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Abstract

Background: Animal models have implicated an integral
role for coagulation factors XI (FXI) and XII (FXII) in thrombus
formation and propagation of ischemic stroke (IS). However,
it is unknown if these molecules contribute to IS pathophys-
iology in humans, and might be of use as biomarkers for IS
risk and severity. This study aimed to identify predictors of
altered FXI and FXII levels and to determine whether there
are differences in the levels of these coagulation factors be-
tween acute cerebrovascular events and chronic cerebro-
vascular disease (CCD). Methods: In this case-control study,
116 patients with acute ischemic stroke (AIS) or transitory
ischemicattack (TIA), 117 patients with CCD, and 104 healthy
volunteers (HVs) were enrolled between 2010 and 2013 at
our University hospital. Blood sampling was undertaken
once in the CCD and HV groups and on days 0, 1, and 3 after
stroke onset in patients with AIS or TIA. Correlations be-
tween serum FXI and FXIl levels and demographic and clini-

cal parameters were tested by linear regression and analysis
of variance. Results: The mean age of AIS/TIA patients was
70 £ 12. Baseline clinical severity measured with NIHSS and
Barthel Index was 4.8 + 6.0 and 74 + 30, respectively. More
than half of the patients had an AlS (58%). FXI levels were
significantly correlated with different leukocyte subsets (p <
0.05). In contrast, FXIl serum levels showed no significant
correlation (p > 0.1). Neither FXI nor FXII levels correlated
with CRP (p > 0.2). FXIl levels were significantly higher in pa-
tients with CCD compared with those with AIS/TIA (mean +
SD 106 + 26% vs. 97 + 24%; univariate analysis: p < 0.05);
these differences did not reach significance in multivariate
analysis adjusted for sex and age. FXI levels did not differ sig-
nificantly between study groups. Sex and age were signifi-
cantly associated with FXI and/or FXII levels in patients with
AIS/TIA (p < 0.05). In contrast, no statistical significant influ-
ence was found for treatment modality (thrombolysis or
not), pre-treatment with platelet inhibitors, and severity of
stroke. Conclusions: In this study, there was no differential
regulation of FXI and FXII levels between disease subtypes
but biomarker levels were associated with patient and clini-
cal characteristics. FXI and FXIl levels might be no valid bio-
marker for predicting stroke risk. ©2014 S. Karger AG, Basel
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Introduction

The fundamental involvement of coagulation mecha-
nisms in lesion development after ischemic stroke (IS) is
well recognized [1, 2]. However, the specific pathophysi-
ologic role of plasma coagulation factors and platelets and
their interaction with endothelial cells or other resident
cell types in IS have not been fully elucidated. Research
advances in transgenic mouse models and specific anti-
bodies have facilitated the development of animal models
of IS, which, in turn, have led to the delineation of path-
ways responsible for pathologic thrombus formation [2,
3]. In such preclinical stroke models, major pathophysi-
ologic roles in arterial thrombus formation were identi-
fied for factor XIla (FXIIa) and its main substrate, factor
XTI (FXI) [4, 5].

Factor XII (FXII) and FXI form the essential compo-
nents of the coagulation cascade, which consists of sev-
eral serially connected serine proteases within two dis-
tinct pathways (the extrinsic and intrinsic pathway) [6].
Activation of the coagulation cascade prompts a sequence
of reactions that lead to thrombin generation and ulti-
mately to fibrin formation, thereby stabilizing growing
platelet thrombi. While it is well established that the ex-
trinsic coagulation pathway is triggered by tissue factor at
sites of vascular damage, the physiologic trigger for the
intrinsic coagulation cascade remains elusive [2]. Seminal
in vivo studies have shown that negatively charged ribo-
nucleic acid or polyphosphates are potent activators of
FXII [7, 8]. In addition to a role in the intrinsic part of the
coagulation cascade, FXII is also the starting point for the
kallikrein-kinin system (which is linked to hallmark fea-
tures of IS, such as edema formation, inflammation, and
thrombosis) [9], thereby merging thrombus formation
and inflammation in a process called ‘thrombo-inflam-
mation’ [10, 32].

