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Rapid and Short Communication

Injection of recombinant activated factor VIl can induce
transient increase in circulating procoagulant microparticles
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Summary

Recombinant activated factor VII (rFVlla) is an effective haem-
ostatic treatment in haemophiliacs with inhibitors. In vitro, FVlla
concentrations corresponding to those obtained with thera-
peutic doses of rFVlla have been shown to induce normal
thrombin generation and platelet activation in the absence of
factors VIl or IX. To further study the in vivo haemostatic
changes induced by rFVlla, circulating procoagulant micropar-
ticles (MP) were measured in patients treated with discontinu-
ous injections of Novoseven®. In 6 out of |5 patients, a tran-
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sient peak of procoagulant MP was observed after injection,
occurring |5 min to 2 h after infusion. It was composed primar-
ily of platelet-derived MP and was of very short duration. This
peak was not observed in haemophiliacs without inhibitor, who
were treated with conventional replacement therapies. Our
results provide further in vivo evidence that rFVlla specifically
activates platelets, either directly or as a consequence of a
burst of thrombin generation that could account for its haem-
ostatic efficacy.

Thromb Haemost 2004; 91:873-8

Introduction

The mechanistic basis for the haemostatic efficiency of recom-
binant activated factor VII (rFV11a) is poorly understood. Much
of our knowledgeisbased on results obtained inin vitro systems
using purified reagents where tissue factor (TF) plays a contro-
versial role (1-4). In such systems, FV1la, when used at concen-
trations corresponding to those obtained with therapeutic doses,
has been shown to induce normal thrombin generation and
platelet activation in the absence of factors VIII or IX (FVIII or
FIX). Cel activation during procoagulant, inflanmatory or
apoptotic processes is associated with the shedding of mem-
brane-derived microparticles (MP). MP exhibit accessible phos-
phatidylserine (PS), which is the magjor procoagulant phospho-

