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Summary. Background: The inhibitory activity of an anti-
factor VIII (FVIII) antibody can be modulated through
glycosylation of the antigen binding site, as has recently been
described. This o!ers the opportunity to develop an optimized
anticoagulant agent targeting partial FVIII inhibition.
Objectives: We investigated in non-human primates the
antithrombotic activity, pharmacokinetics,and pharmacody-
namics of a human monoclonal antibody, Mab-LE2E9Q,
inhibiting FVIII activity partially. Methods: The ability of
Mab-LE2E9Q to prevent thrombosis was evaluated in
baboons after administration of 1.25 and 5 mg kg)1 antibody
or saline as a single intravenous (i.v.) bolus. Thrombus
development was recorded in expansion ($venous") and in
Dacron! ($arterial") thrombosis chambers incorporated in an
extracorporeal arteriovenous shunt implanted between the
femoral vessels 1 h, 24 h and 7 days after the administration of
Mab-LE2E9Q. Results: Mab-LE2E9Q reduced thrombus
growth to a similar extend 1 h, 1 day and 1 week after
administration of the antibody. Ex vivo pharmacodynamic
analysis indicated that the evaluation of the residual FVIII
activity was strongly dependent on the type of FVIII assay and
on the phospholipid concentration in the assay. No significant
di!erence in bleedings was observed between animals treated
withMab-LE2E9Q or with saline.Conclusions:Understanding
the role of glycosylation in FVIII inhibition by a human
monoclonal antibody allowed selection of an antibody inhib-
iting only moderately FVIII activity while significantly reduc-
ing thrombus development in a baboon extracorporeal model.
As that antibody did not increase the bleeding tendency, it may
represent a novel type of a long-acting antithrombotic agent
with an optimal safety/e"cacy profile.
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Introduction

Most anticoagulant agents developed so far target enzymes
involved in the coagulation cascade. This strategy is associated
withwell-knownrisks.VitaminKantagonists exert theiractivity
not only on procoagulant enzymes but also on inhibitors of the
coagulation cascade such as Protein C [1] and require monitor-
ing. The development of synthetic inhibitors of coagulation
enzymes has increased the specificity of the inhibition but has
generated the possibility of unexpected toxicity, notably for the
liver [2]. Targeting the non-enzymatic cofactors of the coagu-
lation cascade therefore appears as a potentially attractive
alternative provided that limited inhibition of the activity of the
target cofactor can be guaranteed so as to prevent bleeding.

Based on that concept, we have produced a human
monoclonal antibody, Mab-LE2E9Q, partially inhibiting fac-
tor VIII (FVIII) activity irrespective of the excess of antibody
over FVIII. That antibody was generated by introducing a
point mutation in the gene of an anti-FVIII antibody, Mab-
LE2E9, derived by immortalization of B lymphocytes from a
patient with mild hemophilia A, who had developed a strong
immune response to FVIII.Mab-LE2E9 inhibits 90%of FVIII
activity and prevents FVIII from binding to von Willebrand
factor (VWF) [3]. The point mutation introduced in the Mab-
LE2E9 gene to generate Mab-LE2E9Q removes a glycosyla-
tion site in the variable region of the heavy chain. As a result,
Mab-LE2E9Q inhibits only about 40% of FVIII activity and
does not prevent FVIII from binding to VWF [4].

The antithrombotic efficacy of Mab-LE2E9Q has been
evaluated in mice that carry a mutation in the heparin-binding
site of antithrombin III (Atm/m) and display spontaneous
chronic thrombosis at several sites [5]. This model does not
require surgical intervention and is representative of thrombo-
sis in patients with severe prothrombotic risk factors. Although
it inhibits only about 40% of FVIII activity, administration of
Mab-LE2E9Q completely prevented acute thrombosis in
ATIII)/) mice [4].
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Given the low concentration of FVIII in plasma and the
long half-life of an IgG antibody, treatment with the Mab-
LE2E9Q antibody could be very convenient, allowing one
administration every month. In addition, because Mab-
LE2E9Q inhibits FVIII activity only partially, FVIII activity
can be normalized very rapidly by administration of FVIII
independently of the antibody concentration in plasma [4].
Accordingly, Mab-LE2E9Q is so far the only anticoagulant
agent that can be neutralized specifically and without any
delay. Mab-LE2E9Q therefore appears as a promising novel
type of antithrombotic drug.