Several experimental studies have reported that block-
ing FXI [11, 12] as well as FXII [4, 13] leads to reduced
ischemic neurodegeneration in rodent stroke models. De-
velopment of the highly selective FXII inhibitor, recombi-
nant human albumin-tagged infestin-4 enabled verifica-
tion of the results from transgenic animal models [5, 14],
and supported the translational impact of this novel ther-
apeutic approach. Most importantly, targeting FXI and
EXII provided its beneficial effects in IS models without a
concomitant increase in bleeding complications, thus
providing a basis for the unique and intriguing concept of
a potential ‘bleeding-free’ antithrombotic approach [2].

Increasing clinical evidence lends support to a causal
association between FXI [15-18] or FXII [19, 20] levels
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and acute stroke risk and functional outcome after IS.
Moreover, the available evidence points toward a U-
shaped correlation between FXIIa levels and disease in-
dependent overall survival [21]. Nevertheless, many
questions remain unanswered. For instance, the process-
es involved in the regulation of FXI and FXII expression
during IS await clarification, as does the relationship be-
tween FXI or EXII levels and genetic polymorphisms
[22], demographic features [23, 24], and therapeutic in-
terventions [25], among others. Additionally, despite re-
cent experimental evidence that FXII regulates the patho-
logic process of thrombus formation on ruptured plaques
[26], to our knowledge, there appears to be lack of pub-
lished data on the regulation of FXI and FXII in patients
with chronic cerebrovascular disease (CCD).

This case-control study aimed to identify demograph-
ic and clinical factors being associated with FXI and FXII
serum levels, and to evaluate whether levels of these co-
agulation factors differ between patients with acute cere-
brovascular events and CCD.

Methods

Data Collection

Patients with acute cerebrovascular events (acute ischemic
stroke [AIS], transitory ischemic attack [TIA]) and CCD were in-
cluded in the study. Healthy volunteers (HV) from the local popu-
lation were selected as controls. Inclusion criteria were blood with-
drawal within 24 h after symptom onset in patients with AIS (de-
fined as acute ischemic lesion on brain imaging) and TIA (no acute
lesion); presentation with extracranial and/or intracranial stenosis
of the large cerebral arteries with (n = 66) or without (n = 51) a
history of AIS or TIA for the CCD group; and no history of stroke,
myocardial infarction, or peripheral arterial disease for the HV
group. Hemorrhagic stroke, age <18 years, and known platelet dys-
function or plasmatic coagulation disorders based on a detailed
medical history led to exclusion from the study. Consecutive pa-
tients were recruited from the Stroke Unit (inpatients diagnosed
with TIA or AIS), the outpatient department for CCD, or from
a convenient sample of the local population (HV) that responded
to a request by posters at the Neurology Department, University
Hospital of Wiirzburg, Germany, between September 2010 and
January 2013. Informed written consent was obtained from all par-
ticipants. The study protocol was approved by the ethics commit-
tee of the medical faculty of the University of Wiirzburg, Germany
(reference number 65/2010). Study participation had no influence
on treatment and patient care. Overall, 116 patients with AIS or
TIA, 117 patients with CCD, and 104 HV fulfilled the inclusion
criteria and took part in the study.

In patients with AIS or TIA, TOAST (Trial of Org 10172 in
Acute Stroke Treatment) criteria [27] were applied in an adapted
form: (1) cardioembolism; (2) large-artery atherosclerosis; (3)
small-vessel occlusion; or (4) other determined or undetermined
etiology. In addition, the National Institute of Health Stroke Scale
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(NIHSS) [28] and Barthel Index score [29] were documented on
patient admission. For each patient, data on the interval between
symptom onset and blood withdrawal, platelet inhibitor pretreat-
ment, and acute stroke therapy modality (thrombolysis vs. no
thrombolysis) were documented.

