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In this study, we tested the hypothesis that factor XI (FXI) activa-
tion occurs in plasma following activation of the extrinsic pathway
by thrombin-mediated feedback activation. We used two different
assays: (i) a direct measurement of activated FXI by ELISA and (ii)
a functional assay that follows the activation of the coagulation
cascade in the presence or absence of a FXI inhibiting antibody by
monitoring thrombin activity. We failed to detect any FXI activa-
tion or functional contribution to the activation of the coagulation
cascade in platelet poor or platelet-rich plasma, when activation
was initiated by thrombin or tissue factor. Additionally, we found
that, in the absence of a contact system inhibitor during blood
draw, contact activation of FXI can mistakenly appear as thrombin-
or tissue-factor-dependent activation. Thus, activation of FXI by
thrombin in solution or on the surface of activated platelets does
not appear to play a significant role in a plasma environment.
These results call for reevaluation of the physiological role of the
contact activation system in blood coagulation.

coagulation � platelets � contact activation

B lood coagulation is mediated by a cascade of proteolytic
enzymes termed the coagulation factors. The cascade of

coagulation factors endoproteolytic cleavage events culminates
in the cleavage of fibrinogen, by thrombin, and the formation of
fibrin fibers which form blood clots. During in vitro plasma
clotting assays, factor XI (FXI) is activated by factor XII (FXII).
This process was termed the contact activation system as it
depends on the binding of FXII to negatively charged artificial
surfaces. Binding of FXII to these surfaces leads to its autoac-
tivation, which is further augmented by the other two compo-
nents of the contact activation system, plasma prekallikrein and
high molecular weight kininogen (HK). Activated FXI (FXIa)
ties into the intrinsic pathway of blood coagulation by activating
factor IX (FIX), which together with activated factor VIII,
initiates the common pathway by activating factor X leading to
prothrombin activation and clot formation (see refs. 1–4 for
recent reviews of the contact activation system).

The physiological function of the contact system in hemostasis
is not clear because deficiencies in components of the contact
system, plasma prekallikrein, HK, and FXII are not associated
with a bleeding diathesis. On the other hand, mutations in the
downstream intrinsic pathway components, FVIII and FIX, lead
to hemophilia A and hemophilia B, respectively. Interestingly,
FXI deficiency leads to a mild bleeding disorder, hemophilia C.
The existence of bleeding in FXI-deficient individuals raised the
possibility that FXI can be activated independently of the
contact system.

Attempts to identify alternative mechanisms for FXI activa-
tion, using purified coagulation proteins, revealed that FXI can
be activated by thrombin as well as being autoactivated by FXIa.
Both thrombin-mediated activation and autoactivation, how-
ever, occur at a very slow rate in solution. The rate of autoac-
tivation and thrombin-mediated activation is greatly enhanced
by negatively charged polymers such as dextran sulfate (5, 6). It
was suggested that FXI activation by thrombin can serve as a
positive feedback mechanism to augment the common pathway.

In accordance with this hypothesis, several studies have dem-
onstrated that FXI contributes to the activation of the coagu-
lation cascade in plasma by low concentrations of tissue factor
(TF) (7–9). This observation is particularly significant because
TF, which is exposed to blood during injury, initiates hemostatic
blood clot formation through the extrinsic pathway. Further-
more, FXI was also found to inhibit fibrinolysis by promoting
activation of thrombin-activatable fibrinolysis inhibitor (9–11).
The involvement of thrombin mediated FXI activation in these
processes was questioned, however, because no FXI activation
was detected in plasma even when high concentrations of TF and
thrombin were added (12). Furthermore, it was found that
physiological concentrations of plasma proteins such as fibrin-
ogen and HK (which is complexed with FXI under physiological
conditions) interfere with FXI activation by thrombin (5, 13).

An apparent solution to the discrepancy was offered by the
observation that FXI activation by thrombin is enhanced several
orders of magnitude by activated platelets in systems reconsti-
tuted from purified coagulation proteins (14–16). This process
depended on the presence of HK or prothrombin (14, 15),
suggesting that FXI activation on activated platelets could also
occur in plasma. In support of this model, binding of FXI to
activated platelets has been demonstrated (17) and the platelet
binding domain in FXI has been identified (18). Nevertheless,
platelet-dependent FXI activation by thrombin has not yet been
directly demonstrated in a plasma environment.

