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Abstract

The bleeding disorder of hemophilia A currently treated by
replacement therapy of the missing coagulation factor, factor
VIII, is frequently complicated by the development of neutral-
izing antibodies. The therapeutic potential of attenuated forms
of the lipid-associated glycoprotein tissue factor, a known ini-
tiator of coagulation, was investigated as a factor VIII-by-
passing activity. The protein moiety of tissue factor (Apo-TF)
was partially purified and exhibited minimal procoagulant ac-
tivity before relipidation in vitro. In pilot studies, Apo-TF in-
jection into rabbits previously anticoagulated with an antibody
to factor VIII was found to have a procoagulant effect. The
efficacy of the material was further demonstrated when injec-
tion of Apo-TF in hemophilic dogs resulted in a normalization
of the cuticle bleeding time. Little or no change in the blood
parameters associated with disseminated intravascular coagu-
lation was observed at lower doses, although mild to moderate
effects were seen at higher doses. These data suggest a novel
role for Apo-TF preparations as a potential therapeutic agent
for hemophiliacs with antibodies to factor VIII once the po-
tential thrombogenicity of such materials is evaluated.

Introduction

Hemophilia A (classic hemophilia) is one of the most common
inherited disorders of blood coagulation. Afflicted individuals
experience bleeding episodes owing to a deficiency of factor
VIII, a cofactor that functions in the middle of the coagulation
cascade (1). Treatment of hemophilia currently involves re-
placement therapy using blood-derived concentrates of factor
VIII.

As a result of the repeated injections of factor VIII-con-
taining preparations, - 15% of all patients with hemophilia A
develop neutralizing antibodies (also referred to as inhibitors)
against factor VIII (for a review, see reference 2). As a result,
replacement therapy using factor VIII preparations becomes
ineffective as a means of correcting bleeding episodes. A vari-
ety of methods have been utilized to treat bleeding episodes in
inhibitor patients, including immunosuppression (3), antibody
depletion through plasmapheresis (4), high-dose factor VIII
therapy leading to immune tolerance (5-7), and repeated
treatment with factor VIII combined with immunosuppres-
sion (8). Prothrombin complex concentrates have proven to be
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partially effective (9-1 1) but their use is controversial owing to
uncertainty with regard to the putative factors responsible
(12-14), thrombogenicity (15-17), and the risk of viral infec-
tions. One component of prothrombin complex concentrates,
factor VIIa, has been reported to be efficacious in the treat-
ment of hemophiliacs with inhibitors (18). Highly purified
porcine factor VIII is also effective in some patients (19).

Tissue factor (TF)' is a potent thromboembolic agent in
vivo. This lipid-associated cofactor, in complex with factor
VIla, accelerates the conversion of factors IX and X to IXa
and Xa, respectively (1). As such, TF results in clot formation
by a mechanism that bypasses the factor VIII step in the coagu-
lation cascade. Numerous investigators have demonstrated
that crude TF from tissue homogenates induces disseminated
intravascular coagulation when infused at high concentra-
tions. Because of the potent coagulant activity of these prepa-
rations, TF has not been seriously considered as a therapeutic
agent. Recent work, however, has shown that the delipidated
protein moiety of TF (Apo-TF) is inactive, requiring relipida-
tion in order to exhibit any in vitro coagulant activity (for a
review, see reference 20). Wedecided to investigate the in vivo
coagulant effects of Apo-TF preparations. Apo-TF shortened
the bleeding time in preliminary experiments employing a he-
mophilic rabbit model. This pilot study precipitated a more
rigorous test of Apo-TF as potential factor VIII bypassing ac-
tivity in hemophilic dogs (21). These data suggest the possible
utility of Apo-TF as a treatment for patients with hemophilia
and inhibiting antibodies.

Methods

Materials. Mature bovine brains were obtained from Pel-Freeze Bio-
logicals, Rogers, AR. Triton X- 100 (TX- 00) and a-D-methylglucoside
were from Calbiochem-Behring Corp., San Diego, CA. Concanavalin
A-Sepharose was from Pharmacia Fine Chemicals, Piscataway, NJ. All
other chemicals were from Sigma Chemical Co., St. Louis, MOand
were reagent grade or better. Coagulation factor-deficient and normal
pooled human plasmas were from George King Biomedical, Overland
Park, KS. Bovine factor VII was purified by the method of Broze et al.
(22). Bovine factor X was obtained from Enzyme Research Labs, Inc.,
South Bend, IN. Chromogenic substrate S2222/12581 was obtained
from Helena Laboratories, Beaumont, TX.

