphism of the B-fibrinogen gene is assessed as described by
Thomas et al.*. Briefly, genomic DNA was amplified by polymerase chain reaction
(PCR) and digested with the Haell restriction enzyme (Bochringer Mannheim
GmbH, Mannheim, Germany). The DNA fragments were then visualized under UV
light after separation on 2% agarose gels containing 0.5 pg/mL ethidium bromide.
Due to the small number of individuals in this study that were homozygous for the
rare A+ allele we combined the individuals with G/A™* and A/A7 in one group.
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Statistical evaluation
The distribution of the CRP levels was skewed and therefore we used logarithmical
transformation. The fibrinogen levels were normally distributed, The pre-treatment
fibrinogen and CRP levels were the average of the levels at the first and the second
visit. The pre-treatment characleristics of the two treatment groups were compared
with the Chi%-test. The pre-treatment associations between fibrinogen and CRP levels
with age, BMI, smoking, gender and G/A**-RFLP were evaluated using multiple
regression anatysis. The effects of treatment with ciprofibrate and gemftibrozil on the
changes of plasma fibrinogen and CRP levels was tested using the paired Student (-
test, The effects were tested separately in individuals with or without the rare A™%-
aliele and in men and women,

The results are given as mean (central 90% range) or mean {1 standard deviation).
The statistical package SOLO was used and p-vatues less than 0.05 were considered
significant,

RESULTS

Pre-treatment data

In the total patient group the mean {central 90% range) plasima pretreatment
fibrinogen levels (average of the first two visits) was 3.4 g/L (2.7-4.2), whereas in
the healthy reference group plasma levels of 2,1 g/L (1,3-3,1) were found, For
CRP, levels were 0.98 mg/L (0.26-4.2) in the patient group and 2.0 mg/1 (0.3-11) in
the healthy volunteers, The pre-treatment levels of fibrinogen and C-reactive protein
(CRP) were comparable in the ciprofibrate and gemfibrozil treated groups, with a
Spearman correfation of 0.38 (p<0.01).

The pre-treatment plasma fibrinogen tevels also revealed an increase of 0.15 g/L
per 10 years of age (R=0.30, p=0.002). However, no significant effects of gender,
BMI or smoking were observed. When we studied the relation between CRP and
these variables, however, we found significant correlations with BMI (R=0.39,

Table 2. Mean (1 SD) levels of pre-treatment plasma tibrinogen fevels tor the genotypes ol the
G/A™ polymorphism in smokers and non-smokers

n GIG* n GIA™ and AIA™
non-smokers 20 3.33(0.53) 20 3.47 (0.62)
smokers 30 3.23 (0,47 1t 3.88 (0.44) *

n gives the number of individuals
* significant higher (p<0.05) fibrinogen level than in the G/G™* smokers group
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p=0.0005) and smoking (0.3 mg/L higher in smokers with R=0.23 and p=0.03),
but not with age and gender,

The pre-treatment fibrinogen levels in the patients with the rare allele of the G/A”
45 RFLP were not significantly different when we studied the total patient group.
However, when we studied smokers and non-smokers separately, higher fibrinogen
levels were observed in smokers who possessed the G/A™ allele whereas in the
non-smokers this difference was not found (table 2). The effecl of the G/A*® RFLP
on the fibrinogen levels was similar in men and women.

Effects of ciprofibrate and gemfibrozil treatment

After 6 weeks treatment with ciprofibrate the fibrinogen levels were already
significantly reduced, whereas fibrinogen levels in the gemfibrozil group had not
changed significantly (table 3). After [2 weeks of ciprolibrate treatment the
fibrinogen levels had further decreased (mean totat decrease 0.91 g/L, p<0.0001),
and now the fibrinogen levels in the patients treated with gemfibrozil were also
decreased. Although the reduction was smaller (0.41 g/L), it was significant
(p<0.0001). In the last six weeks of treatment, both treatment groups showed a
reduction comparable to the first six weeks (0.21 and 0.47 g/L, respectively).

The plasma levels of CRP were reduced after six weeks treatment with ciprofibrate
(-0.11 mg/L, n.s.) and gemfibrozil (-0.29 g/L., p=0.002) but the levels had returned
to pre-treatment levels after 12 weeks of treatment in both groups (table 3). After
adjustment for CRP the decrease of the fibrinogen levels after 12 weeks treatment
with ciprofibrate were 1.21 g/L (p<0.0001) and with gemfibrozil 0.81 g/L
(p <0.0001). '

No associations could be found between the changes in fibrinogen or CRP and the
changes in total, LDL-, HDL-cholesterol or triglycerides (levels of lipid vartables
previousty published by Knipscheer et al''). After 12 weeks treatment with
ciprofibrate the plasma fibrinogen levels in the smokers were 0.30 g/L higher than
in the non-smokers (R=0.35, p=0.03). In the patients treated with gemfibrozil for
12 weeks, this association was not found,

A somewhat larger decreasing effect after 12 weeks ciprofibrate treatment was
observed in individuals who possessed the rare allele of the G/A™¥ B-fibrinogen
polymorphism (table 4}, though this was not significant. When non-smokers and
smokers were analyzed separately, here too no effect of the RFLP was found, nor
was any effect of the RFLP found when men and women were analyzed separately.



Table 3. Mean (central 90% range) of fibrinogen and CRP levels in the ciprofibrate and the gemfibrozil group at the different visits.

Fibrinogen (g/L)

C-reactive protein (mg/L)

gemfibrozil ciprofibrate gemfibrozil ciprofibrate
mean central mean  central 90% geometrical central 90% geometrical  central 90%
90% mean mean
pre-treatment  3.44  2.27-4.61 3.38 2.19-4.57 0.93 0.13-6.7 1.28 0.15-10.6
6 weeks 324 2.08-4.44 2.89%  1.01-4.77 0.51% 0.02-13.8 0.94 0.04-19.7
12 weeks 3.01% 1.75-4.27 2.42% 1.61-3.24 1.25 0.11-14.4 1.32 0.20-8.7

* p<0.0005 from the pre-treatment level using the Student-1 test
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Table 4, Mean (1 8D) levels of fibrinogen for the genotypes of the G/A™* polymorphism of the BS-
chain of fibrinogen at the pre-treatment visit, after 6 and after 12 weeks treatment with ciprofibrate or
gemfibrozil,

gemfibrozil ciprofibrate
G/G* G/A™ and A/A™ GIG*® GIA™ and AIA™Y
pre-treatmeit 3.42 (0.41) 3.55¢0.711) 3.27 ¢0.57) 3.62 (0.53)
6 weeks 3.14 (0.49) 3.33 (0.69) 2.76 (0.56) 3.21 (1.55)
12 weeks 2.96 (0.72) 3.07 (0.55) 2.39 {0.41) 2.50 (0.42)

DISCUSSION

In hyperlipidemic patients we found significantly higher plasma fibrinogen levels
than in the healthy volunteers, As the acute phase is a main regulatory mechanism of
the fibrinogen synthesis, increased levels might be a reflection of a tow grade
inflammatory status in these patients. Therefore a relation belween the plasma levels
of fibrinogen and those of CRP was expected. We did observe a significant
Spearman correlation of 0.38 (p<0.01). However, we also observed that the pre-
treatment CRP levels in patients with hyperlipidaemia and in healthy controls were
comparable. This discrepancy between fibrinogen and CRP levels indicates that the
regulation of the synthesis of fibrinogen is partly, but not entirely the effect of a low
grade acute phase reaction,

We documented factors that are known to be associated in healthy volunteers with
the plasma fibrinogen and CRP levels, e.g. age, gender, BMI and smoking™*. In
our study fibrinogen was only significantly related to age, whereas CRP levels were
associated with BMI and smoking. This further suggests that plasma fibrinogen and
CRP-levels in these patients are regulated differently.

To our surprise, no relation existed befween smoking and the plasma fibrinogen
levels. In this study we included persons who had stopped smoking less than 10
years ago in the smoking group, but also when we compared current smokers with
persons who had never smoked or had stopped smoking more than 10 years ago, we
found no correlation between smoking and (he plasma fibrinogen levels. We
previously made a similar observation in patients with severe coronary artery
disease®, where we found no assoctation between smoking and plasma fibrinogen
levels in the patient group, while we observed an association in the healthy conirol
group. Also, in the PLAT study, performed on patients with vascular disease, an
effect of smoking on the plasma fibrinogen levels was absent™. This suggests that
simoking will not give an additional elevation in patienls with an increased plasma
level of fibrinogen, both in patients with vascular disease and with type 1
hyperlipidaemia,

The refation between the G/A™ polymorphism of the BB-chain of fibrinogen and
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the pre-treatment plasma fibrinogen levels was not significant in the total patient
group. This confirms the reports on other patient groups. No associations could be
found between the polymorphisms in BB-fibrinogen chain and plasma fibrinogen
levels in peripheral artery discase patients™?®, cardiovascular disease patients® or
thrombosis patients®™. Because an association between this RFLP and fibrinogen
levels is frequently reporfed in healthy individuals®®®, it might be suggested that
this association between B-fibrinogen polymorphisms and plasma fibrinogen levels is
confined to healthy individuals. However, in the smoking patients we did find a
clear relation between the G/A** polymorphism and plasma fibrinogen levels. In the
non-smoking patients this relation was absent, This confirms the resulis of Green et
al®, who described that in young survivors of myocardial infarction the refation
between this RFLP in the gene of the fibrinogen BB-chain and plasma fibrinogen
levels can only be found in smokers. Also in the ECTIM study”, there was an
association between the G/A™*" RFLP and plasma fibrinogen levels but only in
smokers.

In this study, we observed that the effect of fibrates on fibrinogen levels is quite
stow: already after 6 weeks treatment with ciprofibrate, patients had already a
significant decrease in plasma fibrinogen, but this effect was more preonounced after
12 weeks. With gemfibrozil no significant decrease was found after six weeks, but
after twelve weeks the decrease was significant, although much smailer than after
ciprofibrate treatment. This delayed effect suggests that there is no direct effect of
the fibrates on the fibrinogen synthesis. Since the fibrinogen levels atter 12 weeks
treatment are lower than those after & weeks, a greater fibrinogen decrease might be
achieved after prolonged treatment. A fibrinogen decrease was also found in the
study of Avellone et al in patients with primary hypertriglyceridemia®.
Unfortunately, this study was not placebo-controlled, which makes it impossible to
differentiate drug effects from disease-associated changes in fibrinogen levels, Other
studies with gemfibrozil, however, reported an increase of the fibrinogen levels in
hypercholesterolemic patients type Ifa and IIb" or found no significant effect in
coronary artery disease patients'™!%2°,

No associations between the changes in plasma fibrinogen levels and those in
total, LDL- and HDL-cholesterol were found in either the ciprofibrate or the
gemfibrozil treated patients, This was anticipated, as the effect of the two drugs on
fibrinogen was different, while the effect on the lipid parameters was comparable.
This indicates different mechanisms for the fibrinogen decrease and the lipid changes
of ciprofibrate and gemfibrozil,

We studied whether the genetic polymorphism of the BB-fibrinogen gene might be
associated with the fibrinogen decrease. Recently, it has been suggested that the BB-
fibrinogen polymorphisms are mainly important in the acute phase regulation of the
fibrinogen synthesis, because the correlation belween fibrinogen levels and genotype
was only found in smoking survivors of myocardial infarction®™, In this study we
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could not confirm that the BB-polymorphisms are associated with acute phase
induced fibrinogen synthesis. At baseline, the individuals with the rare allele have
stightly higher fibrinogen levels, though not significantly so. Although there is a
irend, the decrease of fibrinogen is not significantly larger in individuals with the
rare allele, but the significance might have been missed because the group that was
homozygous for the rare allele was too small to be studied separately,

In summary, we have shown in this study that ciprofibrate decreases fibrinogen
levels significantly, and that the levels that are found after 12 weeks of treatment are
comparable with those in healthy individuals. Gemfibrozil gave a smaller fibrinogen
decrease, which was only significant after {2 weeks. In attempts o clucidate the
mechanism by which ciprofibrate lowers fibrinogen we found that the low grade
acute phase stimulation of the fibrinogen synthesis contributes only minimally and
that there must be another mechanism. The BB-fibrinogen G/A™ polymorphism was
not associated with the reduction of the fibrinogen level by fibrates.

