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Essentials

Abstract

Factor XII (FXII) becomes a serine protease when blood is exposed to artificial medi-
cal surfaces or when pathologic surfaces arise in disease states leading to its autoac-
tivation. Initiation of the blood coagulation cascade was the first recognized activity
of FXIlla. Blocking FXlla activity formed on artificial medical surfaces should reduce
induced blood coagulation leading to thrombosis. In contrast to FXIlI enzymatic ac-
tivities, less is known about zymogen FXIl functions. Studies show that zymogen
FXII has biologic activity in various cells in vivo. In endothelium, FXII stimulates cell
growth and proliferation and, in vivo, neoangiogenesis after injury. In fibroblasts,
transforming growth factor-p increases FXII expression, which in turn stimulates fi-
broblast proliferation, contributing to tissue fibrosis. In neutrophils, FXII stimulates
Akt2 to initiate neutrophil adhesion, migration, and chemotaxis, priming events lead-
ing to NETosis. Factor FXII deficiency leads to decreased neutrophil recruitment and
improved wound healing. In dendritic cells, FXII contributes to neuroinflammation,
and its deficiency or pharmacologic inhibition renders mice less susceptible to auto-
immune encephalomyelitis. These combined studies indicate that FXII also contrib-
utes to multiple components of the inflammatory response. In sum, targeting FXIl's
biologic activities may provide novel approaches to reduce thrombosis and the in-
flammatory response in various disease states.
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e Factor XlI (FXII), a zymogen, when activated is a serine protease that initiates blood coagulation.

e FXIl contact activation on nonphysiologic surfaces is a defense mechanism to foreign bodies.

e Zymogen FXII simulates endothelial cell proliferation, neoangiogenesis, and wound repair.

e Zymogen FXII stimulates neutrophil adhesion, migration, chemotaxis, and NETosis.
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1 | INTRODUCTION

Factor XII (FXII) is an 80-kDa glycoprotein with a plasma concentra-
tion of ~40 pg/mL (~500 nmol/L).%? Plasma FXII is mainly synthe-
sized in the liver, but recently a leukocyte form of the protein has
been recognized with unique functional activities.® FXII deficiency,
called Hageman trait, was first recognized by Oscar Ratnoff as a de-
fect that led to the prolongation of surface-activated blood coagula-
tion tests, for example, partial thromboplastin time (PTT).* Ratnoff
performed the PTT assay as part of his routine presurgical evalua-
tion. The PTT was previously invented by Kenneth Brinkhous as an
assay to recognize hemophilia, unlike the prothrombin time that was
always normal with hemophilia plasma.>® Earl Davie was the first
to purify Hageman factor and named it factor Xll, according to the
developing convention.” He and Ratnoff first showed that Hageman
factor (FXII) activated plasma thromboplastin antecedent (factor Xl
[FXI) and later that FXla activated factor IX (FIX).2? These observa-
tions were the basis for their formulation of the coagulation cascade
hypothesis, simultaneously with R.G. MacFarland, and the contact
activation hypothesis for the initiation of blood coagulation.®?

The contact activation hypothesis for the initiation of blood
coagulation fell from favor within a decade after its proposal for 2
reasons: (1) deficiencies of FXII, prekallikrein (PK), and high-molecu-
lar-weight kininogen (HK) (the latter 2 proteins were described in the
next decade and are cofactors for FXIl activation) are not associated
with bleeding?!?*%; and (2) no convincing physiologic surface was
identified as a contact activator. Further, the appreciation of tissue
factor and factor VII (FVII) as a physiologic activator of factor X (FX)
provided a strong alternative hypothesis for initiation of blood coag-
ulation activation.}4"1¢ Additionally, the recognition that FXI is acti-
vated by thrombin further provided an alternative pathway for FXla
formation, independent of FX|1.1718

However, FXll-initiated pathways have found new interest for
several reasons. First, FXII, PK, and HK deficiencies in murine mod-
els, for the most part, have been shown to reduce thrombosis risk
without abnormal bleeding.19’21 Second, biologic substances such as
DNA, RNA, denatured proteins (eg, p-amyloid), exposed vessel wall
collagen, polyphosphate, and neutrophil extracellular traps (NETs)
recently have all been shown to serve as platforms for FXII autoacti-
vation in plasma.??2% This information is beginning to be translated
to understanding disease pathogenesis. For example, in Alzheimer
disease, increased pathologic 3-amyloid is associated with evidence
of plasma contact activation and the degree of cleaved HK (cHK)
correlates with decreased cognitive activity in patients.??% Thus, a
new era for FXII and related proteins has emerged.