Measurement of blood parameters. Blood for coagulation was anti-
coagulated with sodium citrate (3.8% wt/vol), 9 vol of blood to 1 vol of
anticoagulant. The prothrombin time and activated partial thrombo-
plastin time assays were measured on a Coagamate 2001 using General
Diagnostics (Morris Plains, NJ) reagents as described previously (21).
Factor VIII and factor V levels in dogs were measured using one-stage
assays with congenitally deficient plasmas as previously described (23).
Rabbit factor VIII was measured by chromogenic assay (Coatest, Hel-
ena Laboratories). In order to determine cross-reaction of human

1. Abbreviations used in this paper: CBT, cuticle bleeding time; TF,
tissue factor.
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anti-factor VIII antibody with rabbit factor VIII, rabbit plasma was
substituted for human plasma in the incubation mixture. Platelets
were measured on a Coulter counter (Coulter Electronics, Hialeah,
FL). Fibrinogen values were measured using the Clauss procedure (24).
Control canine plasma was obtained by pooling plasma from 20 nor-
mal dogs.

Relipidation of TF. Detergent-solubilized TF has minimal proco-
agulant activity prior to relipidation. The relipidation mixture was
prepared by adding 50 Ml of a 5 mg/ml solution of phosphatidylcholine
(lecithin) in 0.25% deoxycholic acid and 25 M of 100 mMCdCI2 to 0.8
ml of TBSA (consisting of 0.05 MTris, 0.1 MNaCI, 0.1 %BSA, pH
7.5). Between I and 10 Ml of the solution to be assayed was added and
the mixture incubated for 30 min at 370C.

Chromogenic TFassay. Relipidated TF was diluted at least 1:10 in
TBSAand 10 Al transferred to a 12 X 75 polystyrene test tube. 50 Ml of
a solution containing bovine factor X (0.127 Mg) and factor VII. (4 ng)
were then added with 100 Ml of 25 mMCaCl2. Tubes were incubated at
37°C for 5 min and 50 Ml S2222/12581 chromogenic substrate was
added. Incubation for a further 10 min at 37°C was stopped by the
addition of 100 Ml of 50%glacial acetic acid. Absorbance was detected
at 405 nm. A standard curve was constructed using rabbit brain
thromboplastin (Sigma Chemical Co.) reconstituted according to the
manufacturer's instructions. One unit of TF activity was defined as
that contained in 10M of this material.

One-stage assayfor TF. Relipidated TF was diluted at least 1:10 in
TBSAand 50 Ml was transferred to a 10 X 75-mm siliconized glass test
tube. 100 Ml of pooled normal human plasma were then added. The
tubes were warmed for 1 min at 37°C and 100 Ml of 25 mMCaCI2 was
added. Clot formation was timed and all samples were assayed in
duplicate.

Purification of bovine brain TF. Bovine brain TF was partially
purified by a modification of the method of Bach et al. (25). TF activity
was followed using the chromogenic assay. Bovine brains were acetone
delipidated, detergent extracted, and affinity purified on concanavalin
A-Sepharose as described (25). The eluate from the concanavalin A-
Sepharose column was dialyzed against 0.05 M Tris-HCI, 0.10 M
NaCl, pH 7.4 (TBS) containing 0.1% TX-100 for 18 h. The eluate was
then concentrated to a volume of 20 ml in an Amicon Corp. (Danvers,
MA) stirred cell with a YM-30 membrane. This material was applied
to a 120 X 1.5-cm column of AcA-44 Ultrogel resin (LKB Instruments,
Gaithersburg, MD), preequilibrated with TBS 0.1% TX-100. The col-
umnwas developed isocratically at a flow rate of 6 ml/h. I -ml fractions
were collected and aliquots relipidated for assay. Peak activity fractions
were pooled and stored at -20°C. Weestimate this material to be

- 10% pure.
Demonstration of in vivo factor VIII-bypassing activity of TF. A

model for hemophilia A with inhibitors was developed by infusing
normal rabbits with a cross-reacting human anti-factor VIII antibody.
Arterial and venous cannulae were inserted into the ears of restrained
NewZealand White rabbits (1.8 kg). Arterial blood was withdrawn and
anticoagulated for assay. The first 1 ml of blood was discarded. Blood

was kept on ice before centrifugation to collect platelet-poor plasma.
Each animal then received 600 Ml of antibody, 1,700 Bethesda U/ml,
via venous cannulae. 30 min after infusion blood samples were with-
drawn for assay. The control animal received an infusion of 300 M1 of
TBS 0.1% TX-100 through the venous cannula. The test animal re-
ceived the same volume of buffer containing purified TF apoprotein.
On relipidation, this represented a dose of 233 U/kg as measured in the
chromogenic assay. 60 min after the infusion of antibody, arterial
cannulae were removed and blood flow volume and duration were
recorded.