lipid, as well as cell-surface antigens characteristic of their cel-
lular origin. Several studies have shown that high circulating
procoagulant MP levels correlate with coagulation activation in
prothrombotic disorders such as paroxysmal nocturnal haemo-
globinuria (5), type Il heparin-induced thrombocytopenia (6)
and acute coronary syndromes (7). To assess cell activation
induced by rFVI1latreatment, we measured circulating procoag-
ulant MP levelsin 15 patients with FVIII or FIX < 0.01 1U/ml
and inhibitor, receiving injections of Novoseven® and com-
pared the results to those determined in 12 patients without
inhibitor, receiving replacement therapies or DDAVP,
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- ] ] Table |: Biological and
Treatment Age Platelet Inhibitor Circumstances Time elapsed Sampling clinical parameters of
Patients  and dosage  (years) count level of treatment since the time points the 27 patients. The
(x10°L) (BU) last perfusion I5 patients of group A
tFVIla (ug/kg) received recombinant
A-1 100 21 180 2.4 preoperative > 8 days TO, 15 min, 1,2,3 h activated facteur VI
A-2 120 30 192 9.5  pharmaco-kinetic study > 8 days TO, 30 min, 1,2 h (rFVlla, Novoseven®).
A-3 230 63 236 0.6 preoperative > 8 days TO, 30 min, 1,2 h The 12 patients of
A4 100 26 291 0.6 hematoma > 8 days TO, 30 min, 1,2 h group B received
A-5 125 35 381 32 hematoma > 8 days TO, 15min, 1,2,6 h either recombinant fac-
A-6 100 30 643 19  hematoma, hemarthrosis 4h TO,30 min, 1,2 h tor VIII (rFVIII), recom-
A-7 100 50 344 1.8 post surgical 6h TO, 15,30 min, 1,2 h binant factor IX (rFIX)
A-8 150 3 289 0.7 acute hematoma > 8 days TO, 30 min, 1,2 h or DDAVP All patients
A-9 100 2 485 0.6 acute hemarthrosis 72h TO, 30 min, 1,2 h had inherited haemo-
A-10 138 7 262 2 acute hemarthrosis 20 h TO, 30 min, 1,2 h philia A or B except
A-11 130 5 364 7 acute hematoma 24 h TO, 30 min, 1,2 h patients A-12 and A- 14
A-12 130 67 174 21 post surgical >8days TO, 15,30 min, 1,2,20 h who had an acquired
A-13 100 58 204 40 hematoma 6h TO, 15,30 min, 1,2,6 h haemophilia A.
A-14 100 89 233 1126 acute hematoma > 8 days TO, 30 min, 1,2 h Inhibitor levels are
A-15 200 20 259 1 preoperative 20h TO, 30 min, 1,2 h expressed using
tFVIII (IU/kg) ‘ ) Bethesda units (BU)
B-1 117 4 305 0.5 acute hemarthrosis 24 h TO, 30 min, 1,2 h according to the meth-
B-2 30 23 240 - pharmacokinetic study 48 h TO, 15,30 min, 1, 2,3 h od described by
B-3 55 9 357 0.4 prophylactic 48 h TO, 15,30 min, 1,2,3 h Kasper et al. Patients A
B-4 43 10 332 - hemarthrosis 48 h TO,30 min, 1,2,3,4,6h hi thi hted iﬁ re
B-5 25 23 222 - prophylactic 48 h TO, 30 min, 1,2,4h efhib?ted a egak Z)f
B-6 30 42 124 - pharmacokinetic study > 8 days TO, 30 min, 1,2,4h micro articIZs after
B-7 30 41 140 0.5 pharmacokinetic study > 8 days TO, 30 min, 1,2,4,8 h rFVIIaPinjection
rFIX (IU/kg) )
B-8 30 40 135 - pharmacokinetic study > 8 days TO, 30 min, 1,2 h
DDAVP (ug/kg)
B-9 0.2-0.4 3 305 - pharmacokinetic study > 8 days TO,30 min, 1,2,4,6 h
B-10 0.2-0.4 5 364 - pharmacokinetic study > 8 days TO, 30 min, 1,2,4,6 h
B-11 0.4 39 266 - prophylactic > 8 days TO,30min, 1,2,4,6h
B-12 0.2-0.4 10 458 - prophylactic > 8 days TO, 30 min, 1,2,4,6 h

Patients and methods

Patients

After obtaining informed consent, 15 patients (group A) with
FVIII or FIX < 0.01 1U/ml and inhibitor were studied sequen-
tially before and after the administration of 100 to 230 pg/kg
rFVIla (Novoseven®, NovoNordisk, Bargsvaerd, Denmark).
They had either severe haemophiliaA with inhibitor (patientsA-
1-11 and A-13), acquired haemophilia A (patients A-12 and
A-14) or severe haemophilia B with inhibitor (patient A-15).
Eight patientswere studied after their first injection, while 7 had
aready received an injection 4 to 72 h before. Five patients
were treated at the onset of an acute bleeding event, 6 to prevent
the relapse of a bleeding episode or having undergone surgery
more than 2 days before, 3 prior to surgery, and 1 to perform a
pharmacokinetic study. Platelet count ranged from 174 to 643 X
10°/1 and fibrinogen levels ranged from 2.3 to 6.8 g/l before
treatment; both parameters remained stable during the treatment
course. An additional 12 patients (group B) with FVIII or FIX
ranging from 0.01 to 0.25 IU/ml were studied sequentialy
before and at various times after FVI11 or FIX levels increased
secondary to other therapies, such as recombinant FVIII or FIX
(30t0 117 1U/kg) or DDAVP (0.2 to 0.4 pg/kg). They had either

severe haemophilia A with inhibitor < 0.5 Bethesda units
(patients B-1-7), severe haemophilia B (patient B-8) or mild
haemophilia A (patients B-9-12). Seven patients were studied
during their first injection, whereas 5 had already received a
rFVII1 injection 24 to 48 h before. One patient was treated at the
onset of an acute bleeding event, 5 to prevent the relapse of a
bleeding episode, which had occurred more than 2 days before,
and 5 to perform a pharmacokinetic study. Platelet count ranged
from 124 to 458 X 1071 and fibrinogen level ranged from 2 to
3.6 g/l before treatment, and both parameters remained stable
during the treatment course (Table 1).

