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Abstract
Background—Activated protein C (aPC) mediates powerful cytoprotective effects through
protease activated receptor (PAR)-1 that translate into reduced harm in mouse injury models.
However, it remains elusive how aPC-activated PAR1 can mediate cytoprotective effects while
thrombin activation does the opposite.

Objectives—We hypothesized that aPC and thrombin might induce distinct active
conformations in PAR1 causing opposing effects.

Methods—We analyzed antibody binding to, and cleavage and signalling of PAR1 in either
endogenously expressing endothelial or overexpressing 293T cells.

Results—In thrombin-cleaved PAR1 neither the tethered ligand nor the hirudin like domain were
available for anti-PAR1 ATAP2 and WEDE15 binding unless the tethered ligand was quenched.
In contrast, aPC irreversibly prevented ATAP2 binding while not affecting WEDE15 binding.
Reporter constructs with selective glutamine substitutions confirmed R41 as the only thrombin
cleavage site in PAR1, whereas aPC preferentially cleaved at R46. Similarly, we report distinct
cleavage sites on PAR3, K38 for thrombin and R41 for aPC. A soluble peptide corresponding to
R46-cleaved PAR1 enhanced the endothelial barrier function and reduced staurosporine toxicity in
endothelial as well as in 293T cells if PAR1 was expressed. Overexpression of PAR1 variants
demonstrated that cleavage at R46 but not R41 is required for cytoprotective aPC signaling.

Conclusions—We provide a novel concept on how aPC and thrombin mediate distinct effects.
We propose that the enzyme specific cleavage sites induce specific conformations which mediate
divergent downstream effects. This unexpected model of PAR1 signaling might lead to novel
therapeutic options for treatment of inflammatory diseases.

Keywords
PAR1; thrombin; activated protein C

Introduction
Activated protein C (aPC) has powerful protective effects in systemic inflammation [1–6]
and was approved to treat patients with severe sepsis [7]. However, efficiency is
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controversially discussed and the recently completed PROWESS-SHOCK trial failed to
show a survival benefit [8], resulting in withdrawal of the drug from the market [9].
However, still no other specific treatment options for sepsis are currently available. Thus a
more thorough understanding of how aPC mediates protective effects and what the pathways
involved are could help to develop novel future therapeutic approaches.

Protease activated receptor-1 (PAR1) was shown to be efficiently cleaved and activated by
aPC in an endothelial protein C receptor (EPCR) dependent way [10]: inducing protective
gene expression [10, 11], enhancing the endothelial barrier function [12, 13], reducing
cytokine secretion [14, 15] and protecting against apoptosis [11, 14, 16]. Similarly, in
animal studies aPC-PAR1 was shown to have neuro- [1, 17–19] and nephro-protective
effects [20], to enhance the vascular barrier function [3, 5], and to reduce cytokine secretion
[4]. These effects translated into survival benefits [2–4, 6]. Thus, aPC-cleaved PAR1 has
been shown to induce protective effects both in vitro and in vivo. In contrast, PAR1
activation by thrombin can result in proinflammatory effects such as disruption of
endothelial barrier integrity [21]. PAR1 is therefore a Janus-faced receptor that mediates
protective aPC signaling and pro-inflammatory thrombin signaling.

PAR1 is a 7-transmembrane domain receptor that couples to various G-proteins [13, 21–23],
potentially explaining how a single receptor can mediate opposing effects. Since in related
dopamine receptors ligand specific G-protein activation was shown to directly depend on
ligand-specific conformations [24], we hypothesized that a similar model could apply to
PAR1 as well. Current information indicates that thrombin and aPC cleave at arginine 41
uncovering the same tethered ligand. This cleavage site was found by screening and
examining whether soluble peptides which are homologous to PAR1’s truncated N-terminus
can induce calcium release in PAR1 overexpressing cells [25, 26]. Thus cleavage site(-s)
promoting active conformations with favourable coupling towards non calcium inducing or
calcium inhibiting pathways might have been missed.

Here we show that aPC-cleaved as compared to thrombin-cleaved PAR1 binds anti-PAR1
antibodies differently. Further, we discovered a novel aPC specific cleavage site at R46 in
PAR1, indicating that alternatively (R46) cleaved PAR1 can mediate distinct biological
effects.