REFERENCES

i Meade TW, Brozovic M, Haines AP, Imenson JD, Mellows S, Miller GJ, North MRS, Stirling
Y, Thompson SG. Haemostatic function and ischaemic heart disease: Principal results of the
Northwick Park Heart Study. Lancet 1986;2:533-538

2 Kannel WB, Wolf PA, Castelli WP, D'Agostino RBD. Fibrinogen and risk of cardiovascular
disease: The Framingham Study. JAMA 1987,258: 11831186

3 Heinrich §, Balleisen L, Schulte H, Assmann G, Yan de Loo J. Fibtinogen and factor VIl in the
prediction of coronary risk. Results from the PROCAM Study in healthy men. Arlerioscl
Thromb 1994;14:54-59, Correction: Arteriosc] Thromb £994;14:1392

4  Stone MC, Thorp JM, Plasma fibrinogen: & major coronary risk factor, JR Coll Gen Pract
1985;35:565-9

5 Wilhelmsen L, Sviirdsudd K, Korsan-Bengtsen K, Larsson B, Welin L, Tibblin G. Fibrinogen as
a risk factor for stroke and myocardial infarction. N Engl J Med 1984;311:501-505

6  Yarnell JWG, Baker TA, Sweetnam PM, Bainton D, O'Brien JR, Whitehead PJ, Elwood PC,
Fibrinogen, viscosity, and white blood cell count are major risk factors for ischemic heart
disease. The Caerphilly and Speedwell Collaborative Heart Disease Studies, Circulation
1991;83:836-844

T Haverkate F. Thrombosis and disahilities. In; Advances of Medical Biology, Baya C (Ed), vol 3,
10§ Press, Amsterdam, Oxtord, Washington, Tokyo, 1994, pp 81-103

8  Catapano AL, Mode of action of fibrates. Phurmac Res 1992,26:331-340

9 Koenig W, Sund M, Emst E, Mraz W, Doring A, Keil U, Hombach V. Blood viscosity and
hyperlipoproteinemia, Biorheology 1989;26:601

I0  Lowe GDO, Drummond MN, Third JLH, Bremner WF, Farbes CD, Prentice CR, Lawrie TD.
Increased plasma  fibrinogen, and platelel aggregates in type I hyperlipoproteinnemia, Thromb
Haemost 1979;42:1503-1507

11 Niort G, Bulgarelli A, Cassader M, Pagano G. Effect of short-term treatment with bezafibrate
on plasma fibrinogen, fibrinopeplide A, platelet aclivation and blood  filterability in
atherosclerotic hyperfibrinogenemic patients. Atherosclerosis 1988;71:113

12 Bo M, Bonino F, Neirotti M, Gottero M, Pernigotti L, Moluschi M, Fubris F. Hemorheologic
and coagulative pattern in hypercholesterolemic  suhjects treated with lipid-lowering  drugs,
Angiology 1991:42: 106

13 Branchi A, Rovellini A, Sommariva D, Gugliandolo AG, Fuasoli A. Etfect of three fibrate



160

modutation of fibrinegen by ciprofibrate and gemfibrozil

14
15

16

17
18

i9
20

21
22

23
24

25

26

27
28
29

30
3

32

32

34

derivatives and of two HMG-CoA reductase inhibitars on plasma fibrinogen level in patients with
primary hypercholesterolemia, Thromb Haemostas 1993;70:241-243

Almer LO, Kjelstrdm T. The fibrinolytic system and congulution during hezafibrate treatment of
hypertriglyceridemia. Atherosclerosis 1986;61:81-85

Caimi G, francavilla g, Romano A, Catania A, Santonocito G, Sarno A, Blood rheology changes
during bezafibrate treatment, Br J Clin Praclice 1988;42:456-458

Simpson 1A, Lorimer AR, Walker ID, Davidson JF. Effect of ciprofibrate on platelet
aggregation and fibrinelysis in  patienls with hypercholesterolaemia.  Thromb  Haemost
1985;54:442-4

Andersen P, Smith P, Seljeflot I, Brataker S, Amesen H. Effects of gemtibrozil oa lipids and
haemostasis after myocardial infarction, Thromb Haemost 1990;63:474-7

O'Brien J, Etherington MD, Shuttleworth R, Adams C, Middleton JE et al. A pilot study of the
effect of gemfibrozil on some haematological parametes. Thromb Res 1982;26:275-279

Avellone G, Di Garbo V¥, Crodova R, Ranelli g, De Simone R, Bimppiani G. Effect of
gemfibrozil treatment on fibrinolysis system in patienis with hypertriglyceridemh Curr
Therapeutic Res 1992;52:338-348

Wilkes HC, Meade TW, Barzegar 8, Foley Al, Hughes LO, Bauer KA, Rosenberg RD, Miller
GJ. Gemfibrozil reduces plasma prothrombin fragment F,,, concentration, a marker of
coagulabitity, in patients with coronary heart disease. Thromb Haemostas 1992,67:503-506
Kushner 1. The phenomenon of the acute phase response. Ann N Y Acad Sci 1982;389:39-48
Bawmann H, Onorato V, Gauldie J, Jahreis GP, Distinet sets of acute phuse plasma proteins are
stimulated by separate human hepatocyte-stimulating factors in monokines in rat hepatoma cells.
I Biol Chem 1987;262:9756-9768

Pickart L. Suppression of acute-phase synthesis of fibrinogen by a hypaolipidemic drug
{Clofibrate). Int J Tiss Reac 1981;3:65-72

Humphries SE, Cook M, Dubowilz M, Stirling ¥, Meade TW. Role of genetic variation at the
fibrinogen locus in determination of plasma fibrinogen concenirations, Lancet 1987;i:[452-5
Thomas A, Lamlum H, Humphries S, Green F. Linkage disequilibrium across the fibringoen
locus as shown by five genetic polymorphisms, G/A™® (Haeltl), C/T"* (HindlIl/ALA), TIGHS
(Avall), and Bell (B-fibrinogen) and Tagl {a-fibrinogen), and their detection by PCR. Human
Mutation 1994;3:79-81

Cook M, Godiner N, Green F, Stirling Y, Meade TW, Humphries SE. Genetic control of
plasma fibrinogen levels, In: Mosseson MW, Amran DL, Sichenlist KR, DiOrio JP, eds,
Fibrinogen 3, Biopchemistry, biological functions, gene regufations and expression. Amslerdam:
Eisevier Science Publishers BY, 1988:11-15

Thomas AE, Green FR, Kelteher CH, Witkes HC, Brennan PJ, Meade TW, Humphries SE.
Variation in the promoter region of the f-fibrinogen gene is associated with plasma librinogen
levels in smokers and non-smokers. Thromb Haemostas 1991;65:487-490

Green F, Hamsten A, Blombiick M, Huwmphries S, The role of B-fibrinogen genotype in
determining plasma levels in young survivors of myocardial infarction and healthy coatrols from
Sweden. Thromb Haemost 1993;70:915-920

de Bart ACW, de Maat MPM, Hennis BC, Kluit C. Longitudinal stability of plasma fibrinogen
levels in healthy volunteers, In; Fibrinogen: a "new"™ cardiovascutur risk fuctor, Ernst E, Koenig
W, Lowe GDO, Meade TW (Eds). Vienna, Blackwell-MZV, 1992:86-90°

Von Clauss A. Gerinnungsphysiclogische Schnelimethode 2ur Bestimmung des Fibrinogenes.
Acta Haematol 1957;17:237-246,

Knipscheer HC. The pharmacological treatment of primary hyperlipidemia, Thesis Universiteit
van Amsterdam. (994, pp 141-153,

de Maat MPM, Kofflard M, Pietersma A, Sluiter W, Kluft C. Coronury artery disease and
inflammation: associalion of coronary artery disease with fibrinogen, C-resctive protein,
cytokines and smoking. Submitted

Balleisen L, Bailey J, Epping PH, Schulte H, van de Loo J. Epidemiological study on factor
VII, factor VIII and fibrinogen in an industrial population: 1. Buseline data on the relution to
age, gender, body-weight, smoking, alcchol, pill-using and menopause. Thremb Huemost
1985;54:475-479

Cortellaro M, Boschetti C, Cofrancesco E, Zanussi C, Catatuo M, de Guetano G, Gabrielli L,
Lombardi B, Specchia G, Tavazzi L, Tremoli E, Della Yolpe A, Potli E, PLAT Study Group.



chapter 10 6t

35

36

37

33

The PLAT Study: a multidisciplinary study of hemostatic function and conventional risk factors
in vascular disease patients. Atherosclerosis 19%1;90:100-118

Fowkes FGR, Connor IM, Smith FB, Woad J, Donnan PT, Lowe GDO, Fibrinogen genolype
and risk of periphesal atheresclerosis, Lancet 1992;339:693-696

Wiseman SA, Jaye PD, Powell JT, Humphries SE, Greenhalgh RM. Frequency of DNA
polymorphisms of the apolipoprotien B and fibrinogen genes in young patients with peripheral
arterial diseass, Tn: Applied Cardiovascular Biotogy 1989, Zilla P,, Fasol R, Callow A (eds). Int
Soc Appl Cardiovase Biol Basel, Karger 1990, vol 1, pp 118-123

Scarabin PY, Bara L, Ricard S, Poirier O, Cambou JP, Arveiler D, Lue G, Evans AE, Samama
MM, Cambien F. Genetic variation at the B-fibrinogen tocus in relation to plasma fibrinogen
concentrations and risk of myocardial infarction. The ECTIM study, Arterioscl Thrombos
1993;13:886-891

Koster T, Rosendaal FR, Reitsma PH, van der Velden PA, Briét E, Vandenbroucke FP. Factor
VII and fibrinogen levels as risk fictors for venous thrombosis, A case-control study of plasma
levels and DNA polymorphisms - the Leiden thrombophilia Study (LETS). Thromb Haemostas
1994;71:719-722



162




163

CHAPTER 11

GENDER RELATED ASSOCIATION BETWEEN B-FIBRINOGEN
GENOTYPE AND PLASMA FIBRINOGEN LEVELS, AND «- AND B-
FIBRINOGEN GENOTYPE LINKAGE IN GREENLAND INUIT

Moniek P.M, de Maat"?, Peter de Knijff', Fiona R. Green', Angela E. Thomas?,
Jergen Jespersen?, Cornelis Kluft!,

!Gaubius Laboratory TNO-PG, Leiden, The Netherlands, 2Institute for Thrombosis
Research, South Jutland University Centre, Esbjerg, Denmark and *The Rayne
Institute, Dept. Medicine, University College London Medical School, London,
United Kingdom




164




chapier 11 165

ABSTRACT

Elevated plasma fibrinogen levels represent an increased risk for cardiovascular
disease, but the mechanism explaining this association is still not clear. Genetic
differences of the fibrinogen genes might play a role, since it has been shown that
individuals who carry the rare alleles of polymorphisms in the gene for the Bf-chain
(Bcll and G/A-455) and the Aca-chain (Tagl) of fibrinogen have higher plasma
fibrinogen levels, and patienis with peripheral arierial disease have a higher
frequency of the rare ailele of the Belfl polymorphism than healthy controls. We
studied in Greenland Inuit, a population with a low incidence of ischaemic heart
disease, the polymorphisms of the fibrinogen gene and their association with the
plasma fibrinogen level. The group studied has a small age range (30-34), 97% were
smokers, 62 were men and 71 women,

We observed differences in the fibrinogen polymorphisms in the Inuit when
compared to Caucasian populations: firstly, in the Inuit the frequencies of the rare
alleles of the Bf-chain and the common atleles of the Aa-chain polymorphisms were
lower than that in other published populations {all Cauncasian). Accordingly, these
distribution patterns give a higher frequency in the Inuit of alleles that are associated
with lower plasma fibrinogen levels, Secondly, we observed linkage disequilibrium
between Bff and Ao polymorphisms, which has not been observed in other healthy
populations. In the Inuit men the rare allele of the Befl and G/A™® fibrinogen
polymorphisms was associated with the plasma fibrinogen levels, comparable to the
association described in Caucasian poputations. 'In women, however, we did not find
a significant association, supporting the desirability of separate analysis in men and
women of the influence of genetic factors on atherosclerotic disease.

In conclusion: in the Inuit the association of fibrinogen polymorphisms with
fibrinogen levels is comparable to that in Caucasians, but the genes thal are
associated with lower fibrinogen levels are more frequent in the Inuit than in
Caucasians.