In this work, we tested whether FXI can be activated inde-
pendently of the contact system, in a plasma environment when
platelets are present as suggested by the above studies. To this
end, we measured FXI activation when the coagulation cascade
was activated by thrombin or TF using a sensitive ELISA. In
addition, we followed the contribution of FXI to the activation
of the coagulation cascade by thrombin and TF using a functional
assay in the presence or absence of a FXIa inhibiting antibody.
The results of this study suggest that, in a plasma environment,
thrombin or TF do not activate FXI, even in the presence of
platelets. These results, along with the recent identification of an
antithrombotic phenotype in FXII knockout mice (19), suggest
that FXI activation by the contact system may be physiologically
relevant, after all.

Results
FXI Activation in Plasma Environment. To study the mechanism of
FXI activation in a plasma environment, we monitored FXIa
formation when the coagulation cascade was initiated by differ-
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ent procoagulants. In plasma, FXIa is rapidly inactivated by
covalent complex formation with plasma serine protease inhib-
itors (serpins). C1 inhibitor (C1inh) is the major inactivator of
FXIa in plasma (20). Therefore, we used a FXIa–C1inh sandwich
ELISA to monitor FXI activation. This ELISA (Fig. 1A) was
found to be very sensitive in detecting FXIa added to citrated
platelet-poor plasma (PPP) and platelet-rich plasma (PRP). The
specificity of the assay was confirmed by the reduction of the
signal with the addition of FXI, which competes with FXIa–
C1inh complex, for binding to the anti-FXI coating antibody or
by inclusion of FXIa active site-directed inhibitor, which pre-
vents the interaction with C1inh (not shown). When added in the
absence of calcium, to avoid potential FXI feedback activation
by thrombin, 10–40 pM of FXIa was sufficient to give a signal
that was twice the background signal observed in the absence of
exogenously added FXIa. Because FXI plasma concentration is
30 nM, the FXIa–C1inh ELISA can detect as little as 0.03–0.12%
FXI activation in plasma. To study the effect of platelets and
different procoagulants on FXI activation, PRP or PPP were
recalcified and incubated with the indicated procoagulants for
1 h at 37°C (Fig. 1B). FXIa formation was determined by
FXIa–C1inh ELISA and quantified using a standard curve
formed in the same plasma sample with exogenously added
FXIa. Initially, plasmas from different donors were stimulated
by low concentrations of thrombin, TF, and the contact system
activator, Alexin (50 pM, 1/80,000 and 1/320, respectively).
These concentrations were chosen because they similarly reduce
the activation time of the coagulation cascade in the functional
assay described below (�60%, not shown). Activation of FXI was

only detected with Alexin stimulation under these conditions,
with or without platelets (Fig. 1B). In subsequent experiments,
higher levels of thrombin and TF were tested. Even at a 1000-fold
higher thrombin or a 200-fold higher TF concentration, no FXIa
generation was detected in the presence or absence of platelets
in any of the three donors that were tested (Fig. 1B). In sharp
contrast, stimulation with increasing concentrations of Alexin,
gave a corresponding increase in the concentrations of FXIa
detected by FXIa–C1inh ELISA (Fig. 1B).

The lack of FXI activation by thrombin or TF in these
experiments was in apparent conflict with the observation that
FXI is activated by thrombin on the surface of activated platelets
in a reconstituted system (14, 15). Therefore, we performed a
number of control experiments to confirm our results. To
exclude the possibility that platelets, when activated, interfere
with the detection of FXIa by secreting serpins that compete
with C1inh for FXIa binding [e.g., protease nexin II (21, 22)], we
repeated the experiments with PRP that was reconstituted from
PPP and washed activated platelets. This procedure ensures the
removal of serpins that might have been released during platelet
activation. As in the case of the untreated platelet-rich plasma,
no FXIa was detected after stimulation by high concentrations
of TF or thrombin, whereas FXIa was readily detectable after
stimulation of the contact system (Fig. 1B, last column). This
observation, along with the lack of platelet effect on the FXIa
standard curve (Fig. 1 A) and on the detection of exogenously
added FXIa (Fig. 1B) suggest that platelets do not interfere with
the detection of FXIa in our system. The reduced concentration
of FXIa after stimulation of PRP with Alexin (Fig. 1B) might
have been caused by platelet interference with the contact
activation system.