Methods
Reagents

Clotting proteases were purchased from Haematologic Technologies (Essex Junction, VT,
USA), Trypsin was from Gibco (Invitrogen). Peptides corresponding to the N-terminus of
R41 cleaved PAR1 (R41PAR1pep, SFLLRNPN), R46 cleaved PAR1 (R46PAR1pep,
NPNDKYEP) and a length matched mock peptide were custom made (Antagene;
Sunnyvale, CA, USA). The small chemical PAR1 antagonist RWJ-58259 was a kind gift
from Dr. Patricia Liaw (McMaster University, Hamilton, ON, Canada). All experiments
involving agonist stimulation with clotting proteases other than thrombin included hirudin
(Lepirudin, Schering, Berlin, Germany). Hirudin alone had no effect in any of our assays.
Monoclonal anti-PAR1 SPAN12/5, ATAP2 and WEDE15 were used as described
previously [27, 28].

Cell culture and plasmid transfection and gene silencing
Endothelial EA.hy926 cells [29] and human embryonic kidney cell-derived 293T cells were
cultivated and propagated as described previously [27, 28]. Gene silencing using
Lipofectamin (Invitrogen) and siRNA was done as described previously [28]. Tagged and
non-tagged PAR1 and EPCR were transiently overexpressed as described [28]. PAR2 and
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PAR3, originally obtained from Dr. Lawrence Brass (University of Pennsylvania, USA)
were introduced into pcDNA3.1/Zeo+. For N-terminal alkaline phosphatase (AP) (Clontech,
CA, USA) tags, the signal peptides were replaced by ApaI restriction sites allowing the
exchange of mature PARs within the tagged PAR1 construct (Table 1). Mutations were
obtained by site directed mutagenesis (Stratagene, CA and Phusion® Site-Directed
Mutagenesis Kits, NEB, MA, USA). For fluorescent PAR1 the stop codon in our construct
was replaced by enhanced green fluorescent protein (Clontech, CA, USA). All constructs
were verified by sequencing. As mock construct an antibiotic was expressed in pcDNA3.1/
Zeo+.

Cell surface immunoassays, SDS page and permeability assay
Cell surface PAR1 was quantified by cell surface enzyme-linked immunosorbent assay [27,
28] and analyzed by SDS page as described [27, 28]. In some experiments involving
quenching of the tethered ligand with the PAR1 antagonist RWJ-58259 the cells were fixed
for 40 instead of 30 minutes with PFA 2%. Macromolecular monolayer permeability was
analyzed using a dual chamber system (#3402; Corning Inc., Corning, NY, USA) and Evans
blue-labelled BSA [5, 30].

PAR1 cleavage reporter assay
293T cells transiently expressing AP-tagged PAR constructs (Table 1) were used [28].
Washed cells were agonist incubated (20 min), supernatants were removed, filtered
(cellulose ester filter; pore size, 0.45 μm), and AP activity was quantified (1-Step PNPP;
Thermo Scientific, Rockford, IL, USA). In all experiments, expression levels of AP-PAR
were verified to be comparable among constructs by quantifying cell surface AP activity as
well.

Apoptosis assay
Apoptosis was analyzed as described by Joyce et al. [11, 16]. Lower (1–8%) or higher
(10%) amounts of fetal calf serum were used for experiments with EA.hy926 and transiently
overexpressing 293T cells, respectively. This modification was required since lower serum
levels resulted in detachment of 293T cells. In all experiments agonist incubation was 16
hours, staurosporine (2 μg/mL; Sigma, MO, USA) was added for the final 1 hour, and the
colour dye from the APOPercentage™ kit (Biocolor, Carrickfergus, UK) was used at 5% for
the final 30 minutes of incubation. Washing of the cells and quantitative analysis of stained
cells by analytical digital photomicroscopy was performed according to the manufacturer’s
instructions.

Statistics
Data analysis and presentation was performed using NCSS, SPSS software packages. A
two-sample, two-tailed homoscedastic t-test was used to calculate the indicated P-values.