Blood Collection and Measurements

Blood sampling was performed on day 0, 1, and 3 in patients
with acute cerebrovascular disease, and once in patients with CCD
and in HV between 08.00 and 12.00 hours, from an antecubital
vein using a 21-gauge butterfly needle. Preanalytic preparations
for blood collection followed a specific standard operating proce-
dure. Only non-hemolyzed blood samples were analyzed. FXI,
FXI], differential hematology parameters, and C-reactive protein
(CRP, only in the AIS/TIA group) were analyzed at the Division of
Laboratory Medicine of the University Hospital Wiirzburg.

Statistical Analysis

Continuous variables are expressed as a mean value with stan-
dard deviation or median with interquartile range, as appropriate.
Categorical variables are expressed as percentages. The association
between FXI or FXII levels and a range of demographic and clini-
cal characteristics was explored: age, sex, neurologic scales, disease
modality (TTA or AIS), TOAST criteria, duration between symp-
tom onset and blood withdrawal, NTHSS, Barthel Index, treatment
modality (intravenous thrombolysis or not), and intake of platelet
inhibitors in the days before blood withdrawal. The p values for
comparisons across groups of clinical and demographic character-
istics were derived from analysis of variance (ANOVA), and the
chi-square test, as appropriate. In order to identify potential pre-
dictors of FXI and FXII levels, a linear regression model was ap-
plied that included all variables without collinearity in a multivar-
iate model with adjustment for age and sex. Coefficients and cor-
responding 95% confidence intervals were estimated using the
model. FXI and FXII levels were compared between the different
patients groups (AIS/TIA inpatients, CCD outpatients, or HV),
and distribution analyzed using the Kolmogorov-Smirnov test.
Levels of FXI and FXII were assumed to take a normal distribution
and were compared using ANOV A with a Bonferroni post-hoc test
and additionally adjusted for age and sex. All reported p values are
two-sided and a p value <0.05 was considered statistically signifi-
cant. Analyses were performed using SPSS Version 21 and SAS
software version 9.1 (SAS Institute Inc., Cary, N.C., USA).

Results

Descriptive Analysis of the Patients with an Acute

Cerebrovascular Event

A total of 116 patients with AIS/TIA were included in
this study. The mean age of these patients was 70 + 12;
53% of the total number were male. The baseline clinical
severity measured with NIHSS and Barthel Index was
4.8 + 6.0 and 74 * 30, respectively. More than half of the
patients had an AIS (58%). The demographic and clinical
characteristics of the patients with acute cerebrovascular
events are summarized in table 1.

Regulation of FXI and FXII in
Cerebrovascular Disease

Table 1. Baseline characteristics of acute ischemic stroke (AIS)/
transitory ischemic attack (TIA) patients

Characteristic Value
(n=116)
Age, years 70+12
Sex, n (%)
Male 62 (53)
Female 54 (47)
Modality, n (%)
AIS 67 (58)
TIA 49 (42)
TOAST criteria, n (%)
Cardioembolism 70 (60)
Large-artery atherosclerosis 4(3)
Small-vessel occlusion 12 (10)
Other determined or undetermined etiology 30 (26)
Thrombolysis, n (%) 34 (29)
Comorbidities, n (%)
Hypertension 105 (91)
Diabetes mellitus 41 (35)
Hyperlipidemia 80 (69)
Renal failure 10 (9)
Atrial fibrillation 37 (32)
Persistent foramen ovale 28 (24)
Heart failure 5(4)
Coronary artery disease 8(7)
Family history of stroke 11 (9)
Smoking, n (%) 18 (16)
Platelet inhibitor before blood withdrawal, n (%) 87 (75)
Anticoagulation before blood withdrawal, n (%) 8(7)
Lipid-lowering drug before blood withdrawal, n (%) 36 (31)
National Institutes of Health Stroke Scale at
admission 4.846.0
Barthel index at admission 74430
Body mass index, kg/m? 2745
HbA, ., mmol/mol hemoglobin 46+13
Lipid profile, mmol/l
Total cholesterol 202452
Low-density lipoprotein 121445
High-density lipoprotein 51+15
Triglycerides 157+153
Duration between symptom onset and blood
withdrawal, h 1417

HbA |, = Glycated hemoglobin; TOAST = Trial of Org 10172
in Acute Stroke Treatment.