Despite failing to detect FXI activation when TF and thrombin
were added, it is possible that low levels of FXIa, below our
detection limit, were generated. We have attempted several
strategies to reduce our detection limit. We were able to
significantly reduce our detection limit only when corn trypsin
inhibitor [CTI, a selective inhibitor of FXIIa (23, 24)] was added
to the citrate tubes used for the blood draw (Fig. 2A). This

Fig. 1. Detection of FXIa in plasma. (A) Standard curves for the FXIa–C1inh
ELISA. PPP or PRP prepared from citrated blood was incubated with the
indicated concentrations of FXIa. Diluted samples containing 10% or 0.2%
plasma were analyzed (FXIa concentration reflects the concentration in the
undiluted plasma). Each data point is run in duplicates with standard devia-
tion typically below 10% of the signal. A representative experiment out of
�10 experiments conducted with blood from four different donors is shown.
(B) FXIa levels in PPP, PRP, and PPP reconstituted with washed activated
platelets, stimulated with different procoagulants. Plasma samples from
healthy donors were stimulated by the indicated procoagulants and the
resulting FXIa-C1 inhibitor complexes were determined by ELISA. The aver-
age � standard deviation for all donors tested (in pM) is shown, with the
number of donors in parenthesis. The average lower limit of detection defined
as the concentration of FXIa which gives a signal 2-fold higher than the
background was 26 � 11 pM for PPP, 19 � 9 pM for PRP, and 26 � 7 pM for PRP
with washed activated platelets. BQL, below quantification limit.

Fig. 2. Detection of FXIa in plasma prepared from blood drawn into CTI. (A)
Standard curves prepared from blood drawn into citrate or citrate � CTI as
described in the legend for Fig. 1. A representative experiment out of two
experiments where samples with or without CTI were compared directly is
shown. (B) FXIa levels in PPP and PRP prepared from blood drawn into citrate
� CTI, stimulated with thrombin or TF. Plasma samples from two healthy
donors were stimulated by the indicated procoagulants, and FXIa concentra-
tion was determined using the FXIa–C1inh ELISA. The average lower limit of
detection, defined as the concentration of FXIa that gives a signal 2-fold
higher than the background, was 5.1 � 0.1 pM for PPP and 5.2 � 0.2 pM for
PRP. BQL, below quantification limit.
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observation suggested that most of the background in the
FXIa–C1inh ELISA results from activation of FXI via the
contact system during the blood draw and/or plasma prepara-
tion. Therefore, we drew plasma from two donors into CTI-
containing citrate tubes and stimulated it with high concentra-
tions of thrombin or TF. Despite reduction of the FXIa detection
limit from 19–26 pM without CTI to 5.1–5.2 pM with CTI, FXIa
levels were still below our detection limit (Fig. 2B). CTI had no
effect on the detection of exogenously added FXIa in recalcified
plasma (Fig. 2B).

Inhibition of FXIa in Plasma Environment. To complement the direct
measurements of FXI activation, we used a functional assay to
study the contribution of FXI activation by thrombin and TF to
the activation of the coagulation cascade in a plasma environ-
ment. Using our previously developed FIXa detection assay (25),
we have identified a monoclonal antibody that inhibited FIX
activation by FXIa [supporting information (SI) Fig. 4 and SI
Materials and Methods]. We used a promiscuous chromogenic
substrate to monitor the progression of coagulation cascade
activation in plasma with or without the FXIa inhibiting antibody
and expressed the results as time to reach an OD405 increase of
1.0 (SI Fig. 5, see also ref. 26 for an example of a similar assay).
The FXI antibody elicited a concentration dependent inhibition
of the activation of the coagulation cascade by recalcification and
by low concentration of tissue factor as was evident from the
prolongation of the time required to reach an OD405 increase of
1.0 (Fig. 3A). The antibody also inhibited the activation of the
coagulation cascade by the contact system activator, Alexin, in
normal plasma but not in FXI deficient plasma (Fig. 3B), thus
confirming the FXI-specificity of the antibody effect.