INTRODUCTION

In several epidemiological studies it has been shown that an increased plasma
fibrinogen level is an independent risk indicator for cardiovascular disease™®. The
Northwick Park Hearl Study showed that an increase of the fibrinogen level at one
standard deviation predicled an increase in the risk for cardiovascular events within
the next 5 years of 84%'.

The mechanism of the association of fibrinogen with risk has not yet been
elucidated. It might be that an increased amount of fibrinogen in the circulation
gives an increased propensity for thrombosis’ or directly contributes to the
development of the atherosclerotic lesion®, There are also indications that increased
plasma fibrinogen levels reflect the inflammatory condition of the vascular wall,
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This theory is supported by the resulis of the ECAT-angina pectoris study®, where
increased fibrinogen levels and increased C-reactive protein (CRP) levels are both
risk indicators for cardiac events in patients with angina pectoris, The PROCAM
study has recently reported comparable results for a healthy population®. Another
cardiovascular risk factor that is closely linked to inflammation is smoking, which
increases the levels of fibrinogen and other acute phase reactants'™', [t is
conceivable that smoking contributes to risk also because of its acute phase inducing
properties,

¥ -ehailn « -chaln £ -chalin

Figure 1. The fibrinogen genes of the o, § and y chain of fibrinogen with the location of the genetic
polymorphisms that were applied in this study. The direction of tramscription of the gemes is
represented by the arrows under the boxes,

Genetic variation may also play a role in determining plasma fibrinogen levels. An
association between polymorphisms in the genes for the Ao and BB chain and
plasma fibrinogen levels (figure 1) has been described™, Recently, Green et al™
showed that the association between G/A™* genotypes and fibrinogen levels was
observed only'in smokers, suggesting that the increase of fibrinogen as the result of
a low grade acute phase reaction, e.g. by smoking, might depend on polymorphisms
of the fibrinogen BA chain. It has also been reported that the binding of nuclear
proteins to DNA fragments was influenced by the genotype at the G/A** and C/T'*
polymorphic sites of the Bi-fibrinogen gene''s, the last of which is located close to
the interfeukin-6 responsive element of the promoter. If these findings are combined,
they imply an involvement of the f-fibrinogen polymorphisms in the cytokine
stimulated regulation of fibrinogen synthesis.

The association between fibrinogen genotypes and plasma levels has not been
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confirmed in ail studies. There is, however, much diversity in the composition of the
population samples and in the fibrinogen assays used. One of the variant factors is
the number of smokers, Since both the ECTIM study'” and Green et al'* reported
that the association between genotypes and fibrinogen levels is stronger in smokers,
part of the reported difference in the relation between fibrinogen polymorphisms and
fibrinogen levels might be ascribed to this variation,

A fibrinogen restriction fragment length polymorphism (RFLP) at the 3’ end of the
a-fibrinogen chain has been described (Tagl)'?. No significant correlation between
these polymorphisms and plasma fibrinogen level has been found, but when the
average excess of G/A™® and Tag! combined genotype is estimated’®, the presence
of functionally distinct genotype combinations is suggested'®.

We performed a study of fibrinogen polymorphisms in Greenland Inuit, a
population with a low incidence of ischaemic heart disease®™, We determined the
allele frequencies of the G/A™, Beli and Tuql polymorphisms and caleulated the
associations between the different polymorphisms. In addition, we estimated the
association between genotype and plasma fibrinogen levels (functional and
immunological methods) in men and women,

METHODS

Population

One hundred and ninety two Inuit, aged 30-34 years, living in Nanortalik, in the
southwest of Greenland, were invited to participate in this study. This group was
studied because in individuals aged 30-34 no selection by coronary heart disease will
be observed. A complete set of data, consisting of blood specimens, a filled-in
questionnaire and anthropometric measurements was obtained from 133 individuals
(62 men and 71 women). Upon medical investigation these 133 Inuit appeared to be
healthy and did not show signs or symptoms indicating the presence of severe
atherosclerosis. Characteristics of the population have been described elsewhere in
detail®. We considered individuals who never sinoked (n=4) and those who stopped
smoking more than 10 years ago (n=2) as non-smokers, and current smokers and
those who stopped less than 10 years ago as smokers (n=6, stopped between 3
months and 3 years before sampling). Of the smokers, 13% smoked less than 5
cigarettes/day, 60% smoked 5-14 cigareltes/day and 27% smoked more than 15
cigarettes/day. The Inuit had smoked for 17.5 (8D 3.6) years. There was no
difference in smoking habils between men and women.

C-reactive protein and fibrinogen levels were available from all 133 subjects,
polymorphisms analysis could not be performed in all samples, due to a poor gualily
of some DNA samples (see lable 1 for number of analyzed samples). Body mass
index (BMI) was calculated as weight/height® (kg/m?),

Fifty two Danes, comparable for age (30-34 years} and gender (28 men and 24
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women), were the control group for plasma fibrinogen and CRP-levels. Danes were
chosen as a reference group, because 1) it was not possible to compose a large
enough group of Greenland inhabitants without Inuit among their ancestors, and 2)
the way of living, plasma lipid and (apo)tipoprotein levels and apparently lack of
ischaemic heart disease, and therefore the Danish control population is comparable
with the Inuit®,

Blood sampling

Biood was collected in sodium citrate (final concentration 14 mmol/L) and
immediately placed in melting ice. After centrifugation (30 min, 2000 g, 4°C) the
plasma was collected and frozen at -70°C. The blood cells were stored at -20°C,

Polymorphism analysis

Each 50 ul polymerase chain reaction {PCR} reaction conlained 100-400 ng genomic
DNA, 100 ng of each appropriate primer, 10 mmol/L Tris/fHC! pH=9.0, [,5
mmol/L MgCl,, 50 mmol/I. KCl, .00 (w/v) gelatin, 0.1% Triton X-100, 0,02
mmol/l. dNTP, 0.1 U Taq polymerase (HT Biotechnology LTD, Cambridge,
England). The reaclion components were incubated at 95°C for 5 min, followed by
30 cycles of 95°C for 1 min, 55°C for | min, 72°C for 2 min in a DNA thermal
cycler (Perkin Elmer Cetus).

The primers have been previously described (G/A™™ by Thomas et al.", Bell and
Tagt by Thomas et al®®), [0 x! of the PCR product was digested with the
appropriate restriction enzyme. These digestion products were separated by
clectrophoresis through a 2% agarose gel in 44 mmol/L tris-borate | mmol/L EDTA
containing 0.5 gg/ml ethidium bromide and viswalized under UV-light. The alleles
with the restriction site and the non-cleavable alleles were designaled Bt and B2 for
the Bell polymorphism, G** and A*% for the G/A™" polymorphism and T1 and T2
for the Tugl polymorphism, respectively.

Plasma protein measurentents

Fibrinogen activity levels were measured with the modified Clauss assay®. The
within-day and beiween-day coefficients of variation (CV) were 3.2% and 4.9%,
respectively, Fibrinogen antigen levels were measured nephelometrically, using
rabbit polyclonal anti-human fibrinogen (Dako, Denmark) antibodies. The within-day
and between-day coefficients of variation (CV} were 1.7% and 4.2%, respectively.
Normal plasma {Nycomed Pharma, Oslo, Norway) was used as calibrator for the
fibrinogen assays. The ratio of the two fibrinogen assays and its 99% confidence
interval were calculated, Seven samples were outside this range and omitted. Levels
of C-reactive protein were measured with an EIA using rabbil antibodies against
human C-reactive protein (Dako, Denmark) as catching and tagging antibedies, The
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within-day and between-day coefficients of variation (CV) were 2.9% and 6.2%,
respectively. CRP-standard serum (Behringwerke, Marburg, Germany) was used as
calibrator,

Statistical analysis

Deviations of the genotype distributions in the Inuit samples from that expected for a
popuiation in Hardy-Weinberg equilibrium were analyzed using the x’-test. Genotype
frequencies in the Tnuit and published frequencies were compared with a y’-test,
Standardised disequilibrium statistics were calculated as described by Chakravarti®,
Allete frequencies in the Inuit were determined by gene counting, 95% confidence

FUNCTIONAL
FIBRINOGEN (g/l)

[ Y
GjA~58

TOTAL MEN WOMEN

Figure 2. Tiie mean (SEM) of the functional fibrinogen levels in Inuit with the G/G™* and
GIA™™ (/111/11) genolypes of the G/A™™ restriction fragment tength p(afymmph;sm (RFLP) of the total
group, men and women. « indicates a significant difference from the levels in the G/G* group.

intervals (95% CI) of the allele frequencies were calculated from sample allele
frequencies®®, based on the approximation of the binomial and normal distributions
when n is large.

With analysis of covariance (ANCOVA) the adjusted fibrinogen levels for each
genotype were estimated and the significance of genotypes in determining plasma
fibrinogen levels was estimated, with BMI, waist-hip ratio and CRP levels as
covariables, A muitiple linear regression model was used to assess the amount of
variance in plasma fibrinogen levels, explained by BMI, CRP, smoking status and
genotype in men and wolnen, separately.

Statistical analysis was performed using the "SOLO" and "Lotusl23" computer
programies. Statistical significance was taken as p < 0,05,



Table 1. Frequency (and 95% confidence intervals) of the rare allele of fibrinogen polymorphisms

Bell G/A™ Tagl

n* freg.t 95% CIE n* freq.} 95% CIi n*  freq.¥ 95% ClIi
Study:
London* 91 0.25% 0.19-0.32 91 0.28% 0.22-0.35
Norway? - 118 0.17% 0.13-0.23 118 0.27% 0.22-0.33
London® 53 0.168 0.10-0.23 53 0.26% 0.18-0.36
UK all® 292 0.19% 0.16-0.22
UK smokers" 120 0.20% 0.15-0.26
UK non-smokers? 172 0.19§ 0.15-0.24
Edinburgh® 126 0.10 0.07-0.15 126 0.25§ 0.14-0.23
Sweden all* 86 0.25§ 0.20-0.31
Sweden smokers™ 57  0.20% 0.13-0.27
Sweden non-smokers' 29 0.34% 0.22-0.46
UK and France"” 648 0.21% 0.19-0.23
UKR* 293 Q.13 0.12-0.18 276 0.27§ 0.24-0.31
Inuit (This study) . 126 0.12 0.09-0.17 131 0.11 0.08-0.15 121 0.47 0.41-0.53
n* number of individuals evaluated
T frequency of the rare allele
o 95% confidence interval of the rare allele frequency
§ frequency is significantly different from the Inuit (p<0.05 in x*-test)
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RESULTS

Genetic distribution compared to Caucasian populations

In the Inuit population the allele distributions of the Bcfl, G/A®* and Tagl
polymorphisms were in Hardy Weinberg equilibrium, as expected in a general
population, A different genetic background was indicated for the Inuit when
compared to Caucasian populations, since the allele frequencies of the rare alleles of
the G/A™* and Bcll polymorphisms and the frequency of the common allele of the
Taql polymorphism in the Inuit were significantly lower when compared to most,
but not all, of the Caucasian populations (table J'2!1%22.212,

Allelic associations

In Caucasian populations™" there was a strong linkage between the two
polymorphisms of the fibrinogen B8 chain giving a strong association between the
Bl and the G allele. However, the linkage was weak between the polymorphism
of the A chain and those of the BJ chain, since there was no significant linkdge
between the T2 allele on the one side and the Bl and the G** alleles on the other
(table 2)>H303 1 the Inuit, the Bl allele was in strong allelic association with the
G allele as in other populations, but, in contrast, there was also a significant
association with the TI allele (Table 2).

Table 2 The allelic association between the Tug! polymomhism of the a-fibrinogen gene and the
G/IA™ and Bell polymorphisms of the g-fibrinogen gene.

Inuit Caucasian
Bell - GIAY A= 0.91, ¥?=222, p<0.001 A= 0.85, x?=322, p<0.001 (22)
GIA™ - Tagl A=.0,32, x?= 24, p<0.001 A=-0,09, y2= 3, p>0.1 (22)
Bell - Tagl A=-0.29, x*= 22, p<0.001 A= 0.01, y2= 1, p>0.f (22)
A=-0,07, p>0.1 (31
A= 0.01, p>0.1  (30)
A linkage coefticient

Genetic contribution to the plasma fibrinogen levels

The acute phase markers fibrinogen and CRP were both higher (2.81 g/l in the
functional assay, 2.81 g/L for fibrinogen antigen and 2.9 mg/L for CRP) in the Inuit
than in the Danish control group (2.30 g/L in the functional assay, 2.19 g/L for
fibrinogen antigen and below 1.5 mg/L for CRP). Adjustment for the acute phase
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state by adding CRP in ANCOVA still gave a comparable difference between these
populations (results not shown),

If all Inuit are studied as a single group, there is no significant association in the
ANCOVA between either of the three fibrinogen polymorphisms and plasma
fibrinogen level. However, when the group is divided into men and women, we
observed only in the men a significant significantly higher plasma fibrinogen levels
with the B1B2 or the G/A*% genotype. In women, there was a similar trend, but this
was not significant (figure 2, table 3). Stratification by combined «- and 8-
fibrinogen genotype did not reveal any more informative genotype combination (data
not shown).