Blood sampling

Blood was collected in vacutainer tubes (Becton Dickinson, San
Jose, CA) with either EDTA for platelet count or sodium citrate
for coagulation studies and for MP determination.

Platelet count and coagulation studies

Platelet count was performed using a H3 Bayer™ automated
blood analyzer (Bayer Diagnostics, Tarrytown, NY). Coa
gulation studies were performed on platelet poor plasma (PPP)
obtained after centrifugation at 2,500 g for 15 min either imme-
diately following blood sampling or after storage at —20°C. The
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fibrinogen level was assessed using an automated coagulometer
STA™ and Fibriprest® from Diagnostica Stago (Asniéres,
France). Factor VIII and IX activities were measured using a
one-stage clotting assay and PTTA® and Factor VIII and IX
deficient plasmas® from Diagnostica Stago on a fully automat-
ed Sysmex CA6000™ coagulometer from Dade Behring
(Marburg, Germany). Factor VII1 and IX inhibitor neutralizing
activity titres were determined according to the method
described by Kasper et d. (8), and expressed as Bethesda units
(BU). The assessment of FVlla circulating activity was per-
formed using Factor VIl one-stage clotting assay using
Innovin® from Dade Behring, Factor VII deficient plasma®
from Diagnostica Stago and an automated STA™ coagulometer.
FVII was determined in patients PPP diluted 1/20 and 1/40
vol/vol in FVII deficient plasma and times before clotting was
measured after the addition of fixed quantity of recombinant
human tissue factor and phospholipids (Innovin®) and calcium.
Results were expressed in IU/ml using a calibration curve
obtained with several dilutions of a starting solution of
Novoseven® diluted 1/10 vol/val in FVII deficient plasma,
which FVIlalevel was determined using the 1% FVIlainterna-
tional standard from the National Institute for Biological
Standards and Controls® (NIBSC) (Hertfordshire, United
Kingdom).

Microparticle determination

Factor V was from Diagnostica Stago. Recombinant human
annexin V. was purchased from Euromedex (Souffel-
weyersheim, France). High binding capacity streptavidin-coat-
ed micratitration plates, 1-O-n-octyl-B-D-glucopyranoside, bio-
tin-X-0OSu, and Chromozym TH were from Roche Diagnostics
(Mannheim, Germany). PPPfor M P determination was obtained
by double centrifugation. First, blood samples were centrifuged
a 1,500 g for 15 min at room temperature. Second, the collect-
ed supernatant was centrifuged at 13,000 g for 2 min at room
temperature. The last supernatant containing MP was stored at
—80°C for further analysis. The capture of MP by immobilized
annexin V, and the prothrombinase assay used to measure their
amount, were carried out as described in detail by Aupeix et al.
(9). In brief, annexin V was biotinylated (annexinV®) and insol -
ubilized onto streptavidin-coated microtitration plates. After
incubation for 30 min at room temperature, plates were washed
3 times. PPP samples were then added and left in contact with
insolubilized annexinV® for 30 min at room temperature in the
presence of 30 mM Ca*. The plates were then washed 3 times
and the anionic phospholipid content was determined using a
prothrombinase assay. In the assay, purified clotting factors
(activated Factor X, Factor V, Factor I1) and calcium concentra-
tions were determined to ensure that PS is the rate limiting
parameter of the reaction. After 2 hincubation at 37°C, the reac-
tion was stopped by addition of EDTA. Linear absorbance
changes were recorded at 405 nm after addition of Chromozym

TH using a microtitration plate reader equipped with kinetics
software (Powerwave X340 Biotek instruments™). Results
were expressed as nanomolar phosphatidylserine equivalent
(nM PS eq) by reference to a standard curve constructed by
using liposomes of defined composition. Variations in MP lev-
els induced by the treatment were caculated as the difference
between the maximal valuein MPlevel observed 15 minto 2 h
following infusion, and the baseline level before infusion. They
were expressed as deltas (A "M PS eg).