Here, we evaluated the ability of Mab-LE2E9Q to reduce
thrombus development in a thrombosis model in non-human
primates.

Materials and methods

Thrombosis model in baboons

Study design The study was randomized and investigators
were blinded towards treatment regimen.Male baboons (Papio
ursinus) were used. The animals weighed between 7.5 and 19 kg
and were disease free for at least 2 months prior to the
experiments. All procedures were approved by the Ethics
Committee for Animal Experimentation of the University of
the Free State in accordance with the National Code for
Animal Use in Research, Education, Diagnosis and Testing of
Drugs and Related Substances in South Africa.

Baboons were immobilized and handled under anesthesia
with ketamine hydrochloride (Anaket-V; Centaur Laboratory,
Johannesburg, South Africa). Permanent polytetrafluoroethyl-
ene (Teflon) and silicone rubber (Silastic) arteriovenous shunts
were implanted in the baboon femoral vessels [6]. Blood flow
through the shunts varied between 100 and 120 mL min)1. In
each experiment, a thrombogenic device prefilled with saline to
avoid a blood-air interface was incorporated as an extension
segment into the permanent arteriovenous shunt by means of
Teflon connectors (Fig. 1).

Platelet-dependent arterial thrombus was induced using
Dacron! (1.26 cm2; US Catheter Inc., Billerica, MA, USA)
insertedintothewallofSilastictubing(3-mminsidediameter) [7].
An expansion chamber (3.77 cm2) was used to generate coag-
ulation-dependent venous thrombosis. Blood flowed through
the thrombogenic devices at a rate of approximately 120 mL
min)1.The initial shear stresswas318 s)1 for theDacron section
and 10 s)1 for the expansion chamber.

In the control studies, the devices were kept in place for
60 min or until they occluded. After removal of the device,
blood flow through the arteriovenous shunt was re-established.
The baboons were then treated with a single intravenous (i.v.)
bolus of 1.25 or 5 mg kg)1 Mab-LE2E9Q or saline. Thromb-
ogenic devices were placed for 60 min 1 h after antibody
injection. Additional 60-min studies were carried out at 24 h
after the antibody bolus injection. The extracorporeal shunts
were then removed. At day 7, the baboons were shunted on the
opposite site and60-min thrombosis experimentswere repeated.

The procedure was carried out simultaneously with one
animal treated with 1.25 mg kg)1 Mab-LE2E9Q, one with
5 mg kg)1 Mab-LE2E9Q and one with control buffer.
Randomization of treatment was therefore restricted to sets
of three animals. After the thrombosis experiments, animals
were followed up for 53 days for clinical and biological
parameters.

In the treated group, animals received either 1.25 or 5 mg
kg)1 Mab-LE2E9Q. These doses of antibody were selected to
allow for kinetic analyses and to ensure that Mab-LE2E9Q
concentrations in plasma would remain above the concentra-
tion required to reach the maximal FVIII inhibition at least up
to day 7 when the last thrombosis experiment had to be
performed. Because the antibody inhibits FVIII only partially
even in large excess over FVIII, the residual FVIII activity was
expected to be in the same range for both treated groups up to
the end of the thrombosis experiments.

Thrombus imaging Autologous platelets were labeled with
111In-tropolone and reinjected into the animal 1 h before the
start of the control experiment [7]. This allowed quantification
of thrombus formation within the chambers on day 0 and 1. To
provide image acquisition on day 7 the labeling procedure was
repeated. Image acquisition of the grafts was done with a
gamma scintillation camera fitted with a high-resolution
collimator. To determine baseline blood radioactivity,
imaging was also performed on an autologous blood sample
each time the grafts were imaged. Regions of interest of the
graft and expansion segments were selected to determine the
deposited and circulation radio-activity in the dynamic image.
The number of platelets deposited on the vascular graft
material and in the expansion chamber was measured every
3 min.