Demonstration offactor VIII-bypassing activity in a canine hemo-
philia model. In vivo factor VIII-bypassing activity was measured in
hemophilic dogs utilizing the cuticle bleeding time assay (CBT) (21).
Fasting animals were anesthetized and a CBT performed before any
infusion. Lack of Apo-TF toxicity was first determined in a normal dog
on bolus injection of 50 Apo-TF U/kg and 250 Apo-TF U/kg doses.
CBTs were performed prior to infusion and 30 min after each injec-
tion. Blood was withdrawn for coagulation assays at various time
points during the experiment. In order to demonstrate in vivo factor
VIII-bypassing activity of Apo-TF, experiments were conducted using
hemophilic dogs. Apo-TF was administered by bolus injection and
CBTs performed at various time points up to 90 min after the infusion.
Several doses were chosen ranging from 50 to 250 Apo-TF U/kg. Blood
samples were withdrawn throughout the duration of each experiment
and assayed for factor V and prothrombin and partial thromboplastin
times. CBTs of greater than 12 min were regarded as grossly abnormal
and thus, nails were cauterized to prevent excessive blood loss.

Results

Tissue factor was partially purified (- 12,000-fold) from ace-
tone brain powders (Table I) and subsequently assayed in both
a modified prothrombin time assay and a chromogenic TF
assay utilizing purified coagulation factors (Table II). In both
assays the Apo-TF preparation exhibited minimal procoagu-
lant activity before relipidation. The procoagulant activities of
relipidated TF were dependent on the presence of factor VII in
both assays (data not shown).

In order to observe the action of Apo-TF in vivo, a rabbit
hemophilic model was developed in which normal rabbits
were first infused with a high-titer cross-reacting human anti-
body to factor VIII. By utilizing this antibody, it was possible
to reduce rabbit factor VIII levels from 5S U/ml, as assayed
using a pooled human standard, to undetectable levels within
30 min (Table III). Both duration and volume of blood loss
from the artery of the ear after removal of the cannulae were
dramatically reduced in the animal receiving Apo-TF com-
pared with the animal receiving a buffer control (Table III).
These results suggested that Apo-TF could be well tolerated

Table I. Purification of Bovine Brain Tissue Factor

Protein TF activity

Sample Volume Concn. Total Total units Specific activity Purification

ml mg/mi mg U/mi U/mg Fold

Acetone brain powders 3,500 7.35 25,725 1.06 3,675 0.14
TBS wash supernatant 3,000 6.04 18,120 0.16 480
0.1% Triton supernatant 3,000 1.42 4,260 0.52 1,560
2%Triton extract 2,750 3.00 8,250 14.82 40,761 4.94 35.2
Concanavalin A-Sepharose eluate 420 0.17 71 53.50 22,470 314.00 2242.0
Ultrogel AcA-44 pool 8 0.83 6 1400.00 10,780 1,711.00 12,221.0
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Table II. Functional Activity ofApo-TF and Relipidated TF

Prothrombin time
Chromogenic assay

Sample Dilution Clot time A 405 nm TF

S s U/ml

Phosphatidylcholine/deoxycholate relipidation mixture 1:10 120.6 121.4 0.000 0.0
1:100 120.7 121.4 0.000 0.0

Relipidated TF 1:10 22.1 22.6 >2.0 ND
1:100 58.1 58.7 >2.0 ND
1:1,000 ND ND 1.493 6,967

Apo-TF 1:10 117.1 116.2 0.047 0.0
1:100 118.4 118.7 0.093 0.0

Phospholipid dependence of purified Apo-TF procoagulant activity was measured by a modified prothrombin time (wherein the designated
sample was substituted for thromboplastin) and chromogenic assay using purified coagulation factors. ND, values either not determined or not
calculable.

and might correct the bleeding diathesis associated with factor
VIII inhibitors. In order to confirm this observation in a more
relevant model, the safety and efficacy of Apo-TF was tested in
normal and hemophilic dogs.