Effect of Platelets, Thrombin, and TF on the Contribution of FXI to the
Activation of the Coagulation Cascade. The experiments shown in
Fig. 3 were carried out in the absence of an inhibitor of the
contact activation system. Based on our observation that the
contact system activates FXI during blood draw (Fig. 2 A) and
the potential for further activation by the assay plate surface, we
carried out additional experiments using PPP and PRP that were
drawn into CTI containing tubes. PPP and PRP from three
donors were stimulated by activating the extrinsic and the
common pathways with several concentrations of TF and throm-
bin as well as by recalcification alone (Table 1, first four
columns). In all cases, procoagulant concentration-dependent
reductions in coagulation cascade activation time were observed.
Platelets significantly reduced the activation time of the coag-
ulation cascade as expected from the role of platelet phospho-
lipids in promoting the assembly of the Xase and prothrombinase
complexes. Nevertheless, no significant effect of the FXI inhib-
iting antibody was observed when the coagulation cascade was
activated by thrombin or TF in either PPP or PRP. This lack of
effect was in apparent conflict with earlier studies reporting a
contribution of FXI to the activation of the coagulation cascade
activation by TF even in the presence of CTI (7). One important
difference between the two studies was the inclusion of CTI in
the blood draw in this study, whereas it was added only before
assay initiation in the previous study. To test whether this could
account for the different results, we repeated our experiments
drawing blood into citrate alone but preincubating the plasma
with the same CTI concentration before initiation of the coag-
ulation cascade (Table 1, last two columns). When CTI was
added after plasma isolation, the FXI antibody generated sta-
tistically significant prolongation of the activation lag time in all
cases. In line with the previous studies, the maximal effect of
FXIa inhibition was observed with the mildest stimulus (recal-
cification alone). Moreover, the coagulation activation lag time
was significantly shorter when CTI was added only after plasma
isolation (Table 1, compare the two middle columns to the last

two columns), indicating that contact system activation during
blood draw or plasma preparation contributes significantly to the
activation of the coagulation cascade in citrated plasma.

Discussion
The aim of this study was to investigate the mechanism of FXI
activation in a plasma environment. Despite our sensitive de-
tection method (5 pM FXIa, corresponding to activation of
0.017% of plasma FXI), no FXI activation by the extrinsic
pathway or the common pathway was detected in plasma with or
without platelets. Furthermore, no contribution of FXI to the
activation of the coagulation cascade by the extrinsic pathway or
the common pathway was observed after elimination of the
contact system. These observations suggest that activation of the
extrinsic and/or the common pathway is insufficient to promote
FXI activation in plasma.

How can the results of this study be reconciled with the
previous reports, which used similar plasma assays and linked
FXI activation to the extrinsic and/or the common pathway? The
most important reason for the differences is the lack of complete
elimination of FXI activation through the contact system in the
previous studies. Most earlier studies used plasma samples
obtained from blood drawn into citrate in the absence of any
inactivator of the contact system (7, 8, 27). Although these
studies attempted to eliminate the contribution of the contact
system to FXI activation by adding CTI or a FXII antibody to the
isolated plasma, these additions did not eliminate the FXIa that

