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Everyoneisfamiliar with thetraditional cascade hypothesis
of blood coagulation in which thereisan extrinsic pathway
consisting of tissue factor-Factor Vllaactivation of Factor
X and anintrinsic system consisting of aseriesof reactions
where zymogens are converted to the active enzymes
beginning with the activation of Factor XII to Xlla, XI to
Xla, IX to1Xa, whichinthe presence of the cofactor, Factor
Vllla, covertsFactor X to Xa. Thisisfollowed by acommon
pathway inwhich Factor Xain the presence of its co-factor,
Factor Va, then rapidly coverts prothrombin to thrombin.
Thetraditional cascade has, whileextremely helpful interms
of diagnosis of the hemophilias and theoretical
considerations of blood clotting reactions, had severa prob-
lems. One isthat the distinction between the intrinsic and
extrinsic system does not really exist in vivo. The tradi-
tional cascade hypothesis was based on coagulation tests
which were not cell based and which do not explain the
clinical picture Factor XI and Factor XII deficiency (in
which patients with Factor X| deficiency have avery mild
bleeding disorder while patientswith Factor X11 deficiency
have no bleeding at all). Neither does the traditional cas-
cade explain the efficacy of high-dose Factor Vllain by-
passing inhibitors of Factors X and VIII.

There have been advances important for revising the
coagulation scheme. One has been the isolation and char-
acterization of tissue factor. Another has been the demon-
stration that factor VIlaand tissue factor initiate coagula
tion. It has also been demonstrated that tissue factor acti-
vates both Factor 1X and Factor X. Finaly theisolation and
characterization of tissue factor pathway inhibitor (TFPI)
has been important in revising the coagulation scheme.

In thistalk we will examine the blood coagulation re-
actions based on anin vitro cell-based model system to ex-
plore the sequence of eventsleading to cofactor and plate-
let activation. Wewill show that the activation of Factor I X
to IXaand X to Xa by Factor Vllatissue factor has very
separate and distinct rolesin the subsequent blood clotting
reactions. Wewill also show therole of Factor X1 in blood
coagulation and explain the mechanism of action of high-
dose Factor Vllain bypassing inhibitors of both Factors X
and VIII. Our model system consists of acell-based source
of tissue factor. One source of tissue factor is monocytes,
which when treated with lipopolysaccharide will inducetis-
sue factor expression. One can also use fibroblasts and
smooth muscle cells and other tissue cells as a source of
tissue factor. The model system also has unactivated plate-
lets prepared on density-gradient mediafollowed by gel fil-
tration. And finally, the model consists of the addition of
zymogen coagul ation factors at their plasmaconcentration
aswell asplasmaconcentrations of theinhibitors Antithrom-
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bin 11 and tissuefactor pathway inhibitor. For example, the
prothrombin concentration is 100 micrograms per ml; Fac-
tor X concentration, 8 micrograms per ml; Factor 1X con-
centration at 5 micrograms per ml; Factor VIII (with von
Willebrand factor) at 0.1 microgram per ml; Factor V at 7
micrograms per ml; Antithrombin 111 at 150 micrograms
per ml; tissue factor pathway inhibitor is 0.1 micrograms
per ml. The clotting reactions are started by the addition of
Factor Vllaat 0.01 micrograms per ml plusthe addition of
calcium chloride in adequate concentrations. Using this
system, inwhichreactionsare carried out in microtiter wells,
we can determine the state of platel et activation and quanti-
tate surface-bound proteins using flow cytometry. We can
also extract proteinsfrom the surface of activated cellsand
assess the state of activation of the coagulation factorsin-
cluding Factors X, VIII, V, and X. We can also determine
the quantities of thrombin in Factor X using chromogenic
substrate assays. And finally we can examine surface-bound
and sol ution-phase products of thrombin and Factor X.

Data showsthat platel et activation requirestissue fac-
tor and that platel et activation can occur within amatter of
avery few minutes when this system is complete with tis-
sue factor. We can also show that thrombin generation in
this system also requires tissue factor initiation. In other
experimentswe can show the number of monocytesrequired
as a source of tissue factor in five or six thousand per mi-
croliter inamicrotiter well. Thisnumber of monocytes ac-
tivated by lipopolysaccharideis sufficient to result in plate-
let activation aswell asthrombin generation. Slidesdepict-
ing these resultswill be shown.

One of the first things examined with this model of
blood coagulation was the question of the mechanics by
which Factor Vlatissuefactor activation of Factor 1X and
Factor X initiate thrombin generation in thismodel system.
Totest thishypothesis, we simply added pre-formed Factor
I Xaand Factor Xain the presence of platelets, Factor IX,
Factor VIII, Factor X, Factor V, prothrombin, Antithrom-
bin |11, and tissuefactor pathway inhibitor in microtiter wells
with the clotting reactionsinitiated by Factor VIlaand cal-
cium. Using this system we were able to show that Factor
Xawas necessary for platel et activation but not for the sub-
sequent burst of thrombin generation on platelets. On the
other hand, Factor | Xawas not necessary for theinitia plate-
let activation but was necessary for the subsequent burst of
thrombin generation on platel ets. The conclusion fromthis
series of events was that the mechanism by which Factor
Vllatissuefactor initiates coagulation involvestwo distinct
signals. One signal is mediated through the Factor Vila
tissue factor activation of Factor X that leads to platelet
activation; the other signal is mediated through the Factor
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Vllatissue factor activation of Factor |X, leading to the
assembly of the procoagulant complex of tenase and pro-
thrombinase on the platelet surface. Platel et prothrombinase
then leadsto aburst of thrombin generation.

