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INTRODUCTION

J. DE GROOTE

One of the most ominous and troublesome complications of the liver
disease is the appearance of hemorrhagic phenomena. Many careful clini-
cal observations about the relationship of liver function and of bilia-
ry tree pathology have been published. A vast amount of research work
has been devoted to the subject. The severity of the hemorrhagic disor-
der is usually in relation to the liver disease. In mild chronic hepa-
titis or short lasting obstruction slight subcutaneous or mucosal blee-
ding may drvaw the attention of the patient and the doctor, but they

are as such far from dangerous. However in acute hepatic insufficiency,
in biliary cirrhosis the bleeding tendency is to be considered as a

life threatening complication in about half of the cases. Moreover
coagulation disturbances aggravate bleeding not only from ruptured
oesophageal or gastric varices but also from gastritis or peptic ulcer.
Menometrorrhagia, epistaxis and gingival bleeding may be very trouble-
some in these conditions. The use of diagnostic procedures sucli ag liver
puncture biopsy and peritoneoscopy are often impossible when platelets
and prothrombine time are too low. In order to overcome this difficul-
ty a procedure has been worked out taking a biopsy through a trans-
jugular catheter placed in the hepatic vein. If a bleeding from the
liver occurs it will be in the circulatory system and not cause any
trouble. The operator should well be aware not to perforate the liver
capsule with the needle because in that event the bleeding risk be-
comes again external.

Not only diagnosis, but also surgical interventions may become dangerous
when hemostasis is endeavered. In some cases when either diagnostic or
surgical intervention are imperative the bleeding tendency may be decrea-

sed by the administration of thrombocytes and clotting factors: 1000 ml



of fresh frozen plasma may provide an adequate amount.Unfortunately
they disappear rather rapidly from circulation so that about 200 ml
have to be administered every 4 h in order to maintain a sufficient
level. Platelets may be restored with thrombocytes enriched plasma.

An infusion of an adequate amount (e.g. thrombocytes from 1000 ml of
blood) should be given during the intervention and repeated as long

as necessary every 24 h.

The relationship between liver and hemostasis is a vital one since

the hepatocytes have to synthetise most, if not all, of the proteins
which play an important role in the blood clotting process. Fortunate-
ly the liver has an overcapacity as to its synthetic function in con-
trast to its secretory function. Long before hemostatic failure jaun-
dice will appear as a dominant symptom.

In many cases low levels of serum proteins especially albumin and
clotting factors have been ascribed to anabolic disturbances. In a num-
ber of cases this defect was not due to a metabolic dysfunction but

to a grossly deficient uptake of amino acids. The origin of this
trouble appeared to be, practically always, from nutritional origin
which was the consequence as well of bad feeding habits and chronic
alcoholism as produced by dietary restrictions imposed by the physi-
cian. The latter, especially the family doctor, has to be fully aware
of all the consequences of his advice a.o. price, social acceptability
and palatability.

The level of vitamin K and the pathway dependent on it, may become
insufficient in liver diseases and cause a hemostatic deficiency. The
absorption of this liposoluble vitamin is partly regulated by bile
excretion: its defect in longer lasting chronic obstruction is well
known. In human plasma 4 clotting factors depend on the integrety of
this system: factor VII, Stuart and Christmas factor and prothrombin.
Their synthesis isdeficient either when the vitamin K is lacking or
the synthetic pathways are blocked. In liver diseases the synthesis

of precursor polypeptides seems to be impaired. In contrast polypep-
tide chains that lack clotting properties can be detected immunologi-
cally in vitamin K deficiency which prevents only the formation of
functionally active substances. In the last circumstances the adminis-

tration of vitamin K will be of clinical help. When a patient does



not readily respond to vitamin K, its administration should not be
prolonged because it may be toxic when used in large amounts.

The proaccelerin or factor V deficiency is the next most common coagu-
lation disorder in liver diseases. This factor is synthetised mostly

if not exclusively in the hepatocytes. This defect only occurs in the
late stages of acute and chronic pathology. It is an ominous event and
the decrease of this factor may be accelerated by excessive plasma
proteolytic activity and/or intravascular coagulation. A long one-—
stage prothrombin time reflects the low circulation level of the pro-
accelerin. This deficiency is difficult to correct because the factor
disappears rather quickly as well from cold stored blood as from cir—
culation.

Fibrinogen deficiency may result from impaired synthesis or from excessive
utilisation. As for other proteins a decrease of fibrinogen synthesis
is often due to an insufficient uptake of amino acids. An intrinsic
hepatocytic deficiency is mostly the result of a severe acute hepatitis
with wide spread multilobular necrosis. Intravascular coagulation is
the most common cause of hypofibrinogenemia. The pathogenesis of this
complication is rather obscure. Several types of activation of the
clotting process have been proposed and probably all of them may contri-
bute to it. The treatment of ascites with reinfusion of the ascitic
fluid induces almost always a transient alteration of the coagulation
state resembling intravascular coagulation. It results, however, rarely
in a more profound fibrinolysis. The presence of thromboplastin in

the ascites may be at the origin of these changes. Nevertheless dan-
gerous hemorrhagic symptoms may sometimes occur and such procedures
should be carefully monitored. In transient transfusion of the ascitic
fluid this complication is never of major significance. The use of

a permanent peritoneo-jugular shunt gives rise to many more such com—
plications. The treatment of this complication is also very difficult.
The infusion of fibrinogen does not seem to be effective. The use

of low doses of heparin has been proposed. Fibrinogen titers do in-
crease with this treatment which should only be used outside a major
bleeding.

The hemorrhagic tendency in cirrhotic patients is often demonstrated

by thrombocytopenia which could be due to the presence of portal hy-

pertension and/or an increased utilisation in dissiminated intravascular



coagulation. In some cases the alcoholism itself causing the cirrhosis
may also decrease the platelet production. The relation portal hyper-
tension and thrombocytopenia is not fully understood. The classical
hypothesis is an excessive removal or sequestration by the spleen. The
fact that thrombocytopenia often occurs after splenectomy adds weight
to this hypothesis. It should never be forgotten that thrombocytopenia
may be strongly aggravated by the transfusion of platelet poor stored
blood. As described above platelet enriched plasma may be infused in
all circumstances when bleeding seems to occur in connection with a
level below lOO.OOO/mm3 of platelets.

This book will certainly clarify many new aspects of the hemostatic
phenomena in liver diseases.It will stimulate further research and

discussion about the subject.



COAGULATION FACTORS SYNTHESIS BY THE LIVER, WITH SPECIAL REFERENCE TO
FACTOR VIII AND FACTOR V.

J.C. GIDDINGS

The title of this current symposium emphasises the fact that we
recognise the primary role of the liver in the synthesis of a wide range
of plasma proteins, including coagulation factors. Many studies, utilising
a variety of techniques, some of which are listed briefly in Table 1,
have provided fundamental information for the diagnosis and treatment

of hepatic disease.

Hepatic Synthesis of Coagulation Factors

METHOD SELECTED REFERENCES

Fluorescence immunohistology Barnhart (1960)
Anderson and Barnhart (1964)
Giddings et al (1975)
Tissue explant culture Pool and Robinson (1959)
Pryd, (1964, 1965)
Merskey and Wohl (1965)
Isolated liver perfusion Mattii et al (1964)
Olsen et al (1966)
Shaw et al (1979)
Owen and Bowie (1981)
Clinical observations see: Stormorken (1972)

There are, however, some aspects of coagulation factor synthesis which
remain unclear and recent findings suggest that complex haemostatic
mechanisms may be influenced by liver proteins in ways not fully evaluated
at present. In this context the role of carboxylation of vitamin K
dependent proteins and the nature of protein C are discussed in detail

by other colleagues. Modern concepts regarding the production of non-
vitamin K dependent coagulation factors, especially factor VIII and

factor V are illustrated in the present paper.



The nature of factor VIII and of factor V is not fully understood
at present and detailed discussion of their biochemistry is outside the
scope of this presentation. Comphrehensive reviews have been published,
for example by Hoyer (12) and Nesheim et al (13). Nevertheless, it is
pertinent to consider some relevant features of these proteins. In
particular, it is important to establish definitions for the various terms
applied to components of the factor VIII molecule which may have given
some confusion in recent years. Deficiencies of factor VIII occur in
three well described hereditary haemorrhagic conditions. These are classical
haemophilia A, von Willebrand's disease and the rare but well documented
hereditary combined deficiency of factor V and factor VIII. The genetics
of these disorders in which haemophilia A is X-linked whilst the others
are autosomal, together with other simple laboratory features, illustrates

L J
the complex nature of the factor VIII molecule (table 11)

Factor VI11 Deficiency - Clinical Syndromes

Simple laboratory features.

Bleeding Coagulant VIl Immuno precip. VI
Time VIIIC VilR:Ag
Haemophilia N 4 N or T
von Willebrand's f ‘ ‘ or A
Combined V/VIII N orf i N

For example, coagulant factor VIII, that is its activity measured in 'in
vitre' clotting tests, is reduced in all three disorders but immuno-
precipitable factor VIII is reduced or abnormal in von Willebrand's
disease but normal or raised in the other conditions. In addition the
presence or absence of an abnormal bleeding time in patients suggests
that factor VIII or a component of factor VIII plays an important role in

primary haemostasis. These findings are well known and have been extensively



discussed in the context of the molecular structure of factor VIII.

However, it remains uncertain whether the entities responsible for the
defects are present on one molecule, on two separate molecules or on a
non-covalent complex of the two although available evidence tends to

favour the latter hypothesis. The complex nature of the factor VIII molecule
has resulted in a varied nomenclature for the different components and it

is important to understand the major terms used to describe each of the
entities. As has already been noted, VIIIC is the term used to define
procoagulant activity; VIIICAg or VIII clotting antigen is used to denote
the antigenic determinants of VIIIC measured usually with homologous
antisera in antibody neutralisation tests or immunoradiometric assays
(IRMA). VIIIRAg or VIII relasted antiger is used to define the material
detected with heterologous antibodies usually in electrophoresis tests or
IRMA; and Ristocetin cofactor, RiCoF or von Willebrand factor, vWF, is

used for the entity measured in platelet aggregation assays using Ristocetin.

It is thought to represent the biological function of VIIIRAg.

Factor VIII terminology

VIIC - procoagulant activity

VIIIC:Ag -~  antigenic determinants measured mainly
with homologous antibodies
- antibody neutralisation
~ immunoradiometric assay (IRMA)

VIIR:Ag - antigenic determinants measured mainly
with heterologous antibodies
- electrophoresis

- IRMA
RiCoF - biological function of VIIIR:Ag
(VWF) measured in Ristocetin assay.

Factor V does not appear to have as complex a structure as factor
VIII but there are features which suggest considerable similarity between
V and VIIIC. For example, their molecular weights in non-reduced form
may be similar although in each case the precise molecular weight is
disputed. The effects of thrombin, activated protein C and various

inorganic adsorbants on the two proteins are the same and both appear to



interact with phospholipid and co-operate as co-enzymes in blood coagulation
mechanisms. Studies in patients with combined factor V and factor VIII
deficiency support the possibility that these proteins have some bio-
chermical ‘hemology. A major site of synthesis of factor V is believed to

be the hepatocyte but the cellular site of synthesis of VIIIC is uncertain.
The main purpose of the present paper is to discuss the possible role of

the liver in the synthesis of VIIIC and to present data comparing hepatic
synthesis of VIIIC and VIIIRAg with that of factor V.

Comparison of Factors V and VIIC

\4 VIlic
mol wt : 350, 000 ? 85-300, 000
effect of thrombin : activated activated
and then and then
inactivated inactivated
effect of activated inactivated inactivated
Protein C :
activity in serum : absent absent
inorganic adsorbants : not adsorbed not adsorbed
interaction with interacts interacts
phospholipid :
presence in platelets : + not proven
role in coagulation : co-enzyme co-enzyme
in activation in activation
of factor Il of factor X
site of synthesis : hepatocytes uncertain
genetics : combined deficiency of

factors V and VHIC

Our preliminary approach to this study was to identify and localise
the coagulation factor-antigens using specific antisera and conventional
indirect immunofluorescence techniques. These methods confirmed the
presence of factor V antigen in hepatic parenchymal cells particularly
in sections of neonatal liver, although it is noteworthy that factor V

was not as evident in sections of adult liver.



