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Both plasma FVII and FVIIa are cleared relatively fast from circulation with a half-life of 3
to 6 h in humans [1,2]. The mechanism(s) responsible for the clearance of FVII/FVIIa from
circulation are unknown. Pharmacokinetic studies in mice have shown that FVII, FVIIa,
active-site blocked FVIIa and pre-formed FVIIa-antithrombin complexes are cleared with
similar rates, indicating that plasma elimination kinetics for FVII were independent of its
activation and subsequent inactivation by plasma inhibitors [3]. Nonetheless, recent studies
have implicated that a substantial fraction of pharmacologically administered FVIIa activity
is inactivated by AT in humans and dogs, which could explain differences observed in FVIIa
activity and antigen clearance curves in these studies [4,5]. Recent studies from our
laboratory and others showed that endothelial cell protein C receptor (EPCR) acts as a true
cellular receptor for FVII or FVIIa [6–8] and promotes FVIIa endocytosis in cell model
systems [7,9]. Administration of murine EPCR blocking antibodies was shown to reduce
FVIIa clearance from circulation, particularly in the initial phase (α-phase) of clearance,
indicating that EPCR may play a role in FVII clearance in vivo [9]. However, EPCR
blocking antibodies that could fully block FVIIa binding to murine EPCR prolonged the
circulatory half-time of FVIIa only modestly and did not block the clearance of FVIIa from
circulation [9]. Together these data suggest EPCR may play a role in the initial, rapid phase
of FVIIa clearance but other mechanism(s) may be responsible for its clearance in the
terminal phase. To further investigate the potential role of EPCR in FVIIa clearance in a
more stringent model system, in the present study we evaluated plasma elimination kinetics
of FVIIa in wild-type, EPCR-deficient and EPCR-over expressing mice. Given that human
FVIIa interacts well with murine EPCR whereas murine FVIIa binds only negligibly
[10,11], we have used human FVIIa in this study.

Wild-type littermate controls, EPCR-deficient mice [12] or EPCR-over expressing mice [13]
were injected with 125I-labeled human FVIIa (5 µg/kg) as a single intravenous bolus via tail
vein. The low concentration of FVIIa dosing was chosen to reflect elimination kinetics of
FVII at its plasma concentration. All mice were bled retroorbitally at 3 min following FVIIa
administration and thereafter at one or two pre-set time points. Mice were anesthetized by
isoflurane gas for tail vein injection and blood sampling, and experiments were conducted in
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accordance with the animal welfare guidelines set forth in the Guide for the Care and Use of
Laboratory Animals and approved by the Institutional Animal Use and Care Committee.
Except in a rare instance, 3 or more mice were used per time point. Blood (45 µl) was
collected into citrate anticoagulant (5 µl of 0.13 M tri-sodium citrate) and plasma was
obtained by centrifugation at 4,000 × g for 5 min using a table-top Eppendorf centrifuge.
FVIIa concentration in plasma was quantified by measuring radioactivity. Pharmacokinetics
were evaluated by a standard non-compartmental method or fitting the data to a two-
compartmental model using NONMEM modeling program (GloboMax/ICON, Ellicott City,
MD, USA).

As shown in Fig. 1A, relatively large differences were observed among the genotypes at the
first sampling time point (3 min). At this point, approximately 20% more FVIIa was
recovered in the circulation of EPCR-deficient mice compared to the wild-type littermates.
In contrast, FVIIa recovery in plasma of EPCR-over expressing mice was reduced by 30%
compared to wild-type mice. These data indicate that a fraction of FVIIa administered to
wild-type and more so to EPCR-over expressing mice was removed from circulation almost
instantaneously after dosing. This indicates that FVIIa administered to mice readily
associates with EPCR on the vascular endothelium. These data also suggest that a
substantial fraction of EPCR on the vascular endothelium is left unoccupied by protein C/
APC at their plasma concentrations and exogenously administered FVIIa is capable of
binding to unoccupied EPCR in vivo. Interestingly, when FVIIa elimination kinetics in
plasma were normalized to the mean maximum concentration of FVIIa in plasma measured
at 3 min, the pharmacokinetic curves were almost identical among all 3 genotypes (Fig. 1B).
Analysis of the data using the standard non-compartmental method showed a very similar
half-life of FVIIa, between 2.2 to 2.4 h, in all 3 genotypes but relatively large differences in
the Cmax (wild-type, 60 ng/ml; EPCR-deficient, 78 ng/ml; EPCR-overexpressors, 45 ng/ml).