Fig. 3. The effect of FXI antibody 5061 on the activation of the coagulation
cascade in a plasma environment. (A) FXI antibody concentration response.
Normal plasma was stimulated by recalcification (open symbols) or by recal-
cification and TF (1/106, filled circles) in the presence of the indicated concen-
tration of FXI antibody 5061. Total IgG concentration (specific and nonspe-
cific) was adjusted to 50 �g/ml. Each concentration was tested in triplicates. (B)
The specificity of antibody 5061. Normal pooled plasma or FXI deficient
plasma were stimulated with Alexin (1/80) in the presence of 10 �g/ml anti-
body 5061 or mouse IgG. Each sample was tested in triplicates.
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was already formed via contact system activation during the
blood draw and plasma isolation (ref. 28 and Fig. 2 and Table 1).
Thus, these studies have mistakenly attributed the FXI depen-
dency of their assays to the added procoagulant rather than to
contact system activation during blood draw and plasma isola-
tion. The study by von dem Borne et al. (9) appears to be better
controlled for inadvertent activation of FXI by the contact
system because it used plasma drawn from a FXII-deficient
patient. An important caveat of this study, however, is the use of
FXII deficient plasma that was immunodepleted for endogenous
FXI and reconstituted with purified FXI. As reported in ref. 9,
the purified FXI contained traces of FXIa and these traces could
have been mistakenly taken for FXI activated by the extrinsic
pathway. Furthermore, the exogenously added FXI may have not
been appropriately bound by its numerous reported partners
(e.g., HK, prothrombin and platelets), thereby facilitating non
physiologically relevant activation. Finally, the inverse correla-
tion between the concentration of TF and the FXI dependency
in plasma clotting assays (refs. 7 and 9, and in this study when
CTI is absent from the blood draw tubes) further confirms that
contact activation rather than thrombin formed by the extrinsic
pathway is the real cause for the FXI dependency in these assays.

A number of studies using purified coagulation proteins have
reported activation of FXI by thrombin (29) with several orders
of magnitude enhancement by activated platelets (14–16). In this
study, however, we did not observe a platelet effect on FXI
activation using the FXIa–C1inh ELISA and the coagulation
cascade activation assay. Theoretically, FXIa generated on plate-
lets may have been sequestered from binding to C1inh and
therefore undetectable in our assay. The observation that clin-
ically relevant FXIa was found to associate with C1inh (30, 31)
and the rapid disassociation of FXIa from platelets (t1/2 off �5
min; ref. 32) relative to the duration of our experiments (1 h)
makes this possibility unlikely. Another potential cause for our
inability to replicate the platelet effects observed in the recon-
stituted systems may have been the difficulty to restore sufficient
concentration of free Zn�� ions to citrated plasma because of
the high affinity of citrate to Zn��. Although it was reported that
Zn�� ions are important for binding of FXI to platelets via HK,
Ca2�, which was restored to the citrated plasma in all assays
performed in this study, can substitute for Zn�� using prothrom-
bin as a cofactor for platelet binding (14, 15). In preliminary
experiments, we were unable to detect FXIa formation in whole
blood drawn into citrate-free tubes containing CTI and TF or
thrombin, thus suggesting that Zn�� depletion was not the cause
for the discrepancy between this study and the reconstituted
systems studies.

It is also possible that platelets did promote FXI activation in
our experiments, below the detection limit of 5 pM (Fig. 2B). If
this was the case, then the rate of FXI activation in plasma

environment is at least 7 orders of magnitude lower than the rate
reported for the reconstituted system, in the absence of plasma
(�5 pM/h with 50 nM thrombin vs. 25 nM/min with 1.25 nM
thrombin; ref. 14). The inability of platelets to promote detect-
able FXI activation in plasma is probably the result of interfer-
ence by plasma component(s). Accordingly, several plasma
components were shown to interfere with FXI activation by
thrombin (5, 13, 33). Thus, the observations, made in regard to
FXI activation in reconstituted systems, may not apply in a
plasma environment.

How is FXI activated in vivo during hemostasis? The results of
this study question the present hypothesis that FXI activation by
thrombin on activated platelets augments the coagulation cas-
cade during hemostasis. An alternative mechanism could involve
the contact activation system which was shown to mediate
efficient activation of FXI in plasma. This possibility has been
dismissed in the past because patients with FXII, HK or pre-
kallikrein deficiency do not bleed excessively. However, a num-
ber of recent observations argue that the contact activation
system is the main pathway for FXI activation in vivo. FXI and
FXII knockout mice have very similar phenotypes. They show
minimal or no excessive bleeding while displaying reduced
capacity for thrombus formation (19, 34, 35), thus suggesting
similar function for FXI and the contact system during hemo-
stasis and thrombosis. The mouse phenotype may be more
reliable than the human phenotype because it involves subjects
with much more uniform genetic backgrounds. The identity of
the surface that mediates contact system activation during
hemostasis or thrombosis is still unknown as the negatively
charged polymers that are used in in vitro assays are artificial.
The observation that RNA can activate the contact system and
contribute to thrombus formation in vivo provides a physiolog-
ically relevant template for contact system activation during
hemostasis (36).