Figure 1
Immunofluorescence staining of human liver sections.

Left: neonatal liverj; factor V. Centre: adult liverj; factor V
Right: adult liver; factor VIIIRAg.

In contrast, similar sections treated with heterologous antifactor VIII
serum, and thus detecting primarily VIIIRAg, identified positive fluorescence
associated probably with gells of the hepatic sinusoids.

The results were compatible with those showing the widespread presence of
VIIIRAg on the vascular endothelium, for example on the intimal surface of
the hepatic artery. Subsequent studies have shown the presence of VIIIRAg

on the endothelium of all human blood vessels and have demonstrated synthesis

of VIIIRAg by endothelial cells in culture. (Figure 2).
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Figure 3
Immunofluorescence staining for factor V. Left: human coronary artery.
Right: same artery perfused with buffer containing EDTA.
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Unfortunately, it was not possible to identify VITIC with certainty using
this technique. Homologous antisera, which are believed to be specific for
VIIIC gave negative or non-specific reactions with all tissues examined.
We have investigated, therefore, the hepatic synthesis of VIIIC,
using an isolated organ perfusion system. Figure 4 shows a photograph of
the perfusion apparatus and illustrates diagramatically the fluid circuit.
In outline, perfusion fluid, of defined composition, was stirred in a
central reservoir and was pumped through a heat exchange unit at 3700
into a secondary reservoir. This smaller chamber allowed removal of air
bubbles from the circuit and acted to control flow to the liver by gravity
pressure. At this point the fluid that was not perfused through the liver
was directed through a glass, thin film oxygenator and then back to the
central reservoir. Oxygenation with humidified 95% oxygen, 5% carbon

dioxide was performed at several points in the circuit.

Figure 4
Photograph (left) and diagrammatic illustration (right) of isolated organ
perfusion apparatus.

Livers were isolated and removed surgically from albino male Wistar
rats in a rapid operative procedure designed to minimise the period of

hepatic anoxia. The liver was without blood or perfusate flow for a
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maximum of three minutes. After removal from the animal the liver was
perfused initially with recirculating fluid for 60 minutes to reduce the
effect on subsequent assays of stored coagulation factors. This first fluid,
termed the 'flush', was then replaced with fresh perfusion fluid and
circulated for a further 180 minutes. During this time samples were removed
from the main reservoir at selected intervals and replaced with an equivalent
volume of fresh medium.

The basal perfusion medium consisted of carefully washed rat erythrocyte:
suspended in Tyrodes solution containing 0.01M sodium citrate and 3.5%
bovine serum albumin. Previous experiments had determined that the presence
of rat platelets and leukocytes resulted in high levels of factor V in the
perfusion fluid and prevented evaluation of subsequert factor V-synthesis.
Using carefully prepared erythrocyte suspensions no coagulation activity
could be determined in the basal medium.

Various supplements were added to the medium to determine their effect

on protein synthesis. These are given in Table V.

Additives to Basal Perfusion Medium

Protein synthesis inhibitors:

Actinomycin D - Img per litre

Cycloheximide - 50mg per litre
Vitamin K antagonist:

Warfarin - 12.5mg per litre

Reticulo-endotheilial blockade:
Amorphous carbon (Indian ink) 0.6ml i.v.
Ethionine - 0.001M

Radiolabelled amino acid:

355 L~ Methionine 300 uCi,

Actinomycin D, 1mg per litre and cycloheximide, 50mg per litre were
added as established protein synthesis inhibitors. Warfarin, 12.5mg per
litre was added as a vitamin K antagonist. In each case the additive was
included in the initial flush and in the final perfusion fluid. In some
experiments 0.001M DL-ethionine was added to the flush perfusate or indian
ink was administered intravenously to the animal 15 minutes before sugical

removal of the liver in order to block reticulo-endothelial cell function.
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Some experiments were undertaken with the addition of radiolabelled
methionine to the perfusate. These were performed to investigate de novo
protein synthesis by assessing the inccrporation of labelled amimo acid
into the perfusion product as will be described later.

Criteria for the maintenance of adequate perfusion were established
to permit valid analysis of subsequent fractions. Macroscopically the liver
maintained a normal appearance throughout the experiment and flow rates
through the organ of greater than 10ml per minute were constant. Continuous
production of bile, consumption of oxygen and maintenance of a physiological
pH were also essential requisites.

Preliminary experiments were carried out to ensure that the perfusion
model did indeed synthesise protein. Samples taken from perfusions in the
presence of radiolabelled methionine were analysed by two dimensional crossed
immunoelectrophoresis against anti rat serum followed by autoradiography.
Figure 5 illustrates that both the number of precipitin lines and the strength
of reaction observed on autoradiography increased with time of perfusion.
Conversely, no such development occurred if the perfusion fluid contained

also cycloheximide.

Figure 5

Two dimensional crossed immunoelectrophoresis (top sections) and corresponding
autoradiographs (bottom sections) of perfusion samples taken at intervals
during the final perfusion period using basal medium containing radiolabelled
methionine. Perfusion time increases from left to right. 15 minutes, 60
minutes, 120 minutes, 180 minutes respectively.

Normal rat serum added to the test sample immediately before electrophoresis.



Figure 6
Two dimensional crossed immunoelectrophoresis (top) and autoradiographs

(vottom) of perfusion samples taken during perfusion with medium containing
radiolabelled methionine and cycloheximide. Perfusion time from left to
right, 120 minutes, 180 minutes.

The precipitin lines noted on the stained immunoelectrophoresis plate are
due to the addition of carrier, normal rat serum to the samples immediately
before electrophoresis.

These samples and others from perfusions without radiolabelled
aminacid were assayed for coagulation factor activity using conventional
clotting techniques and for VIIIRAg using an IRMA for human VIIIRAg that
cross-reacted with the rat protein. A reference standard for the rat
coagulation factors was unavailable and the results of the clotting
assays are expressed as shortening of the clotting time in seconds in the
respective functional method.

Figure 7 illustrates the results of factor X assays on the various

perfusion samples.
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The synthesis of factor X during perfusion. The results are expressed
as mean shortening of the assay clotting times (see text) The figures

in parenthesis indicate the number of perfusions performed with the
respective perfusion medium.

Similar results were obtained also for factor II and factor IX. The assay
clotting times progressively shortened in perfusions with basal medium
indicating increasing levels of coagulation factor activity. In the
presence of actinomycin, cycloheximide and Warfarin the coagulation factor
activity was markedly reduced. Cycloheximide had the most pronounced effect
and the results are compatible with the known action of these protein
synthesis inhibitors. Conversely the administration of indian ink or
ethionine did not effect synthesis of factor II, IX or X.

The results of factor V assays are shown in Figure 8.
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Figure 8
The synthesis of factor V during perfusion.

Actinomycin and cycloheximide had the same effect as that noted previously
but Warfarin was not inhibitory. In addition, and in contrast to the results
observed earlier, the injection of indian ink or inclusion of ethkionine

in the perfusion medium reduced the synthesis of factor V suggesting that
reticulo-endothelial blockade modified the production of this protein. These
results tend to contrast with the earlier immunofluorescence findings

and those of other workers which suggested that factor V was synthesised

by hepatic parenchymal cells. The reasons for this are not clear at

present and are being investigated further. Significantly, very similar
results were obtained with assays of VIIIC (Figure 9) tending to emphasise

similarity between these two clotting factors.



17

FACTOR Vil
25 25
20 20
SHORTENING
OF THE
CLOTTING TIME
(seconds)
120 180
minutes
FLUSH ~a=—FINAL PERFUSION —8» FLUSH <= FINAL PERFUSION —#
Figure 9

The synthesis of factor VIIIC during perfusion.

In order to confirm the site of damage caused by indian ink sections of liver

were examined histologically after perfusion (Figure 10)

Figure 10

Histological appearances of rat liver after perfusion. (Haematoxylin and
eosin stained sections) Left: perfusion after injection of indian ink. note
the carbon particles arrowed. Centre: perfusion with basal medium. Right:
perfusion with medium containing cycloheximide.
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Carbon particles were confined tc cells of the hepatic sinusoids presumably
phagocytic reticulo-endothelial cells and the remaining cellular architecture
retained a normal apresarance. For comparison Figure 10 also shows the effect
on liver microstructure after perfusion with basal medium and fluid
centaining cycloheximide. In the absence of additive there was dilatation

of the liver sinusoids but little cell damage and minimal interstitial
haemorrhage. In the presence of cycloheximide, pyknotic nuclei and necrotic
cells were evident and there were large areas of interstitial haemorrhage.
These results identified the different sites of action of the substances
added to the basal perfusion medium.

To investigate further the hepatic synthesis of factor VIII, VIIICAg
assays were attempted using & human inhibitor in an IRMA. Regrettably the
inhibitor did not appear to cross react well with rat factor VIII in
this assay system and the results were equivocal. Nevertheless, clotting
times in converntional coagulation assays on perfusion samples incubated
with the human inhibitor were markedly longer than those performed in the
absence of inhibitor (Table V1) confirming specifically the synthesis of

VITIC.

Inhibition of Synthesised VIIIC by Human Inhibitor

Clotting time (s) in VIIIC assay (APTT method)

Perfusion time Medium + buffer Medium + human inhibitor
min n = n =
Flush 88 122
[o] 126 136
60 106 130
120 100 121
180 98 122

In contrast, an IRMA for VIIIRAg, using an anti human VIIIRAg serum,
demonstrated adequate cross-reactivity with rat plasma and enabled sensitive
quantitation of this material. Table V11 shows that VIIIRAg was released
intc the perfusate but there was no significant difference between the
results in the presernce or absence of cycloheximide. It was not possible,

therefore to demonstrate de novo synthesis of VIIIRAg in this system.
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Imrunoradiometric assay of VIII RAg

Factor VIIT RAg (units/10Cml; mean + SD)

Perfusion time Basal Medium Medium + cycloheximide
Flush 0.87 + 0.76 0.73 + 0.88
[ 0.01 0.02
60 0.08 + 0,08 0.09 + 0.07
120 0.25 + 0.22 0.18 + 0.15
180 0.27 + 0.30 0.21 + 0.15

No statistically significant difference between results of
perfusion with or without cycloheximide.

From these results it appeared reasonable to suggest that the liver
synthesised relatively more VIIIC than VIIIRAg. It is also possible that
VIIIRAg which is synthesised and released by endothelial cells throughout
the body is activated to form VIIIC or stimulates its production in the liver.
To test this hypothesis Owen and his colleagues (10) perfused isolated
porcine livers with blood from pigs with von Willebrand's disease and showed
that VIIIC was not synthesised unless purified VIIIRAg was added. In the
present study perfusions were also undertaken in the presence of exogenous
VIIIRAg. Purified protein from human and rat plasma was added to the basal
medium in graded concentrations and VIII related assays performed in the
usual way. In all instances VIIIRAg consistently decreased in the perfusion

fluid, confirming the report of Owen and his co-workers.
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Decrease in VIIIRAg concentrations during perfusion.

However, the synergistic effect on VIIIC synthesis noted by Owen was not
observed in our studies. On the contrary, the results tended to show

inhibition of VIIIC production in the presence of exogenous VIIIRAg.
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Figure 12

The effect of exogenous human VIIIRAg on the synthesis of VIIIC during
perfusion.
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Nevertheless, the results emphasised a significant role for the liver in
the synthesis or modification of components of the factor VIII molecule
and this remains to be fully evaluated.

In ccnclusion, therefore, immunohistological studies and isolated
organ perfusion techniques have demonstrated hepatic localisation and
synthesis of coagulation factors II, IX, X, V and VIIIC. Synthesis of
V and VIIIC was inhibited by actinomycin and cycloheximide in a manner
similar to that observed with factors II, IX and X and was not inhibited
by Warfarin. The cells which synthesise V and VIIIC are susceptable to

ethionine and indian ink suggesting possible reticulo-endothelial cell
origins. Relatively more VIIIC than VIIIRAg was synthesised in the
isolated liver perfusion system and exogerous VIIIRAg was consistently
removed from the circulating perfusate. In spite of extensive efforts
the precise cellular sites of synthesis of V and VIIIC remains to be
established. Application of modern technology, for example using
monoclonal antibodies, may help to clarify the role of the liver in the

production of these clinically important plasma proteins.
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DISCUSSION LECTURE GIDDINGS

Do you have an idea of the molecular weight of FVIII:c
in your experiments?