An anesthetized normal dog was administered doses of
Apo-TF representing 50 and 250 Apo-TF U/kg on relipidation
in the chromogenic assay. The CBT in this animal was - 3
min prior to any infusion (Fig. 1). Factor V levels were normal
30 min after each infusion (Table IV). The prothrombin and
partial thromboplastin times were unchanged at the end of the
experiment and the CBTs were also within the normal range.
The fibrinogen level was unchanged at the lower dose and
dropped slightly at the higher dose (Table IV). Thus infusion of
Apo-TF was reasonably well tolerated in normal dogs.

A hemophilic dog with a prolonged CBT characteristic of
hemophilia A was administered 50 U/kg of Apo-TF. The CBT
was normalized 30 min after this infusion (Fig. 1). This correc-
tion was not associated with an alteration in factor V levels and
the prothrombin time was not lengthened, although there was
a slight decrease in the fibrinogen level (Table IV). The proco-
agulant effect was not maintained 90 min after the infusion as
the CBT was again abnormal at this time point. A dose-re-
sponse relationship was established by infusion of 250 Apo-TF
U/kg. At this dose, the CBT of the hemophilic dog was nor-
malized at 30 and 90 min (Fig. 1). This increased dosage was,
however, associated with a decrease in factor V levels, a slight
lengthening of the prothrombin time, and a 50% drop in fi-
brinogen (Table IV).

Experiments were repeated using a dose of 100 Apo-TF
U/kg in order to obtain the maximum duration of efficacy

while further evaluating the effect on blood parameters. A
hemophilic dog received 100 Apo-TF U/kg and CBTs per-
formed at 15, 30, and 45 min. Interestingly, the CBTat 15 min
was still abnormal (Fig. 1) with stasis achieved at 30 min after
the infusion. This is an observation consistent with results
obtained using conventional canine factor VIII preparations in
noninhibitor hemophilic dogs (A. R. Giles, unpublished ob-
servation). At this dose, the CBTwas normal at 45 min. Blood
samples were taken and analyzed for evidence of consumptive
coagulopathy (Table IV). Factor V levels, prothrombin times,
and platelet and fibrinogen levels showed little or no change.
Thus, efficacy of Apo-TF in vivo was demonstrated at a dose
that did not appear to cause complication arising from dissem-
inated intravascular coagulation.

The factor VIII-bypassing activity was confirmed in a third
hemophilic dog using a dose of 100 Apo-TF U/kg and CBTs
performed at 30 and 45 min. While efficacy was established at
both time points, some rebleeding occurred at 45 min.

Discussion

The appearance of a neutralizing antibody to factor VIII in a
patient with hemophilia makes treatment of a bleeding episode
extremely difficult. One therapeutic regimen that has proven
somewhat effective as a factor VIII bypassing activity is the use
of activated prothrombin complex concentrates. Although
controversial, the positive therapeutic effect may result from
the thrombogenic potential of these concentrates caused by the
presence of activated coagulation proteins (thrombin, VIa,
IXa, and Xa) (12-14). TF has long been recognized as a potent

Table III. Demonstration of Factor VIII Bypassing Activity of Apo-TF In Vivo after Injection
of HumanAnti-Factor VIII Antibody in Rabbits

Factor VIII
Apo-TF injection Arterial bleeding

30 min after
No. Weight Before sample injection U/Total U/kg Duration Volume

kg U/mi min ml

1 1.85 5.0 0.0 0 0 11.00 15.200
2 1.80 4.8 0.0 420 233 0.63 0.125
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Figure 1. Cuticle bleeding times in
animals receiving Apo-TF. Arrows
denote dose of Apo-TF in U/kg
administered at time zero. Pre
refers to CBTprior to any injec-
tion. The left panel represents the
CBTof a normal dog before and
after two infusions of Apo-TF.
The remaining panels represent
the data obtained after infusion of
Apo-TF into three separate hemo-
philic dogs.

thrombogenic agent in vivo, and numerous investigators have
utilized crude preparations of this membrane-bound glyco-
protein to induce disseminated intravascular coagulation in
animals. Wehave performed experiments to determine
whether a partially purified, attenuated form of TF can bypass
factor VIII activity in vivo.

The observation that the components of the extrinsic
pathway (TF-factor VII) are able to form a reinforcement loop
with components of the intrinsic pathway (factors VIII, IX,
and X) suggests a dominant role of the extrinsic pathway in the
initiation of the coagulation cascade (26, 27). In this regard, it
is interesting to note that at low concentrations of TF, the
prothrombin time of hemophilic plasma is prolonged, a phe-
nomenon corrected by the addition of higher concentrations
of TF (28). Clearly, the potential for further direct activation of
factor X by the extrinsic complex exists in hemophilic plasma,
a concept supported by the efficacy of factor VIIa infusions in

the treatment of bleeding episodes of hemophiliacs with inhib-
itors (18).