Results
Antibody binding to cleaved PAR1 is agonist specific

In order to test whether thrombin- and APC-cleaved PAR1 adopt different conformations,
we studied the availability of anti-PAR1 epitopes on endogenous endothelial cell surfaces
following agonist incubation. These antibodies have been extensively used and the epitopes
have been mapped (Table 2). The SPAN12/5 epitope spans the arginine 41 (R41) cleavage
site and is thus physically “cleavage sensitive” [5, 31]. SPAN12/5 binding is reduced upon
agonist incubation with aPC and thrombin in both native cells (Figure 1A) and cells in
which cell trafficking was blocked by fixation with paraformaldehyde (Figure 1B). This
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finding is consistent with efficient cleavage of PAR1 by APC as well as the fact that
thrombin cleaves almost all apically expressed N-termini of PAR1. ATAP2 was raised
against the thrombin receptor activator peptide and recognizes L44 to R46 within the
tethered ligand. Given the L44-R46 epitope beeing C-terminal of the R41 cleavage site, one
would not expect ATAP2 binding to be affected by proteolytic cleavage of PAR1. We
however have previously shown that ATAP2 and PAR1’s ligand binding site compete for
binding to the tethered ligand [27]. In accordance we found aPC and thrombin to
significantly decrease ATAP2 binding in cells with functional and blocked receptor
trafficking (Figure 1A–B). WEDE15 recognizes the hirudin-like domain (F55-E60) [32].
WEDE15 binding was not altered upon incubation with aPC, a finding that has been
explained by delayed clearance of aPC cleaved PAR1 from the cell surface [23, 27]. In
contrast, thrombin strongly reduced WEDE15 binding, consistent with rapid internalization
of thrombin cleaved PAR1 [33]. However, internalization cannot explain why thrombin still
decreases WEDE15 binding in fixed cells (Figure 1B). To further explore this unexpected
finding, we used the antagonist RWJ-58259 which prevents the tethered ligand from
interacting with PAR1’s ligand binding site [34]. If added after thrombin incubation,
RWJ-58259 restored ATAP2 as well as WEDE15 binding (Figure 1C). Although efficient,
recovery by RWJ-58259 was not complete. Possible explanations are only partial quenching
of the tethered ligand, partial shedding of the N-terminus following quenching, or additional
cleavage by thrombin C-terminal of the ATAP2 binding site. Successful quenching of PAR1
by RWJ-58259 restored anti-PAR1 antibody binding and supports a model of direct
competition between ATAP2 and PAR1’s ligand binding site for tethered ligand binding.
Further it suggests fundamental changes in PAR1’s conformation upon cleavage by
thrombin that also render the hirudin like domain inaccessible to antibody binding. The
reversibility of WEDE15 and ATAP2 binding following thrombin together with our
previous finding that thrombin-cleaved PAR1 can be detected by Western blotting using
WEDE15 [27] support conformational changes and not N-terminal shedding of PAR1 as the
underlying mechanism. Interestingly, RWJ-58259 efficiently restored ATAP2 binding to
thrombin- but not aPC-treated PAR1 (Figure 1D).

Together these data indicate that anti-PAR1 antibody binding to cleaved PAR1 is agonist
specific. The hirudin like domain becomes unavailable to WEDE15 binding following
thrombin but can be uncovered upon quenching with RWJ-58259, consistent with
conformational ‘hiding’ of the WEDE15 epitope following thrombin. In contrast WEDE 15
binds to aPC cleaved PAR1 suggesting a conformation different to the thrombin-cleaved
receptor in which the hirudin like domain remains accessible. Further antibody binding to
the tethered ligand (ATAP2) is also agonist specific, recoverable by RWJ-58259 following
thrombin, but irreversibly lost after aPC.

Activated PC cleaves PAR1 at R46 and removes the canonical (R41) tethered ligand
containing the ATAP2 epitope