In the Inuit, BMI, CRP, smoking status and genotypes together accounted in the
men for 25% and in the women for 35% of the variation in plasma fibrinogen
levets, Removal of the genolype from the regression model reduced the amount of
variance explained 1o [16% in men and to 26% in women, suggesling that the
fibrinogen polymorphism genotypes accounted in both men and women for 9% of
the variation in fibrinogen levels after adjustment for covariables. Removal of other
covariates from the regression equations in men and women respectively, suggested
that CRP levels accounted for 7% and 19% of the variation in plasma fibrinogen
fevels, BMI accounted for 9% and 2% in men and women, respeclively.

DISCUSSION

The polymorphisms of «- and B-fibrinogen were studied in the Inuit, a population
with a low incidence of ischaemic heart disease (20). We observed different allele
frequencies of the polymorphisms of the fibrinogen chain, with lower frequencies of
rare A** and B2 alleles of the B-fibrinogen polymorphisms and higher frequencies
of the rare T2 allele of the o-fibrinogen polymorphism when the Inuil were
compared with Caucasian populations. In this study and other studies, the A**, B2
and T1 alleles are associaled with higher fibrinogen levels suggesting that their
lower frequency among the Inuits may explain in part their lower incidence of
ischaemic heart disease.

The Inuit are a population with very few penetic influences from other populations.
This isolation has resulled in some genetic differences in blood groups (ABO, rhesus
and MN blood group system), HLA system and red cell enzymes (review: 32). It
might therefore also be possible that the fibrinogen gene locus has developed
differently from that in Caucasians and has another allelic distribution. To study a
possible genetic difference of the fibrinogen genes in the Inuit, we assessed the
linkage disequilibrium between the polymorphisms. The association between Tagl
and the polymorphisms of the 8-fibrinogen gene was different in the Inuit. In the
Caucasian populations there was no correlation between the o- and S-fibrinogen
polymorphisms. In the Inuit, however, we found linkage between these



Table 3 Mean (SEM) of plasma fibrinogen levels (g/L)(functional and immunological methods) in Inuit with different genotypes of
G/A™®, Bell and Tagql fibrinogen polymorphisms,

A. Functional assay

WHOLE GROUP MEN WOMEN
n* mean SEM*=* n¥  mean SEM** n¥ mean SEM**

G/A™ G/G2% 93 2.69 0.05 44 258 0.07 49 2.75 0.06
G/A™S 26 2.86 0.10 12 2.93% 0.13 14 2.95 0.11
ASASS (] 0 4]

Bell Bl1BI 101 2.70 0.05 46 2.63 0.06 35 2.70 0.05
B1B2 22 2.85 0.11 0 2.94 0.14 12 2.96 0.12
B2R2 0 0 0

Taqgl TITI 25 2.79 0.10 13 2.77 0.14 12 2.77 0.12
T1T2 71 2.72 0.06 27 2.66 0.10 44 278 0.06
T2T2 17 2.59 0.13 8 2.45 0.17 9 2.78 0.14

B. Immunolegical assay
WHCOLE GROUP MEN WOMEN
n¥ mean SEM#* n*¥ mean SEM** n¥  mean SEM**

G/A™ G/G-“SS 93 2.78 0.06 44 263 0.08 49 2.86 0.08
G/A™S 26 2.86 0.12 12 2.98% 0.14 14 2.92 0.15
ASAT 0 0 0

Bell B1B1 101 2.79 0.06 46 2.69 0.08 55 2.84 0.08
BI1R2 22 2.86 0.13 10 2.99 0.18 12 2.92 0.16
B2B2 0 0

Taql TIT1 25 2,79 0.13 13 2.77 0.17 12 2.79 0.16
TIT2 71 2.76 0.08 27 2.7 0.12 44 2.80 0.09
T2T2 17 2.90 0.15 8 2.69 0.21 g 3.15 0.19

n* numbers of individuals evaluated
**  standard error of the mean
§ levels are significantly different from G/G™** (p<0.05 in ANOVA)
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polymorphisms.

In the total Inuit group no significant relation could be found between fibrinogen
levels and genotypes of the S-fibrinogen genes. However, we observed increased
fibrinogen levels in Inuit men with the BIB2 and G/A™ genotypes, when we
compare them with the men with genotypes BIBl and G/G**. In women, no
significant associations were found, although we found a similar trend. As the
percentage of smokers in the Inuit was +97%, our observation that there is a
corrclation between genotype and fibrinogen level in the Invit might corroborate the
theory of Green et al' that a low grade stimulation of the fibrinogen synthesis, like
smoking, is expressed more strongly in men with an A% allele, The direct
involvement of B-fibrinogen polymorphisms in regulation of fibrinogen expression is
suggested by a differential binding of nuclear proteins to DNA with G*** or A*®
{Green, unpublished data). This study also suggests that the fibrinogen levels are
regutated differently in men and women,

Our results may explain the inconsistency that is found in the literature describing
the relation between fibrinogen levels and fibrinogen polymorphisms!>' #7272 The
reported studies vary in a number of factors that are known to have an effect on
plasma fibrinogen levels, like the men/women ratio and the fraction and definition of
smokers. Furthermore these studies are also inconsistent in the adjustment for
gender, BMI, smoking status, acute phase slatus and age. The importance of
controlling for such factors that affect the plasma fibrinogen levels is clearly
iflustrated by the present study, and thereby we could show a gender difference in
the association between genetic polymorphisms and plasma levels of fibrinogen. It
has been stressed before that men and women should not be studied together in
atherosclerosis research®, a statement which seems to be supported by the results of
our study.

The role of the B2 and A" alleles of the Be/l and G/A™* B-fibrinogen
polymorphisms in the regulation of the fibrinogen level under conditions that induce
a low grade inflammation merits further investigation,
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ABSTRACT

Increased plasma fibrinogen levels have been identified as a risk indicator for
myocardial infarction, stroke and thrombosis, Healthy individuats with the rare allele
of the G/A*S polymorphism of (he fibrinogen BB-chain have higher plasma
fibrinogen levels than in individuals without this allele. The frequency of this allele
has been reported to be higher in patients with peripheral arterial disease than in
healthy individuals. We determined the distribution of the G/A™ genotypes in a
group of 492 men with symptomatic stable coronary heart disease (CHD) and a.
reference group of 214 healthy men and also we evahmted whether the allele
frequencies were different in smoking and non-simoking patients or in patients with
and without a positive family history of coronary artery discase affected The G/A*Y
polymorphism of the fibrinogen B chain and the Tagl polymorphism of the Awx
chain were determined and the plasma levels of fibrinogen were measured with an
enzyme immuno assay,

In our study, we observed no difference in the allele frequencies or linkage
disequilibrium of the G/A™ and Twgl RFLP in the CHD palients and healthy
individuals. The allele frequencies were comparable in smoking and non-smoking
patients, and in patients with and without positive family history of coronary artery
disease. Plasma fibrinogen levels were similar in patients with the G/G** and G/A°
% genotype, while patients with the A/A™* genotype had significantly higher
fibrinogen levels. Tagl polymorphism was not associated with the fibrinogen levels.
The results of this study suggest that the G/A™* and Taql fibrinogen polymorphisms
do not predispose to coronary artery disease,

INTRODUCTION

There is growing interest in fibrinogen since several epidemiological studies have
reported on a clear association between elevated plasma levels of fibrinogen and
increased risk for myocardial infarction'®, stroke'™'?, thrombotic risk in patients with
venous thrombosis'? and mortality in stable claudicants™, A direct association
between fibrinogen and thrombotic events is suggested by several mechanisms by
which elevated fibrinogen might be deleterious, such as by the effect of fibrinogen
levels on plasma viscosity'®, the growth' and migration'” of smooth muscle cells,
platelet aggregation'®, thrombus size'® and formation and growth of atherosclerotic
lesions™,

The three chains of fibrinogen are encoded by three different genes that are
jocated on the long arm of chromosome 4 in a 50 kb cluster?. Several DNA
polymorphisms of the three gemes have been described™® and the restriction
fragment length polymorphisms (RFLP) of the Bf-chain (Bc/l and G/A™™) are
associated with differences in the plasma levels of fibrinogen™, Healthy individuals
who are homozygous for the rare allele of polymorphisms of the Bf-chain have the
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highest fibrinogen levels; individuals who are homozygous for the common allele
have the lowest plasma fibrinogen levels while the fibrinogen levels in heterozygotes
are intermediate® 32,

The G/A*Y polymorphism is located close to the interleukin-6 responsive element
in the promoter of the BB-chain. This might suggest an effect of the RFLP on the
acute phase induced increase of the fibrinogen synthesis. Indications for this
mechanism come from studies in survivors of a myocardial infarction®* where the
association between genotype of the G/A™* polymorphism and plasma fibrinogen
levels is much stronger in smokers than in non-smokers, In smokers a low level
increase of a chonic inflammatory status has been suggested by increased levels of
fibrinogen®e™ 35 and other acute phase proteins®3*,

Fowkes et al® reported that they observed higher frequencies of the rare allele of
the G/A™® RFLP in patients with peripheral arterial disease than in a healthy
reference group (frequencies of 0.197 and 0.097, respectively, p<(0.005). This
might suggest that individuals with the rare A™*?* allele have a greater tendency to
develop peripheral arterial disease. A similar predisposition might exist for other
arterial diseases, like coronary heart disease.

To assess a possible contribution of the fibrinogen DNA polymorphisms to the
prevalence of coronary heart disease we studied the frequency and linkage
disequilibrivm of the G/A™** and Taql genotypes in men with coronary heart discase
and in healthy volunteers; frequencies were also compared in smoking and non-
smoking patients, and in patients with and without a positive family history of CHD.
We also documented the association between the fibrinogen polymorphism and the
plasma fibrinogen levels in the CHD patients, taking into account smoking habits
and the acute phase state,

PATIENTS AND METHODS

Study design

REGRESS is a double blind, placebo controlled, multicentre study to assess the
effect of a two year treatment with the 3-hydroxy-3-methylglutaryl-coenzyme A
reductase inhibitor pravastatin, on progression and regression of angiographically
documented coronary atherosclerosis in 885 male patients undergoing coronary cine-
arteriography to assess anginal complaints. The patients were below 70 years of age,
had normal to moderately raised serum cholesterol levels, i.e. between 4.0 and 8.0
mmol/L, and at least one coronary stenosis = 50% (visually assessed). Baseline and
follow-up coronary arteriograms were analyzed by quantitative computer analysis. A
number of substudies were performed in addition to the angiographic main study.
Substudies include: B-mode ultrasound studies of the carotic and femoral arteries,
ambulatory electro-cardiographic monitoring, specialized lipid research and DNA
studies. The study was conducted under the auspices of the Interuniversity
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Table 1, Baseline characteristics of the patients with coronary heart disease (CHD) and the reference
group,

CHD patients reference group

number 679 214
age (years)(mean (SD)) 55.6 (8.0) 50.0 (7.6)
BMI (kg/m®}(mean (SD)) 26.1 (2.6) 25.0 (2.4)
non-smokers (%) 27% 43 9{_)
ex-smokers (%) 61% ) 1%
smokers (%) 12% 24%

< 10 cigarettes/day (%) 12% 34%

10-20 cigareltes/day (%} 60% 25%

> 20 cigareltes/day (%) 21% 40%
positive family history of MI (%) 48% 38%

Cardiology Institute of the Netherlands (ICIN), Utrecht, the Netherlands. Wriilen
consent was obtained from the patients and the study was performed in accordance
with the Declaration of Helsinki,

Subjects

in the substudy reported here the baseline data of the above-mentioned palients was
evaluated. DNA was available from 679 patients and from 492 of these patients also
plasma were available. Information about smoking and family history of coronary
heart disease was obtained through a questionnaire. The information about smoking
consisted of the current smoking slatus and the number of sigarettes smoked per day.
The family history was considered positive when one of the parents had had a
myocardial infarction before the age of 60. As a reference a group of 214 healthy
Dutch men was selected from the general population of Amsterdam, Doetinchem and
Maastricht, three of the cities that participated in the multicentre patients study. The
men in the reference group were without history of coronary arlery disease and
comparable to the patient group with respect to age, BMI, smoking habits and lipid
levels. The baseline characteristics of the patients and the reference group are given
in table 1.