Comparison of FXI and FXII Levels in AIS/TIA

Patients, CCD Patients, and HV

FXT and FXII levels by patient subtype (acute cerebro-
vascular events [AIS or TIA] or CCD) were compared
with HV. While there were no significant differences in
FXIlevels (p = 0.26), FXII levels showed a significant dif-
ference between the AIS/TTA (97 +24%) and CCD (106 +
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Fig. 1. Factor XI (FXI) and factor XII (FXII) levels in acute ischemic
stroke/transitory ischemic attack (AIS/TIA), chronic cerebrovascu-
lar disease (CCD), and healthy volunteers (HV). The FXI and FXII
levels are depicted in box-and-whisker plots indicating the first and
third quartiles as well as the 1.5 interquartile range (IQR, Tukey

26%, p < 0.05) groups (fig. 1). After multivariate adjust-
ment for age and sex, the difference in FXII levels was no
longer significant (p = 0.552; data not shown).

Relationship between FXI and FXII Levels and Key
Demographic and Clinical Parameters in Patients
with an Acute Cerebrovascular Event

FXI levels were significantly correlated with different
leukocyte subsets (leukocyte count: r=0.21, p < 0.05; neu-
trophil count: r = 0.19, p < 0.05). In contrast, FXII serum
levels showed no significant correlation (p > 0.1). Neither
FXI nor FXII levels correlated with CRP (p > 0.2) (data
not shown).

Results from univariate analyses of the association be-
tween FXI and FXII levels and key demographic and clin-
ical characteristics are shown in table 2. Only treatment
modality (thrombolysis vs. no thrombolysis) showed a
significant association with serum FXI levels (p < 0.05).
Age and disease modality (AIS or TIA) demonstrated a
trend (p = 0.06) for association with higher FXI levels in
AIS compared with TIA patients. Evaluation of FXII lev-
els revealed that only age was a significantly associated
factor (p < 0.05). FXI and FXII levels decreased with in-
creasing patient age and were not associated with clinical
severity of stroke (NIHSS, Barthel Index). Sex and the in-
take of platelet inhibitors had no influence on FXI and
FXII levels in the univariate analysis.

In the multivariate analyses, age (p < 0.001 for FXTIlev-
els; p < 0.002 for FXII levels) and sex (p < 0.05 for FXI
levels; p = 0.05 for FXII levels) were identified as indepen-
dent predictors of FXI and FXII levels, respectively (ta-
ble 3). Treatment and disease modality showed no sig-
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plot). Outliers outside the 1.5 IQR are visualized by single dots.
a FXI levels showed no differences between the three groups. b AIS/
TIA patients had significantly decreased FXII levels compared with
CCD patients. Analysis of variance with Bonferroni post-hoc test
without adjustment for age and sex. * p < 0.05. d0 = day 0.

nificant influence on biomarker levels in the multivariate
analysis. The time point of blood withdrawal (days 0, 1,
and 3) did not influence FXI and FXII levels (p = 0.65 for
FXI, p = 0.19 for FXII) (data not shown).

Discussion

In this case-control study, FXII but not FXI serum lev-
els were significantly decreased in acute disorders com-
pared with chronic cerebrovascular disorders. However,
differences were no longer significant after adjustment for
age and sex. Several demographic and clinical character-
istics were found to be associated with FXI and FXII levels.

Several publications showed that FXI and FXII are risk
factors for IS [17-20] and are associated with poor func-
tional outcome after stroke [15] and overall mortality
[21]. However, other studies found no such association
(Review in [30]). Therefore, our findings should be inter-
preted with caution. Although no independent effect of
FXT and/or FXII levels on AIS/TIA risk was found in the
multivariate analyses, it cannot be concluded that these
factors do not contribute to stroke pathophysiology. We
found no significant change in FXI and FXII levels up to
day 3 after the incidence of stroke, indicating a persistent
rather than an acute modulation of coagulation parame-
ters in response to the AIS/TIA.