15 mm15 mm

Detector

Expansion
Chamber

Dacron
Chamber

“arterial”
thrombosis

“venous”
thrombosis

Fig. 1. Experimental protocol for extracorporeal thrombosis. Arteriove-
nous shunts were implanted in male baboon femoral vessels. Thrombo-
genic devices prefilled with saline were incorporated as extension segments
into the permanent arteriovenous shunt. Platelet-dependent arterial
thrombus was induced by inserting Dacron into the wall of Silastic tubing.
Coagulation-dependent venous thrombosis was generated in an expansion
chamber. The deposition of autologous 111In-labeled platelets was fol-
lowed with a gamma scintillation camera.
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The highest platelet deposition (maximal platelet binding)
occurring during the observation period was determined for
each experiment. An alternative model to evaluate platelet
deposition was also used to take into account that platelets can
detach from the thrombosis chamber, which is followed by
further platelet binding. Therefore, the number of platelets
bound during each time period of 3 min was calculated as the
difference between the number of platelets at the end and at the
beginning of the time period. The cumulative platelet deposi-
tion was then calculated as the sum of all platelet deposition
>0 during each 3-min time period of an experiment (cumu-
lative platelet binding).

Study endpoints

The primary endpoint of the study was the evaluation of the
platelet deposition during the observation period. To allow for
analysis of the data with a non-parametric test (Mann!Whit-
ney U-test), the smallest group had to include at least four
animals. Groups of five animals were therefore planned to
allow for one potential casualty during the experimental
procedure. The secondary endpoints included TB-402 phar-
macodynamics and pharmacokinetics.

Mab-LE2E9Q ex vivo pharmacodynamics All animals
used in this study were included in the extracorporeal
thrombosis study and were treated with a single intravenous
bolus of 1.25 (n = 5) or 5 mg kg)1 Mab-LE2E9Q (n = 5) or
saline (n = 5). Blood samples were taken either directly from
the shunt or by venopuncture.

FVIII:C levels were measured in a batch analysis at the end
of the study using a chromogenic assay (CoatestR FXa
generation assay; Chromogenix-Instrumentation Laboratory
SpA, Milano, Italy) according to the manufacturer"s instruc-
tions. In addition, FVIII concentrations were evaluated using
a modification of the CoatestR FXa, in which phospholipids
were diluted sixtyfold in tris(hydroxymethyl)-aminoethane
(Tris) 50 mM, pH 7.3, 150 mM NaCl, 0.2% bovine albumin
[8]. FVIII activity in test sample was determined by comparing
FXa generation with that obtained using dilutions of a pool of
human plasma. The sensititivity of low- and high-phospho-
lipids assays to Mab-LE2E9Q inhibitory activity was evalu-
ated in an in vitro spiking experiment. Various concentrations
of Mab-LE2E9Q were added to baboon plasma, supple-
mented with 25 mM HEPES and incubated at 37 #C for 2 h
before measuring the residual FVIII:C activity, using a
CoatestR SP FXa generation assay in which phospholipids
were either undiluted or diluted sixtyfold, as above. In
addition, FVIII:C levels were also measured in a 1-stage
clotting assay (Actin FS; Dade Behring, Marburg, Germany),
immediately after plasma collection.

Mab-LE2E9Q ex vivo pharmacokinetics Animals used in
this study participated in the extracorporeal thrombosis study
and the pharmacodynamic study and were treated with a
single i.v. bolus of 1.25 (n = 5) or 5 mg kg)1 Mab-LE2E9Q

(n = 5) or saline (n = 4). In addition, three animals received
a single subcutaneous (s.c.) administration of Mab-LE2E9Q.
Blood samples were taken at intervals after the
administration of a single i.v. or s.c. administration of
Mab-LE2E9Q, either directly from the shunt or by
venopuncture.

Mab-LE2E9Q concentration was measured in a competitive
assay in which the binding of biotinylated FVIII to insolubi-
lized Mab-LE2E9Q was inhibited by Mab-LE2E9Q present in
the test sample. One volume of test sample, diluted in Tris
50 mM, pH 7.3, containing 150 mM NaCl (TBS) and 1%
bovine serum albumine (BSA) supplemented with 5% baboon
plasma, was mixed with 1 volume of biotinylated FVIII. The
mixture was added to 96-wells microtitration plates prealably
coated with 50 lL Mab-LE2E9Q. Following a 2-h incubation
period, plates were washed 3 times with TBS and bound
biotinylated FVIII was detected by addition of streptavidine
peroxidase followed by O-phenylenediamine. The concentra-
tion of Mab-LE2E9Q in the test samples was determined by
comparing the inhibition of biotinylated FVIII binding to the
inhibition of FVIII binding in mixtures containing known
concentrations of Mab-LE2E9Q.