The question then arises as to how Factor Xain the
milieu of tissue factor cells effects platelet activation. Us-
ing themodel system to answer this question, we found that
very small amounts of thrombin wereformed in themilieu
of the tissue-factor bearing cell, and this small amount of
thrombin was essential for the following reactions. This
small amount of thrombin activates platelets; dissociates
Factor V111 from von Willebrand' sfactor and activates Fac-
tor VIII; it also activates Factor V to Factor Va; and it acti-
vates Factor Xa. When platel ets are activated, the cofactors
Vlllaand Vabind immediately to binding sites on the acti-
vated platel et surface. Therefore, thissmall amount of throm-
bin in the milieu of the tissue-factor bearing cell servesas
animportant signal for subsequent blood-clotting reactions.

The activation of Factor IX to IXaby Vllatissue fac-
tor, which isthe other distinct signal, is different from the
activation of Factor X on the tissue Factor Vlla-bearing
cell. Whilethe Xaisturned off by thetissue factor pathway
inhibitor, the 1Xaformed does not remain in the milieu or
environment of the tissue-factor bearing cell, but rather it
moves to the activated platelet surface, where it combines
with Factor Vlllato form the tenase complex, thereby re-
cruiting more Factor X from the solution and activating
Factor X. Factor Xa in the presence of its co-factor, Va,
forms the tenase complex and results in an explosion of
thrombin generation on the activated platel et surface.

Next we examined the activation of Factor X1 in our
system. Whereasthe traditional cascade considersthat Fac-
tor X| isactivated by Factor X1, whichrequiresprekallikrein
and high molecular weight kininogen and asurface, our stud-
iesindicate that the Factor X1 does not require this type of
activation in vivo, but rather is simply activated by throm-
bin formed on the surface of the platelet. The Factor Xla
then binds to the platelet surface and then converts more
Factor X to I Xa Thus Factor XI simply enhances throm-
bin generation by converting more IX to | Xa. The reason
why Factor X1 deficiency causesamild bleeding deficiency
in patientsisthat it isnot required for tenase or prothrom-
binase formation, but is simply present to enhance tenase
generation. Experiments demonstrating the role of Factor
X1 will be presented.
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Using our model system, we can aso show that high
dose Factor Vllabypassesinhibitors of Factor VIII and I X
because high doses of VIlawill bind to the platelet surface
with aKd in the micromolecular range. When added in suf-
ficiently high doses, therefore, Factor Vlla on the surface
of platelets can activate Factor X to Xaeven in the absence
of tissue factor, and thus bypass the need for Factor 1X and
I Xa. Factor Vlla, in these concentrations, can actually en-
hance thrombin generation but never quiteto normal limits.
Nevertheless, it can enhance thrombin generation to the
extent that hemostasisin patientswith inhibitorsto Factors
VIl and IX isimproved. Experiments using our model sys-
tem to demonstrate the mechanism of how high-dose Fac-
tor VIIA bypasses inhibitors to Factors VIII and IX will
also be demonstrated.

In summary, using a cell-based model of tissue factor
and unactivated platelets, in the presence of plasma con-
centrations of the procoagulants and normal inhibitors, one
can show that blood coagulation isinitiated by tissue fac-
tor- Factor Vlla, which doestwo things. Oneisto activate
Factor Xaand the other isto activate Factor | Xa. The Fac-
tor Xa and Factor | Xa formed in the environment of the
tissue-factor bearing cell have very distinct and separate
functions. The Xaformed on the surface of the tissue-fac-
tor bearing cell simply combineswith Factor Vain that en-
vironment and converts small amounts of prothrombin to
thrombin. This small amount of thrombin formed in the
environment of thetissue-factor bearing cell can then acti-
vate platelets; separate Factor VIII from von Willebrand
factor and activate Factor V111; activate Factor V; and acti-
vate Factor X|. Thusthe stageis set for aburst of thrombin
generation onthe activated platel ets. The second signal, that
islIXaformed in the environment of thetissue-factor bear-
ing cell, does not remain in the environment of that cell, but
rather movesto the platelet surface, whereit recruits more
X from solution to activate Factor X to Xa, which in the
presence of the co-factor Vathen resultsin aburst of throm-
bin generation. The Factor Xlaformed by the small amount
of thrombin from the tissue-factor bearing cell also binds
with the platel ets and enhancesthe formation of I Xaonthe
platelet surface, which simply enhancesthe degree of throm-
bin generation.
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