When the data were fitted to a two compartmental model using Nonmem modeling, it
confirmed the variation in bioavailability of FVIIa among the wild-type, EPCR-deficient
and EPCR-over expressing mice. The bioavailability of FVIIa in plasma was increased by
about 30% in EPCR-deficient mice, compared to wild-type mice, suggesting that less FVIIa
was sequestered in these mice. In EPCR-over expressing mice, the bioavailability of FVIIa
in plasma was decreased by 30%, indicating that a larger fraction of FVIIa was bound to
EPCR immediately after its administration. Only minor differences were found in the CL
values among the wild-type (0.018 ml/min), EPCR-deficient (0.017 ml/min) and EPCR-over
expressing mice (0.014 ml/min), indicating that FVIIa is cleared in a similar profile in these
mice. Following the initial disparate sequestration trends in EPCR transgenic mice, FVIIa
was eliminated from circulation thereafter in all three genotypes essentially with a similar
half-life, t1/2α, 0.12 h and t1/2ß, 2.2 to 2.8 h. Other pharmacokinetics values, such as Q, V1
and V2, were identical among the three genotypes. Taken as a whole these data indicate that
EPCR may play a role in modulation of FVII(a) levels in the circulation by sequestering it
on the vascular endothelium but it is unlikely to influence the rate of FVII(a) clearance.

Overall, FVIIa pharmacokinetics observed in the present study were similar to that reported
earlier [3]. Any minor variation in CL, V1 and V2 values reported in the present study and
the earlier study could reflect variation in the methods for measuring FVIIa concentration in
plasma (radioactivity versus clotting activity) and a difference in the dosage levels (5 µg/kg
vs. 10 mg/kg). In an earlier study, we found that blockade of EPCR with EPCR-blocking
antibody prolonged the t1/2α of FVIIa clearance from 19 min to 31 min [9]. These data were
interpreted as EPCR serving a role in FVIIa clearance. However, based on the present
observation that showed no significant differences in FVIIa clearance rates among wild-
type, EPCR-deficient and EPCR-over expressing mice, it is unlikely that EPCR-mediated
FVIIa internalization plays a significant role in FVII(a) clearance in vivo, at least at
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concentrations close to the endogenous plasma concentration of FVII. In our earlier study
[9], the reversible nature of antibody binding to the receptor which could allow the exchange
between antibody and ligand binding to EPCR coupled with potential differences in the
bioavailability of FVIIa in control and EPCR blocking antibody-treated mice, might have
given the impression that blockade of EPCR prolonged the initial phase of FVIIa clearance
modestly but statistically significantly. Although the present data suggest that EPCR does
not appear to play a significant role in the rate of FVIIa clearance from plasma, we can not
completely rule out the possibility of EPCR influencing FVII clearance in humans as human
EPCR may behave differently than murine EPCR. Irrespective of its role (or lack there of) in
FVII clearance from plasma, EPCR still could play an important role in the continual,
prolonged transport of a small but physiologically meaningful amount of FVIIa from
circulation into extravascular compartments. Studies investigating this possibility are in
progress within the authors’ laboratories.
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Fig. 1.
In vivo elimination of FVIIa in wild-type littermates, EPCR-deficient and EPCR-over
expressing mice. 125I-labeled human FVIIa (5 µg/kg body weight, ~125 ng/mice) was
administered to mice as a single dose intravenously via tail vein. FVIIa levels in circulation
were determined by measuring radioactivity in plasma samples derived from mice at varying
time periods following administration of FVIIa at time-points ranging from 3 min to 240
min. The data were shown as ng FVIIa present in circulation (A) or normalized to the
percent concentration of 125I-FVIIa present in circulation at 3 min (B). The symbols denote:
(●), wild-type; (□), EPCR-deficient; (■), EPCR-over expressing mice.
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