Pilot studies in rabbits strongly suggested that while the
apoprotein had little activity in in vitro assay systems, it was

capable of affecting the bleeding induced in an animal infused
with anti-factor VIII antibodies. Wesubsequently confirmed
these results in normal and hemophilic dogs by measurement
of the CBT (21); Apo-TF resulted in the CBT correction of
three separate animals. Little or no change in blood parame-
ters associated with disseminated intravascular coagulation
was observed at lower doses, although mild to moderate effects
were seen at higher doses. Although the efficacy may be tran-
sient in nature, the data suggest that Apo-TF may be a promis-
ing new therapeutic agent for the treatment of hemophiliacs
having factor VIII antibodies. Obviously, a detailed study of
possible adverse effects (e.g., disseminated intravascular coag-
ulation) will be required using purified human tissue factor.

Table IV. Blood Parameters in Normal and Hemophilic Dogs after Injection ofApo-TF

Dose Sample time
Dog Apo-TF after injection PT PTT Factor V Platelets Fibrinogen

U/kg min s U/mi 106/mi g/liter

N 50 PRE 12 21 0.81 ND 2.48
67 12 22 0.96 ND 2.51

250 30 12 19 1.07 ND 2.79
60 12 16 1.22 ND 2.31

H1 50 PRE 13 53 1.01 ND 1.54
150 13 54 1.03 ND 1.26

250 32 15 71 0.64 ND 0.77

H2 100 PRE 13 51 1.24 205 1.24
15 13 51 1.23 169 1.15
57 13 51 1.17 223 1.09

Coagulation assay results after bolus injection of Apo-TF in normal and hemophilic dogs. N, normal dog; HI and H2, hemophilic dogs; ND,
not determined. PIT, prothrombin time; PTT, partial thromboplastin time; PRE, sample taken prior to injection. Values for PT and PTT are
mean of duplicate determinations. Factor V levels are mean of four assays. Fibrinogen values are the mean values obtained at two dilutions.
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The mechanism whereby these preparations of partially
purified Apo-TF are exerting this effect is unknown. It is
known that Apo-TF has cofactor activity in the absence of
phospholipid, albeit with a catalytic rate constant some 160-
fold lower than that achieved in the presence of the relipidated
molecule (29). Furthermore, Apo-TF will bind to immobilized
factor VII (22, 29). Thus the injection of Apo-TF per se may be
sufficient to bypass the factor VIII requirement by binding to
factor VII and producing sufficient factor Xa to effect clot
formation. Alternatively, the Apo-TF may relipidate in vivo,
possibly at the site of vascular injury where aggregating plate-
lets could act as a suitable phospholipid source. Apo-TF is
nonfunctional without prior relipidation in in vitro assays.
However, our preparation of Apo-TF may contain small
amounts of phospholipid sufficient for in vivo activity but
which is undetectable by in vitro assays.

The relatively transient effect of TF in vivo may in part be
due to the presence of recently described TF inhibitors (30,
31). This mechanism of neutralization is apparently not suffi-
cient to prevent the factor VIII-bypassing activity of Apo-TF
in vivo, possibly due to a lack of recognition of the delipidated
form of tissue factor.

Treatment of patients with hemophilia A who have neu-
tralizing antibodies is extremely difficult. In many cases, con-
centrate therapy is restricted to organ-threatening or life-
threatening bleeding in these patients. Activated prothrombin
concentrates have shown efficacy, but are expensive, less ac-
tive than replacement therapy with factor VIII, and can cause
disseminated intravascular coagulation (15-17). The active
component(s) of these preparations is still a matter of contro-
versy (12-14), although originally proposed to be activated
products of the clotting factors II, VII, IX, and X (32). In any
event, there is a great need for a truly effective alternative
means of treatment of these individuals. For this reason, the
results reported in this study are highly encouraging, suggest-
ing that homogeneous preparations in the microgram range
would be efficacious in humans.

In conclusion, these results suggest that an attenuated form
of bovine TF may be a new potential therapeutic agent. Trace
quantities of the purified bovine protein were found to effect a
transient correction of the bleeding diathesis in hemophilic
dogs. With the obvious qualifiers of cross-species testing of
impure material and the potential for adverse systemic effects,
the potential exists that purified human tissue factor could be
developed into an efficacious therapeutic agent.
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