No, the level is so low that it is impossible to do any
chromatography or anything of that nature on the perfu-
sion samples. As it happens, incidentally, the studies
that we have done on FVIII:c molecular weight with other
methods, have tended a conflict with what other people
said and we are not very happy with our methodology at
the moment, so we have not gone into that area yet.

But the reported molecular weights varies between

25 and 300.000 for the intact molecule anyway.

Question from the audience

Giddings

Vinnazer

Giddings

I do not know. I suspect that the liver is not the only
site of synthesis, that's all I can say. I would be
very surprised if that sort of cell specifically in the
liver would produce FVIII:c. For other physiological
reasons, for example the release of FVIII:c when you
give DDAVP, which is so instantanious and so potent
that I would be very surprised if it attacks that
target side like that in the liver. But I think that
remains to be seen.

You don't have normal levels of coagulation factors in
rats so how did you make you calibration curve?

Yes, we did not have a reference material, we did not
have a reference standards in rats; what we did, was to
pool a lot of rat plasma and to use that to relate to
humans. We were unhappy about calling it a quantitated
value in the assay; simply we have just shorten the
clotting time. But we were getting calibration curves

with normal pooled rat plasma.
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ORAL ANTICOAGULANTS: UNEXPECTED SIDE-EFFECTS OR NEW FIELDS "OF APPLICATION?

MARIAN A.G. DE BOER-V.D. BERG, M. CARLA RONCAGLIONI,T BERRY A.M. SOUTE,
MENNO DE METZ AND CEES VERMEER

1. SUMMARY

Vitamin K-dependent carboxylase is found in liver and in a number of
non-hepatic tissues such as: testis, lung, kidney, spleen and arterial
vessel wall. It is shown, that the dosages of warfarin, required for a
partial inhibition of the clotting factor synthesis also affects the

non~hepatic vitamin K-dependent systems. The presence of non-hepatic
vitamin K-dependent carboxylase is demonstrated in various rat and bovine
tissues as well as in human placenta and it has to be expected, that also
other human tissues contain this enzyme. Whether the inhibition of
non-hepatic carboxylase, which occurs during oral anticoagulant therapy is
harmful, neutral or beneficial for the patient can only be judged when the

function of the various vitamin K-dependent proteins is known.

2. INTRODUCTION

It has been known for many years, that vitamin K is involved in the
production of 4 blood clotting factors. These factors are all synthesized
in the liver, and during thelr maturation they are carboxylated in a
posttranslational process (1). The enzyme involved is designated as
carboxylase and vitamin K functions as its coenzyme. The substrate for
carboxylase is a number of glutamic acid (glu) residues in the N-terminal
part of the clotting factor precursors, which are carboxylated into

gammacarboxyglutamic acid (gla) residues (2). Before it can act as a

* to whom all correspondence should be addressed.
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coenzyme in the carboxylation reaction, vitamin K has to be transformed
from the quinone form (which is the most stable form) into the more reduced
hydroquinone (3). Although at this moment the evidence is not irrefutable,
it is generally believed that during the carboxylation reaction vitamin K
hydroquinone is oxidized and converted into vitamin K epoxide (4). The
epoxide is than reduced again, either to vitamin K quinone or directly to
vitamin K hydroquinone. This sequence of reactions is called the vitamin K
cycle (fig.1). In this view the oxidation of vitamin K hydroquinone
provides the energy for the conversion of glu into gla. Coumarin
derivatives, which are frequently used as anticoagulants, inhibit the
enzyme(s) involved in the reduction of vitamin K epoxide (4). During
anticoagulant therapy, the epoxide therefore accumulates in the liver and
the formation of normal clotting factors is reduced because the pool of

vitamin K hydroquinone gets exhausted.
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In this paper we give an overview of the non-hepatic tissues where
vitamin K-dependent reactions take place and we try to verify whether the

anticoagulant therapy affects also the non-hepatic carboxylase.

3. MATERIALS AND METHODS

Chemicals. Warfarin and dithiothreitol (DIT) were obtained from Sigma,
the detergent CHAPS was from Serva and vitamin K1 from Hoffman-La Roche.
Vitamin K hydroquinone was prepared as described earlier (5). NaHMCO3
(40-60 Ci/mol) and Atomlight were from New England Nuclear and the
synthetic substrate Phe-Leu-Glu-Glu-Leu (FLEEL) was from Vega Biochemicals.
The Thrombotest reagent was purchased from Nyegaard & Co. All other
chemicals were from Merck.

Methods. The rats used in some experiments were male Wistar rats of

12-15 weeks old. Warfarin (as indicated) was dissolved in 20 mM phosphate
buffer, pH 9.0, which substituted for their drinking water.
Microsomes were prepared from the various rat and bovine tissues as
described in (6). Carboxylase was solubilized from these preparations by
adding 1.0 % CHAPS in 0.8 M NaCl. Carboxylase activity was measured by the
incorporation of 14CO2 into endogenous or exogenous substrate (FLEEL) and
all results are expressed as the amount of incorporated label per mg of
microsomal protein. The way in which carboxylase and the endogenous
substrate are quantified is fully explained in (5).

The clotting-times of plasma were measured with the Thrombotest reagent
and compared with a reference curve, which was prepared using pooled
citrate plasma from 20 normal animals. The data are expressed as a
percentage of the normal, e.g. 10 % means that the clotting-time of the

plasma is similar to that of 10-fold diluted reference plasma.

4, RESULTS

Using the cow as an experimental model we have investigated the
occurence of vitamin K-dependent carboxylase in a number of tissues. The
cows were treated with warfarin (1.5 gram daily) for 6 days before they
were slaughtered and the various organs were excised and used for the
preparation of the microsomal fractions. The presence of carboxylase was
investigated in these preparations and the results are summarized in table

I. In all tissues where we were able to detect carboxylase we also observed
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Table I. Relative amounts of microsomal carboxylase and endogenous
substrate in various bovine tissues.

Tissue Carboxylase Substrate
Liver 100 100
Testis 140 90
Uterus 30 10
Kidney 70 30
Spleen 60 40
Lung 60 15
Thyroid 30 10
Pancreas 10 5
Thymus 10 5
Bone (epihysis) 25 10
Arteries 60 10
Veins 0 0
Heart muscle 0 0
Skeletal muscle 0 0
Diaphragm 0 0

The amounts __<1f carboxylase (80 dpm.min l.mg 1) and endogenous substrate
(4000 dpm.mg ") in liver were arbitrarily chosen to be 100. All data are
the mean values of at least 3 different animals. For further details see
Materials and Methods.

that during the warfarin-treatment of the animal an endogenous substrate
had accumulated in the microsomes. These endogenous substrates were not
present in similar preparations from non-treated animals (data not shown).
No differences between the various carboxylating systems could be found
with respect to their optimal reaction conditions, the Km of vitamin K or
the warfarin concentration required for a 50% dinhibition of this
carboxylation reaction.

Now we knew that vitamin K-dependent carboxylase was present in many
bovine tissues, the question arose, whether we could also detect this
enzyme in human tissues. Since human tissues are less easily available than
are tissues from animal origin, we could only test the carboxylase content
of human liver and placenta. In fig. 2 the solubilized microsomes from
these tissues are compared with those from bovine liver. Since the human
material was from non-anticoagulated donors, it was compared with
carboxylase from normal cows. The carboxylase content of placenta was about
40% of that in liver and it may be expected, also other human tissues will

contain the vitamin K-dependent enzyme system. Recently, for instance, we
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FIGURE 2. Carboxylase in human liver and placenta.

Carboxylase was measured under standard reaction conditions in the presence
of 10 mM FLEEL. Carboxylase from bovine liver (#—@®) is compared with that
from human liver (0——0O) and human placenta (m——m). Human livers
were obtained from healthy donors, who died after traffic accidents and who
had previously signed a donor-codicil. Carboxylase from term human
placentae was prepared from the microsomal fraction of trophoblast in a
similar way as was carboxylase from liver. All tissues were obtained from
non-anticoagulated invididuals. Each point represents the mean value of
three different donors, measured in duplicate. The carboxylation of
exogenous substrate is expressed as dpm per mg of microsomal proteins.

14

have been able to demonstrate carboxylase in the arteries of human
umbilical cord. It could be confirmed that this carboxylase was only
present in the arterial vessel wall and not in that of the umbilical vein
(data not shown).

In the experiments described so far we have demonstrated a) the existence
of non-hepatic carboxylating enzymes and b) that these non-hepatic
carboxylases are all inhibited when the experimental animals are treated
with a high dose of warfarin. The warfarin is administrated in excess in
order to ensure a maximal accumulation of endogenous substrates in the
liver and in the other tissues. In patients, however, antivitamin K-drugs
are frequently used in about 100-fold lower quantities (when expressed as
mg of anticoagulant per kg body weight) and under these conditions the
synthesis of the vitamin K-dependent clotting factors is only partly
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FIGURE 3. The effect of warfarin on rat liver carboxylase.

Rats were treated with warfarin, which was present in their drinking water
in a concentration of: 0 mg/l (e—e), 0.5 mg/l (O—o0), 1 mg/l (a—m), 2
mg/l (0——0) and 5 mg/l (A——A). At the indicated times three rats from
each group were sacrificed and the effect of the warfarin-treatment was
measured on the plasma concentration of the vitamin K-dependent
clotting-factors (Thrombostest, fig 3A) and on the amount of endogenous
substrate for carboxylase, present in their liver microsomes (fig 3B). The
endogenous substrate is expressed as a percentage of the maximum (12,200
dpm per mg of microsomal proteins), obtained after 7 days of treatment with
2 and 5 mg/l of warfarin.

inhibited. Therefore we investigated whether these low dosages of warfarin
also affect the non-hepatic carboxylases. For our experiments we needed
experimental animals in larger numbers than before and therefore the rat
was the animal of choice. Fourty five rats were divided into five groups of
nine rats each, and warfarin was added to their drinking water in concent-
rations that varied from O in group I to 5 mg/liter in group V. The daily

water intake was 20-30 ml per rat. After several intervals three rats from
each group were sacrificed and the effect of the warfarin was measured in

their blood plasma (fig. 3A) and in their liver (fig. 3B). Obviously the
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FIGURE 4. The effect of low doses of warfarin on non-hepatic tissues.

The accumulation of endogenous substrates was measured under standard
conditions and the results are expressed as a percentage of the amount of
hepatic substrate (12,200 dpm per mg of microsomal proteins) that had

accumulated after 7days of treatment with 2 mg/l of warfarin. The following
tissues were examined: liver (#—@), lung (0——0O), spleen (m——m), and
testis (o——0).

decrease of the plasma clotting factors occurs simultaneously with the
accumulation of endogenous substrate for carboxylase in the liver. At a
concentration of 2 mg per liter of drinking water the warfarin only partly
inhibited the hepatic carboxylase and we decided to investigate whether at
that concentration also the non-hepatic carboxylases are inhibited. The
warfarin was given to a group of 30 rats and after several intervals 6 rats
were sacrificed and the amount of endogenous substrate was measured in the
microsomal fractions of their liver, lung, spleen and testis. The results
of these experiments are shown in fig. 4 and it is obvious, that also at
low dosages of warfarin all non-hepatic carboxylases that were investigated
were inhibited by the anticoagulant, so that endogenous substrates

accumulated in the respective microsomal fractions.
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5. DISCUSSION

In this paper we have demonstrated that vitamin K-dependent carboxylase
is an enzyme that occurs in many different tissues.
When comparing the amounts of carboxylase and endogenous substrate in these
tissues, one should realize, that all data are expressed in units per mg
microsomal protein. Since the total amount of microsomal proteins that can
be extracted is different for each tissue, the data shown in table I are
not representative for the total production of vitamin K-dependent proteins
by the various organs.