Pharmacokinetic data were fitted to a two-compartment
model by weighted non-linear regression analysis or by visual
examination. First, data were plotted and fitted to a sum of two
exponential terms, C(t) = Ae)at + Be)bt, by weighted non-
linear regression analysis using GraFitR. Initial estimates of the
model parameters were provided by visual examination. When
the best fit obtained with GraFit did not provide a good
estimation of the terminal elimination phase, data were fitted
by visual examination using Excel. Data were plotted and an
optimal curve corresponding to C(t) = Ae)at + Be)bt was
obtained by selecting different B, a and b parameters. A was
calculated as the antibody concentration measured 5 min after
i.v. administration minus B.

The drug clearance parameters were calculated from the
extrapolated intercepts (A, B) and exponents (a, b) describing
the disposition of each administered product, using standard
formulas. The following clearance parameters were calculated:
initial drug concentration in the blood: C0 = A + B; volume
of the central compartment:Vc = dose/(A + B); total volume
of distribution: Vd = dose/B; extrapolated area under the
curve: AUC = A/a + B/b; plasma clearance: Clp = dose/
AUC; initial half-life: t1/2a = ln2/a; secondary half-life: t1/
2c = ln2/b, mean residence time: MRT = Vd · AUC/dose.

The pharmacokinetics parameters were determined for each
animal individually. The mean and standard deviation (SD) of
the pharmacokinetics parameters were then calculated per dose
group.

Laboratory values

Laboratory values were obtained at day 0, 1, 2, 5, 7, 9, 12, 16,
19, 23, 26, 30, 44 and 60. They included hemoglobin level,
hematocrit level, platelet count, white blood cell count, FVIII
and TB-402 concentration.
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Immunogenicity

IgG and IgM antibodies to Mab-LE2E9Q were detected using
ELISA. Mab-LE2E9Q (2 lg mL)1 in 20 mM glycine, 34 mM

NaCl, pH 9.2) was incubated inmicrotitration plates overnight.
After three washes with 140 mM NaCl, 67 mM KCl, 20 mM

Na2HPO4, 4.4 mM KH2PO4, pH 7.4, Tween-80 0.005% (PBS-
Tween), baboon PL diluted 1/20 and 1/100 in TBS with 1%
BSA 0.005% Tween-80 (Tris-BSA-Tween) was incubated in
the wells at room temperature for 2 h. After three washes with
PBS-Tween, baboon antibodies bound to Mab-LE2E9Q were
detected by addition of goat antibaboon antibodies conjugated
to horseradish peroxidase (Biorad; ref. 170-6516) diluted
thousandfold in Tris-BSA-Tween followed after three washes
with PBS-Tween by addition of O-phenylenediamine. Optical
densities were read at 490 nm.

Statistical analysis

For pharmacokinetics analysis, data obtained from animals
treated with 1.25 and 5 mg kg)1 were analyzed separately. For
comparison of hemoglobin levels and platelet deposition in
thrombosis chambers, data from the animals treated with both
doses were combined and compared with data from untreated
animals. Data were analyzed using theMann!WhitneyU-test.
Significance was defined as P £ 0.05.

Results

Prevention of thrombosis

The ability of Mab-LE2E9Q to prevent thrombosis was
evaluated in an extracorporeal thrombosis model in baboons.
At the beginning of the experiment, an extracorporeal shunt
was inserted between the femoral artery and the femoral vein
on one side of the animal. Thrombogenic devices were placed
for 60 min 1 h before, 1 h and 24 h after Mab-LE2E9Q or
saline injection. The extracorporeal shunts were then removed.
At day 7, the baboons were shunted on the opposite site and a
thrombosis experiment was repeated. Platelet deposition was
recorded as a function of time in the expansion ($venous")
thrombosis chamber and in the DacronR ($arterial") thrombosis
chamber incorporated in the extracorporeal arteriovenous
shunt.