Among earlier case-control studies, there have been
some inconsistencies with respect to reported results for
FXI and FXII levels in patients with IS [17, 31]. Addition-
ally, no study up to now has investigated the potential as-
sociation between etiologic subtypes of IS and FXI or FXII
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Table 2. Predictors of FXI and FXII levels in acute ischemic stroke
(AIS)/transitory ischemic attack (TIA) patients by univariate anal-
ysis

EXI p EXII  p
(%) value (%) value
Sex, n
Male 104+19 95423
Female 110+27 0.16 100+24 0.29
Age, years
<55 114+19 113+28
55-64 115126 100+24
65-74 108+23 98+20
75-84 100£20 90+21
>84 98+23 0.06 87127 0.02
Disease modality
AIS 111+26 98+25
TIA 102+17 0.06 96122 0.72
Modified TOAST criteria
Cardioembolism 107+23 96+24
Large-artery atherosclerosis 110+24 109+19
Small-vessel occlusion 119432 97429
Other determined or
determined etiology 103£18 0.25  98+23 0.75

Duration between symptom onset and blood withdrawal, h

<5 111+18 103+24
5-12 99421 95+24
12-24 107+25 0.37 96+23 0.30
National Institutes of Health
Stroke Scale
0-4 105+22 96+23
5-9 110+19 103+23
10-15 121434 105+29
>15 105+25 0.18 85+27 0.18
Barthel Index
0-30 114+35 89+27
35-70 109+19 100+28
>70 107+19 0.59 10319 0.21
Thrombolysis
Yes 114+26 103+27
No 104+21 0.03 95+22 0.11
Platelet inhibitor before blood withdrawal
Yes 106+22 95+24
No 109+25 0.62 101+24 0.20

TOAST = Trial of Org 10172 in Acute Stroke Treatment.

serum levels. In fact, our results do not support a major role
for stroke etiology in FXI and FXII regulation. However, the
relationship between FXI and total leukocyte count and
neutrophils in the acute phase after IS noted in our study
findings support a role of components of the intrinsic co-
agulation system in inflammatory processes, especially in
thrombo-inflammation in IS [10, 32]. Thrombo-inflam-

Regulation of FXI and FXII in
Cerebrovascular Disease

mation has been recognized as an important mediator of
stroke occurrence and propagation in rodents, and is de-
fined as the interaction of thrombotic (e.g., coagulation fac-
tors, platelets) and inflammatory (e.g., immune cells) pro-
cesses operating at the ischemic neurovascular unit [10, 32].

To the best of our knowledge, FXI and FXII levels have
not been assessed in a standardized manner in patients
with CCD. The observation of unchanged FXI and FXII
levels in the AIS/TIA group compared with HV does not
rule out a pathophysiologic role for these coagulation fac-
tors. Indeed, a recent experimental study showed that
FXII regulates the pathologic process of thrombus forma-
tion on ruptured plaques [26].

Importantly, growing evidence supports the possibility
that clinical as well as therapeutic parameters influence
FXI and FXII regulation, which might also have impacted
on the FXI and FXII levels measured in our study popula-
tion [22-25]. Nevertheless, the relevance of such variables
on FXI and FXII regulation in different disease settings is
unclear. Our findings, and those of other researchers, un-
derline the complexity of associations with FXI and FXII
levels. It is well established that estrogen levels and conse-
quently gender [33, 34], age [23], as well as genetic poly-
morphisms [22] influence transcription levels of coagula-
tion proteins such as FXI and FXII. Even if FXI and FXII
levels would be suitable as relevant biomarkers of AIS/
TIA, levels of these coagulation factors are influenced by
other variables, which confound interpretation of study
findings. In contrast to the analysis of von Willebrand fac-
tor (VWF) levels in the same study population [35], stroke
severity (NIHSS), platelet inhibitor intake before blood
withdrawal, and CRP levels were not significantly associ-
ated with FXII or FXI levels. Importantly, modality of
treatment in the acute phase (i.e., thrombolysis vs. no
thrombolysis) was associated with increased FXI and FXII
levels in univariate but not in multivariate analysis.