It was also shown, that the non-hepatic carboxylases are inhibited
under the conditions that are frequently used for the therapeutical
treatment of patients (oral anticoagulant therapy). Although these results
were obtained with experimental animals, there is no reason to believe that
this situation is different in man. When the inhibition of the non-hepatic
carboxylases is regarded as a side-effect of oral anticoagulant therapy, we
have to explain why, despite of the fact that coumarin derivatives have
been used on a large scale for many years, clinical symptoms of this
side~effect are only hardly known. We might assume, for instance, that all
vitamin K-dependent proteins are produced in great excess, so that a 90%
decrease of their synthesis does not lead to clinical symptoms. On the
other hand it might also be that, because we do not know the function of
the non-hepatic vitamin K-dependent proteins, a number of clinical
symptoms, related with the side-effects of oral anticoagulant therapy have
been overlooked.

It is obvious that, before we can prove the correctness of one of these
hypothesis, we will have to know the function of the non-hepatic vitamin
K-dependent proteins. Unfortunately our knowledge comes to an end at this
point. The proteins have been detected, some of them have even been
purified and extensively characterized, but this information does not
necessarily lead to the elucidation of their function. It is our opinion
that for a solution of this problem a close cooperation between biochemists
and clinicians is required. Because we feel that it might be helpful in
diagnosing hitherto unexpected effects of coumarin derivatives on processes
other than blood coagulation, we would like to discuss some of our results
into more detail and to speculate about the function that some of the

non~-hepatic vitamin K-dependent proteins might have. Before starting these
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speculations, we should keep in mind that up till now the only known
function of gla-residues is the strong and selective binding of Caz+. All
functions described to the various gla-containing proteins should therefore
be dependent of or related with the binding or the transport of Ca2+.

In the first place we want to mention the striking difference between
the carboxylase content of arteries and that of veins. Arterial vessel wall
contains a high amount of carboxylase, whereas in veins the enzyme could
not be detected. In this respect it is suggestive, that atherosclerosis
occurs almost exlusively in the arteries and that a gla-containing protein
(atherocalcin) has been identified in hardened atherosclerotic plaque (7).
We should not exclude, therefore, the possibility that atherocalcin is
involved in the calcification of the arterial vessel wall. A possible
dominant role of this protein in the formation of a thrombus would be
obscured by the following reasons. Patients with a high risk of thrombosis
or myocardial infarction are generally kept on oral anticoagulant therapy.
It has been demonstrated, that this therapy reduces the risk of
reinfarction (8) and it is believed that this beneficial effect is related
to the reduced plasma concentration of the vitamin K-dependent coagulation
factors. Since during the anticoagulant therapy also the arterial
carboxylase will be inhibited, the reduced synthesis of atherocalcin might
be of greater importance than the reduced concentration of clotting
factors.

A second point of interest is the high amount of carboxylase in bovine
testis. We have also detected this type of carboxylase in the testis of
other species and it is tempting to speculate about the function of the
protein that is carboxylated by this system. Probably this protein will be
a sperm protein and a logical candidate is acrosin, a trypsin-like serine
protease which has many similarities with prothrombin and which is required
for the penetration of the sperm chromosomes into the ovum (9). The
synthesis of such a protein would be inhibited during long-term oral
anticoagulant therapy, which might result in a reduced fertility of the
sperm cells. Most patients, treated with vitamin K antagonists are over 50
years old and maybe this is the reason why their fertility has never been
checked. At this moment we have been informed about three patients who were
capable of begetting offspring after more than one year of continuous oral
anticoagulant therapy. We would suggest, however, to statistically analyze

the fertility of large groups of patients.
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One of the best documented side-effects of coumarin derivatives is the
warfarin syndrome, the abnormal bone growth in the fetus during pregnancy
(10). Possibly this syndrome is due to the decreased production of
osteocalcin, the gla-containing protein which is abundantly present in
bone. It has been demonstrated that osteocalcin is synthesized by cultured
bone cells (11), which is in agreement with the fact that we could prepare
carboxylase from epiphysis. However, although the primary structure of
osteocalcin has been elucidated a number of years ago, we do not know its
precise function. Also no skeletal abnormalities have been reported in
adults even after many years of oral anticoagulant therapy. Nevertheless it
would be interesting to investigate the occurence of a number of
bone-diseases under patients receiving vitamin K-antagonists. In this
respect it is suggestive that in a study in 1971 of three postmenopausal
patients with osteoporosis, the loss of calcium was found to be reduced 18
to 50% by daily treatment with vitamin K (12).

Finally we would like to discuss the possible function of the
gla-protein produced by the kidney. Obviously the renal gla-protein may
play a role in the transport and/or excretion of Caz+. Recently a
gla-protein has been described that occurs in renal stones (13) and it
would be interesting to know whether this protein is similar to or related
with the protein, synthesized by renal carboxylase. When at some stage of
the Ca2+ excretion a gla-protein is involved, the Ca2+ concentration in the
kidney might increase during anticoagulant therapy, resulting in a more
frequent occurrence of renal stones. On the other hand, the renal
gla-proteins might also serve as nuclei for the cristallization of calcium
salts. In this view the inhibition of renal carboxylase by vitamin
K-antagonists would lead to a decreased production of renal gla-proteins
and hence to a decreased frequency of remnal stones. On beforehand neither
of these two possiblities can be excluded and statistical analysis of the
medical records from patients on long-term anticoagulant therapy is once
more recommended.

We want to stress, that we do not expect that threatening or extremely
harmful complications of the oral anticoagulant therapy will be discovered:
these would have been known already for many years. However, we do hope
that tendencies will be found after careful analyzis of the medical records

of patients who received long-term anticoagulant therapy. The registration
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of these tendencies may help us in understanding the function of the
non-hepatic vitamin K-dependent proteins. This knowledge might lead to a
substantial extension of the processes that can be regulated by vitamin
K-antagonists. The present coumarin derivatives inhibit all carboxylating
systems to the same degree and it is our opinion, that new vitamin
K-antagonists have to be developed, which each specifically inhibit the
carboxylase present in one particular organ or tissue. This might enable
us, for instance, to completely block the renal carboxylase (which may be
beneficial for the patient) without simultaneously inhibiting the synthesis

of clotting factors.
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DISCUSSION LECTURE DE BOER

Kahlé You did not show inhibition'of the carboxylation but you
showed an increase in the inductionous carboxylation.
Couldn't it be so that the PIVKA protein from the liver
is absorbed by the other tissues and so you measure
an increase in the inductionous carboxylation?

De Boer No, in that case you find antigenicity to the clotting
factors; we have looked to the nature of this substrate
by immuno-specific reactions, for clotting factors,
and we did not find any reaction. We don't think that
that is true.

Samama Can you evaluate easily carboxylase in man after biopsy of
the liver; is it easily performed or is it difficult task?
Would you suggest biopsy?

De Boer Well, from liver it is very easy to prepare, but there is
one problem: it takes a long time before we get a liver;
when patient dies at least 2 hours before, we have the
liver in our hands, so, in that time, maybe there can
occur a lot of proteolysis and it is known that with
proteolysis, also some enzymatic reactions occur.

Samama But you cannot evaluate the activity of carboxylases on a
liver biopsy?

De Boer No, we need a large amount of liver.

Verstraete Whether, I missed one of those, was it human or animal
tissue?

De Boer It was animal. It was from a bull calf.

Verstraete Did you try human tissue?

De Boer We appreciate to do that, but it is very difficult to get
human tissues. If you have some for me I will be very
lucky.

Samama You said that you gave to the cow 10 mg of "Warfarin"
by kg body weight, which is the dose for a human of 60 kg;
it is so different.

De Boer Well, it is a high dose, yes.
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PROTEIN C,AN INHIBITOR OF BLOOD COAGULATION, IN LIVER DISEASE AND OTHER
CLINICAL CONDITIONS
P.M.MANNUCCI; S.VIGANO

INTRODUCTION

In 1976 Stenflo (1) isolated from bovine plasma a new vitamin K-dependent
plasma glycoprotein he called Protein C. Bovine Protein C is composed of
a 1light chain and a heavy chain held together by disulfide bonds. The
aminoterminal region o£+the light chain contains g-carboxyglutamic resi-
dues, necessary for Ca’ binding, as do other vitamin K-dependent coagu-—
lation proteins. In 1979 Kisiel (2) isolated and partially characterized
human Protein C, with a mol. wt. of 62,000. Human and bovine Protein C
appear to be remarkably similar in terms of amino acid and carbohydrate
composition, with the exception of their histidine, valine and N-acetyl-
glucosamine contents. Like other vitamin K-dependent coagulation pro-
teins, Protein C exists in plasma in a zymogen form and is converted to

a serine protease by thrombin, Russel Viper venom and trypsin. The en-
zyme formed, referred to as activated Protein C, has anticoagulant prop-
erties. The rate of in vitro activation of purified Protein C by throm-
bin is too slow to have any physiological importance. However, infusion
of thrombin in dogs leads to the formation of anticoagulant activity in
the circulation within 5 min after starting the infusion (3). The throm-—
bin-catalyzed activation of Protein C is markedly accelerated in vivo

by an endothelial cell surface cofactor called thrombomodulin (4,5).
Recently, thrombomodulin has been purified from rabbits lungs (6). When
bound to thrombomodulin, thrombin cleaves fibrinogen and factor V poorly,
if at all. Therefore, the thrombin-thrombomodulin complex seems to have
two distinct anticoagulant activities: it leads to direct inhibition of
thrombin procoagulant activity and activates Protein C, which can then
function as a circulating anticoagulant.

Mechanism of action and physiological regulation

The anticoagulant nature of activated bovine Protein C was described over
20 years ago by Seegers and his associates (7). They suggested that this
potent anticoagulant activity, called autoprothrombin II-A, was derived
from prothrombin that had been activated by limited thrombin proteolysis.
A decade later, Marciniak (8) suggested that human autoprothrombin II-A
was not derived from prothrombin but was a distinct species-specific
protein. The anticoagulant activity of activated bovine Protein C was
initially ascribed to a competitive inhibition of factor Xa (9, 10).
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Subsequently, various investigators have shown that bovine activated
protein C enzymatically inactivates bovine factors V and VIII by limited
proteolysis (10, 11, 12). Marlar et al (13) have recently reported that
when activat g human Protein C is incubated with normal plasma phospho—
lipid and Ca” , factor V and VIII coagulant activities are rapidly de -
strpyed.. Activated Protein C can inactivate activated forms of factors
V and VIII more rapidly than non-activated factors. Activated Protein C
has no effect on either the contact system proteins (factors XI and XII,
prekallikrein and high mol.wt. kininogen) nor the vitamin K-dependent
coagulation factors (prothrombin, factors VII, IX and X). No effect on
fibrinogen was noted either.

In addition to its anticoagulant activity, activated Protein C has been
shown (14, 15) to enhance fibrinolysis. Comp and Esmon (16) have confirm-
ed that fibrinolytic activity can be generated both in vivo and in vitro

in response to activated Protein C. The in vivo administration of small
quantities of activated Protein C results in an increased rate of clot
lysis. The active site of activated Protein C is necessary for the enhan-
cement of clot lysis because neither the DFP-inhibited enzyme nor the
zymogen enhance clot lysis. This enhanced ability to lyse clots appears
to result primarily from an elevation of circulating plasminogen acti-
vator levels. Despite this rise, no fibrinogenolysis occurs, as evidenced
by normal levels of fibrinogen and no elevation of fibrinogen degrada-
tion products during prolonged infusion of activated Protein C. This
suggests that the role of the enzyme in clot lysis is different from
those of urokinase or streptokinase, which activate circulating plasmin-
ogen to plasmin, with subsequent proteolysis of fibrinogen. Perfusion

of isolated dog tissues does not release plasminogen activator from the
vasculature. However, when activated Protein C is added to blood in vitro
and subsequently neutralized with specific antibodies, the rate of clot
lysis is increased when this blood is then reinjected into the animal.
The addition of activated Protein C to plasma alone is sufficient to
generate the fibrinolytic activity, but the effect is more marked when
the enzyme is added to a mixture of plasma and blood cells. Comp and
Esmon (16) have suggested that activated Protein C might generate a
secondary messenger, which in turn causes the increase in circulating
plasminogen activator activity.

Canfield and Kiesel (17) have recently succeeded in purifying to
homogeneity an activated Protein C-binding protein from normal human
plasma. This binding protein (mol. wt. 54,000) is a glycoprotein and
possesses an amino-terminal sequence with considerable homology with
bovine cholostrum inhibitor and pancreatic trypsin inhibitor, but no
apparent sequence homology with the known plasma serine protease
inhibitors. Affinity-purified antibody against this binding protein
immunoprecipitated a complex of radiolabeled and native binding proteins
from normal human plasma. There was essentially no complex formation in
plasma immunodepleted of the binding protein. Thus,Protein C has an
important physiological function in hemostasis, modulating clot formation
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and clot lysis. The effects of the enzyme are regulated, in turn, by a
naturally-occurring inhibitor.