Assays

Plasma fibrinogen levels were determined with an enzyme immuno assay that uses
a monoclonal antibody against the carboxyl lerminal end of the fibrinogen Awa-chain
as the capture antibody (G8), and a monoclonal antibody against the amino-terminal
end of the Awa-chain (Y18) as the tagging antibody®™.

C-reactive protein levels were determined with an enzyme immune assay, using



182 fibrinogen polymorphisms in cormury heirt disease patients

rabbit anti-human C-reactive protein (Dako, Denmark) as the caiching and the
tagging antibody.

The G/A™* polymorphism of the B-fibrinogen gene is assessed as described by
Thomas et al.*, Briefly, genomic DNA was amplified by polymerase chain reaction
(PCR) and incubated with Haelll restriction enzyme, The DNA fragments were then
visualized under UV light after separation on 2% agarose gels with ethidium
bromide. The rare allele was catled the A allele,

Statistical evaluation. The frequencies of the different alleles was assessed by gene-
counting. Linkage disequilibrium between the B and Ao-RFLP was calculated as
described by Chakravarti®, The CRP levels were logarithmically transformed
because they were positively skewed (skewness 2.3), The fibrinogen levels were also
a little skewed (skewness 1.03); but because similar results were obtained with
untransformed and logarithmically transformed fibrinogen data, the results of the
untransformed calculations are given. The effect of genetic polymorphisms on
fibrinogen levels was studied using analysis of covariance with age, BMI and CRP
as covariables,

RESULTS

Genetic polymorphisms

In the patient group the frequency of the A** allele of the G/A™*® RFLP was 0.2t,
with a 95% confidence interval of 0,19-0.23, The frequency of the T2 allele of the
Taql RFLP was 0,31, with a 95% confidence interval of 0.28-0.33. There was no
linkage between the two polymorphisms (A=0.02, ¥2=0.51, ns). The frequency of
the A*% and T2 allele was similar in the non-, ex- and current smokers. The
frequency of the rare alleles of the G/A™ and the Tagl RFLP did not differ in the
patients with and without a family history of ischaemic heart disease.

In the reference group the frequency of the A% allele of the G/A™" RFLP was
0.22, with a 95% confidence interval of 0.18-0.27. The frequency of the T2 allele
of the Tagl RFLP was 0.23, with a 95% confidence interval of 0.21-0.30. No
linkage the two polymorphisms {A=0.06, x*=1[.44, ns) was observed. In the
reference group also no differences in the allele frequencies were observed in non-
smoking and smoking men, and men with and withowt a positive family history of
ischaemic heart disease.

Effects of genetic polymorphisms on the plasma fibrinogen levels

The individuals who were homozygous for the common G** allele and the
heterozygotes had comparable plasma fibrinogen levels, while the homozygotes tor
the rare A** allele had significantly higher fibrinogen levels {table 2). When the
smokers and non-smokers were studied separately, an effect of the polymorphism on
the plasma fibrinogen level, adjusted for age and BMI, was observed only in



Table 2. Geometrical mean (95% CI) of fibrinogen levels in the three genotypes of the G/A™¥ (a) and Tagl (b) fibrinogen
polymorphisms. Fibrinogen levels are adjusted for age and BMI or for age, BMI and CRP.

G/A™® RFLP BB chain Taql RFLP A« chain

n adjusted for adjusted for n adjusted for

age, BMI age, BMI, CRP age, BMI
towl group G/G™ 288 3.15  (3.00-3.30) 3.i14 (2.99-3.29) TITT 209 3.13 {2.65-3.70)
G/A* 154 312 (2.92-3.33) 3.14  (2.94-3.35) TIT2 179 3.24 (3.05-3.44)
A/ATS 16 3.90¢  (3.18-4.78) 3.89 (3.11-4.89) T2T2 48 2.97 (2.64-3.35)
never- plus ex-smokers  G/G™%* 217 3.05 (2.89-3.22y 3.05 (2.89-3.22) TiTI 154 3.07 (2.88-3.27)
G/a”% 111 3.14 (3.01-3.28) 3.15 (2.92-3.40) TITZ 130 3.18 (2.97-3.41)
AJATS 11 3.63 (2.85-4.61) 3.87 (2.97-5.04) T2T2 37 2.87 (2.52-3.27)
current smokers  G/G™* 71 345  (3.12-3.80) 3.40 (3.08-3.75) TIT1 55 3.35 (2.97-3.77)
G/ A 43 3.07 (2,70-3.49) 3.12 (2.75-3.53) T1T2 49 3.42 (2.98-3.84)
AlATS 5 4.65¢ (3.20-6.76) 4.08 (2.72-6.13) T2T2 11 3.30 (2.50-4.25)

n gives the number of individuals in the groups
* the fibrinogen level in this group is significantly higher than in the G/G™** group
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smokers (table 2). When the fibrinogen levels were also adjusted for CRP, the effect
of the polymorphism was no longer significant, The Tagl RFLP had no effect on the
fibrinogen level, although there was a trend towards Jower levels in the individuals
who were homozygous for the rare atlele.

DISCUSSION

In our study the frequencies of the rare alleles of the fibrinogen DNA
polymorphisms (G/A™* of the B chain and Tag! of the Ax chain) were comparable
in the patient group and in the healthy reference group. The frequencies in our study
(0.21 for G/A™* and 0.31 for Tuql in the patients and 0.22 for G/A™" and 0.25 for
Taql in the reference group) were also similar to frequencies that were reported for
most healthy Caucasian populations (between 0.19 and 0.25 for G/A™* and between
0.25 and 0.28 for Taql)®%. Fowkes et al™ reported a higher frequency of the Bcll
polymorphism of the BB gene in patients with peripheral arterial disease {PAD) than
in a healthy control group (0.197 and 0.097, respectively}. In view of our results
with coronary artery patients, this might be typical for PAD. Also the ECTIM
Study* did not find different allele frequencies of BB-chain polymorphisms in
myocardial infarction patients compared to healthy controls.

If individuals with the rare allele have a greater risk of vascular diseases, they
may die at an earlier age and therefore relatively less frequently included in studies
in older individuals. The age distribution in our group was comparable to that in the
study of Fowkes®, which reduces a selection bias by age, however age-refated
mortality differences in the fwo diseases remain.

Subgroup analysis on non-smokers, ex-smokers or current smokers showed no
differences in the frequencies of the rare alleles of both the G/A™* and the Taql
polymorphism, indicaling that there is npo increased predisposition to a
cardiovascular disease in smokers with the A™ allele. Such a predisposition has
been suggested in a study in young survivors of myocardial infarction from Sweden
where the frequency of the rare allele of the G/A**® RFLP was somewhat lower in
the non-smokers*. Subgroup analysis on patients with or without a positive family
history of CHD also did not reveal different allete frequencies.

The linkage disequilibrium between the RFLP on the BB and Aw chains is
comparable in our CHD patients and the reference group. The linkage is aiso
comparable to that described for healthy Caucasian populations™2*,

The relation between the G/A™ RFLP and the plasma fibrinogen levels is
different in this patient group from the relationship that has been described for
healthy volunteers, where the individuals homozygous for G*** have the lowest,
those homozygous for A™™ the highest and heterozygotes intermediate plasma
fibrinogen levels™*2_ In our patients with CHD the homozygotes for the rare allele
had significantly higher plasma fibrinogen levels, but the heterozygotes had levels



chapter 12 i85

that were comparable with those in homozygotes for the common allele. This
observation has recently also been made in the LETS study" in patients with
thrombotic disease. In the ECTIM study® a similar pattern appeared, with
comparable levels in individuals homozygous for the common allele and
heterozygoles, while only homozygoles for the rare allele had higher levels.
Fowkes® found no correlation between Bell RFLP and plasma fibrinogen levels in
patients with peripheral arterial disease in Scotland, in accordance with Wiseman®
studying a comparable group in England.

Patients with CHD consistently have higher plasma fibrinogen levels than healthy
individuals®®* and in several studics associations were observed between the plasma
level of fibrinogen and the severity of the vascular disease™* ¥, In CHD patients the
effects of smoking on the plasma fibrinogen levels were smaller than in healthy
individuals®®*?, suggesting a lower reaction to stimuli when the fibrinogen level is
already increased. The association between G/A™* RFLP and the plasma fibrinogen
levels in the patients is different from that in healthy individuals, which further
illustrates that associations that were found in healthy individuals can not be simply
transferred to patients,

When the fibrinogen levels were adjusted for CRP levels the relation between the
G/A™Y RFLP and the plasma fibrinogen levels was weaker and no fonger
significant. There is also a stronger relation between the genotype and the plasma
fibrinogen levels in smokers than in non-smokers. Since the location of the G/A™
RFELP is close to the promoter of the Bfi-gene it is therefore suggested that the
induction of the fibrinogen synthesis by the acute phase reaction is, at least partly,
associated with the G/A** RFLP.

In summary, we observed no differences in the frequencies or the linkage
disequilibrium  of the G/A** or Tagl RFLP in the CHD patients and healthy
reference group when the patient group was studied as a whole or when the patients
were studied in subgroups according to their smoking state and family history. The
association between G/A™* genotypes and plasma fibrinogen levels in the patient
group was different from the association reported in healthy reference groups but not
different from the association in other patient groups with vascular disease.
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Several aspecls that are related to the role of fibrinogen as a cardiovascular risk
indicator were studied for this thesis,

Measurement of fibrinogen

First of all, the currently available fibrinogen assays were reviewed with special
attention to their possible contribution to identifying prethrombotic states. The
clotting rate assays are the most frequently used methods in routine laboratories;
they specifically measure the funclional levels of fibrinogen and they are sensitive to
some factors that influence the time that is needed for clotting, such as levels of
fibrin(ogen) degradation products and proteolytic degradation of the fibrinogen
molecule. The clotrable prorein assays are independent of the clotting rate but
spuriously high levels can be obtained in the presence of fibrin monomers or early
degradation products of fibrinogen, that are still clottable. Measurement of clotiable
protein levels can be based on assessment of the amount of protein that can clot or
can be based on the change in turbidity as the result of clot formation. The first type
of method is not frequently used but the turbidity methods are gaining interest
because they can be automated and performed in combination with a prothrombin
time. The immunological methods that use polyclonal antibodies are mainly
performed when a dysfunctional fibrinogen is suspected. New immunological
methods that use monoclonal antibodies may be valuable in measuring specific
fractions of fibrinogen, for example the fraction with the shortest clotting time. All
available assays have their own characteristics and their value in risk assessment has
to be compared in future in clinical and epidemiological studies (CHAPTER 1).

In Chapter 2 we evaluated five methods (clotting rate assays with thrombin,
reptilase and peptidase, immunological assays with polyclonal and monoclonal
antibodies) to what extent the heterogeneity of the fibrinogen molecule in plasma
influenced the results and contributed to the notion of different specificity of the
methods, Several molecular weight (MW) forms of fbrinogen can be detected in
plasma: the high MW (HMW) form has both carboxyl-terminal parts of the Aca-
chains intact, the low MW (LMW) form has one Aca-chain intact and the other
degraded while in the LMW’ form both Aa-chains have been degraded. We
observed that the three forms were detected equally well in an enzyme immuno
assay (EIA} with polyclonal antibodies, indicating that this EIA gives an appropriate
representation of the molar concentration of fibrinogen. The characteristics of the
three fibrinogen forms were found to differ in clotting rate assays, with the shortest
clotting time for the HMW form, independent of whether the clotting was initiated
by thrombin, reptilase or peptidase. The clotting time of LMW was slightly longer,
and LMW’ needed again somewhat longer to clot. The concentration curves of the
three fibrinogen forms in the three clotting rate assays were not parallel. In
monoclonal antibody based EJIA for HMW+LMW fibrinogen the sensitivity for the
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HMW forms of fibrinogen was three times higher than the sensitivity for the LMW
form while the very low molecular weight (LMW?®) form was scarcely detected. In
conclusion, the EIA using polyclonal antibodies gave a good illustration of the molar
fibrinogen concentration, in the functional fibrinogen assays a complex image was
observed of the different MW forms of fibrinogen and the HMW+LMW EIA was
most specific for the HMW forms (CHAPTER 2).

