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A renaissance for the contact system in blood coagulation?
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Anumber of recent studies call for a reevaluation in our per-
ception of the role of the contact activation system in
blood coagulation. The antithrombotic phenotype of fac-

tor (F) XII-knockout mice and the identification of RNA and
polyphosphates as physiological surfaces for contact activation
provide new evidence that the contact system contributes to
blood coagulation in vivo. The demonstration that feedback acti-
vation does not occur in plasma environment or the platelet sur-
face, in vitro, leaves the contact system as the only known acti-
vator of FXI, currently. The complex prothrombotic, antithrom-
botic and profibrinolytic activities of the contact system may
provide an explanation for the lack of bleeding in FXII, prekal-
likrein and high-molecular-weight kininogen (HK)-deficient in-
dividuals even in the absence of FXI feedback activation.

The contact activation system
It has long been recognized that the exposure of blood to artifi-
cial surfaces such as glass leads to rapid activation of the coagu-
lation cascade and clot formation. The plasma proteins respon-
sible for this phenomenon were termed the contact activation
system (or the contact system, Fig. 1). Contact activation is initi-
ated by the auto activation of FXII on a negatively charged sur-
face.Activated FXII (FXIIa) activates plasma prekallikrein (PK)
to plasma kallikrein, forming a positive feedback mechanism as
plasma kallikrein activates additional FXII. Concurrently, FXIIa
proteolytically activates FXI. Activated FXI (FXIa) is an effi-
cient activator of FIX which in turn activates the common path-
way of blood coagulation with resultant clot formation. In addi-
tion to the two serine proteases, FXIIa and plasma kallikrein, an
additional auxiliary protein, HK, is essential for efficient acti-
vation of the contact system. FXI and PK circulate in binary
complexes with HK. HK is not only required for their activation

but also serves as a substrate for plasma kallikrein (see [1–3] for
recent detailed reviews of the contact activation system).

Is the contact activation system physiologically
relevant for blood coagulation?

In spite of the robust effects of the contact activation system on
blood coagulation in vitro, the relevance of this pathway to blood
coagulation in vivo has been questioned. Individuals with defi-
ciencies in the contact activation proteins, FXII, PK and HK, do
not appear to suffer excessive bleeding (reviewed in [1, 4]). Fur-
thermore, negatively charged artificial surfaces that efficiently
activate the contact system in vitro, such as glass and dextran
sulfate, may not have physiologically relevant counterparts. In-
deed, an alternative mechanism for contact activation on the sur-
face of endothelial cells was identified. Binding of HK/PK com-
plex to the surface of endothelial cells via gC1qR, urokinase
plasminogen activator receptor or cytokeratin 1 leads to PK acti-
vation by endothelial cells-associated prolylcarboxypeptidase
(reviewed in [3]). The plasma kallikrein formed by this pathway
catalyzes the hydrolysis of HK in a number of sites forming bra-
dykinin (BK) as well as other cleavage products. FXII, although
not required for initiation, may still participate in this or any
other alternative pathway as FXII-knockout mice show reduced
BK levels even in the absence of externally added contact acti-
vator (5).

Most noteworthy among HK proteolysis products is the pep-
tide, BK, which mediates vasodilation by binding to its recep-
tors. Plasma kallikrein also affects vasodilation through the
renin-angiotensin system by activating prorenin to renin. Other
intersection points between the renin-angiotensin system and the
contact activation system have also been described (3). The role
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of the contact activation system in several pathological con-
ditions appears to support vasodilation rather than coagulation as
the main physiological function of this system. For example, in-
dividuals with deficiency in C1 inhibitor, the major inactivator of
the proteases of the contact activation system, suffer from an-
gioedema but do not display any coagulopathy (1, 2). In sepsis,
the contact system is known to be activated, and there is evidence
that the contact system contributes to the haemodynamic pathol-
ogy. However, the contact system is not required for the develop-
ment of disseminated intravascular coagulation during sepsis (3).

Evidence for an independent function of FXI
Unlike deficiency in components of the contact activation sys-
tem, FXI deficiency causes a mild bleeding disorder termed hae-
mophilia C. This bleeding tendency is more pronounced in or-
gans with strong fibrinolytic activity (for reviews see [6, 7]). The
apparent difference in the clinical manifestation of FXI deficien-
cy, compared to components of the contact activation system,
initiated a search for alternative activators of FXI. Indeed, FXI
was shown to be activated by thrombin, with the activation being
strongly augmented by negatively charged polymers (8, 9). Other
studies, however, argued against the physiological relevance of
this mechanism, as FXI activation by thrombin was not observed
in platelet-poor plasma (PPP) (10) and was inhibited by HK and
fibrinogen (8, 11).

Several later studies tipped the scale again in favor of throm-
bin-mediated activation as the physiologically relevant mechan-
ism of FXI activation. A number of groups demonstrated that
FXI contributes to clot formation and inhibits fibrinolysis in PPP

clotting assays stimulated by low concentrations of thrombin or
tissue factor (12–16). FXI-deficient plasma had longer clotting
times in these assays. A number of publications, primarily by the
Walsh lab, demonstrated that the activation of FXI by thrombin
is dramatically stimulated by activated platelets (17–19). These
findings, in addition to revealing a physiological template for
FXI activation, provided an apparent explanation for the lack of
FXI activation by thrombin in PPP (10). Interestingly though, the
FXI dependence described in PPP clotting assays above did not
require the presence of platelets. The process of FXI activation
by thrombin was termed feedback activation (16) and was pro-
posed to serve as a positive feedback mechanism to augment the
coagulation cascade and inhibit fibrinolysis.