This review will discuss 2 roles of FXlla/FXII. First, in vivo FXII
contact activation as it occurs in response to injuries (eg, exposure
to mechanical devices, bacterial infection, B-amyloid protein, cancer)
that arise in nonphysiologic circumstances. This area, which is classic
contact activation, requires the formation of activated FXII (FXlla)
on some kind of surface in medical treatment- or disease-induced
pathologic states. This area is that which is commonly understood

about FXII/FXlla and where most of past and current investigation

lies. Second, FXII zymogen also has been recognized to have bio-
logic roles in endothelial cell, fibroblast, neutrophil, and dendritic
cell functions. This latter field is based on the emerging recognition
of the influence of FXII on cell biology and is the main focus of this

review.

2 | FXIIA - ASURFACE-ACTIVATED
DEFENSE MECHANISM INITIATED BY
PATHOPHYSIOLOGIC CONTACT
ACTIVATION

Robert Colman first called FXII and contact activation a surface-acti-
vated defense mechanism to describe contact activation that occurs
with foreign pathogens (bacteria, virus, yeast, parasites) or artificial
surfaces (glass, medical apparatus). This review will not go into detail
on this content area of FXII because contact activation of FXIl has been
covered in many reviews by us and others over the past 20 yea\rs.”’33
FXII has the unique property to autoactivate from a zymogen into an
active enzyme. The molecular basis of FXII autoactivation is still un-
known. The process of autoactivation of FXIl is slow (90-120 minutes)
when the zymogen alone is incubated with a negatively charged sur-
face (Figure 1). Autoactivation is greatly accelerated when FXll is incu-
bated with HK and PK or in plasma. FXlla is a serine protease that has a
number of substrates that include PK, FXI, plasminogen, complement
component 1r (C1r), C1s, and HK. FXlla activation of PK to plasma kal-
likrein (PKa) creates a state where there is reciprocal FXII activation by
PKa and formed FXlla activates more PK, thus amplifying the activity
of the system (Figure 1). HK stabilizes PK for optimal activation by
FXlla. Autoactivation, reciprocal activation, and amplification are the
essence of the contact activation system (CAS).3*3% FXlla activation of
FXI initiates the contact activation of blood coagulation,®’ and FXIla
activation of plasminogen and Clr and C1s initiates fibrinolysis and
classic complement activation, respectively (Figure 1).36-38

The formation of PKa by FXlla activation or any other means
initiates what has been called the kallikrein/kinin system (Figure 1).
PKa cleaves HK to liberate bradykinin and results in the formation
of kininogen fragments (ie, cHK). Bradykinin influences vascular bi-
ology by binding to its G protein-coupled receptors, the bradykinin
B2 and B1 receptors (Figure 1). The archetype PKa/kinin system ac-
tivation disorder is acute attacks of hereditary angioedema (HAE).*?
HAE syndromes appear to be a group of disorders due to either a
deficiency or defect in C1 inhibitor (most commonly recognized
[types | and II]) or to a gain of function in FXlla (Type IlIl), plasmin,
or angiopoietin 1.*%*! In type | HAE that consists of C1 inhibitor
deficiency, both PK and HK are consumed, but FXII levels are not
altered.®’ To date, all these different mechanisms with the exception
of the gain-in-function angiopoietin | mechanism, result in increased
local bradykinin delivery to tissues. Blockade of the bradykinin B2
receptor alleviates symptoms in many patients.*? Importantly, inhi-
bition of active enzymes of the CAS by C1 inhibitor replacement or
inhibition of PKa by a monoclonal antibody or nonpeptide mimetic

also ameliorates and prevents type | and Il HAE in the majority of
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FIGURE 1 The plasma contact activation and kallikrein/kinin systems. In contact activation, (1) factor Xll autoactivates on a surface
(artificial or biologic) to form molecules of factor Xlla. Factor Xlla has 5 substrates. (2) It activates PK into plasma kallikrein (PKa). (3) PKa
amplifies factor XlI activation into factor Xlla. (4) A cycle of reciprocal activation of factor Xlla (FXlla) on PK and PKa on factor Xll is initiated.
Factor Xlla also initiates blood coagulation by activating factor Xl to factor Xla, contributes to fibrinolysis by activating plasminogen to
plasmin, and interacts with the classical complement system by activating C1r and C1s to their active forms. Not shown on the figure,

factor Xlla can cleave HK to form cHK and liberate BK. Formed plasma kallikrein also cleaves HK to liberate bradykinin and cHK. Formed
bradykinin binds to its 2 G protein-coupled receptors, B2R and B1R to influence vascular homeostasis in health and disease. B2R and B1R,
bradykinin B2 and B1 receptors, respectively; HK, intact high-molecular-weight kininogen; HKc, cleaved high-molecular-weight kininogen;