The diversion between the phenotypes of FXI deficient indi-
viduals and individuals with deficiency in other components of
the contact system can also be explained by the numerous
thrombin-inhibiting and profibrinolytic activities of the contact
system and its products (1, 2). These activities are mediated by
plasma prekallikrein, FXII, HK, and its degradation products,
and are largely independent of FXI. Thus, the antihemostatic
effect of the lack of FXI activation in individuals deficient in
prekallikrein FXII, HK is compensated by the reduced throm-
bin-inhibitory and profibrinolytic activity of the contact system.
FXI-deficient individuals, on the other hand, maintain the
thrombin-inhibitory and profibrinolytic effects of the contact
system and are therefore more prone to excessive bleeding.

Yet another alternative is that the contact activation system
might activate FXI under conditions that promote pathological
thrombosis, whereas contact system-independent mechanism(s)

Table 1. The effect of FXI inhibition on the activation of the coagulation cascade in plasma

CTI added to blood draw tubes
CTI added to PPP after

plasma preparationPRP PPP

FXI antibody - � - � - �

Recalcification 65.1 � 4.5 71.0 � 12.5 90 � 0 90 � 0 15.5 � 2.3 25.5 � 5.6*
TF 10�6 37.1 � 6.8 34.4 � 4.2 81.8 � 14.2 86.6 � 5.8 14.5 � 2.6 20.6 � 3.9*
TF 2.5 � 10�6 24.9 � 1.9 25.3 � 1.4 66.9 � 15.4 68.8 � 19.7 13.2 � 2.2 17.9 � 3.3*
TF 1.25 � 10�5 13.4 � 0.5 15.1 � 1.8 19.5 � 4.2 19.3 � 3.9 10.1 � 1.5 12.2 � 1.9*
Thrombin 50 pM 24.1 � 6.7 23.2 � 5.3 58.6 � 4.8 68.0 � 3.9 10.8 � 0.2 13.9 � 0.5*
Thrombin 150 pM 22.3 � 3.7 21.0 � 4.0 37.8 � 4.0 41.9 � 1.7 8.6 � 0.7 10.8 � 0.9*

PRP or PPP from three healthy donors prepared from blood drawn into citrate or citrate � CTI was preincubated with 10 �g/ml of FXI
antibody 5061 or mouse IgG and CTI (when it was not included in the drawing tubes). After preincubation, plasma was stimulated with
the indicated procoagulant. The average time (in min) for the three donors is shown. Conditions where the P value of a paired t test for
reactions with or without the FXI antibody is � 0.05 are denoted with *.
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could activate FXI during functional hemostasis (37). In this
respect, it is important to note that none of the in vitro plasma
assays that were used to dissect the mechanism of FXI activation
in the present or past studies can replicate the contribution of the
endothelium, injured tissue or blood flow and resulting shear
stress to the activation of FXI. Each of them could further
promote a contact system-dependent or independent activation
of FXI.

Materials and Methods
Plasma Samples and Procoagulants. Citrated pooled normal plasma
and congenital FXI-deficient plasma were obtained from
George King Bio-medical (Overland Park, KS). Samples from
healthy donors were collected by venous puncture into buffered
sodium citrate containing tubes [3.2%, Becton Dickinson
(Franklin Lakes, NJ)]. In some cases the tubes contained CTI
(Haematologic Technologies, Essex Junction, VT), final con-
centration 100 �g/ml) to minimize the activation of the contact
system during blood draw. PRP and PPP were isolated after 10
min centrifugation at room temperature at 175 � g and 3,100 �
g, respectively. Procoagulants, thrombin, Innovin (TF, the con-
centration of tissue factor is expressed as dilution factor because
the concentration of tissue factor in the Innovin preparation is
not disclosed by the manufacturer) and Alexin (containing
purified rabbit brain cephalin and 0.1 mM ellagic acid) were
obtained from Haematologic Technologies, Dade Behring
(Deerfield, IL), and Sigma Diagnostics (St. Louis, MO),
respectively.