Clinical significance

The physiological role of Protein C is now less obscure and its clinical
importance is becoming increasingly evident. Marlar and Griffin in 1980
(18) reported that Protein C inhibitory activity was detectable in plasma.
This inhibitory activity could not be seen in plasmas from four unrelated
patients with combined Factor V/VIII deficiency, but it was present in
normal amounts in patients with isolated Factor V or Factor VIII defic-
iencies. Since activated Protein C readily destroys Factor V and Factor
VIII coagulant activities (13), they suggested that the molecular basis
for combined Factor V/VIII deficiency is the congenital lack of this
inhibitor. Canfield and Kisiel (17) have recently confirmed that normal
human plasma contains an inhibitor directed against activated Protein C.
However, at variance with the findings of Marlar and Griffin, they found
that plasma from four patients with combined Factor V/VIII deficiency
inhibited the anticoagulant and amidolytic activities of activated human
Protein C at essentially the same rate as normal pooled plasma. Further-—
more, incubation of radio-labelled activated Protein C with either normal
or combined factor V/VIII-deficient plasma resulted in complex formation
at the same rate and to the same extent. Finally, quantitative electro-
immunoassay indicated equal levels of activated Protein C binding protein
in normal plasma and in plasma from the four patients with combined
factor V/VIII deficiency. Therefore, the role of activated Protein C

and its naturally occurring inhibitor in the pathophysiology of combined
Factor V/VIII deficiency is still unsettled.

Since Protein C is a potent anticoagulant and profibrinolytic agent, one
could hypothesize that an inherited deficiency of Protein C would cause
a thrombophilic state. In 1981, Griffin et al (19) reported a family
with a history of recurrent venous thromboembolism due to an inherited
deficiency of Protein C. The propositus, his father and his paternal
uncle had 38-497 of normal levels of Protein C antigen, whereas unaffec—
ted family members had normal levels. Since no assay of functional
Protein C in plasma was available, the study of Protein C was limited

to immunological assay. In 1982, Bertina et al (20) described a similar
Dutch family with a history of thrombotic disease associated with an
isolated deficiency of Protein C antigen.

In 1982 Mannucci and Vigand (21) reported data about acquired defects of
Protein C. In healthy controls there were no differences in Protein C
related to age or sex. The low levels found in 12 healthy full-term
newborn infants are probably a reflection of liver immaturity at birth,
also expressed in the low levels of vitamin K-dependent and contact -
phase clotting factors. The Protein C levels in 20 women in the last
trimester of normal pregnancy were no different from those in healthy
non-pregnant women. Protein C concentrations were low in chronic liver
disease, in degrees roughly proportional to the severity of the disease
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and thus to the impairment of protein synthesis, suggesting that the
liver is probably the site of synthesis of this protein. However, one
cannot rule out the possibility that low plasma concentrations of Protein
C are due to increased turnover, as has previously been found for other
haemostatic components in chronic liver disease.

In clinical conditions associated with disseminated intravascular coagu-—
lation (DIC), Protein C levels were very low and sometimes unmeasurable
(21), the most likely explanation of this being that Protein C activated
by thrombin during DIC is rapidly cleared from the circulation. It is
possible that during DIC, anoxia or endotoxin (or both) could damage
endothelial cells allowing the endothelial-cell cofactor to be exposed in
greater than normal quantities; hence, Protein C activation would be much
increased and its clearance from plasma accelerated. This hypothesis is
supported by the finding of very low or unmeasurable levels of Protein C
in adult respiratory distress syndrome, a condition characterized by
extensive pulmonary endothelial damage. The period immediately after
minor or major surgical operation was also associated with an acquired
defect of Protein C (21). A possible explanation is that during surgery
and immediately afterwards tissue damage induces an in vivo activation

of blood clotting, resulting in increased thrombin formation. In conjunc-—
tion with the endothelial-cell cofactor, thrombin might in turn activate
Protein C, leading to faster removal of Protein C from the circulation.
Studies are currently in progress in our laboratory to ascertain the
behaviour of Protein C in other acquired conditions, such as ischemic
cerebrovascular disease, avute leukemias, intake of oral contraceptives,
ischemic heart disease etc.

In conclusion, the recent availability of a simple and reproducible
electroimmun-03ssay for Protein C antigen has allowed a considerable
amount of information about the pathological role of this new vitamin
K-dependent protein to be obtained. However the lack of a similarly reli-
able biological assay hampers drawing firm conclusions.
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Samama

Mannucci

Giddings

Mannucci

Verstraete

Mannucci

DISCUSSION LECTURE MANNUCCI

Why didn't you study the correlation between Protein C
deficiency and pre-albumin, wich has a short half-life and
which we found useful in this kind of study?

We did'nt, simply because this test pre-albumin is not

used now in our liver unit as a routine test, we want it

to compare with a more routinary test, but I agree with

you that you might provide certainly better correlation
than with albumin, at least what one would expect.

Would you like to comment on the apparent paradoxical
effect that you have when you administer warfarin in
something you say clotting methods, and also administer
protein C which is potentially antithrombotic?

I think, I didn't mention it here because I simply want to
use that slide to give you an idea of the half-life of
Protein C, but certainly it is very important that you have
a decrease of an inhibitor that gives a thrombotic tendency,
at the time, when only Factor VII, which has not got an
antithrombotic capacity, is decreased, and this might be one
of the reasons, probably not the only one, why in the early
state of anticoagulant treatment, it has been shown that
there is no or very little antithrombotic action. There

are all data suggesting this is so, and this is maybe an
other reason why it is so and this reinforced the concept
that heparin and oral anticoagulants should be overlapped
for a longer period of time than it is usually done. I
would say that seven days are the minimum. I do not
certainly see the potency of Protein C in the time when
only Factor VII is significant decrease might have a
significance.

You did mention a number of circumstances where you did not
find any change of Protein C. I wonder if you did also study
whether under anticontraceptive pill or the oral anticoncep-
tives, because Factor VII does change and found some rela-—
tionship in both?

We are doing it now with Prof. Mead in London, but we



43

haven't yet done and yet obtained the results.

Verstraete Do you have any speculation on the continuously counter
wich, deprived from the early phase of Coumarine therapy
and could you explain if it has something to do with
a drop of Factor VII?

Mannucci That is an interesting suggestion, I don't know but it's
a very interesting idea.

Question from the audience

Mannucci I cannot answer, the only thing I can tell you is that in
our group, in our hands as much as there was a proportional
decrease of Protein C in the progressive forms, I mean more
in chronic active and chronic persistance and more in
cirrhosis than in chronic active this was also true for
other indexes of liver synthetic capacity, that is albumin,
choline-esterase and prothrombin time. So, in our hands, in
our patients, we found that even patients with chronic active
hepatitis had less decrease of protein synthesis than
patients with cirrhosis or like what you seem to have
suggested. I think it might depend on the type of patients.
I don't know whether this gives you any hint. Our patients
were usually not alcoholic and you know that in our countries
the spectrum of liver disease in Italy is somewhat different
that it is in countries from Northern Europe. I am internist
and not a specialist hepatologist.
But in our department they use some expertising days and this
may be what my colleague says. In any way it would be interes-
ting to look at the appearance of the histological part and

to evaluate what you have suggested.
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INTRAVASCULAR COAGULATION IN LIVER DISEASE

D. COLLEN

INTRODUCTION

Severe liver disease is frequently associated with a bleeding tendency
and/or abnormalities in the laboratory tests of hemostasis. The latter
comprise deficiencies of one or more of the coagulation factors II, V, VII,
IX, X, XI, and XIII, thrombocytopenia and/or thrombocytopathia, and increased
fibrinolytic activity in the plasma.

Several mechanisms are thought to be involved in the pathogenesis of these
disturbances. The decreased levels of coagulation factors have generally
been ascribed to impaired hepatic synthesis. An increased consumption of
coagulation factors due to intravascular coagulation has been proposed as
an alternative or complementary cause of the depletion of coagulation factors.

The fibrinolytic response to stimuli such as injection of nicotinic acid
in cirrhosis of the liver is exagerated. It was therefore suggested that
abnormal fibrinolysis in the cirrhotic patient may be due to a failure of
the hepatic clearance of plasminogen activator. The exagerated fibrinolytic
response in cirrhosis may be facilitated by decreased levels of circulating
inhibitors. Serum qz—antiplasmin levels were found to be reduced in patients

with liver insufficiency.

TURNOVER OF FIBRINOGEN, PROTHROMBIN, AND PLASMINOGEN IN LIVER DISEASE
Measurement of the turnover rate of radiolabeled components of the

coagulation and fibrinolytic systems allows a quantitative determination

of the relative importance of defective synthesis, intravascular coagulation,

and fibrinolysis in the pathogenesis of the coagulation disturbances in liver

disease. A decrease in the level of circulating fibrinogen, prothrombin,

and plasminogen will only occur when the synthesis is markedly impaired or

when the rate of catabolism is so excessively enhanced that maximal synthesis

fails to compensate. Therefore, turnover studies of these factors could
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be particularly useful to study the kinetics of synthesis and breakdown and
to differentiate their catabolic pathways in states of altered coagulability.

Tytgat et al. (1) studied the metabolism of homologous human fibrinogen
labeled with radioactive iodine in 50 patients with well documented cirrhosis
of the liver. These patients were at various stages of the disease, but
in a steady state with respect to fibrinogen metabolism. The mean plasma
fibrinogen concentration of 250 mg + 102 mg/100 ml in cirrhosis was not
significantly lower than the control value of 284 + 71 mg/100 ml in thirty
five control subjects. The mean fibrinogen half-life of 2.99 + 0.59 days
was significantly shorter than the half-life of 4.14 + 0.56 days in controls,
whereas the mean fractional catabolic rate of 0.34 + 0.09 of the plasma
pool/day in cirrhosiskwas significantly higher than the control value of
0.24 + 0.04. The mean quantity of fibrinogen catabolized daily, 2.66 + 1.43
g or 39 + 20 mg/kg in cirrhotics, was significantly higher than the corres-
ponding mean control values of 1.94 + 0.59 g or 28 + 9 mg/kg. On the average
the increased fibrinogen catabolism was counterbalanced by increased synthesis
resulting in normal plasma fibrinogen levels.

During continuous heparin infusion in 10 cirrhotic patients the fibrinogen
half-life was prolonged from 3.15 + 0.69 to 4.59 + 0.79 days. Inhibition
of the fibrinolytic system by peroral administration of tranexamic acid did
not influence the fibrinogen half-life consistently. It was therefore
concluded that the accelerated fibrinogen consumption was mainly due to
continuous intravascular coagulation.

The plasma levels of prothrombin, the zymogen which is finally converted
in the coagulation mechanism, and of plasminogen, the precursor of the
fibrinolytic enzyme plasmin, are frequently subnormal in cirrhosis of the
liver. This may be the result of either diminished hepatic synthesis, or
excessive consumption, or both.

Turnover studies of labeled prothrombin, prepared by the method of Swart
(2), have been performed by Collen et al. (3) in six patients with cirrhosis
of the liver to evaluate the relative importance of defective synthesis and
in vivo coagulation in the pathogenesis of the hypoprothrombinemia. Compared
to normals, the cirrhotic patients showed a significantly increased fractional
catabolic rate and a decreased synthetic rate. Heparin administration in
three patients resulted in a normalization of the prothrombin half-life.

However, because the plasma prothrombin level was correlated with the
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synthetic rate but not with the fractional catabolic rate, it was concluded
that the hypoprothrombinemia was mainly caused by the impaired synthetic
ability of the diseased liver.

Turnover studies of labeled plasminogen (3), performed in four patients
with cirrhosis of the liver, revealed an increased fractional catabolic rate
and a decreased synthesis rate of plasminogen; heparin administration in
two patients resulted in a normalization of the turnover rate. As was
observed for prothrombin, the plasma plasminogen level was correlated with
the synthetic rate but not with the fractional catabolic rate, indicating
that the hypoplasminogenemia was also mainly the result of decreased
synthesis.