PK, prekallikrein; PKa, plasma kallikrein; polyP, polyphosphate

patients.*>=*> Major questions in understanding the pathogenesis of
acute attacks of HAE remain and include the relative roles of FXlla
versus PKa for bradykinin generation and the inciting etiologies for
the initiation of acute attacks of the disorder.

Contact activation also is a major participant in gram-negative sep-
sis and sepsis from any cause. In Escherichia coli infections in baboons,
FXII activation was associated with the hypotension seen in that disor-
der.*® In this primate animal model, contact activation mainly provoked
changes in vascular homeostasis due to bradykinin liberation and not
blood coagulation activation through activation of FXI. In disorders
such as prostate cancer and Alzheimer disease, there is evidence for a
constitutively higher state of contact activation as a result of increased
circulating cancer cell exosomes and denatured protein, respectively, in
mouse models and human plasma samples.?”#’ The largest single treat-
ment-related contact activation is the exposure of patients to medical
devices such as cardiopulmonary bypass, renal hemodialysis, extracor-
poreal membrane oxygenation (ECMO), left ventricular assist devices,
and indwelling intravenous catheters. In the developed world, several
million patients are exposed to these devices annually. Thrombosis in
these devices is a major problem, and the present universal means to
prevent device thrombosis is the use of unfractionated heparin from
natural sources. In a series of investigations, the Colman and Edmund
laboratories show that contact activation occurs in a simulated bypass
model and that a variety of PKa inhibitors block it as well as platelet and
neutrophil activation.*®->! A recent proof-of-concept study shows that

a phage display Fab of an antibody to the catalytic region on FXlla (3F7)
reduced contact activation and fibrin deposition on infant membrane
oxygenators used in simulated ECMO in rabbits.>? These data suggest
that inhibition of contact activation alone may be sufficient to block de-
vice surface-induced blood coagulation without increasing bleeding risk
and exposing patients to the deleterious effects of heparin. To date, the
only agent in clinical use that is effective to prevent device and cathe-
ter thrombosis is unfractionated heparin.>® However, in experimental
investigations, heparin along with several FXlla inhibitors, corn tryp-
sin inhibitor, and antisense oligonucleotides to FXlla were effective at
preventing catheter thrombosis.>®** The approach to introduce FXlla
inhibitors as an alternative means to prevent complications of medical
devices will be a slow, graduated process in the clinic, as no surgical
team with long experience using heparin will immediately eliminate it
for a newer agent whose mechanism(s) of action is not fully appreciated.
Investigations first will have to show that with contact activation inhibi-

tors, lesser doses of heparin are sufficient to prevent device thrombosis.

3 | FXIl ZYMOGEN - A PHYSIOLOGIC
EFFECTOR OF CELL GROWTH,
PROLIFERATION, AND ANGIOGENESIS

Although the enzymatic and coagulant activities of FXlla have

been known for a long time, the influence of zymogen FXII itself on
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endothelial cell and neutrophil function were only recently appreci-
ated. The thought that FXII has activities in addition to its proteolytic
functions was suggested by the recognition of various consensus se-
quences in the heavy chain of the protein once it was cloned.”>>¢
The heavy chain of FXIl from the N-terminus was noted to have a
collagen type Il fibronectin binding domain, an epidermal growth
factor domain, a second fibronectin type | finger, and a second epi-
dermal growth factor domain. Remarkably, in 1993 when hepato-
cyte growth factor activator (HGFA) was cloned, it was recognized
to have a close sequence (39%) and structural homology to FXI1.%’
Hepatocyte growth factor is a zymogen that is activated to a serine
protease by thrombin, FXlla, and PKa. It circulates in plasma and has
arole in tissue repair and angiogenesis.’® Further, both of these pro-
teins also are structurally homologous to single-chain urokinase and
tissue-type plasminogen activator (t-PA).>? Additionally, both HGFA
and FXlla activate hepatocyte growth factor.*®>?