In the control group, five animals were treated with saline. In
the treated groups, five animals received 5 mg kg)1 Mab-
LE2E9Q and five others 1.25 mg kg)1 antibody. Because the
antibody inhibits FVIII only partially even in large excess over
FVIII [5], the residual FVIII activity was expected to be in the
same range for both treatment groups at least up to day 7 when
the last thrombosis experiment was performed. Those assump-
tions were validated in the pharmacodynamic and pharmaco-
kinetic study (see below).

In the 10 animals treated with Mab-LE2E9Q, the maximal
platelet deposition 1 h, 1 day and 7 days after administration
of the antibody platelet deposition was lower than in the

control animals treated with saline in both the venous and
arterial thrombosis chambers (Fig. 2A,B). The difference was
statistically significant in the arterial chamber at all time points
after Mab-LE2E9Q injection and 24 h after administration in
the venous chamber.

A fraction of the platelets bound in the venous or in the
arterial thrombosis chamber detached from the thrombus in
some experiments. To take this phenomenon into account, a
cumulative platelet deposition was calculated by adding up
platelet depositions during each time period of 3 min. The
cumulative platelet deposition was 1.1 to 2.3 times higher than
the maximal platelet deposition in 21 and in 17 out of 60
experiments in the venous and arterial thrombosis chambers,
respectively (Fig. 3A,B). The cumulative platelet deposition
was significantly lower in treated animals than in controls in
both the venous and arterial thrombosis chambers at all time
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Fig. 2. Reduction of thrombus growth in baboons treated with Mab-
LE2E9Q. Thrombogenic devices were placed for 60 min 1 h before and
1 h, 24 h and 7 days after Mab-LE2E9Q or saline injection. Platelet
deposition was recorded over 1 h in the venous (A) and arterial (B)
thrombosis chambers. The maximal platelet depositions recorded at any
time point over the entire observation period are indicated for each animal.
The mean platelet deposition per dose group is also indicated. The sta-
tistical differences between treated and control groups were calculated
using the Mann!Whitney U-test (NS, non-statistically significant).
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points after Mab-LE2E9Q administration, except at day 7 in
the venous thrombosis chamber (P = 0.055).

Pharmacodynamics

Blood samples were taken from baboons included in the
thrombosis prevention study at intervals after administration
of a single i.v. bolus (1.25 mg kg)1 or 5.0 mg kg)1) of Mab-
LE2E9Q or saline.

As preliminary experiments had shown that the measure-
ment of residual FVIII activity after incubation of human
plasma with Mab-LE2E9Q varies according to the type of
FVIII assay used, different types of FVIII assays were used to
evaluate FVIII:C in PL of baboons treated with Mab-
LE2E9Q. One test, a commercial chromogenic assay, barely
detected Mab-LE2E9Q whereas the second assay, a modifica-

tion of the former one, was rendered sensitive to the inhibitory
activity of the antibody by reducing sixtyfold phospholipids
concentrations. The second assay had previously been used to
detect the effect of a mutation responsible for mild hemophilia
A that impaired FVIII interaction with phospholipids [8].

FVIII:C was measured in baboon plasma spiked with
various concentrations ofMab-LE2E9Q and incubated for 2 h
at 37 #C. The maximal FVIII inhibitions measured with high
and low phospholipids assays were 29% and 50%, respectively
(Fig. 4). Noteworthy, no FVIII inhibition was observed when
FVIII:C was measured with a one-stage coagulation assay
(Actin FSR, data not shown).

Comparison of FVIII:C measured with the low- and high-
phospholipids assays showed a clear decrease in FVIII activity
after Mab-LE2E9Q administration (Fig. 5A,B). FVIII levels
were normalized by the end of the follow-up period in the
group treated with 1.25 mg kg)1 whereas FVIII:C was still
reduced in the group treated with 5 mg kg)1. In contrast,
FVIII:C measured with both assays was similar in animals
treated with saline (Fig. 5C). No difference was observed
between the different groups when FVIII:C was measured with
the one-stage coagulation assay (Fig. 6).