Our findings suggest that the identification of those
patients at risk of a cerebrovascular event on the basis of
FXT and FXII levels is unlikely to be achievable, thereby
indicating that FXI and FXII levels may not be useful bio-
markers for that purpose. Accordingly, the proactive and
routine screening of FXI and FXII levels to assess the risk
of thromboembolic disease in individual patients cannot
be recommended at present. Even if FXI and FXII levels
could be distinguished between patients with acute and
chronic cerebrovascular disease, the current lack of un-
derstanding of factors that influence FXI and FXII levels
is likely to confound measurements and therefore com-
promise the interpretation of study findings and the cor-
responding prediction of cerebrovascular risk.
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Table 3. Predictors of FXI and FXII levels in acute ischemic stroke (AIS)/transitory ischemic attack (TIA) patients by multivariate

analysis
FXI FXII
coefficient 95% CI pvalue  coefficient 95% CI p value
Sex
Male Reference Reference
Female 9.82+4.40 1.09to 18.56  0.03 8.98+4.59 -0.13t0 18.08  0.05
Age, years 0.001 0.002
<55 Reference Reference
55-64 -2.81£7.56 -17.80to 12.19 -14.82+7.88 -30.45to0 0.81
65-74 -8.86£7.05 —-22.86t05.13 -17.41+£7.35 -32.00 to -2.82
75-84 -16.15£7.46  -30.95to -1.35 -23.24+7.77 -38.66 to -7.81
>84 -21.37£9.46  —40.14 to -2.59 -26.3619.86 —45.93 to -6.80
Disease modality (TTA vs. AIS) 5.50+4.65 -3.72to 14.71 1.63+4.84 -7.98t011.24
National Institutes of Health Stroke Scale 0.79 0.72
0-4 Reference Reference
5-9 0.21+6.54 -12.76to013.18 3.76+6.82 -9.76 t0 17.29
10-15 10.02+7.75 -5.34 to 25.39 5.42+8.07 -10.60 to 21.43
>15 -4.11£9.06  -22.08 to 13.87 -10.63+£9.45 -29.37t0 8.10
Thrombolysis 6.42+5.68 -4.84t0 17.68  0.26 4.81+592  -6.92t016.55 0.42
Use of platelet inhibitor before
blood taking 1.90+4.64 -7.30t0 11.09  0.68 -1.34+4.83 -10.92to 8.25 0.78
C-reactive protein at admission, mg/dl 0.38+0.53 -0.67 to 1.43 0.48 -0.12+0.55  -1.21t00.97 0.83

Our study has several limitations. Firstly, the poten-
tial for reverse causation as a result of blood withdrawal
post-cerebrovascular event cannot be discounted within
the setting of a case-control study. Therefore, it should
be emphasized that this study describes the degree and
significance of associations between FXI and FXII levels
and demographic/clinical parameters, but does not as-
sign causality. Prospective studies are warranted to ad-
dress this limitation. As ethical guidelines prevented re-
cruitment of patients who were unable to provide in-
formed consent, patients with very large strokes and/or
aphasia may not be fully represented in our study. Fi-
nally, a non-vascular origin for symptoms could not be
fully excluded in a significant proportion of the TIA pa-
tient population (42%), and 7% of patients with AIS/TTA
received anticoagulant treatment, which raises the pos-
sibility that these factors may have influenced FXI and
FXII regulation.

Conclusions
In this case-control study of patients with acute and

chronic cerebrovascular diseases, we have demonstrated
that — in contrast to VWF [35] — there is no differential
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regulation of FXI and FXII: coagulation factors that are
increasingly being considered potential biomarkers and
promising targets for future therapeutic approaches. Our
results show that identification of those patients at risk of
a cerebrovascular event, on the basis of FXI and FXII lev-
els, is unlikely to be achievable. However, this study adds
to our understanding of the factors that can influence FXI
and FXII levels in a given patient.
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