The first functional data that predict FXII's influence on cell biology
was the observation by Chien et al®® that FXIla regulates the expres-
sion of monocyte Fc gamma R1 receptors. The authors assumed that
this effect was a result of the enzymatic activity of the protein. To their
surprise, zymogen FXII also upregulated the receptor's expression.60
Independent studies also indicated that FXIl and FXlla stimulated mito-

genesis through mitogen-activated protein kinase in HepG2 cells.®*:62

4 | INFLUENCE OF FXIl ON VASCULAR
BIOLOGY

Unlike other contact system proteins, FXIl is not expressed in cul-
tured human umbilical vein and microvascular endothelial cells.
However, labeled FXII specifically binds to cultured endothe-
lial cells (ECs) when grown in monolayers on microtiter plates or
when in suspension in the presence of 27 to 10 pmol/L free Zn?*%3
Activated platelets release sufficient Zn?* to support FXII binding
to EC.%° Zymogen FXII has a colocalized, multiprotein binding site
on cultured ECs that consists of at least urokinase plasminogen
activator receptor (UPAR, CD87), gC1qR, and cytokeratin 1.5%*
These proteins also are the same putative receptors for HK on
EC.3363.64 YK, along with FXII, soluble uPAR, cytokeratin 1, pep-
tide Y3?HKCTHKGR?* (YHK9) from the collagen type Il fibronectin
domain on FXIl or, to a lesser extent, vitronectin block labeled FXII
binding to ECs.%%

ECs bind FXIl in the presence of Zn?* to stimulate pERK1/2
and pAktS*’3. These events are blocked by the mitogen-activated
protein/ERK kinase 1 inhibitor PD98059, the PI3 kinase inhibitor
LY294002, antibody 3B10 to uPAR's domain 2, and peptide YHK9
from FXI11.%° Peptide FXII signaling in ECs is much faster than bound
FXII autoactivation. It occurs within 7 minutes vs autoactivation
that takes 60 to 120 minutes. Zymogen FXIl and Zn?* are sufficient
for pERK1/2 or pAkt $*’3 formation. FXIl-induced pAktS*’3 in ECs
is downstream from pERK1/2 because in cells with a subunit defi-
ciency in mTOR, pAktS*”2is blocked but pERK1/2 is not.®® In peptide

mapping studies, 2 overlapping 20 amino acid peptides from domain

2 of uPAR, L*°RG20 and PY°GS20, inhibit FXII binding to EC.%
Using other peptides as inhibitors, FXII also interacts with uPAR do-
mains 1 and 3 as well.° Peptides to the integrin binding site on uPAR
domain 2 (NLD9) and uPAR binding site on p-propeller subunit of the
B1 integrin (IQE13) also block FXII signaling.®>~%” Additionally, anti-
bodies to B1 integrin (6S6), an epidermal growth factor antagonist
AG1478, and a siRNA to vascular endothelial growth factor (VEGF)
R2 (KDR) also interfere with this signaling pathway®® (Figure 2).

The sum of these investigations shows that FXIl has a sophisticated
signaling system. FXII binding to uPAR signals through p1 integrins
and the epidermal growth factor receptor (EGFR) to influence ERK1/2
and Akt phosphorylation. VEGFR2 further modifies this pathway but
does not completely regulate FXII-induced signaling (Figure 2). Our
studies also show that this pathway is mediated through p1 integrins,

but other integrins may be operative as well.

EGFR

VEGFR2

7AG1478,PP3

—LY294002

PD98059
~

Cell proliferation

Angiogenesis

FIGURE 2 Factor Xll signaling pathways leading to
angiogenesis. Factor Xl (FXII) binds to uPAR domain 2 (D2) to

set up a signaling cascade resulting in endothelial cell growth,
proliferation, and angiogenesis. High-molecular-weight kininogen
blocks this pathway by blocking FXII binding to uPAR. uPAR
interacts with p1 integrins and this pathway is blocked by mab