Two hypotheses can be presented to explain the accelerated plasminogen
catabolism in cirrhosis : primary or secondary activation of the fibrinolytic
system or absorption of plasminogen onto in vivo evolving fibrin. The absence
of overt signs of fibrinolytic activity does not necessarily invalidate the
hypothesis of primary or secondary activation of the fibrinolytic system.
Indeed the dynamic study of the plasminogen turnover should be much more
sensitive in detecting accelerated consumption than the static picture of
circulating levels of plasminogen, plasminogen activator, or fibrin(ogen)

degradation products.

PATHOGENESIS OF INTRAVASCULAR COAGULATION IN SEVERE LIVER DISORDERS

A reasonable explanation for the occurrence of intravascular coagulation
in patients with severe liver insufficiency is that necrotic hepatocytes
are the initial trigger. In addition, activated coagulation factors are
less opposed because of defective clearing in the reticuloendothelial system
and lowered levels of antithrombin in liver disease. These different elements
are now analyzed in some detail.

Consumption coagulopathy is often seen in states where blood comes into
contact with damaged cells; tissue thromboplastin-like material is released
in response to cellular injury, with consequent activation of the coagulation
process and thrombin-induced aggregation of platelets. The original stimulus
to intravascular coagulation in liver disease probably comes from the necrotic
hepatocytes. The clearance of procoagulants thus generated may be diminished
because of liver insufficiency (4). Furthermore, in cirrhotic patients the
expanded collateral circulation and congested spleen represent a tremendous

increase in endothelial surface. Sluggish circulation in this collateral
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vascular bed and in dilated splenic sinusoids, where a high number of
platelets are trapped, might well create (hypoxic?) alterations of the
endothelial cells and predispose to local clotting. This hypothesis is
supported by the finding of a shortened fibrinogen half-life in patients
with extrahepatic portal hypertension, splenomegaly, and extensive collateral
circulation but with normal liver function and architecture (1). Some
similarity can be seen between the extensive collateral circulation in
cirrhosis and a giant hemangioma, which is also frequently associated with
intravascular coagulation (5,6). As overt hemolysis of different degrees

is often a feature in liver cirrhosis (7), release of phospholipid and
adenosine diphosphate from the red cells could also trigger in vivo coagula-
tion and platelet aggregation. Thus in patients with severe liver insuffi-
ciency a variety of stimuli for the initiation of in vivo coagulation is
present.

Since intravascular fibrin thrombi in the liver sinusoids were observed
in toxic hepatic necrosis (8) and can cause further liver damage, and since
fragmentation of red cells (so-called microangiopathic hemolytic anemia)
may cause further release of thromboplastic material, a vicious circle may
result which can perpetuate intravascular coagulation.

Activated coagulation factors are normally rapidly removed from the blood
stream due to the clearing function of the liver. This property was con-
vincingly demonstrated in animals by Wessler et al. (4) and Deykin (9).

When thrombin-free normal human serum was injected through the marginal vein
of a rabbit, a hypercoagulable state was produced, resulting in rapid clot
formation in an isolated venous segment (4). The infusion of thrombin-free
normal human serum through the portal vein accelerated the rate of attenuation
of the hypercoagulable response. In contrast, occlusion of the hepatic
circulation after the injection of serum prolonged the hypercoagulable state,
and widespread thrombosis occurred in areas of vascular stasis. Finally

it was shown that the thrombogenic activity of normal human serum was cleared
by perfusion through isolated rabbit liver (9). Furthermore, the liver
possesses a remarkable capacity to distinguish between the nonactivated and
activated clotting factors, only the latter being very efficiently removed
from the bloodstream (10).

When minute amounts of thrombin are generated, the action of this enzyme
can also more readily develop when the antithrombin level is reduced, as

is often observed in patients with liver insufficiency.
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CONCLUSION

It can be concluded that the biological integrity of the liver cell system
appears of utmost importance in preventing in vivo activation of the coagula-
tion system. Not only are the liver cells the principal site of synthesis
of the bulk of coagulation and fibrinolytic proteins, but they are also
invaluable in equilibrating clot-promoting forces.

It is presently well documented that the levels of certain coagulation
factors are decreased in severe liver insufficiency. Furthermore, the
catabolism of fibrinogen, prothrombin and plasminogen is enhanced in liver
cirrhosis. The consistent normalization of the fibrinogen half-life by
heparin administration strongly suggests that continuous low-grade in vivo
coagulation is responsible for the increased catabolism; usually the increased
metabolism is counterbalanced by an enhanced synthesis resulting in normal
plasma fibrinogen levels. On the contrary, the decreased levels of pro-
thrombin and plasminogen frequently encountered in this condition are mainly
due to an insufficient synthesis and only to a minor degree to enhanced
catabolism.

Although the present data indicate that low-grade intravascular coagula-
tion is a frequent complication of severe liver disease, overt consumption

coagulopathies requiring therapeutic anticoagulation are rare.
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DISCUSSION LECTURE COLLEN

I have one question about the heparin test.

In these cases when production of clotting factor is low,
production of antithrombin III is also low, and if you
have a low antithrombin III, the heparin cannot act on
coagulation. Would you comment on this?

Well, this is a problem that apparently has been dis-
cussed and debated on many occasions. If you look at the
affinity between heparin and antithrombin III, the dis-
sociation constant that is very well determined, than it
appears that in a patient with a normal antithrombin III
level, when you inject a bolus of 5000 units, actually
most of it will go to the antithrombin III, and that when
the level of antithrombin III decreases to 30 percent,
which may occur in some of these patients, but that
already seldom rarily below this, that you will still have
an anticoagulant efficiency of your heparin, which is at
least 1/3 of that in normals. So, really, I think that
before a patient becomes refractory to heparin, that the
levels have to be so low to a level that you rarely
encounter in liver disease. That is my believe.

I think I may add that in a purified system,unless
antithrombin III is lower than 50%, you have no difference
in the effect of heparin as in antithrombin III purified
system. Do you agree, Dr. Vinazzer, that in a purified
system with antithrombin III 50-100% the activity of
heparin is not modified?

In purified system O.K. But in patients, AT III level lower
than 50% gives thrombotic tendency.

from the audience

Yes, it is evident that the efficiency of heparin-anticoa-
gulation will be inversely proportional to the level of
antithrombin III; if you have a higher antithrombin III
level, you will form more 'heparin-antithrombin III-complex'’
but really the level has to decrease very significantly

before the patient becomes refractory to heparin. So in
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these cases of continuous low grade intravascular coagula-
tion the amount of circulating heparin-antithrombin III
complexes that you need to counter-balance this is a trace
amount really.
The acceleration of the inhibition of antithrombin ITI
following complex formation with heparin is about 2000-fold;
so what you need in order to double the anticoagulation
potential of antithrombin III by making heparin-antithrombin
III complexes is to convert 1/10 of a percent of the circula-
ting antithrombin III into heparin-antithrombin III complex.
Then you double it. Of course if you want to increase the
anticoagulant level by a factor 10 or 100, then it is evident
that you need significant steady-state concentrations in the
blood of heparin-antithrombin III complex Jut apparently to
counterbalance these low-grade intravascular coagulation,
the amount of anticoagulation you have to do is extremely
low, and this is also confirmed by the low-grade heparin
anticoagulation that is apparently performed in the post-
operative phase. The levels of circulating heparin-anti-
thrombin III that you need in order to have an antithrom-
botic effect appears to be very low, so low that most coa-
gulation assays cannot detect. This level of anticoagulant:
you need this specific very sensitive Factor Xa inhibition
assay for that.

Brommer (Question)

Collen Well, there is some information in patients. I can remember
2 studies that are almost 15 years old, where nicotinic acid
injection were performed in normals and in patients with liver
disease. In normals, nicotinic acid will increase the circula-
ting level of plasminogen activator by a factor 3 on average.
The half~life of that plasminogen activator activity in the
blood is 13 minutes from the study of Tytgat. In liver-cirrho-
sis, the half-life will be about 14 minutes. That is
one thing. The other thing is that we have studied the turn-
over of labeled tissue plasminogen activator in rabbits and
measured where the iodine goes. It goes very quickly to the
liver and if you do the surgical hepatectomy, or functional
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hepatectomy by tying off the liver vessels, than the life-
time becomes very long. So, I believe that it is really

going to the liver. It is broken down there rapidly.

from the audience

Yes, well, apparently you deplete the stores of plasminogen
activator very abruptly, very easily. So I think that although
that value of 13 minutes may be somewhat longer than the

real half-life it gives you some significant information

of the clearance time in humans, which is than supported by
ﬁnimal work where it is in my view clearly proved. Labeled

plasminogen activator goes to the liver.
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ABNCRMALITIES OF FIBRIN FORMATICON IN SEVERE HEPATIC DISEASES.

J. SORIA, C. SORIA - Service des Professeurs Bernadou-
Fabiani-Samama

Bleeding is a common complication in severe hepatic di-
seases. The mechanism of bleeding is complex and many causes
are involved such as :

- Decrease in blood coagulation factors which are synthe-

tized in the liver.

- Thrombocytopenia and platelet dysfunctions.

- Acquired fibrinolysis and intravascular coagulation
(DIC).

- Abnormal fibrin formation observed in severe acute or
chronic hepatic failure. This finding is complex and
requires a special investigation.

Table I summarizes some factors involved in the abnorma-

lity of fibrin formation.

Table I : Acquired fibrin formation abnormality in severe

hepatic diseases

I. - Hypofibrinogenemia

2. - Abnormal fibrin polymerization with normal level of
plasma fibrinogen :
- presence of plasma inhibitor,

- acquired dysfibrinogenemia.

I. HYPOFIBRINOGENEMIA IN SEVERE HEPATIC DISEASES.

Fibrinogen is synthetized in the liver. The measurement
of plasma fibrinogen (8), however, is not a gocd index of

liver function, as reported by Poller (28) : fibrinogen was
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only found to be depressed in the very severe cases of hepa-
tic failure but the fibrinogen level was less affected than
other specific clotting factors. Normal levels of fibrino-
gen were reported by several authors (II, 28, 42, 43) in
patients with cirrhosis and portal hypertension.

Hypofibrinogenemia may be related to various causes such
as :

l. Decreased synthesis.

Green et al (I7) showed that the decrease in the fibrino-
gen level is not useful in assessing the degree of hepatic
liver dysfunction, because other clinical processes which
occur in cirrhosis and hepatic obstruction, such as inflam-
matory lesions, induce an increase of fibrinogen synthesis
(I7). Thus, the relationship of decreased fibrinogen level
to the degree of liver dysfunction only appears to be close
in the very severe cases.

2. Increased catabolic pathway.

This mechanism has been implicated in some cases of hypo-
fibrinogenemia. Tytgat (43) and Rake (3I) have shown that
the mean half life of fibrinogen is decreased in cirrhosis
but usually this increased rate of catabolism is counter-

balanced by an increased synthesis.

decrease of fibrinogen level in plasma may possibly be

due to DIC. The causes of DIC in liver disease are

important, such as :

- deficiency in the liver clearance of activated clotting
factors.

- tissue necrosis inducing activation of blood coagu-
lation.

- reduction of inhibitors of blood coagqulation (such
as AT III and protein C clearly shown by Manucci, pre-
disposing to DIC (24).
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Nevertheless, the diagnosis of DIC is quite difficult to
prove. Tytgat et al in I97I (43) and Coleman et al in I975
(9) showed that heparin prolonged the half life of labelled
fibrinogen in the cirrhotic patient. Although classical ‘
laboratory tests gave no convincing data to support DIC in
severe cirrhosis, ethanol gelation test is usually negative,
and the level of FDP in serum is in the upper limit range.
We have found, however, that the detection of soluble com-
plexes in plasma using the haemagglutination test described
by Largo et al (2I) gave much better results and it appeared
at least seven fold more times sensitive than the ethanol
gelation test (40). This test consists of the haemaggluti-
nation of red blood cells sensitized with fibrin monomers

by fibrin monomers from patient's plasma, as seen in fig. 1

m Red cells coated with fibrin
monomers
& %\ Fibrin monomers from patient's
plasma

Fig. 1 : Haemagglutination test for detection of fibrin monomers in plasma.