Interestingly, the lack of a clear-cut increase or decrease of
FVIII:C measured with the high phospholipids assay and with
the one-stage FVIII assay, insensitive to Mab-LE2E9Q, up to
60 days after administration of the antibody indicated that
Mab-L2E9Q does not significantly modify the rates of FVIII
production and clearance.

Pharmacokinetics

Blood samples were taken for the pharmacodynamic study.
The concentrations of Mab-LE2E9Q were evaluated by
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Fig. 3. Reduction of cumulative platelet deposition in baboons treated
with Mab-LE2E9Q. Platelet deposition was recorded as in Fig. 2 in the
venous (A) and arterial (B) thrombosis chambers. A cumulative platelet
deposition was also calculated by summing platelet deposition during each
time period of 3 min. The mean cumulative platelet deposition per dose
group is also indicated. The statistical differences between treated and
control groups were calculated using theMann!WhitneyU-test (NS, non-
statistically significant).
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Mab-LE2E9Q inhibitory activity. Baboon plasma spiked with various
concentrations of Mab-LE2E9Q and incubated for 2 h at 37 #C. The
residual FVIII:C was measured with high- and low-phospholipid chro-
mogenic assays. Results are expressed as mean ± SD of FVIII inhibition
by comparison to control samples without Mab-LE2E9Q in two
independent experiments.
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measuring the ability of Mab-LE2E9Q in the plasma samples
to inhibit FVIII binding to insolubilized Mab-LE2E9Q. After
single i.v. bolus injections of 1.25 mg kg)1 Mab-LE2E9Q, a
biphasic disappearance curve with rapid initial clearance and
slow secondary clearances was observed (Fig. 7). The initial
half-life of Mab-LE2E9Q was about 7.2 ± 4 h (mean ± SD)
and the secondary half-life was 305 ± 105 h. The volume of

distribution was 134 ± 46 mL kg)1 (Table 1). Similar bio-
availability and terminal disposition phases were observed after
s.c. administration of 5 mg kg)1 Mab-LE2E9Q.

Clinical and biological observations

The experimental procedure and the administration of Mab-
LE2E9Q were well tolerated by all animals. In both groups,
most animals presented with small hematomas at the sites of
venopuncture and oozing at the sites where the catheters had
been inserted. One animal (treatment 5 mg kg)1 Mab-
LE2E9Q) died 25 days after administration of the antibody.
Neither external nor subcutaneous bleedings were observed in
this animal. As no necropsy could be performed an internal
bleeding problem could not be excluded. However, the
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hemoglobin levels in that animal were normal (13.9 g L)1)
2 days before death indicating that that animal did not present
with any chronic bleeding problem.

A key parameter for the selection of an anticoagulant agent
is the safety with regards to the induction of bleedings. Only a
limited drop in hemoglobin level was observed in animals
treated with Mab-LE2E9Q. This drop was not significantly
different from that observed in control animals treated with
saline (Fig. 8).

Immunogenicity

The presence of anti- Mab-LE2E9Q IgG and IgM antibodies
in plasma collected before administration of Mab-LE2E9Q
and 7, 14, 21, 30 and 60 days after administration of 0, 1.25 or

5 mg kg)1 Mab-LE2E9Q was measured in sandwich ELISA.
None of the animals developed a detectable humoral response
to Mab-LE2E9Q (data not shown).

Discussion

In this study, we sought evidence that Mab-LE2E9Q, a
human monoclonal antibody inhibiting FVIII only partially,
might constitute a novel approach to anticoagulant therapy,
without the risk of overdosing or causing spontaneous
bleeding. The data demonstrated that Mab-LE2E9Q signifi-
cantly reduced thrombus growth in an extracorporeal circu-
lation model in baboons, without inducing excess bleeding.
The inhibition of thrombus growth was similar 1 h, 1 day and
1 week after Mab-LE2E9Q, indicating a stable and long-
acting inhibition of FVIII when the antibody is in excess over
FVIII.

The ability of Mab-LE2E9Q to reduce thrombus develop-
ment was evaluated in $venous" and $arterial" thrombosis
chambers inserted in an extracorporeal circulation shunt
between the femoral vessels. The venous thrombosis chamber
was an extension chamber whereas the arterial chamber was
covered by Dacron, a surface that allows platelet adhesion. In
both the venous and the arterial thrombosis chambers,
thrombus growth was monitored by measuring platelet depo-
sition. The rationale for the selection of that method was that
platelets are present in both venous and arterial thrombi,
although their contribution to the physiopathological process
are lower in the former than in the latter [9,10].