The diagnostic value of each type of assay should eventually be assessed in
clinical and epidemiological studies, Comparative studies in epidemiological studies
are outside the scope of this thesis; we did, however, undertake a comparison of
methods for application in patients with liver cirrhosis. Three methods for measuring
plasma fibrinogen levels, namely a clotting rate method (Clauss-methed), a total
clottable protein methed and an EIA for HMW+LMW fibrinogen, were evaluated in
patients with mild, moderate and severe cirrhosis of the liver and in healthy
controls, With each of the three methods, the fibrinogen levels were normal or
slightly increased in patients with mild or moderate cirrhosis, whereas the levels in
severe cirrhotics were decreased. Although the levels of the fibrin{ogen) degradation
products were increased in the patients with moderate and severe cirrhosis, the levels
were not that high that they might have disturbed the Clauss assay. We advise the
use of the Clauss assay to determine the fibrinogen levels in cirrholic patients,
because with the three assays comparable plasma fibrinogen levels were observed
and because the Clauss assay is very reproducible, quick, cheap and easy to perform
{CHAPTER 3).

The acute phase reaction and fibrinogen

Fibrinogen is an acute phase protein and in several studies the level of fibrinogen
has been associated with the degree of atherosclerosis. It has further been postulated
that atherosclerosis is an inflammatory process of the vascular wall. Taken together,
it might be suggested that the inflammatory state of the vascatar wall is reflected by
increased levels of fibrinogen in patients with coronary heart disease (CHD). Other
acute phase proteins, like C-reactive protein {CRP) would then also be expected to
be increased,

In chapter 4 cultured hepatocytes were used to study the acute phase reaction in
vitro, The study focused on HRG suggested to be a negative acute phase protein
since decreased HRG plasma levels have been observed in patients with an acute
phase reaction, Decreased HRG levels have been observed in patients with an acute
phase reaction which suggests that HRG is a negative acute ph'ase protein, We could
confirm this in a study in cultured hepatocytes from cynomolgus monkeys. HRG
secretion was decreased dose-dependently by conditioned medium of LPS-stimulated
menocytes (CM}, tumour necrosis factor o (TNFe) and interleukin [B (IL18). The
increase of the HRG mRNA levels by TNF« and [LIf} was higher than the increase
of the secreted HRG. The HRG secretion and the HRG mRNA levels were not
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affected by interleukin 6 {IL6). Evaluation of the positive acute phase proteins
fibrinogen and CRP in the same model showed that the secretion of both proteins
was markedly increased by CM. We further observed a down regulation of
fibrinogen and CRP by TNFq, while fibrinogen was also decreased by ILIS. Both
positive acute phase reactants showed a marked increase upon addition of L6, These
studies suggest the evaluation of IL6 as an imporiant marker for acute phase
reactions and they warn for complexity due to differences in the regulation of the
acute phase proteins (CHAPTER 4).

This difference in regulation of the acute phase proteins was also observed in vivo,
We observed increased fibrinogen levels in patients with CHD, but CRP levels were
comparable in the patient group and healthy controls, rendering the acute phase
hypothesis less likely. Smoking is known to increase the plasma levels of both
fibrinogen and CRP in healthy volunteers. We could confirm this in our study, but
to our surprise smoking increased fibrinogen only in the healthy controls, while CRP
was increased by smoking both in the patients and the controls, In conclusion, it is
suggested that the increased fibrinogen tevels in CHD might not be the result of an
acute phase reaction or that the regulation of the acute phase proteins fibrinogen and
CRP is not parallel (CHAPTER 5).

In most cross-sectional and prospective epidemiological studies, the parameters are
measured only in one blood sample. Since fibrinogen, PAI, CRP and histidine rich
glycoprotein (HRG) are all acute phase proteins, it might be expected that their
plasma levels show variation due to acute phase reactions, which might affect the
required sample size in epidemiological studies or which might require multiple
sampling in the assessment of habitual levels of individuals. In a longitudinal study
the relations between intra- and inter-individual variation of these variables were
investigated for young healthy volunteers. From those data it was determined that in
epidemiological studies multiple sampling is not required since a relatively small
increase in the number of participants is necessary to compensate for the biological
variation. For the assessment of a habitual level single sampling is sufficient for
HRG and PAIL, but fibrinogen and CRP will need duplicate sampling to get the
within-individual variation below an acceptable 10% of the total variation
(CHAPTER 6). A small pilot study of the placebo period in the healthy volunteers
and the CHD patients in the ticlopidine study (described in CHAPTER 9) suggests a
comparable relation between the intra- and interindividual variation (results not
shown).

Modulation of plasma fibrinogen levels by medication

It has been suggested that N-3 fatty acids, when they are administered in
combination with the antioxidant vitamin B, affect the synthesis of fibrinogen, CRP
and PAI-I. In our study on healthy young volunteers, however, no effects of either
fish oil containing vitamtin E or vitamin E alone were observed. However, it might
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be possible that vitamin E and N-3 fatty acids affect the plasma levels of fibrinogen,
CRP and PAT activity in patient groups, in older individuals or in smokers, who
might for instance have a low grade acute phase reaction or higher lipid levels and
increased fibrinogen levels. We conclude that in healthy young volunteers fish oil
and vitamin E do not affect fibrinogen, CRP and PAT activity (CHAPTER 7).

Several drugs have been described that can, in addition to their originally intended
medical effects, decrease the plasma fibrinogen levels. One example is ticlopidine, a
drug that inhibits the ADP-induced aggregation of blood platelets. Surgical
procedures induce an increase of the fibrinogen levels, probably by an acute phase
reaction. If the effect of ticlopidine on fibrinogen is mediated through modulation of
the acute phase reaction, it might be expected that the acute post surgical fibrinogen
levels are lower in the patients that are treated with ticlopidine, compared with the
patients that received placebo. However, there was no difference in post surgical
fibrinogen levels, indicating that ticlopidine does not influence the post surgical
increase of the plasma fibrinogen levels {CHAPTER 8).

It has been reported several times that ticlopidine can decrease the plasma
fibrinogen levels in patients with vascular diseases, but no studies into the
mechanism have yet been performed. The decrease might be a direct effect on the
fibrinogen synthesis, in which case effects on fibrinogen levels in healthy volunteers
would be expected. If, however, the action of ticlopidine is through regulation of the
chronically stimulated low-grade acute phase or through the fibrin(ogen) degradation
products induced fibrinogen synthesis, then the effect would be much more
pronounced in patients than in volunteers or only observed in the patients. In this
study a 0.20 g/L (9%) decrease of the fibrinogen levels in patients and a (.39 g/L
(11%) decrease in healthy volunteers was observed, which makes a clear distinction
of the suggested mechanisms impossible. However, our resuils suggest the
occurrence of a disease independent effect on fibrinogen synthesis. A remarkable
finding was that the effect was only observed in the clotling rate assay and not in the
HMW+ LMW fibrinogen EIA, suggesting that the effect involves a change in the
quality rather than quantity of fibrinogen. Further analysis is required to elucidate
the mechanism by which ticlopidine lowers fibrinogen. Also, a genetic contribution
had been suggested, but no effects could be observed of the genetic polymorphism of
the fibrinogen BB-chain {CHAPTER 9).

Another group of drugs that has been reported to be able 1o decrease the plasma
fibrinogen levels are the fibrates. In patients that were treated with these drugs for
high lipid levels, an additional decrease of the functional fibrinogen levels was
observed, In an attempt to elucidate the mechanism of this decrease, we evaluated
the effects of gemfibrozil and ciprofibrate on fibrinogen levels, and studied the
association of the fibrinogen decrease with the lipid lowering eftect, effects on the
acute phase and a genetic contribution. After [2 weeks of treatment, we observed a
decrease of the functional fibrinogen levels with gemfibrozil and a stronger decrease
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with ciprofibrate. However, no associations with changes in lipids, CRP or genetic
polymorphisms were observed which suggests that there must be an additional
mechanism for the regulation of fibrinogen levels (CHAPTER [0,

Genetic polymorphisms and fibrinogen

In patients with peripheral arterial disease a higher frequency was observed of the
rare B2 allele of the Bell RFLP of the BB-chain of fibrinogen. Furthermore, in
healthy individuals higher plasma fibrinogen levels are associated with the
accurrence of the rare allele of the fibrinogen BfA-chain polymorphisms. Since
Greenland Inuit are a population with a low incidence of myocardial infarctions,
despite a "normal” atherosclerosis level, it might be interesting to study if there
might be population differences in the characteristics of fibrinogen RFLP,
Therefore, we studied the fibrinogen polymorphisms of the Ae- and Bf-genes, the
linkage disequilibrivm  between them and their associations with the plasma
fibrinogen levels. We observed that the frequencies of RFLP of genes for the Aa
and Bf chains of fibrinogen and the linkage disequilibrium between them were
different in the Inuit group from what has been described for Caucasian populations.
In the Inuit the relation between polymorphisms of the fibrinogen Bf-chain and the
plasma fibrinogen levels was comparable to the relations that are known for
Caucasian populations, with the highest levels in the individuals that are homozygous
for the rare allele of the BR-chain RFLP. The relation was stronger in men than in
women. The higher frequencies in Inuit of the alteles that are associated with lower
fibrinogen when compared to the Caucasian might suggest that they play a role in
differences in CHD in the Inuit {CHAPTER 11},

The higher frequency of the B2 allele in peripheral arterial disease might suggest a
possible role for the RFLP in the gene of the fibrinogen BA-chain in other vascular
diseases. Therefore, the allele frequencies and linkage disequilibrium of fibrinogen
polymorphisms were studied in men with symptomatic CHD in relation to the
frequencies in healthy individuals, We found no differences in the frequency of
alleles or the linkage between RFLP of the A« and BB-chains of fibrinogen.
Subgroup analysis according to smoking habits or family history of CHD also
showed no frequency differences. The plasma fibrinogen levels were comparable in
patients that were heterozygote or homozygote for the common allele of the Bf-
chain RFLP, while patients homozygous for the rare allele had higher fibrinogen
levels. This effect was only significant in smokers. Therefore we concluded that in
this study there is no indication for a relation between BB-fibrinogen RFLP and
CHD (CHAPTER 12},
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The overall objective of this thesis has been to investigate different aspects of
fibrinogen in its role as risk indicator for vascular events. At present, nol sufficient
information is available to definitively decide whether fibrinogen is a risk indicator
for wvascular diseases and vascular events andfor whether it plays a
pathogenetic/etiological role in the development of disease. It is also conceivable that
initial elevations in fibrinogen mark the existence of a continued tissue repair process
and inflammation and that persistence of elevated fibrinogen contributes to
progression of the disease. It is also possible that the role of elevated fibrinogen is
different for the different forms of vascular disease such as peripheral arterial
disease, atherosclerosis and acute thromboembolic events such as myocardial
infarction. Based, among others, on the results of the ECAT Angina Pectoris Study,
it has been argued by Haverkate that inflammaltory factors, such as fibrinogen, might
be a marker for the occurrence of atherosclerotic disease and may at the same time
play a causal role in thromboembolic complications of such diseases,

Assays of fibrinogen: discussion and conclusions
The first aspect that was considered was the measurement of the plasma fibrinogen
level. In the last decade, experts have had difficulties in defining what fibrinogen is
since there is a large heterogeneily in the circulating fibrinogen molecules, with
estimates of 10° different fibrinogen molecules. This heterogeneity creales a problem
for the assay methodology. The uncertainly mentioned above about the role of
fibrinogen in vascular diseases makes it at present impossible to select those aspects
of fibrinogen that should be assayed for optimal prediction of risk. It is a fact that
different types of assays have been used in the various epidemiological studies and
that ali showed a predictive value. Until now, only one direct comparison of
different methods in one study has been reporled: in the Caerphilly and Speedwell
Studies the predictive value of a nephelometric assay was significantly larger than
the Clauss assay (2nd International Symposium on Fibrinogen and Cardiovascular
disease, November 1994, Edinburgh). Further comparative studies need to be
performed and such study will inform us firstly about the aspect of fibrinogen that is
most important and secondly, it will indicate which assay should be used for optimal
prediction. For such a comparison a selection of a set of assays that each represent
different aspects of fibrinogen can be proposed. Our analysis of existing methods,
including a recent assay that uses monoclonal antibodies, revealed more than
expected differences between assays in the specificity for fractions of fibrinogen.