We have shown that the haemagglutination test is positive
in 30 % of patients with cirrhosis, having a level of fibri-
nogen less than 200 mg/I0CO ml. Coccheri and other authors
(I0, 29) using the detection of high molecular weight fibrin
derivatives by gel filtration and the determination of fi-
brinopeptide A (fpA) level in plasma, have reached the same
conclusion. Because the haemagglutination test of Largo is
very easy to perform, we suggest including this test, in
order to dedect DIC in patients suffering from cirrhosis.
Furthermore, unlike the ethanol gelation test, this assay

is not influenced by the level of fibrinogen and therefore
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no false negatives were observed in cases of DIC with low

levels of fibrinogen (40).

II ABNORMAL FIBRIN POLYMERIZATION

Fibrin formation evaluation by the thrombin and reptilase
clotting times, is abnormal in some cases of severe liver
disease. Three mechanisms may be implicated for the abnormal

fibrin formation as shown in table II.

Table II :Abnormal fibrin formation in severe liver disease.

Prolongation of the

thrombin clotting time
|

Acqaﬁred Partial tegradation Presence ofGan inhibitor
dysfibrinogenemia of the A& chain of of fibrin formation
fibrinogen. N
Abnormality of fibrinoforma-
Anomaly was detected both in plasma and in iso- tion was absent using purifi-
lated fibrinogen. ed fibrinogen.

Abnormal fibrinogen can be confirmed if the anomaly is
found in both plasma and purified fibrinogen. But abnor-
mal fibrin polymerization may be also due to the existence
of a plasma inhibitor. 1In this last case, thrombin and rep-
tilase clotting times are prolonged when plasma is tested,
whereas they are normal with isolated fibrinogen samples

(28, 39).

A) Abnormal fibrinogen in liver disease.

In the present classification, the qualitative fibrinogen
abnormality is divided into 2 groups :
- In the first, the functional defect is due to an acqui-
red dysfibrinogenemia,
- In the second, the anomaly is related to a partial de-

gradation of fibrinogen by proteolytic enzymes.
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1. Acquired dysfibrinogenemia

The first case of acquired dysfibrinogenemia was observed
in 1968 in our laboratory (37) in a case of severe hepatitis.
We the' looked for this anomaly and found it in some cases
(38, 39) :

- 4 patients had severe viral hepatitis. The anomaly

disappeared when the patient recovered.

- 5 patients were observed among 183 cases of liver cirr-

hosis.

- In 2 cases, the acquired dysfibrinogenemia was associa-

ted with a primary hepatoma, as were the cases reported
by Von Felten et al (46) and Verhaeghe (44), and the

case of Gralnick (I6). 1In 2 other cases of hepatoma,
fibrinogen was qualitatively normal.

- The anomaly was also detected in toxic hepatitis, as

was shown by Poller and coworkers (30). Green et al

(17) Martinez (25, 26), Francis (I3), Coccheri (IO),

Gralnick (I6), Lane (20) and Palaretti (28) have also

found acquired dysfibrinogenemia in hepatic disease.
Diagnosis of dysfibrinogenemia :

The abnormality is discovered because of a prolonged
thrombin and reptilase «clotting times. The kinetic varia-
tion of optical density (OD) induced by addition of thrombin
(or reptilase) to diluted plasma (or fibrinogen) allows the
global exploration of the 2 first phases of fibrin formation
(4) ; 2 types of curves can be observed (fig. 2) :

- a flat curve showing coagulation with no modification

of OD (Translucent clot).

- elongated curve with a maximum OD corresponding to the

level of fibrinogen indicating a delayed fibrin poly-

merization.
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The first eventuality is the most frequent.

0.D
(350 nm) -
0.4
0.2
time (min)
Fig. 2 : Polymerization curve of fibrin formation after addition of thrombin
to normal plasma (—) or patient plasma (---- and—- —), diluted in 0.15 M

NaCl 1in order to obtain 30 mg/100 m1 fibrinogen (final concentration).

The decrease of the ionic strength of the diluting buffer at-
tenuate the abnormality, (this seems to be explained by the
fact that hydrogen bonds are formed more easily when the
ionic strength is decreased).

The presence of qualitative disorder of fibrinogen can
only be confirmed in these patients if the anomaly is found
in purified fibrinogen : after isolation of fibrinogen by
the Blombdck procedure (2), both the thrombin time and the
spectrophotometric study of fibrin formation are abnormal.

In such cases, the defect of fibrinogen is not related
to a degradation of the molecule as shown by polyacrylamide
gel electrophoresis, performed in the presence of SDS (PAGE-
SDS) of the 3 chains of fibrinogen previously dissociated
by urea and mercaptoethanol (34) : the molecular weight of

the 3 chains are similar in normal and patients fibrinogen
(fig. 3).

X By &

NORMAL PATIENT fibrinogen

Fig. 3 : Polyacrylamide gel electrophoresis in the presence of SDS _of normal

fibrinogen and fibrinogen from acquired dysfibrinogenemia_in_ hepatic

disease.
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Analysis of the 3 stages of fibrin formation.

- Kinetic release of fpA and fpB : thrombin was added to
purified fibrinogen. Three assays were performed :

l. After separation of fibrinopeptides from fibrinogen
by bentonite adsorption, fpA determination was per-
formed by an immunoenzymological procedure (4I).

2. Fibrinopeptides released from fibrinogen were se-
parated from fibrinogen, fibrin monomers and fibrin
according to their molecular weight (we used the
solutibity of fibrinopeptides in trichloracetic acid)
and the concentration of both fibrinopeptides A and
B was determined by Lowry's procedure.

3. Determination of fibrinopeptide relea;e by HPLC pro-
cedure as described by Kehl et al (I8).

Using these assays, release of fibrinopeptides was normal
in acquired dysfibrinogenemia.

- Aggregation of fibrin monomers (I)

Aggregation of fibrin monomers, previously isolated by
dissociation of the hydrogen bonds in a non-stabilized clot,
was studied by the continuous measurement of optical density
when monomers were diluted in a buffer, allowing the forma-
tion of hydrogen bonds. The abnormality of fibrin formation
in acquired dysfibrinogenemia, is related to an abnormal
fibrin monomer polymerization. The increasing opacity due
to the aggregation of fibrin monomers is absent in most
cases and sometimesdelayed.

- Stabilization of fibrin by activated factor XIII :

The formation by transamidase linkages induced by ac-
tivated factor XIII between 2 ¥ chains of 2 different mono-
mers and several & chains of different monomers, were studied
by SDS-polyacrylamide gel electrophoresis (34). The formation
of ¥ dimers and o« polymers was normal in stabilized fibrin
from patients having acquired dysfibrinogenemia.

- Study of the fibrinogen molecule

Abnormalities of the carbohydrate fractions have been
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noticed in these abnormal fibrinogens. Sialic acid content
measured by Warren procedure (47) was always elevated and
there was a strong correlation between the thrombin clotting
time, sialic acid content and content in purified fibrinogen
as shown by Mester (27), by our group (33, 38, 39), by Palacaz
and Martinez (29, 25, 26) and more recently by Francis (I3).
The normal range of sialic acid is 6.2 + 0.5 ug/mg of fibri-
nogen. In patients fibrinogen, the level of sialic acid
increased up to I2 pg/mg of fibrinogen. The increase in
sialic acid in the molecule of fibrinogen is responsible for
the abnormality of fibrin formation, because the correction
of sialic acid content by treatment with neuraminidase in-
duces the normalization of fibrin formation (I3, 25, 26, 29,
I4, 7) measured by thrombin clotting time and by the fibrin

polymerization curves, as shown in fig. 4 and table II.

Adsorbance = -
350 nm pd

/ -—— Control fibrinogen
/ ---- Patient fibrinogen

—-Patient fibrinogen after neura-
| - .
minidase treatment

————— 3 »time (min.)
*Before treatment by neuraminidase, sialic and content was 10 Hg/m in

patient fibrinogen.
After treatment by neuraminidase, sialic and content was 5 Fg/mg in
patient fibrinogen

Fig. 4 : Fibrin polymerization curve in control and patient fibrinogen

before and after treatment by neuraminidase.
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Fibrinogen tested Content in Sialic Acid Thrombin time (sec.)
(pg/mg fibrinogen)
Control 0.55 24
Patient :
- Before
Neuraminidase 0.9 48
Treatment
- After
Neuraminidase 0.5 25
Treatment

Table II1 : Relationship between sialic acid content in fibrinogen molecule

and thrombin clotting time.

The incubation time of fibrinogen with Neuraminidase
was carried out in order to normalize the level of sialic
acid content. The reaction was stopped by gel filtration

on sepharose 4B.

Furthermore, as shown by Green et al (I7),in the presence
of calcium, the abnormality of fibrin formation in acquired
dysfibrinogenemia is less intense. We suggest that calcium
may accelerate the fibrin formation also noted by Boyer (5).
by neutralizing the negative charges of sialic acid.

The determination of the other carbohydrate in fibrinogen
has been carried out: after hydrochloric acid hydrolysis,
the carbohydrates were incorporated in a borate complex and
then separated on a column on DA—%;il using a liquimat II
Kontron. The determination of each carbohydrate in the
eluate was performed using Cu bis cinchoninate. The area
of each peak was calculated. As shown in takle IV, the con-
tent of galactose, mannose and N-acetyle-glucosamine was hig-

her in patient's fibrinogen than in the normal one.
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Patients
Control M... W.... Neooo Moo,
N acetyl GLU 24 29 32 34 37
Mannose - 14 17 18 16 18
Galactose- 10 14 14 15 15

Table IV : Analysis of the carbohydrate moity of normal and patient's
fibrinogen.

According to the work of Serafini-Cessi (35), the increase
of sialic acid content in the fibrinogen molecule 1is due to
an increased activity of sialyltransferase by regenerated
cells. This hypothesis is supported by the facts that

1° Sialyl -transferase is released in larger amounts by
hepatoma cells, than normal hepatic cells,

2° An increase in sialyl transferase activity was found
in serum from patients with hepatomas. Furthermore, the
same increase in sialic acid content was also noted in other
proteins such as in vitamin BI2-binding protein (6).

Increased activity of galactosyl-transferase could explain
the high content of galactose in fibrinogen from acquired
dysfibrinogenemia. But in contrast to sialyl-transferase,
galactosyl—-transferase in culture medium of hepatoma cells
is comparable to that of normal hepatocytes (I9). Our re-
sults are in good agreement with those of Martihez, who showed
that fibrinogen from patients with acquired dysfibrinogenemia,
had a similar increase in sialic acid, galactose and mannose,
which are associated with fibrinogen molecules through gly-
cosyl-transferase in the external part of the glycosidic
chains and a normal value of mannose, which is bound through

the dolichol phosphate cycle, in the core, as seen in fig. 5.
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Sialic acid Sialic acid

e PERIPHERAL

B Gal B fa] Glycosylation by glycosyl transferase
N‘acrtyl Glu N acetyl Glu

Mannose Mannose

CORE
Mannose e .
Glycolysation through Dolichol-phosphate
N acetyl Glu cycle

N acetyl Glu

Asn — X — SER ————¥or B chain of fibrinogen

Fig. 5 : Carbohydrate moity of fibrinogen

In cirrhosis, acquired dysgibrinogenemia is only observed
in severe hepatic disease and the presence of an abnormal
fibrinogen indicates a poor prognosis. 1In severe viral he-
patitis, acquired dysfibrinogenemia has been noted in the
acute phase of the infection, and disappeared when the patient
recovered. Therefore, the presence of dysfibrinogenemia can-
not be taken into account for the prognosis in viral hepa-
titis. Furthermore, there was no bleeding complication that
could be correlated with the abnormal fibrinogen.