Antigenic capture and characterization of
released microparticles

The anti-platelet glycoprotein 1b (GPIb) monoclona antibody
(MoAb) was kindly provided by Dr F. Lanza (INSERM Unit
311, Strasbourg, France). The anti-leukocyte anti-CD11aMoAb
and the irrelevant bictinylated 1gG (IgG1) were obtained from
Leinco Technologies (Ballwin, MO). Bioctinylated antibodies
were insolubilized onto streptavidin-coated microtitration
plates. After incubation for 30 min at room temperature, plates
were washed 3 times. PPP samples were then added and left in
contact with insolubilized antibodies for 2 h a room tempera-
ture. The plates were then washed 3 times and the anionic phos-
pholipid content was determined using a prothrombinase assay
as described above.

Soluble glycoproteinV determination

Soluble glycoprotein V (GPV) determination was assessed by a
2 step ELISA and Asserachrom Soluble GPV from Diagnostica
Stago, according to the manufacturer’s instructions. In brief,
residual PPP samples available after MP determinations were
diluted 1/20 vol/vol and incubated for 2 h at room temperature
in micratitration plates precoated with the first specific anti-sol-
uble GPV monoclona antibody. After 5 washing steps, immo-
hilized soluble GPV was reveded after a2 h incubation period
with the second monoclonal antibody coupled with peroxidase,
and directed to a distinct epitope of soluble GPV. After 5 wash-
ing steps, level of bound antibody was revealed by the addition
of ortho-phenylenediamine in the presence of hydrogen perox-
ide. The reaction was stopped after 8 min by adding 3 M H,SO,
and absorbance a 492 nm was read in a microtitration plate
reader equipped with kinetics software (Powerwave X340
Biotek instruments™). Results were expressed in ng/ml using a
calibration curve obtained with known concentrations of human
soluble GPV.

Two-stage clotting assay for tissue factor (TF)

TF bound to MP was measured using a two-stage clotting assay
as described by Key et a. (10). Supernatants containing MP
were centrifuged at 200,000 g for 30 min and washed twice
using Hanks' balanced salt solution (HBSS, Sigma-Aldrich, St
Louis, MO). Fifty pl of the sample was mixed with 5nM human
FVila (Novoseven®), 250 nM human FX (Kordia Life
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Group A Group B
(rFVIla) (rFVIII, rFIX, DDAVP)
Figure |: Variation in microparticle
levels in 27 patients. The 15 patients of
group A received recombinant activat-
161 ed facteur VIl (rFVIla, Novoseven®).
The 12 patients of group B received
124 either recombinant factor VIII (rFVIII),
recombinant factor IX (rFIX) or
8 - DDAVP (see Table I). Results are
expressed as delta nM phosphatidylse-
rine equivalent (A nM PS eq), defined
41 as the difference between the maximal
values in microparticle levels observed
0 1 I5 min to 2 h following infusion and
the baseline level before infusion.
4 4 Normal range was determined as
mean+2SD (------- ).
- - - - - - - Microparticle levels in patient A-7

— . —&— - — Microparticle levels in patient A-15
——=a— Microparticle levels in patient A-1

30 - I A7, A-15 and A1
{ \\

Circulating microparticles (nM PS eq)

FVII plasmatic levels in patients

- 60

Plasmatic FVII (IU/mL)

Figure 2: Variations in microparticle
and FVII plasmatic levels.Variations in
MP levels are represented for patient
A-7,A-15 and A-| exhibiting a peak at

0 15 30 60 120

Time (min)

I5 min, | h and 2 h respectively.
Corresponding mean * SD of FVII
plasmatic levels in these 3 patients are
represented.