Detection of FXIa–C1inh Complex. Citrated PPP or PRP (90 �l)
were combined with 10 mM CaCl2, 25 �M ZnCl2, and the
procoagulant of choice in a final reaction volume of 100 �l. For
the generation of standard curves, FXIa was added and CaCl2
and ZnCl2 were omitted to avoid potential feedback activation
of FXI. The reactions were incubated at 37°C for 60 min and
were quenched by the addition of 900 �l of PBSTB (PBS, 0.05%
Tween 20, 0.1% BSA) containing 2 mM EDTA. After quench-
ing, clots were dissolved by brief sonication or by homogeniza-
tion using a Polytron (Brinkman, Westbury, NY). The samples
were spun down using an Eppendorf centrifuge (6 min, 16,000 �
g), and the supernatant was recovered. FXIa–C1inh complexes
in these samples were detected as follows: A Microlite 2 plate
(Thermo Labsystems, Waltham, MA) was coated with 100 �l of
10 �g/ml of mouse anti human FXI antibody 5061 (Haemato-
logic Technologies). After blocking with 5% BSA in PBS (200
�l), appropriately diluted plasma samples (100 �l) were added
and incubated for 2 h. After sample removal and wash, 100 �l of
PBSTB containing biotinylated affinity-purified chicken anti-

body, which we have generated against human C1inh (The
Binding Site, San Diego, CA), was added and incubated for
additional 1 h. The complex was detected by incubation with
streptavidin horseradish peroxidase (HRP) conjugate (Zymed,
Carlsbad, CA) in PBSTB, followed by an HRP chemilumines-
ence detection reagent (SuperSignal ELISA Pico, Pierce, Rock-
ford, IL). The concentrations of FXIa in samples were deter-
mined by using a linear regression of the log of FXIa
concentration versus the log of background-subtracted chemi-
luminesence counts on the corresponding standard curve. Typ-
ically, 10% plasma samples were used for FXIa concentrations
of up to 300 pM, whereas 0.2% plasma dilutions were used for
FXIa concentrations ranging from 300 pM to 10 nM.

Preparation of Washed Activated Platelets. Blood was drawn into
buffered citrate for PPP and into 85 mM trisodium citrate, 71 mM
citric acid, and 111 mM dextrose (pH 4.5) for PRP. The platelets
were isolated from PRP by centrifugation (20 min, 365 � g) and
resuspended in a similar volume of 137 mM NaCl, 2.7 mM KCl, 12
mM NaHCO3, 0.4 mM NaH2PO4, 1 mM MgCl2, 5 mM CaCl2 5 mM
Hepes (pH 7.4), 100 nM Roxifiban (a GpIIb/IIIa antagonist; ref.
38), and 25 �M of the protease activated receptor 1 agonist peptide
SFLLRN (Bachem, King of Prussia, PA). After incubation for 30
min at 37°C, the platelets were pelleted and resuspended in a similar
volume of PPP to generate PRP reconstituted with activated
platelets. The combination of SFLLRN and Roxifiban allows
platelet activation without aggregation (it should be noted that
GPIIb/IIIa antagonists do not prevent platelet activation and
secretion by PAR1 agonist peptides even though outside-in signal-
ing via GPIIb/IIIa is abolished).

Activation of the Coagulation Cascade in Plasma. Plasma (100 �l per
well, 50% final concentration) was preincubated for 30 min at
room temperature with the indicated concentration of FXI
antibody 5061 or mouse IgG control (Sigma) and, when indi-
cated, with CTI (100 �g/ml). The reactions were initiated by the
addition of the plasma-antibody mixture to a 96-well clear
polypropylene plate (Corning, Lowell, MA) containing 200 �M
S-2366 (Diapharma, West Chester, OH), 10 mM CaCl2, 25 �M
ZnCl2 and the indicated procoagulant in FXIa assay buffer. The
reactions (200 �l total volume) were carried out at 37°C and
OD405 was monitored for up to 90 min using a Spectramax Plus
plate reader (Molecular Devices, Sunnyvale, CA). The efficiency
of activation of the coagulation cascade is expressed as the time
to reach an OD405 change of 1.0. This value was chosen to ensure
a robust signal within the dynamic range of the spectrophotom-
eter. Using OD values of 0.2 or 0.5 did not have a significant
effect on the results.
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