We next addressed why RWJ-58259 cannot uncover ATAP2 binding following aPC and
tested if aPC sheds the tethered ligand potentially at R46 (Table 2). To test whether aPC
cleaves at R46 we engineered PAR1 overexpression constructs [28]. We verified expression
directly by cell surface ELISA (Figure 2A) and expression efficiency by expressing
fluorescently tagged constructs (Figure 2B). Cells expressing PAR1 constructs with a N-
terminal alkaline phosphatase (AP) tag acquired apical AP activity which was removed from
the cell surface and released into the supernatant by aPC in a dose dependent manner if
EPCR was co-expressed (Figure 2C). To map potential cleavage site(s) mutants with
glutamine substitutes in place(s) 41 and/or 46 were engineered. Cell surface expression
levels of these variants were comparable to the wildtype PAR1 (Figure 2D, lower panel).
Thrombin only cleaved constructs with maintained arginine in position 41 (wild type PAR1
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and the R46Q mutant), confirming R41 as the only thrombin cleavage site [26] (Figure 2D,
upper panel). In contrast, if EPCR was co-expressed aPC efficiently cleaved wild type PAR1
and the R41Q variant, whereas R46Q PAR1 was less efficiently cleaved and R41Q; R46Q
PAR1 resisted cleavage. Taken together these data implicate R46 as a novel and preferred
cleavage site for aPC. Cleavage at this site sheds the tethered ligand together with the
ATAP2 epitope (Table 2) and can explain why this epitope was irreversibly lost in
endogenous endothelial PAR1 cleaved by aPC.

Activated PC cleaves PAR3 at non canonical R41
The protease activated receptors are highly homologous (Table 2) and some biological
functions may be redundant [30]. PAR3 for example has also been implicated in protective
effects of aPC [1, 35]. We thus hypothesized that aPC could cleave PARs other than PAR1
and that these receptors might harbour multiple cleavage sites as well. PAR2 and PAR3
constructs corresponding to AP-tagged PAR1 were engineered (Table 1) and expressed in
293T cells. Independent of the availability of EPCR, aPC failed to cleave the PAR2 reporter
construct (Figure 3A). In contrast, trypsin as well as clotting factor Xa (Xa) cleaved PAR2.
Of note, PAR2 cleavage by Xa was strongly enhanced in the presence of EPCR, similar to
our previous results for PAR1 [28]. Tagged PAR3 was cleaved by thrombin and also very
efficiently by aPC if EPCR was also available (Figure 3B). To identify the cleavage site(-s)
in PAR3 we took the same approach as for PAR1. Analysis of K38Q, R41Q, and K38Q/
R41Q PAR3 confirmed that K38 is the only thrombin cleavage site in PAR3 [36]. In
contrast only constructs with arginine in position 41 were efficiently cleaved by aPC (Figure
3C). Taken together these data identify R41 as a novel and specific cleavage site in human
PAR3 for aPC. These data also support the concept of clotting protease specific cleavage
sites in PARs in general.

R46-PAR1 N-terminal peptide and R46-cleaved PAR1 support cytoprotective signaling
We next explored if the N-terminus of R46 cleaved PAR1 can mediate cytoprotective
effects. Short peptides corresponding to the thrombin (R41) generated neo-N-terminus have
been used to activate PAR1 albeit peptide and thrombin activated PAR1 have been shown to
mediate distinct and different coupling to G-adaptor proteins [37]. Such differences might
explain why the R41 peptide (SFLLRNPN) protects the endothelial cells from thrombin
induced barrier disruption [30]. We confirmed barrier protective effects of the R41 peptide
and found the R46 derived peptide (NPNDKYEP) to be similarly efficient whereas a length
matched mock peptide did not have this effect (Figure 4A). Either of these peptides also
directly enhanced the endothelial barrier function if endogenous PAR1 was available but not
in PAR1 siRNA treated cells (Figure 4B). Control experiments showed that PAR1 was
efficiently silenced in the experimental conditions used for the barrier assay (Figure 4C).
Thus, PAR1 expression is required for the barrier protective effects of both peptides. We
next analyzed protective effects of aPC and synthetic peptides on staurosporine toxicity.
Both the R41 PAR1 as well as the R46 PAR1 peptide protected from toxicity, albeit either
peptide was slightly less efficient than aPC (Figure 4D+E). Of note, cleavage at R41 by
thrombin was not protective. These data demonstrate that a peptide corresponding to the
new PAR1 N-terminus generated by R46 cleavage can mediate protective effects in
endothelial cells. However they cannot answer the question whether the tethered ligand
generated by aPC cleavage at R46 is cytoprotective.

In order to directly test this question we developed an overexpression system. We adapted
the staurosporine toxicity assay and used it in conjunction with the highly transfectable cell
line 293T. In contrast to their maternal cell line HEK293 [11], we found the large T-antigen
transformed cell line 293T to be unresponsive to aPC unless both EPCR and PAR1 were co-
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expressed (Figure 5A–B). Similar to endothelial cells, the R41- and R46-derived peptides
reduced staurosporine toxicity if PAR1 was expressed (Figure 5C).