180

Sciences, Leiden RG, The Nederlands) and 8.3 mM Ca* in
HBSS containing 0.1% bovine serum albumin, final volume 60 pl.
After 3 min incubation at 37°C, 100 pl of normal human plas-
ma containing vesicles (20 UM phosphatidylserine 30: phos-
phatidylcholine 70) was added together with 100 puL 25 mM
Ca?*. The clotting time was measured using a STArt™ from
Diagnostica Stago. Results were expressed in arbitrary units
(AU) using a cdibration curve constructed with serial dilutions
of a darting solution of Innovin® containing recombinant
human TF and phospholipids. The anti-human TF MoAb was
from American Diagnostica (Stamford, CT).

Results

Patients of both groups were male with inherited haemophilia,
except 2 patients from group A, who had acquired haemophilia

A. They were comparable with respect to age (mean + SD:
33.73+ 26.46 yearsin group A and 20.75 + 15.92 yearsin group
B, p=0.097, F test) and sampling numbers (mean + SD: 4.47 +
0.74 for group A and 5.58 + 0.9 for group B, p = 0.57, F test).
In 12 patients receiving replacement therapies or DDAVP, in
whom the expected FVI11 or FIX increase was achieved, and in
9 out of 15 patients receiving rFVIla injection, the difference
between the maximal valuein MPlevel observed 15 minto 2 h
following infusion and the basdline level before infusion
expressed as deltas (A) varied between — 4.2 t0 9.2 nM PS eq
(mean £ 2 SD: 2.5+ 6.72 nM PS eg). In contrast, 6 out of the
15 patients receiving rFV1ladisplayed A beyond the upper limit
of this range, tegtifying to a transient and dramatic increase of
procoagulant MP (A ranging between 12 and 18 nM PSeq) (Fig.
1). The peak increase in procoagulant MPwas noted at different
intervals following rFVIla infusion; a 15 min in 1 patient
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(A-7), & 1 hin 3 patients (A-4, A-8 and A-15) and a 2 h in
2 patients (A-1 and A-12) and did not correlate with either high
platelet count or the highest doses of rFVIlainfused (Table 1).
Statistical analysis could include 13 out of 15 patientsin group
A and the 12 patients in group B who had strictly comparable
sampling time points (before, 30 min, 1 and 2 h after treatment,
Table 1). Five out of 13 patientsin group A exhibited a MP peak
while 8 out of 13 patientsin group A and the 12 patients B did
not, which was significantly different (p = 0.05, Fisher test).
There was no time concordance between increase in procoagu-
lant MP and the measured plasmatic peak of FVII, which
occurred at 15 min following injection in al cases (Fig. 2). The
increase in MP was transient, lasting less than 30 min as
observed in 1 patient (A-7) (Fig. 2). Using annexin V and
MoAbs specific of platelets (anti-GPlb), leukocytes (anti-
CD11a), and an irrelevant 1gG1, the cellular origin of MP was
examined in 3 patients who exhibited a peak after rFVIlainjec-
tion (A-1, A-12 and A-15). The differences between the levels
of MP measured using annexin V and MoAbs are mainly dueto
different affinities of MP for these ligands. However, it should
be noted that the data obtained with annexin V and anti-GPIb
MoAb wereindeed comparable, showing aconcomitant marked
increase at respectively 60 min (patient A-15) and 120 min
(patient A-1 and A-12) (Fig. 3), whereas no detectable variation
was observed using anti-CD11a or control 1gG1 antibodies.
This indicates that platelet-derived MP account for most of the
increase of circulating MP.

No rise of soluble GPV was observed in 2 of the 5 patients
where it could be assessed (patients A-5 and B-11). In contrast,
arise of soluble GPV was observed in 3 patients (patients A-6,
A-7 and B-6), among whom one from group A exhibited a con-
cordant MP peak (patient A-7) (data not shown).

For TF assessment, due to sample shortage, 5 additional
patients receiving rFVIlawere recruited. One of them showed a
3.6-fold increase of MP-borne TF 30 minutes after injection
with respect to basal level before (29 pAU), while the othersdid
not exhibit noticeable changes 2 hours after injection. Patient A-
5 presented a4.8-fold increase of MP-borne TF 15 minutes after
injection, but without significant change of MP levels (8.5 ver-
sus 5.6 nM PS eqg). Four hours after injection, patient A-7 had
no appreciable modification of MP-borne TF. It should be men-
tioned that in the two patients with significant changes 15 and
30 minutes after injection respectively, TF bound to MP levels
returned to basal values 2 hours after injection.