6S6. Through mechanisms not completely known, the integrin
interacts with endothelial cell growth factor receptor (EGFR). EGFR
kinase inhibitors AG1478 and PP3 block this pathway. VEGFR2
also blocks FXII signaling in part, in this pathway. This pathway
leads to pERK1/2 and pAktS*”® expression. The MEK inhibitor
PD98059 and the PI3 kinase inhibitor LY294002 block these
phosphoproteins, respectively. Finally, unimpeded this signaling
pathway leads to cell proliferation and angiogenesis. Any of the
inhibitors enumerated above will block this process. FXII, factor XlI;
UuPAR, urokinase plasminogen activator receptor
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FIGURE 3 Factor Xll signaling pathways in neutrophil activation. The neutrophil FXII-uPAR interaction leads to phosphorylation of
pAkt2 at $¥74, the major Akt isoform in these cells. pAkt2 phosphorylation has 3 specific effects in neutrophils. First, it promotes the
surface expression of aMp2 integrin that is essential for adhesion, migration and chemotaxis, basic neutrophil functions. Second, it increases
intracellular calcium allowing for neutrophil cell-directed movement. Third, it stimulates citrullination of histone H3 and NETosis. These
combined events contribute to neutrophil priming, persistent inflammation at sites of injury, and facilitate further plasma FXlla generation
and blood coagulation. FXII, factor XII; uPAR, urokinase plasminogen activator receptor

The consequence of FXII signaling is stimulation of EC growth
and proliferation in vitro. EC growth and proliferation are blocked
by the same inhibitors to signaling, PD98059, LY294002, LRG20,
and 6Sé6 and analog peptides from HK that compete FXII binding
to uPAR.% This pathway on EC influences neoangiogenesis in vivo.
FXII or VEGF stimulates vessel rings to sprout in vitro.®® In matri-
gel plugs applied to the flank of mice, FXII stimulates new vessel
growth in wild-type (WT) but not in uPAR deleted (plaur™”") mice.%’
Finally, 127" mice have fewer skin vessels constitutively and after
9 days of repair following a skin punch biopsy injury.®® These com-
bined data indicate that FXII has a previously unappreciated role
in vessel growth and repair angiogenesis mediated through uPAR
or CD87.

5 | INFLUENCE OF FXIl ON VASCULAR
SMOOTH MUSCLE CELLS AND FIBROBLASTS

FXIl also stimulates pERK1/2 in cultured vascular smooth muscle
cells.®® In human lung fibroblasts, TGF-B1 induces p-JNK and trans-
location of SMAD-3 to the nucleus to upregulate FXII expression.®’
FXII upregulation is associated with increased pERK1/2, pAkt, and
p38 since a JNK inhibitor and JNK and SMAD-3 antisense oligo-
nucleotides did not block them.®? In adult respiratory distress syn-
drome (ARDS), FXII levels are increased and colocalize with lung
fibroblasts.®” In bronchoalveolar lavage fluid from ARDS patients
and controls, FXII levels are elevated, and the higher levels correlate
with survival outcomes.”® High FXII levels are associated with higher
interleukin (IL)-8, IL-1B, IL-6, leukemia inhibitory factor, CXCL5, and
tumor necrosis factor-a levels in human precision cut lung slices
(PCLSs).”® FXIl also stimulates pERK1/2 and pAkt in PCLSs.”

6 | INFLUENCE OF FXII ON
NEUTROPHIL FUNCTION

John Rebuck recognized that in skin windows placed on an FXII-de-
ficient patient, there was less neutrophil migration.71 The Colman
laboratory recognized that FXlla, but not FXII, has the ability to
aggregate washed human neutrophils and cause degranulation.”?
This function, however, requires an intact heavy chain of FXII be-
cause pBFXIla, that is, the form of FXlla without its heavy chain, does
not have the ability to activate neutrophils.”? We examined sterile
wound punch biopsy specimens and observed that on days 2 and 5,
127" mice have less neutrophil migration into the healing wounds.®
Similarly, after thioglycolate-induced sterile peritonitis, 127" mice
have reduced peritoneal exudative cells than normal mice.® Human
and mouse neutrophils express FXII, which becomes secreted fol-
lowing cell activation.®

Isolated FXII in the presence of 10 pmol/L Zn?* binds uPAR on
surface plasmon resonance with a KD of 37 + 29 nmol/L. The major
regulator of FXII's interaction with neutrophils, like ECs, is the am-
bient local zinc ion concentration. Constitutively in the intravascular
compartment, there is insufficient free Zn?* to support FXII binding.
Only when the local free Zn?* concentration becomes 7 to 10 pmol/L,
as in the case when there is adjacent platelet activation, can binding
occur.®® On WT and f127° neutrophils, zymogen FXIl in the presence
of 10 pmol/L Zn%'stimulates pAktS*’® and pAktS** (pAkt2), and
these reactions are blocked by wortmanin; LY294002; an Akt2 inhibi-
tor (Akti XII); and an intracellular Zn?* sequestering agent, TPEN.2FXII
Locarno and a double FXII mutant with R353P and S544A mutations