If fibrinogen is a risk factor because more fibrinogen gives more substrate to form
a clot, it is expected that the clottable protein assays will give the data that directly
represents the cardiac risk, If the clotting rate of fibrinogen is important for cardiac
risk clotting rate assays are indicated but might also result in choosing the
HMW+LMW EIA for the assessment of the fibrinogen levels, since this EIA
mainty detects the HMW form, which has the highest clotting rate. If, however, the



197

plasma fibrinogen level is a risk marker that reflects the chronic inflammatory state
of the wvascular wall, it could be a choice measure the molar fibrinogen
concentration, for example by using polyclonal antibody-based immunclogical
methods or to measure the HMW fraction, which is most probably the form in
wheih fibrinogen is newly synthesized. The fibrinogen that is synthesized as a result
of the acute phase is HMW fibrinogen, with a short clotting time, Therefore, using
functional assays might alse provide good marking in inflammatory states.
Furthermore, also the effect of fibrinogen on the blood viscosity, its stimulating
effect on smooth muscle cells, its association with platelet aggregation or its role in
plague formation might be the mechanism behind the relation between the fibrinogen
levels and the risk for vascular events. These possible mechanisms would each be
best represented ‘by a different assay (CHAPTER 1,2,3).

Next to assays for the molar concentration of total fibrinogen, no assays specific
for intact or degraded forms of fibrinogen could be evaluated as yet, but are desired.
It was a surprise that the functional property, the clotting rate, was a complex
function of the various molecular forms when in mixture and thus should be
evaluated as such, The importance of assay choice was illustrated further in this
thesis when effects of ticlopidine on fibrinogen were only observed with a clottling
rate assay and not with an enzyme imnune assay for HMW plus LMW fibrinogen.

It is a conclusion from our studies that further attention should be paid to
definition of assay specificity and that additional assays for specific fractions and
specific functions of fibrinogen are required for research. For each vascular disease
and clinical question a rationally designed comparison of assays will provide
information abowl pathogenetic mechanisms and which assay is the best for
predictive purposes. Future research in the field of fibrinogen assays might therefore
concentrate on a) comparison of the different fibrinogen assays in epidemiological
studies to compare their capacity to predict {venous or arterial) thrombotic risk and
b) the identification of the mechanism of the association belween fibrinogen and
thrombotic risk will probably make it necessary to develop a new fibrinogen assay,
since the available methods have a number of restrictions

Mechanisms of elevation of fibrinogen .
Only the acute phase reaction and induction of fibrinogen synthesis by fibrin(ogen)
degradation products and Thormones are biochemically defined regulatory
mechanisms which might be involved in the elevation of fibrinogen.

To evaluate the role of these mechanisms we determined in various studies the
acute phase condition exlensively (IL6, IL1B, TNFa, CRP) or more limited (CRP,
fibrinfogen) degradation products) in relation to the effects on the synthesis or
condition of fibrinogen. We performed cross-sectional patient studies, analyzed
effects of medication and followed the acute phase reaction during surgery. A



198

general conclusion is that the acute phase reaction and fibrin(ogen) degradation
products do not seem to explain the changes in the plasma fibrinogen levels or to
correfate with it, suggesting strongly the occurrence of anbther (as yet unknown and
speculative) mechanism for elevation of fibrinogen. Observations in cultured primary
hepatocytes showed a difference in regulation of CRP and fibrinogen by cytokines,
which reduces the power of conclusions on the role of the acute phase reaction
concluded on levels and changes in CRP, Also in cross-sectional analysis of patients
awaiting a PTCA it was observed that differences occurred in relations between
fibrinogen, CRP and ecylokines when non-smoking and smoking patients were
compared with non-smoking and smoking healthy individuals. Therefore as a first
approach it is required to further underscore the above conclusion about another
mechanism, with analysis of cytokines and other acute phase proteins in a number of
the studies that we have performed and in other patient groups. Next a thorough
study into the putative new mechanisms that influence the fibrinogen synthesis is
indicated, From our studies it can be concluded that it is not related to lipid
metabolism since lipid lowering and fibrinogen changes were clearly dissociated in
two of our studies. We observed no difference in the postoperative increase of the
plasma fibrinogen levels when we compared patients who received placebo with
those who were treated with ticlopidine, which makes it unlikely that ticlopidine
regulates the acute phase induced fibrinogen synthesis (CHAPTER 7). Treatment of
hyperlipemic patients with fibrates resulted in a decrease of the fibrinogen levels.
The C-reactive protein levels were normal in these patients, not affected by the
fibrate treatment and changes in fbrinogen were not related lo changes in CRP
(CHAPTER 10).

We also observed effects of ticlopidine in healthy volunteers which suggests that
the baseline plasma fibrinogen levels (or function) were affected. A clue might be
found in the fact that the clotting rate of fibrinogen can be changed independentiy
from: levels of HMW and LMW fibrinogen (see chapter 9) suggesting the possibility
that an important qualitative/functional change in the fibrinogen moiety is possible.
Further studies should certainly take the aspect of molecular heterogeneity of
fibrinogen and related assay methodology into account. Further studies on the
mechanism of regulation of fibrinogen synthesis needs to concern a) analysis of the
complexity of the relation between fibrinogen decrease by medication and the acute
phase reaction or FDP, for example by the measurement of the cylokines IL6, TL1RB
and TNFe and b) the other, yet unidentified mechanisms that are involved in the
regulation of the fibrinogen decrease by medication, for example a direct effect on
hepatocytes, possible via effects on signal transduction,

Genetic studies on fibrinogen
When elevated fibrinogen levels plays an eticlogical role in vascutar diseases it
can be expected that also genetically determined elevations might contribute, In this
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respect, the report of Fowkes et al about a higher frequency in Brilish patients with
peripheral arterial disease of the rare allele of the G/A™ fibrinogen Bf-chain
polymorphism is of considerable interest, especially since this A™ allele is
associated with higher plasma fibrinogen levels. Our analysis of Dutch men wilh
anginal complaints and documented coronary artery disease showed no such
difference at all. This either indicates a difference belween populations or a
difference between the type of vascular disease. It strongly suggests to repeat the
analysis reported by Fowkes et al on Dutch patients with peripheral arterial disease,
and/or to focus analysis on well-defined patient groups in order to obtain information
about the vascular complications/diseases that are "sensitive" of genetically increased
fibrinogen levels, We confirmed a relationship between genotypes of Bf-chain
fibrinogen polymorphisms and plasma fibrinogen levels in healthy volunteers
(chapter 6,11). However, relationships between genetic background and fibrinogen
levels depended upon other fibrinogen determinants, such as gender and smoking
habits. Apparently in patients who as a result of their disease have increased
fibrinogen levels, the effect of the fibrinogen polymorphisms on the plasma
fibrinogen levels are weakened or even overruled.

In conclusion, the characteristics of fibrinogen polymorphisms are different in
healthy populations with different cardiovascular risks and in healthy volunteers and
CHD patients, which indicates a desire for further research. Since in the Inuit the
genetics of the fibrinogen genes are in a direction that might suggest a contribution
of fibrinogen polymorphisms in the reduced risk of cardiac events, research into
different populations with different cardiac risks might give further information. In
CHD patients no effect of genetics is observed, and therefore future research might
concentrate on other disease populations, e.g. patients with unstable angina that
either do or do not have complications,
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Voor dit proefschrift werden verschillende aspecten van de rol van fibrinogeen als
risicofactor voor hart- en vaatziekten bestudeerd,

Meting van fibrinogeen

In HOOFDSTUK 1 worden de momenteet beschikbare fibrinogeenbepalingen
besproken, waarbij speciaal de aandacht uitging naar de bijdrage van de
respeclievelijke bepalingen bij het vaststellen van thrombofilie, De srolsnelheids-
bepalingen worden het meest frequent gebruikt in rouwtine laboratoria; deze
bepalingen meten specifiek het functionele fibrinogeen gehalle en zijn gevoelig voor
factoren die de stolsnelheid beinviloeden, zoals daar zijn de Nbrin(ogeen) afbraak
produkten en enzymatische afbraak van het tibrinogeen molekuul. De stolbaar eiwit
bepalingen zijn onafhankelijk van de snelheid van stolselvorming, maar te hoge
gehaltes worden gevonden in de aanwezigheid van fibrine monomeren of vroege
afbraakprodukten van fibrine, De meting van stolbaar eiwit kan geschieden via het
bepalen van de hoeveelheid eiwil die stolt of gebruikt de verandering in turbiditeit
die optreedt als gevolg van de stolling. Deze eerste methode wordt nauwelijks
gebruikt maar er komt steeds meer aandaclt voor de turbiditeitsmetingen omdat deze
kunnen worden geautomatiseerd en omdat ze kunnen worden gecombineerd met de
prothrombine-tijd. De immunologische methoden die gebruik maken van polyclonale
antilichamen worden voornamelijk gebruikt ais er een disfunctioneel fibrinogeen
wordt verwacht, De immunologischie methoden die specitieke monoclonale
antilichamen gebruiken kunnen waardevol zijn in het identificeren van specifieke
fracties van tibrinogeen, bijvoorbeeld de fractie die het snelst stolt. De verschillende
methoden hebben ieder hun eigen karakteristieken en waarde in risico-vaststelling en
de waarde van de verschillende methoden moet worden bestudeerd in
epidemiologische studies,

In HOOFDSTUK 2 werden van vijf methoden (stolsnelheids-bepalingen met
thrombine, reptilase en peptidase, immunologische bepalingen met poly- en .
monoclonale antilichamen) geévalueerd in welke mate de heterogeniteit van het
fibrinogeenmolecuul bijdroeg aan de specificiteit van de verschillende bepalingen. In
plasma kunnen fibrinogeen motecuten met verschillend moleculair gewicht worden
waargenomen: de hoog meleculair gewicht (HMW) vorm met beide carboxy! einden
van de Aa-keten intact, de laag MW (LMW) vorm met een Ae-keten intact en de
andere afgebroken terwijl bij de LMW’ vorm beide Aw-ketens zijn gedegradeerd.
We constateerden dat de drie vormen even goed werden gemeten mel een enzyme
immuno assay (EIA) die gebruik maakte van polyclonale antilichamen, hetgeen doet
vermoeden dat deze EIA een goede weerspiegeling vormt van de molaire fibrinogeen
concentratie, De drie fibrinogeen vormen hadden verschillende stoltijden, waarbij de
HMW vorm de kortste stoltijd gaf, onathankelijk van het enzym dat de stolling in
gang zette: thrombine, reptilase of peptidase. De stoltiid van LMW wat iets langer
terwifl LMW’ weer wat meer iijd nodig had om te stollen, De concentratie curven
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van de drie fibrinogeen vormen in de drie stolsnetheids-bepatingen waren niet
parallel.