Discussion

A peak of procoagulant MP was observed after injection of
rFVIlain 6 out of 15 patients of group A. The statistical differ-
ence found in patients suitable for analysis suggests the speci-
ficity of the phenomenon. Significant inter-individual variations
of the time of occurrence and magnitude of the MP peak were

—— Annexin V
....... e Irrelevant IgG1
- - @- - Anti-CD11a MoAb

Anti-GPIb MoAb Patient A-12

20 4

10 A

Patient A-1

20 1 Patient A-15

Circulating microparticles (nM PS eq)

10 1

(] . - =
0 15 30 120 180
Time (min)

Figure 3: Characterization of the microparticles cellular origin.
Variations in microparticle levels in patients A-1,A-12 and A-15
were assessed using either annexinV to evidence total circulat-
ing procoagulant microparticles, anti-GPlb monoclonal antibody
(anti-GPlb MoAb) to evidence platelet-derived microparticles,
anti-CD | la monoclonal antibody (anti-CD | |a MoAb) to evi-
dence leukocyte-derived microparticles, and irrelevant IgG| for
control.

noted. In vitro studies showed a significant difference regarding
the amount of thrombin generated, as well as the time required
to reach its maximal value when platelets from different healthy
individuals were activated using thrombin (11). In contrat, little
variation in thrombin generation was observed when human
platelets were replaced by synthetic phospholipids even though
levels of coagulation factors and inhibitors varied (12). It can
thus be hypothesized that inter-individual variations may be due
to the heterogeneity of platelet reactivity among patients. As
such in this respect, it is possible that we failed to detect this
peak in some of the 9 other patients due to sampling schedules
and transience of the phenomenon. The mechanistic basis for
the induction of the shedding of platelet-derived MP by high
concentrations of rFVIla requires further investigations.
Hoffman and colleagues (2, 3) proposed that the haemostatic
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efficiency of rFVIlaisrelated to the capacity of high concentra-
tions of FVIlato generate anormal amount of thrombin in vitro
through the direct activation of FX at the surface of activated
plateletswithout TF, FIX or FVIII. In contrast, Butenas and col-
leagues (1) showed that thrombin generation due to rFVIlain
absence of FVIII or FIX isTF dependent. They also showed that
high doses of rFVIlain vitro could activate platelets in a com-
parable manner in normal or acquired haemophilia B blood. We
found that platelet-derived MP account for most of the increase
of circulating MP in patients exhibiting a peak after rFVIla
treatment. Preliminary results of soluble GPV levels, areliable
marker of thrombin-induced platelet activation in vivo (13, 14),
showed that soluble GPV and MPvariations are Smilar in 3 out
of 5 patients assessed concomitantly. These results have to be
confirmed on larger series, but suggest that the shedding of
platelet-derived MP through thrombin-induced platelet activa-
tion contributes, at least in part, to the increase of MP levels
after rFVIlatreatment. In arecent study (15), it was shown that
TF-bearing MP, generated in blood after stimulation with
chimeras of the extracellular portion of P-selectin and the Fc
portion of human 1gG1, have the potential to improve fibrin for-
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mation and correct the bleeding phenotype in haemophilia A
mice. Such TF-bearing MP were also observed ex vivo in blood
from patients with severe haemophilia A after stimulation with
the chimeras. In 2 patients, at 15 or 30 minutes after rFVIla
injection, MP-borne TF wasincreased and returned to basal lev-
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may well play arolein the haemostatic activity of rFVIla treat-
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injection.

In conclusion, our finding of atransient increase in circulat-
ing platelet-derived MP in patients treated by rFVIla provides
further in vivo evidence, supported by data from earlier in vitro
studies with purified FVIla, that rFVIla specifically activates
platelets either directly, or consecutively to the burst of throm-
hin generation that could account for its haemostatic efficacy.
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