2. Partial degradation of fibrinogen

This degradation in hepatic disease was described by
Lipinski (22, 23) and was also noted by Weinstein and Deykin
(48). 1In fact, this anomaly is seldomly encountered when
fibrinogen is isolated in the presence of antifibrinolytic
agent such as aprotinin. 1In our experiment, partial degra-
dation of the A {chain was only found in one case out of
I5 examined, as shown by SDS-—PAGE (fig. 6) (only A & chain
is degraded because it is very sensitive to proteolytic de -~

gradation).
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NORMAL PATIENT
. Bp
A v Bl
Ad degraded A< chain
/\/\/"‘\

Fig. 6 : PAGE-SDS of the dissociated chains of fibrinogen

B) Presence of an inhibitor of fibrin formation

The presence of dysfibrinogenemia in patients with hepatic
disease and prolonged thrombin clotting time can only be
confirmed in these patients if the anomaly is found in puri-
fied fibrinogen. Thus, in I974 (I5) Gouault-Heilmann et al
have shown that in a patient with liver disease, the abnormal
polymerization was due to the existence of a plasmatic inhi-
bitor and not to dysfibrinogenemia. In our study, (39) and
in the study of Palaretti (28), the prolongation of thrombin
and the presence of a translucent clot in some patients, is
also explained by the presence of a plasmatic inhibitor, be-
cause the abnormality of fibrin polymerization was found in
plasma and not found in isolated fibrinogen. In some of these
cases, it is quite difficult to demonstrate an anticoagulant
activity in serum, and we suggest that the inhibitor may

circulate only in plasma because it is bound to fibrinogen.

CONCLUSION

In the past few years, there have been advances in our
understanding of the abnormal fibrin formation acquired in
hepatic disease. The occurence of DIC has been shown in ad-
vanced liver disease and has led to numerous reports and
clinical trials which are not resolved. The presence of ab-
normal fibrinogen reflects severe hepatic disease, although
it is however reversible in acute hepatitis such as viral he-

patitis. The study of fibrinogen in cases of dysfibrinogenemia
should bring useful information on the different functions

of the molecule.
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DISCUSSION LECTURE SORIA

Do you think that carbohydrate abnormalities might also
play a role in a prolonged thrombin time that you see in
foetal fibrinogen?

In foetal fibrinogen there is an increased level of sialic
acid.

What about fibrinogen level adjustment in your assays?
Usually fibrinogen level is not very low in our cases,

so we have not to adjust the fibrinogen level, but in
fibrin polymer regression curve we have to adjust fibri-
nogen level to compare with control to see if a clot is
transfusant or not, but for thrombin-time we don't adjust.
You see, the thrombin clotting time is not so very pro-
longed as in a congenital disfibrinogenemia and we have
noted no difference between a level of fibrinogen using
immunological technique and using thrombin time.

Is the anticoagulant you have detected immunoglobulin?

I don't know. We were not able to detect in what part of
plasmaitis, because it is very difficult to isolate this
anticoagulant. We were not able to isolate it; we have

tried and we were unsuccessful.
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PLATELET INVOLVEMENT IN THE HAEMOSTATIC FAILURE OF LIVER
DISEASE

P. CAPEL

1. INTRODUCTION.

Besides local problems and coagulation deficiencies, which
may lead to haemorrhage, both thrombocytopenia and platelet
dysfunction may be involved in the haemostatic failure of

patients suffering from liver disease.

2. THROMBOCYTOPENIA.

Thrombocytopenia is a common feature of liver disease. 1In
liver cirrhosis, the frequency of this complication is high
and varies from 37 to 77 % (3,5,9,II,I2,I8). Many causes have
been evoked to explain this abnormality and will be briefly

discussed.

Table 1. Causes of thrombocytopenia in liver failure.

- Splenomegaly.

- Disseminated intravascular coagulation.
- Bone marrow failure.

- Toxic effect of alcohol.

- Antiplatelet antibody and/or platelet associated IgG.

2.1. Splenomegaly
Excessive pooling of platelets by an enlarged spleen was

described about 20 years ago by Aster (2). Labelled platelets,
injected into patients, are distributed between two main pools :
blood and spleen. In normal subjects, 50 to 80 % of trans-

fused platelets are recovered in the blood. The remaining
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radiocactivity is concentrated largely in the spleen. 1In sple-
nomegalic patients, the recovery in the blood is lower, and more
radiocactivity is concentrated in the spleen.

The platelet splenic pool has been estimated by Penny and co-
workers on surgically removed spleens (27). They have shown
that the spleen content varied from 0.23 to 7.69 times the total
circulating platelet mass. The total splenic platelet pool was
higher than that, that can be calculated from the blood content

of this organ.

2.2. Disseminated intravascular coaqulation

Many patients with liver disease show abnormal coagulation
tests suggestive of DIC. This problem has already been dis-
cussed by Dr. Collen and will not be reviewed here. The involve-
ment of platelets in DIC during liver failure is suggested by
their reduced half life observed by many authors (6, 12,15).
However, in patients with stable liver cirrhosis, Scharf and
collaborators were not able to show any elevation of PTG and
PF4 levels, suggesting that no platelet activation occurs in

those patients (33).

2.3. Bone marrow failure

Bone marrow failure can be observed in liver disease for
various reasons.

- Folate deficiency is frequently encountered in liver
disease, this resulting mainly from poor dietary intake and lowered
storage capacity of the liver (37).

- Marrow aplasia is a rare but life-threatening complica-
tion of viral hepatitis (29).

- In animals, Siemensma and coworkers have shown that
partial hepatectomy produces a lowering of circulating plate~
lets (34). During experiments, platelet survival remained
normal and no platelet pooling was observed. In vivo, labelling
of platelets by radiocactive selenomethionine was low, demonstra-

ting a diminished production of platelets by the bone marrow.
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These observations suggest that the liver may be involved in
the regulation of platelet production. It has been suggested
that the liver could be a source of thrombopoietin.

In cirrhotic patients, Mayer and coworkers have observed
a shortened maturation time of platelets, probably due to a

disturbance in megakaryocyte maturation (22).

2.4. Effect of alcohol

Thrombocytopenia has been frequently observed during alcohol
intake,even in the absence of abnormal liver function. Linden-
baum (I9) evaluated the frequency as I4 % in a group of non-
cirrhotic alcoholics, regularly consulted. Cowan has observed
a somewhat higher incidence in acutely ill alcoholics and a
lower incidence in chronic alcoholics (9). In two studies
with high controlled alcohol intake undertaken on a short
number of patients, the frequency was apprcximately 50 %
(7,20).

Bone marrow failure has been suggested by Sahud, who found
that the platelet's size was diminished in alcoholics. Cowan has
confirmed this hypothesis by showing that effective thrombo-
poiesis was diminished in such patients (7). It should be
reminded that the vacuolated erythroblasts, seen in alcoholics,
also suggest a toxic effect of ethanol on bone marrow. A
lowering of circulating platelets during an ethanol infusion
was observed in one patient. Labelled platelets injected prior
to the experiment were also lowered. After 6 hours, the number
of labelled and unlabelled platelets began to rise, suggesting
a sequestration of platelets, although no organ could be impli-

cated in this phenomenom (28).

2.5. Platelet antibodies

Antiplatelet antibodies and platelet associated IgG have
been observed in some patients with acute and chronic hepatitis
(14,17).
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3. PLATELET DYSFUNCTION

Defective platelet function in liver disease was suspected
a long time ago. O0ld studies using rather crude methods gave
somewhat higher incidence of these problems than more recent
investigations. Following the latter methods, it seems that
platelet dysfunction may be observed in approximately 50 % of
patients with chronic liver disease (3,5,16, 21,31,35). The
abnormality of platelet function in chronic liver disease has
been shown, by Rubin and coworkers, to be proportional to the
liver injury (3I). These authors have also shown a more
severe failure of platelet function in acute liver disease
(30,36). However, Langley has recently shown that platelet
adhesiveness was increased in acute liver failure (16).

Two main mechanisms have been proposed to explain this

dysfunction of platelets.

3.1. Inhibition of platelet function by an extrinsic factor.

Thomas observed a correlation between delayed platelet
aggregation and thrombin time in cirrhotic patients (35).
The PPP of his patients showed an inhibitory effect on normal
platelets aggregation. FDP seemed a good candidate to explain
both abnormalities. The same inhibitory effect has been
observed by Rubin, but the correlation between FDP level and
delayed aggregation, although present, was not as good as that
which Thomas found (31).

On the other hand, Ballard did not find any correlation
between FDP and abnormal platelet aggregaticn in the same
kind of patients (3). Owen, in patients with Wilson'sdisease,
did not find any inhibitory effect of his patients platelet

poor plasma on normal platelet aggregation (24).

3.2. Intrinsic platelet defect

Intrinsic platelet defect has been suggested in many
studies (Table 2). As already mentionned, Sahud (32) has

shown that platelets are smaller than normal in alcoholic

the
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patients. This observation has been confirmed by others in
liver disease (3I,36). As small platelets have been shown to
function less well than large ones, this may partially explain

the aggregation abnormalities observed.

Table 2. Intrinsic platelet abnormalities in liver disease

Weston et al (36)

Rubin et al (31) platelet volume

Owen et al (25) 1 cholestefo}
phospholipid
l arachidonic acid
Ahtee et al (1) J serotonin uptake
Ordinas et al (23) ! glycoprotein I
Rubin et al (30) vacuolisation

microtubules

An elevation of platelet cholesterol has been observed
by Owen (25). He also found a decrease in arachidonic acid.
As the former abnormality is also found in type IIa hyper-
lyoproteinemia, where platelet function is enhanced, this
author attributed the defect of platelet function to the
diminished arachidonic acid content.

Athee and collaborators found a reduced uptake of sero-
tonin by washed platelets from cirrhotic patients (1).

It has been shown by Ordinas that glycoprotein I was
lowered in liver cirrhosis (23).

Finally, Rubin and coworkers have shown abnormal ultra-
structure of platelets in acute liver disease. These abnor-
malities consisted mainly in the presence of vacuoles and
enhanced number of microtubules (30).

We have studied the electrophoretic mobility of factor
VIII : RAg in liver cirrhosis. We have observed, like others,
an abnormal anodal electrophoretic mobility of factor VIII : RAg
in plasma but not in platelets, suggesting a plasmatic degra-
dation of this factor (Fig. 1).
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FIGURE 1 : Crossed immunoelectrophoresis of factor VIII R : Ag

in the plasma (upper precipitation line) and in the platelets
(lower precipitation line) of a cirrhotic patient.

On the other hand, we observed a high concentration of
factor VIII : RCF in those patients, which rules out any im-
plication of this factor in their bleeding problems.

It thus seems that,in spite of the fact that FDP may play
some inhibitory role, the main defect of platelet function is
due to an intrinsic abnormality. The question whic.. then ari-

sis is how this abnormality occurs (Table 3). It has already
been mentionned that bone marrow produces less platelets in
liver disease. Qualitative disturbances have also been observed
the shortened maturation time of megakaryocytes suggested by
Mayer in cirrhotic patients has already been mentioned (22).

In the study of Siemensma, a decrease in size and plo?dy of the
megakaryocytes have been observed in rats after partial hepa-
tectomy (34).
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Table 3. Possible causes of platelets abnormalities in

liver disease

- Abnormal thrombopoiesis
. Siemensma et al (34) : | size and ploidy of megakaryocy=-
tes after partial hepatectomy.
. Mayer et al (22) : l maturation time of platelets.
- DIC

. Pareti et al (26) : storage pool disease

- Splenomegaly
. Freedman and Karpathin (10) : preferential sequestration
of large platelets by the spleen.
- Alcohol

. Haut and Cowan : {platelet function in vivo and in vitro

Acquired storage pool disease has been observed in DIC
by Pareti (26). A possible cause of these abnormalities
is an activation of platelets to release their content by
agents like thrombin and plasmin.

In animal studies, Freedman and coworkers have observed
that the spleen preferentially sequestrated large platelets,
leaving thus smaller and less active platelets in the circu-
lating blood (10).

Alcohol not only induces thrombopenia but also inhibits
platelet aggregation in vivo and in vitro as it has been shown
by Haut and Cowan. These authors have observed numerous
biochemical abnormalities of platelets induced by ethanol
diminished production of C(% after stimulation by adrenalin,
decreased in glucose utilisation after thrombin stimulation,

decreased production of cAMP.

4., CONCLUSIONS
The frequence of thrombocytopenia and platelet disfunction is
high in liver disease. The causes of both abnormalities are

poorly understood and are multiple and variable from one
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patient to an other. Except for severe thrombopenia, the

clinical importance of those disorders is difficult to assess.

but it seems that platelet dysfunction plays a more important

role in acute liver disease.

A better knowledge of the mechanisms involved will lead to

a better therapeutical approach to those problems and give more

information on the role played by the liver in thrombopoliesis

and platelet function.
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