Although treatment withMab-LE2E9Q did not increase the
bleeding tendency, it resulted in a reduction of platelet
deposition in both chambers. The reduction of thrombus
development in the arterial chamber may appear surprising but
is in agreement with the observation that the rate of myocardial
infarction is lower whenFVIII is reduced [11] andwith thewell-
established role of FVIII in arterial thrombus development in
experimental models [12]. However, it cannot be excluded that
platelet deposition in one chamber was influenced by the rate of
platelet deposition in the other chamber and by the resulting
flow alterations.

The major risk of targeting FVIII with an anticoagulant
agent is that of causing complete inhibition of FVIII activity.
The observation that Mab-LE2E9 VH N-glycosylation deter-
mines the maximal inhibitory activity of the antibody [4]
offered a unique opportunity to develop an optimal anticoag-
ulant agent targeting FVIII. Indeed, both modulation of the
glycosylation and mixing deglycosylated, mutated antibodies
with native ones allowed us achieve inhibition ranging from the
inhibitory activities of 40% to 90% [4].

Tail clipping experiments in mice treated withMab-LE2E9Q
demonstrated that in vivo the antibody only partially neutral-
izes FVIII activity. Similarly, all in vitro assays indicated that
the antibody inhibits FVIII activity only partially, even when
the antibody is in large excess over FVIII. However, different
types of FVIII assays displayed various sensitivities for the
detection of the inhibitory activity of Mab-LE2E9Q in baboon

Table 1 Calculated pharmacokinetic parameters of Mab-LE2E9Q after a
single intravenous bolus injection in baboons

Mab-LE2E9Q
1.25 mg kg)1

Mab-LE2E9Q
5 mg kg)1

C0 39 ± 16 128 ± 46 lg mL)1

A 29 ± 14 88 ± 38 lg mL)1

B 10 ± 3 40 ± 11 lg mL)1

a 0.15 ± 0.12 0.16 ± 0.10 h)1

b 0.0026 ± 0.0012 0.0028 ± 0.0005 h)1

Vc 38 ± 18 46 ± 25 mL kg)1

Vd 134 ± 46 132 ± 37 mL kg)1

t1/2a 7.2 ± 4.0 5.5 ± 2.6 h
t1/2b 305 ± 105 257 ± 49 h

12.7 ± 4.4 10.7 ± 2 days
AUC 4916 ± 2648 15 611 ± 4990 lg h mL)1

Clp 0.3 ± 0.2 0.3 ± 0.1 mL h)1

MRT 472 ± 168 388 ± 73 h
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Fig. 8. Hemoglobin drop following Mab-LE2E9Q injection. Baboons
were treated with one i.v. administration of 1.25 or 5 mg kg)1 antibody.
Hemoglobin levels were followed up to 8 weeks after antibody adminis-
tration. Results are expressed as the most severe hemoglobin drop, as
compared with hemoglobin concentrations before treatment, recorded
during the observation period. The statistical significance of di!erences
between treated and control groups were tested using theMann!Whitney
U-test.
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plasma as well as in human plasma [13]. This was unexpected
because the type of FVIII assay is not considered as a major
cause of variability in the Bethesda assay, possibly because type
I inhibitors are usually selected for multicenter studies aiming
at standardization of the method.

A potential explanation of this phenomenon is that the
binding of a type II inhibitor antibody, such as Mab-LE2E9Q,
to FVIII induces a qualitative alteration of the FVIII molecule.
It is interesting to compare such alterations with those observed
in patients with mild/moderate hemophilia A. Some FVIII
variants with reduced stability or impaired thrombin activation
show different activities in one-stage vs. two-stages assays
[14!18]. This discrepancy has clinical implications as it may
lead tomisdiagnosed hemophilia A. Similarly, a deletion of one
amino acid in the FVIII domain mediating FVIII binding to
phospholipids significantly impairs FVIII interaction with
phospholipids. However, this alteration is not detected in the
conventional FVIII assays but requires assays with reduced
phospholipids concentrations or platelets as a source of
phospholipids [8]. The last observations prompted the evalu-
ation of the inhibitory activity of Mab-LE2E9Q in different
types of FVIII assays.