equally stimulated neutrophil pAktS474

, indicating that all FXII activity
on cells does not require its catalytic activity and is a zymogen FXII

function. FXII stimulation of neutrophils initiates 3 major events via
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Akt2: ay,B, expression, calcium mobilization, and histone H3 citrulli-
nation, NET formation over time® (Figure 3). Murine f12'/’ neutrophils
adhere less to fibrinogen and have less F-Met-Leu-Phe-induced mi-
gration. FXII itself stimulates migration and chemotaxis and murine
1277~ neutrophils. In fact, FXII is a more potent chemotaxin than F-
Met-Leu-Phe with normal and 127~ neutrophils. With plaur”™ neu-
trophils, FXII does not stimulate chemotaxis.®

These FXII activities translate into in vivo functions. Sterile
punch biopsy wounds on 127" mice heal faster than those of WT
mice.® The accelerated wound healing observed correlates with
significantly less neutrophil elastase and NETs in the wound mi-
lieu.® When wild-type bone marrow is transplanted into 127~ mice,
the degree of peritoneal exudative cells after thioglycolate-induced
inflammation increases to that observed when WT bone marrow
is transplanted to WT mice. Likewise, when f12'/’ bone marrow is
transplanted into normal mice, there are fewer peritoneal exudative
cells after thioglycolate-induced inflammation like 127" bone mar-
row transplanted in f127" mice.® Similar events occur with wound
healing after sterile punch biopsies. Bone marrow from 127~ mice
into normal or f127~ murine hosts results in faster wound healing
than WT bone marrow transplanted into WT or f12’/_ mice hosts.

These observations have led to the hypothesis that FXIl has
a complex relationship with neutrophils. Either plasma FXIl or re-
leased neutrophil FXII has the ability to bind to uPAR on the neu-
trophil surface to promote neutrophil adhesion, migration, and
chemotanxis (Figure 3). FXII also stimulates neutrophil extrusion of
NETs that contribute to inflammation and thrombosis in the milieu
where these events are taking place.

Recent investigations on dendritic cells also indicate that FXII
has a role in neuroinflammation.”® Patients with multiple sclero-
sis (MS) have been observed to have high levels of circulating FXII
during relapse. When a murine model of experimental autoimmune
encephalomyelitis, a model of MS, is induced in f12_/’ mice, there is
less inflammation, suggesting that FXII mediates the process. These
findings are consistent with our neutrophil studies, as dendritic cells
and immune activation by FXII mediated through uPAR (CD87) must

proceed through a related intracellular signaling pathway.”?

7 | SUMMARY

Factor XIll autoactivates into a pathophysiologic response agent,
FXlla, when it interacts with nonhuman (infectious agents) or human
tissue (vessel wall collagen, DNA, RNA, polyphosphate, exosomes).
Also, FXlla is formed when human plasma courses over artificial
medical devices. Inhibitors to FXlla should be useful to ameliorate
the effects of these pathophysiologic interactions. Alternatively, zy-
mogen FXII has biologic activity related to cell protection and repair.
In endothelium, FXIl promotes neoangiogenesis and wound repair via
uPAR and p1 integrins. In neutrophils, FXII promotes adhesion, migra-
tion, chemotaxis, and NETosis via uPAR and 2 integrins. Considering
that FXIl has more receptors than uPAR and uPAR interacts with

more integrins than 1, additional interactions should be discovered.

8 | FUTURE PERSPECTIVES

These data suggest an exciting future for FXII and its related proteins.
Because deficiencies of FXII, PK, and HK are not associated with bleed-
ing but each deficiency reduces thrombosis risk, there are good oppor-
tunities to use FXlla inhibitors (intravenous or oral) to prevent contact
activation that is associated with all medical devices and acute attacks
of HAE. Use of these agents has the potential to reduce thrombosis risk
without bleeding on medical devices and in activated FXII states (eg,
type Ill angioedema) associated with HAE. Alternatively, inhibition of
FXII, the zymogen, may be useful in sterile inflammatory states such as
wound healing in patients with diabetes and other debilitating states.®
In sum, FXlla and FXIl inhibitors in the future may be useful in the man-
agement of many disorders such as induced thrombosis on man-made

devices and preventing inflammation in a variety of disorders.
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