Having established an overexpressing system we next addressed if R46 cleaved PAR1
directly mediates these protective effects. Variants of PAR1 with functional or substituted
R41 and R46 cleavage sites were co-expressed with EPCR and tested for mediating
protective effects of aPC. Only constructs with a maintained R46 cleavage site supported
effects of aPC (Figure 5D). Absence of protective effects of R41Q PAR1 argues against
indirect effects of a short SFLLR peptide released upon double cleavage. As in endothelial
PAR1, thrombin could not reduce staurosporine toxicity in cells expressing any of the
constructs (not shown). Taken together, these data demonstrate that the tethered R46 cleaved
ligand of PAR1 directly mediates antitoxic effects in staurosporine treated cells. Since the
corresponding soluble peptide can only mediate similar protective effects if PAR1 is
available our data suggest that R46 cleaved PAR1 is a signalling competent receptor that
directly mediates barrier protective and anti-apoptotic effects.

Discussion
Although many receptors have been implicated in aPC mediated signaling [38–40], EPCR
and PAR1 are believed to be pivotal for cytoprotective effects of aPC [10, 41, 42]. These
have been shown to also translate into reduced harm in mouse injury models [1–5].
Currently EPCR is thought to recruit and to position aPC for efficient PAR1 cleavage and
activation. This model however cannot explain why EPCR-aPC activated PAR1 is
protective, whereas the same PAR1 mediates opposite effects when cleaved by thrombin
[21].

Almost two decades ago, a first study provided convincing proof of concept for the
existence of multiple agonist-specific states in G-protein coupled receptors [43]. PAR1 also
exerts agonist specific G-protein coupling [33, 37, 44], and multiple agonist specific
conformations thus exist as well. However, so far the conceptual difficulty in the case of
PAR1 was that thrombin and APC were thought to cleave the same scissile bond in the
receptor’s N-terminus, leading to the generation of the same tethered ligand.

For the first time our results directly support the conclusion that thrombin- and aPC-cleaved
PAR1 are indeed in fundamentally different conformations. First, the WEDE15 binding
epitope in PAR1’s hirudin like domain becomes inaccessible in thrombin-cleaved but not
APC-cleaved PAR1. Second, APC can truncate PAR1 at R46, five residues downstream
from the thrombin cleavage site at R41.

It remains unclear why the thrombin-induced active conformation of PAR1 binds WEDE15
only if PAR1 is denatured [27] or quenched with the antagonist RWJ-58259. One possibility
is that thrombin remains docked to cleaved PAR1 through an interaction between the
hirudin-like domain in PAR1 and the exosite I in thrombin [26], thus ‘hiding’ the WEDE15
epitope. The observation of a one-to-one stoichiometrical ratio of the thrombin-PAR1
interaction in a previous study [31] would support such stable binding of thrombin to
cleaved PAR1. However, we could not obtain experimental evidence supporting this
hypothesis (R. Schuepbach and M. Riewald; unpublished observations). Further research
revealing either PAR1’s structure at high resolution or studies using fluorescence quencher
techniques analyzing conformational changes upon PAR1 activation might in the future shed
light on multiple agonist-specific states of PAR1.