In this study, two chromogenic assays differing by the
concentration of phospholipids and a one-stage coagulation
assay were used to measure residual FVIII activity in the
plasma of animals treated with Mab-LE2E9Q. The one-stage
coagulation assay did not allow us detect a difference in FVIII
level between animals treated with Mab-LE2E9Q and control
animals. This can be attributed to the poor sensitivity of that
assay to the inhibitory activity of Mab-LE2E9Q. in contrast,
the comparison of FVIII:C levels measured with the high- and
low-phospholipid concentrations allowed us to identify the
inhibitory activity of Mab-LE2E9Q. In agreement with the
pharmacokinetics data, administration of 1.25 mg resulted in
the reduction of FVIII activity up to day 44 whereas FVIII
activity was still clearly reduced 60 days after the administra-
tion of 5 mg kg)1 Mab-LE2E9Q.

The variation of FVIII inhibition by Mab-LE2E9Q as a
function of the FVIII assay used to measure residual FVIII:C
raises questions about the in vivo inhibitory activity of the
antibody. The observation that mice treated with Mab-
LE2E9Q survive a tail clipping experiment in contrast to
FVIII)/) mice indicates that the antibody only partially
inactivates FVIII. Similarly, the lack of severe bleedings in
baboons treated with Mab-LE2E9Q suggests that FVIII
inhibition is only partial. However, the exact level of FVIII
inhibition remains unknown. In vivo local parameters, such as
tissue damage, flow or phospholipids, may not only determine
thrombus development but also influence the inhibitory activity
of the antibody. Such a mechanism may explain that the
antithrombotic activity of Mab-LE2E9Q appears to vary
according to the thrombosis model. Thus, in mice with a strong
prothrombotic phenotype, Mab-LE2E9Q completely pre-
vented thrombus development [5], whereas in the extracorpo-
real circulation model in baboons, the antibody only partially
reduced thrombus growth.

Interestingly, the use of the assays insensitive to Mab-
LE2E9Q (chromogenic assay with high phospholipids concen-
tration and 1-stage coagulation assay) provided information
regarding the clearance of FVIII in the presence of the
antibody. Thus, when measured with the FVIII assays
insensitive to Mab-LE2E9Q, FVIII:C activity remained stable
in animals treated with 1.25 mg kg)1 or 5 mg kg)1 Mab-
LE2E9Q, indicating that FVIII clearance was not altered in the
presence of the antibody.

Pharmacokinetic analyses indicated that the half-life of
Mab-LE2E9Q is about 10 days in baboons, in agreement
with the long half-life of IgG. No increase of the clearance of
the antibody was observed over the entire follow-up period,
in agreement with the lack of immune response to the
antibody.

Although the reduction of thrombus development in
baboons treated with Mab-LE2E9Q cannot be directly
extrapolated to a clinical situation in man, they are in
agreement with epidemiological observations that a limited
reduction of FVIII activity, such as that observed in carriers of
hemophilia A, has a positive impact on vascular disease [11].
These observations may have important implications for the
development of efficient, easy and safe strategies for the
prevention and treatment of thrombosis. This antibody repre-
sents an unique and new strategy to prevent thrombosis and
warrants further investigation in other preclinical and clinical
studies.

Addendum

M. Jacquemin, R. Lavend"homme, L. VanderElst were
responsible for in vitro coagulation studies. J.M. Stassen,
J.-M. Saint-Remy, P. Badenhorst, H. Pieters, P. Verhamme
contributed to the design of the study. M. Meiring,
S. Lamprecht, J. Roodt were responsible for thrombosis
experiments in baboons. All authors contributed to the revision
of the manuscript.

Acknowledgements

We thank S. Loosbergh and P. Barbeaux for human
monoclonal antibody production. This study was supported
by grants G.0231.05 andG.0275.05 from the Flemish Research
Foundation. The CMVB is supported by an $Excellentie
Financiering" grant.

Disclosure of Conflict of Interests

The authors state that they have no conflict of interest.

References
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