In de EIA met monoclonale antilichamen voor de HMW en LMW vormen van
fibrinogeen was de gevoeligheld waarmee HMW werd gemeten drie keer zo hoog als
die waarmee LMW werd gemelen, terwijl de test nauwelijks gevoelig was voor
LMW?’, We concludeerden dat de EIA met polyclonale antilichamen een goede
afspiegeling gaf van de molaire fibrinogeen concentratie, dat 'de functionele
bepalingen met de verschillende MW vormen een complex beeld te zien gaven en
dat de HMW + LMW EIA het meest specifiek was voor de HMW vorm,

De diagnostische betekenis van elk type bepaling dient uiteindelijk te worden
vastgesteld in klinische en epidemiologische studies. Vergelijkende studies binnen
epidemiologische onderzoeken liggen buiten het bereik van dit proefschrift; we
hebben wel fibrinogeen methoden vergeleken in patiénten met milde, gematigde of
ernslige cirrhose van de lever. In HOOFDSTUK 3 worden drie methoden voor het
meten van fibrinogeen geévalueerd, namelijk een stofsnelheids bepaling (Clauss),
meting van de hoeveelheid stolbaar eiwit en een EIA voor HMW + LMW
fibrinogeen, Met etk van de drie methoden was het fibrinogeen gehalie normaal of
licht verhoogd in patiénten met milde of gematigde cirrhose, terwijl de gehaltes in
ernstige cirrhose verlaagd waren. Hoewel de gehaltes van fibrin{ogeen} afbraak
produkten verhoogd waren in patiénten met matige en ernstige cirrhose, was deze
verhoging niet zodanig, dat hel de Clauss bepaling zou beinvioeden, Wij adviseerden
om de Clauss methode te gebruiken bi} het meten van fibrinogeen gehaltes in
patiénten met cirrhose, omdat de drie methoden vergelijkbare fibrinogeen levels gaf
en omdat de Clauss methode reproduceerbaar, snel, goedkoop en makkelijk uit te
voeren is,

De acute fase reactie en fibrinogeen )
Fibrinogeen is een acule fase eiwit en in verschillende studies is het gehalle van
fibrinogeen in verband gebracht met de mate van atherosclerose. Verder is
gesuggereerd (Ross) dat atherosclerose een ontstekingsproces van de vaalwand is,
Hieruit zou kunnen volgen dat de verhoogde fibrinogeen gehaltes by patiénten met
coronaire hartziekien (CHD) een weerspiegeling vormen van de ontstekingstoestand
van de vaatwand, Als dat zo zou zijn, dan is het ook de verwachting dat andere
acute fase eiwitten, zoals C-reactief eiwit (CRP) verhoogd zal zijn,

In HOOFDSTUK 4 werden hepatocyten in kweek gebracht om de acute fase
reactie in vitro te bestuderen. De studie was gericht op het bestuderen van het
negatieve acute fase karakler van histidine-rijk glycoproteine (HRG), dat in de
literatuur werd gesuggercerd door verlaagde piasma HRG gehaltes by patiénten met
een acule fase reactie. Wij konden dit negatieve acute fase gedrag bevestigen in
gekweekte hepatocyten van makaak apen. De uitscheiding van HRG in et
kweckmedium werd dosis afhankelijk verlaagd door geconditioneerd medium van
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LPS-gestimuleerde monocyten {CM), tumor necrosis factor-a (TNFa) en
interteukine-18 (IL18). De verlaging van de hoeveelheid HRG mRNA was sterker
dan de verlaging van het uitgescheiden eiwit. De uitscheiding van HRG en de
hoeveelheid HRG mRNA werden niet beinvioed door interleukine 6 (IL6). Bij
evaluatie van de positieve acute fase eiwitten fibrinogeen en CRP in hetzelfde model
bleek dat de witscheiding van beide eiwilten duidelijk werd verhoogd door CM.
Verder werd bemerkt dat fibrinogeen en CRP werden verlaagd door TNFw, waarbij
fibrinogeen ook werd verlaagd door ILIR. De secrelie van beide positieve acute fase
reactanten werden sterk verhoogd door IL6, Deze studies doen vermoeden dat IL6
een belangrijke marker is voor acute fase reacties en ze waarschuwen voor de
complexiciteit in de verschitlen van de regulatie van acute fase eiwitten.

Bij pati¢nten met CHD werden verhoogde fibrinogeen gehaltes gevonden, maar de
CRP gehaltes waren vergelijkbaar in de patiéntengroep en de gezonde vrijwitligers,
hetgeen een verschil in acute fase tussen deze groepen onwaarschijnlijk maakt. Het
is bekend dat roken in gezonde vrijwilligers het plasma gehalte van zowel
fibrinogeen als CRP verhoogd. Wij konden dit bevestigen in deze studie, maar tot
onze verrassing verhoogde roken het fibrinogeen gehalte alleen in de vrijwilligers,
terwijt CRP in beide groepen werd verhoogd. Wij concludeerden daarom dat
waarschijnlijk de verhoogde fibrinogeen gehaltes bij CHD niet het resultaat zijn van
een acute fase reactie of dat de regulatie van de acute fase eiwitten fibrinogeen en
CRP verschillend is (HOOFDSTUK 5).

In een groot deel van de cross-sectionele en prospectiéve epidemiologische studies
worden de parameters in slechis een monster gemeten. Omdat fibrinogeen, PAI,
CRP en HRG acule fase eiwillen zijn zou het kunnen worden verwacht dat hun
plasma gehaltes variatie vertonen als gevolg van acute fase reacties. Dit zou dan
weer de grootte van de studiepopulatie in epidemiologische studies beinvioeden of
het zou meervoudige bloedafname nodig maken bij het vaststellen van het basale
gehalte van een individu. In een longitudinale studie werden de relaties fussen intra-
en interindividuele variatie van deze variabelen bestudeerd in gezonde, jonge
vrijwilligers, Uit de verkregen gegevens werd geconcludeerd dat in epidemiologische
studies meervoudige afname geen duidelijke voordelen biedt daar een relatief kleine
vergroling van de studiegroep nodig is om voor de biologische variatie te
compenseren., Voor de bepaling van de basale level van een individu is eenmalige
afpame voldoende voor de bepaling van HRG en PAI, maar voor fibrinogeen en
CRP zal meervoudige afname nodig zifn om de intra-individuele variatie binnen een
acceptabele 10% van de tolate variatie te houden (HOOFDSTUK 6). Een kieine pilot
studie van de placebo periode in de gezonde vrijwilligers en de CHD patiénten in de
ticlopidine studie suggereert een vergelijkbare relatie tussen de intra- en
interindividuele variatie (resultaten worden niet gegeven).
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Modulatie van plasma fibrinogeen gehaltes door medicatie

Het is beschreven dat N-3 vetzuren, wanneer ze worden toegediend in combinatie
met het antioxidant vitamine-E, de synthese van fibrinogeen, CRP en PAI-1 kunnen
beinvloeden, In onze studie bij gezonde, jonge vrijwilligers werd geen effect van
vitamine E bevattende visolie of vitamine E geconstateerd. Dit zou kunnen worden
verklaard door de keuze van de studie-poputlatie. Het effect zou mogelijk kunnen
verwacht in individeen met een laag niveau ontstekingsreactie, verhoogde lipid-
gehaltes en verhoogde fibrinogeen gehalles, zoals patiénten, oudere mensen of
rokers. Wij concluderen dat in gezonde, jonge vrijwilligers visolie en vitamine E
geen invloed hebben op fibrinogeen en CRP (HOOFDSTUK 7).

Van verschillende stoffen is het beschreven dat ze, naast hun belangrijkste
effecten, ook de plasma fibrinogeen gehaltes verlagen. Een voorbeeld is ticlopidine,
een medicijn dat de ADP-geinduceerde aggregatie van bloedplaatjes remt. Operaties
zorgen voor een verhoging van de fibrinogeen gehaltes, mogelijk door.een acute fase
reactie. Indien aangenomen wordt dat het effect van ticlopidine op fibrinogeen wordt
geschiedt door modulatie van de acule fase reactie, zou worden verwacht dat de
post-operationele fibrinogeen gehaltes lager zouden zijn in patiénten die worden
vergeleken met liclopidine dan in patiénten dic placebo krijgen. In onze studie was
er geen verschil in post-operationele fibrinogeen gehaltes, hetgeen suggereert dat
ticlopidine geen invioed heeft op de post-operationele stijging van fibrinogeen
(CHAPTER 8},

In verschillende studies is gebleken dat ticlopidine de plasma fibrinogeen gehaltes
verlaagd in patiénten met vaatziekten, maar er zijn nog geen studies verricht naar het
mechanisme. Het is mogelijk dat de verlaging een direct effect is op de fibrinogeen
synthese, hetgeen ertoe zal leiden dat ticlopidine de fibrinogeen gehaltes van
patiénten en ook van gezonde vrijwilligers zou verlagen, Indien ticlopidine de
regulatie van fibrinogeen synthese door de acute fase of de TDP-produkten
beinvioed, zou het effect sterker zijn in patiénten dan in vrijwilligers. In onze studie
werd fibrinogeen 0,20 g/l (9%) verlaagd in de gezonde vrijwilligers en .39 g/L.
{(11%) in gezonde vrijwilligers, hetgeen een duidelijk onderscheid van de
gesuggereerde mechanismen onmogelijk maakt., Onze resullaten suggereren een
ziekte-onafhankelijk effect op de fibrinogeen-synthese. Een opmerkelijke bevinding
was dat het effect alleen werd waargenomen met de Clauss-bepating en niet met de
HMW+LMW fibrinogeen EIA, hetgeen suggercert dat het effect een verandering in
de kwaliteit in plaats van de hoeveelheid zou kunnen zijn. Verdere analyse is nodig
om dit te bestuderen. Verder zou een genetische bijdrage een rol kunnen spelen,
maar in deze studie werden geen effecten van het genetische polymorfisme van de
fibrinogeen Bfi-keten (HOOFDSTUK 9),

De fibraten vormen andere groep medicijnen waarvan bekend is dat ze fibrinogeen
verlagen. In patiénten die werden behandeld met deze medicijnen omdat ze hoge
lipid gehaltes hadden, werd een verlaging van de functionele fibrinogeen gehaltes
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waargenomen. In een poging om het mechanisme van deze verlaging op te helderen,
werd het effect van gemfibrozil en ciprofibraat of fibrinogeen gehaltes bestudeerd,
De associatie tussen de fibrinogeen verlaging en de lipid verlaging, het effect op de
acute fase en een genetische bijdrage werden geévalueerd. Na een
behandelingsperiode van 12 weken was het functionele fibrinogeen gehalte gedaald
met beide medicijnen, maar het was sterker gedaald met ciprofibraat dan met
gemfibrozil. Geen associatic werd gevonden met veranderingen in lipiden, CRP of
genetische polymorfismen, hetgeen suggereert dat een ander mechanisme het
fibrinogeen reguleert (HOOFDSTUK 1),

Genetische polymorfismen en fibrinogeen

In patiénten met perifeer vaatlijden werd een hogere frequentie waargenomen van
het zeldzame B2 allel van het Be/l polymorfisme van de Bff keten van fibrinogeen,
Ook werden in gezonde vrijwilligers hogere plasma fibrinogeen gehalles
waargenomen in individuen met het zeldzame allel van de fibrinogeen B keten
polymorfismen. Daar Groenlandse Inuit een lage incidentie hebben van myocard
infarcten, ondanks een "normaal" atherosclerose gehalte, waren wij geinteresseerd
naar de populatie verschillen van de fibrinogeen polymorfismen, Daartoe
bestudeerden wij de frequenties en de relatie met het fibrinogeen gehalte van de
polymorfismen van de Aq en de BA kelens van fibrinogeen, In de Inuil waren er
verschillen in de frequentic van de RFLP en de linkage wanneer ze werden
vergeleken met Caucasische populaties. De relatie tussen de RFLP en de plasma
gehaltes was hetzelfde in de Inuit en in de Caucasiers, met de hoogste gehaltes in
degenen die het zeldzame allel van de Bf-keten polymorfismen bezitten. Deze relatie
was sterker in mannen dan in vrouwen. De hogere frequentie in de Inuit an de
allelen die worden geassocieerd met een lager fibrinogeen zou kunnen suggereren
dat ze cen rol spelen in de verschillen in CHD in de Inuit (CHAPTER 11),
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De schrijfster van dit proefschrift is geboren op 14 mei 1960 te Rosmalen. Na het
doorfopen van het Athencum-B te Viaardingen werd de HBO-B opleiding tot
chemisch medisch analist gevolgd van 1978 tot 1981 aan het Van 't Hoff Instituut te
Rotterdam. In juni 1981 werd een aanstelling als research analist verkregen bij de
afdeling Hematologie van het Dijkzigt Zickenhuis te Rotterdam (Hoofd: Prof, J.
Abels). In 1986 werd overgestapt naar de afdeling Inwendige Geneeskunde II
(Hoofd: Prof. J.LH.P. Wilson). Van 1987 tot 1991 werd de deeltijdopleiding Chemie
gevolgd aan de Rijksuniversiteit te Utrecht. Het hoofdvak werd verricht bij de
vakgroep Enzymologic en Protein Engineering (Prof. G.H. de Haas) en werd
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afdeling Inwendige Geneeskunde II van de Erasmus Universiteit Rotterdam. Tijdens
de studie chemie werd aangevangen met het onderzoek dat in dit proefschrift is
beschreven en dat voor het grootste deel werd uitgevoerd in het Gaubius
Laboratarium TNQ-PG. Vanaf | januari 1994 is de schrijfster tevens verbonden aan
het Instituut for Thrombosis Research van het South Jutland University Center in
Esbjerg, Denemarken.
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