Recent evidence that the contact system has
physiological functions in blood coagulation

While the belief that FXI function in blood coagulation is mainly
mediated by feedback activation is the currently held view in the
field, several recent studies are beginning to paint a different pic-
ture. A detailed analysis of FXII-knockout mice revealed that
these mice, like the FXI-knockout mice, are protected from
thrombosis in several different models without excessive bleed-
ing (20–22). Furthermore, FXII knockout was found to confer
protection against ischemic brain injury with the FXI-knockout
mice displaying a similar phenotype (23). Results with FXI/
FXII-double knockout mice have not been published yet and will
be critical to determine whether FXII indeed functions via FXI
activation in these models. In an attempt to explain the discrep-
ancy between these findings and the divergent phenotypes of
FXI- and FXII-deficient humans with respect to bleeding, it was
suggested that contact activation can contribute to pathological
thrombosis, whereas feedback activation only promotes haemos-
tasis (24). A mechanism that could account for this distinction
was not offered.

The physiological relevance of feedback activation was
further questioned by our group (25). Using a sensitive ELISA
assay we found no detectable FXI activation in PPP or PRP (pla-
telet-rich plasma) even when high thrombin and tissue factor
(TF) concentrations were added. Moreover, we used a functional
plasma coagulation cascade activation assay to demonstrate that
the FXI-dependence observed after stimulation with thrombin
and TF is the result of contact system activation during blood
draw and plasma isolation. The FXI-dependence of these plasma
coagulation assays was eliminated when corn trypsin inhibitor, a
specific FXIIa inhibitor, was included in the blood collection
tubes. Indeed, the papers that reported the discovery of platelet-
mediated feedback activation of FXI were retracted recently, as
the stimulation of FXI activation by thrombin on the platelet sur-
face could not be reproduced (26, 27).

Another step in the renaissance of the contact activation sys-
tem as a physiologically significant contributor to blood coagu-
lation was completed by the identification of RNA and poly-
phosphates as activators of the contact system (28, 29). Poly-
phosphates are abundant components of platelet dense granules
and are released during platelet activation (30). The activation of
blood coagulation by polyphosphates, in vitro, was shown to be

Figure 1: A schematic diagram of the activation of the contact
system and its intersection with blood coagulation and vasodi-
lation. gC1qR, globular C1q receptor; uPAR, urokinase plasminogen ac-
tivator receptor; CK1, cytokreatin 1; PRCP, prolylcarboxypeptidase; BK,
bradykinin; HK, high-molecular-weight kininogen; PK, prekallikrein; FIX,
factor IX; FIXa, activated factor IX; FXI, factor XI; FXIa, activated factor
XI; FXII, factor XII; FXIIa, activated factor XII.
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FXII-dependent (29). The work of Kannemeier et al. (28) pres-
ents a strong case for RNA as a physiologically important acti-
vator of the contact system. In addition to demonstrating the pro-
coagulant activity of RNA during in-vitro clotting assays, Kan-
nemeier et al. showed induction of contact activation and throm-
bosis in vivo by exogenously added RNA. Furthermore, the au-
thors demonstrated that RNase treatment is antithrombotic even
in the absence of exogenously added RNA.This finding suggests
that RNA, released by necrotic cells, apoptotic cells and/or pla-
telets, contributes to thrombus formation in vivo.

Why do FXI-deficient individuals bleed, while
deficiency in other components of the contact
system does not cause bleeding?

The FXI feedback activation theory presented a simple expla-
nation for the lack of bleeding in individuals deficient in FXII,
PK and HK. In this section, we will provide alternative expla-
nations for the difference between individuals deficient for one
of the contact system proteins and FXI-deficient individuals. In
mice, unlike humans, the phenotypes of FXI- and FXII-deficient
animals are quite similar. Both FXI- and FXII-knockout mice are
protected from thrombosis but display minimal effects on tail
bleeding times (20–22). This phenotype is much more consistent
than the human phenotype with the contact system being the
main activator of FXI during blood coagulation. Currently avail-
able experimental data certainly do not exclude species differ-
ences in the coagulation cascade. However such differences
might be very subtle as human FXII was shown to complement
mouse FXII in knockout mice (21, 23). Moreover, cows with
congenital FXI deficiency do show an increased tendency for

bleeding like humans (31). Nevertheless, one might argue that
knockout mice are a “cleaner” system for evaluating the role of
the contact system in blood coagulation. They offer complete
elimination of the gene in question and a much more uniform
genetic background than humans. Moreover, it is possible that
the small number and ethnical bias of individuals with FXII, PK
and HK deficiencies might have precluded the identification of a
mild bleeding disorder.

Alternatively, the apparent phenotypic difference between
FXI-deficient individuals and individuals lacking components
of the contact system may be real. In this case, it is important to
take into consideration additional functions of the contact acti-
vation system. HK hydrolysis products were shown to mediate
several profibrinolytic and thrombin inhibiting effects (1–3). BK
stimulates tissue plasminogen activator release from endothelial
cells (32), while its stable degradation product BK1–5 inhibits
thrombin-induced platelet activation (33). Plasma kallikrein and
FXIa can also contribute to fibrinolysis by direct activation of
plasmin. However, direct plasmin activation by plasma kallikre-
in and FXIa is weak and can only be demonstrated following in-
activation of the plasma serine protease inhibitors by acidifi-
cation (2). Thus, in individuals deficient in components of the
contact activation system, namely FXII, PK and HK, the anti-
coagulation effect of the loss of contact activation of FXI may be
compensated by the elimination of the profibrinolytic and the
antithrombotic activities of the contact system. In FXI deficient
individuals, on the other hand, the procoagulant component of
the contact activation system is eliminated but the profibrino-
lytic and antithrombin effects, which occur upstream and inde-
pendently of FXI, are maintained with a net result of a bleeding
disorder which is mostly manifested in organs with high fibrino-
lytic activity.
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