Multiple lines of evidence support our conclusion that APC can generate a distinct PAR1
tethered ligand by cleaving at R46. In endothelial cells the ATAP2 binding site on native
PAR1 can be recovered with RWJ-58259 from the thrombin- but not APC-cleaved
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receptors, consistent with the concept that this epitope is shed upon cleavage at R46.
Quantification of cleavage efficiency of overexpressed PAR1 reporter constructs indicates
that thrombin targets only R41 whereas EPCR-bound aPC either cleaves at R41 or R46, but
favours the novel R46 site. Our data strongly support the conclusion that R46-cleaved PAR1
is signaling competent. A soluble peptide corresponding to the novel R-46 cleaved N-
terminus was cytoprotective in the barrier function assay as well as in a staurosporine
cytotoxicity assay if PAR1 was available. Consistent with earlier reports [12], the R41
PAR1 agonist peptide corresponding to the R41 cleavage site was also protective in both
assays. Thus, the R41 peptide does not induce a thrombin-like active conformation of PAR1
which is in line with earlier observations that R41 derived peptides can exert distinct effects
that differ from the ones induced by thrombin [37]. It is possible that the tethered ligand
generated upon thrombin cleavage at R41 signals differently from the soluble peptide [33] as
a result of its tethered nature. Another possibility is that the soluble R41 peptide is N-
terminally degraded upon the prolonged incubation with the cells in the presence of fetal
calf serum in the cytoprotection assays. Such degradation might also explain divergent
reports on whether the PAR1 peptide is anti-apoptotic [16, 17]. To test if physiological, i.e.
tethered, ligands of R41 and R46 cleaved PAR1 mediate distinct effects we directly tested
cytoprotective signaling of aPC in 293T cells overexpressing PAR1 variants. Our results
demonstrate that besides expression of EPCR aPC required a functional R46 cleavage site
within over-expressed PAR1 in order to mediate protection from staurosporine induced
toxicity. Cleavage at R41 could not prevent from staurosporine induced toxicity consistent
with lack of antitoxic effects by thrombin. Thus, despite having lost the established R41
tethered ligand, R46 cleaved PAR1 remains signaling competent and mediates protective
effects. Interestingly, a non-canonical cleavage site at D39 has been previously implicated in
PAR1 signaling [45] and our results add to an unexpected complexity in PAR1 activation
mechanisms.

Our data support that a soluble peptide corresponding to the R46 cleaved PAR1 mediates
protective effects upon availability of PAR1 and that the corresponding tethered peptide
from overexpressed PAR1 does the same. Although these data are suggestive and consistent
with a simple model in which a tethered R46 ligand directly induces protective signaling
through PAR1 we could not directly test this model with the tools available. The soluble and
tethered R46 ligand might well have different proprieties and the novel tethered R46 ligand
may activate receptors other than PAR1. Heterodimer formation with cross-activation has
been described [46, 47] and activation in trans of a dimer partner is a possibility. The
tethered R46 ligand might well activate PAR1, PAR2 or PAR3 dimer partners [32, 35] or
even an adjacent yet to be identified non-PAR receptor. In view of the finding that aPC-
cleaved PAR1 accumulates on the cell surface [23, 27] R46 ligands might thus accumulate
as well and reach high local ligand density. Along these lines aPC could mediate protective
effects in scaffolds in which R46-cleaved PAR1 is essential but in which the R46 cleaved N-
terminus of PAR1 signals in trans through a yet to be identified receptor different form
PAR1.

In addition to analyzing whether R46 cleaved PAR1 is signaling competent, we explored
whether multiple cleavage sites are common among the PAR family. We found that PAR3 is
preferably cleaved at R41 by aPC whereas PAR3 is only canonically (K38) cleaved by
thrombin. Thus, PAR3 appears to be very similar to PAR1 in terms of its interaction with
thrombin and aPC. This dichotomy carries the potential that PAR3 might also play a pivotal
role in how aPC and thrombin counteract. This is further underlined by a recent study
implicating aPC-PAR3 in mediating protective effects [35] in podocytes.

In summary, we show specific differences between thrombin- and aPC-cleaved PAR1.
Thrombin canonically cleaves PAR1 at R41 and induces an active conformation in which
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the hirudin like domain is not accessible. Activated PC in contrast cleaves PAR1 C-terminal
from the canonical cleavage site at R46. This cleavage event also yields a signaling
competent receptor which is characterized by a hirudin like domain accessible to antibody
binding. These observations implicate that for PAR1, similarly to other G-coupled protein
receptors, several agonist specific active conformations exist. This might explain agonist
specific G-protein coupling and divergent signaling patterns. Further research will be
required to directly link our novel observations to specific intracellular signaling pathways.
Our finding carries a therapeutic potential for using specific PAR1 (ant-)agonists in the
setting of inflammatory disorders in the future.
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Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.

Schuepbach et al. Page 16

J Thromb Haemost. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schuepbach et al. Page 17

Table 1

J Thromb Haemost. Author manuscript; available in PMC 2013 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schuepbach et al. Page 18

Table 2

J Thromb Haemost. Author manuscript; available in PMC 2013 August 01.


