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Abstract

Multiple sclerosis (MS) is the most common causes of non-traumatic disability in young

adults worldwide. MS pathophysiologies include the formation of inflammatory lesions, axonal
damage and demyelination, and blood brain barrier (BBB) disruption. Coagulation proteins,
including factor (F)XII, can serve as important mediators of the adaptive immune response
during neuroinflammation. Indeed, plasma FXII levels are increased during relapse in relapsing-
remitting MS patients, and previous studies showed that reducing FXII levels was protective in
a murine model of MS, experimental autoimmune encephalomyelitis (EAE). Our objective was
to determine if pharmacological targeting of FXI, a major substrate of activated FXII (FXIla),
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improves neurological function and attenuates CNS damage in the setting of EAE. EAE was
induced in male mice using murine myelin oligodendrocyte glycoprotein peptides combined with
heat-inactivated Mycobacterium tuberculosis and pertussis toxin. Upon onset of symptoms, mice
were treated every other day intravenously with anti-FXI antibody, 14E11, or saline. Disease
scores were recorded daily until euthanasia for ex vivo analyses of inflammation. Compared to the
vehicle control, 14E11 treatment reduced the clinical severity of EAE and total mononuclear cells,
including CD11b*CD45M3" macrophage/microglia and CD4* T cell numbers in brain. Following
pharmacological targeting of FXI, BBB disruption was reduced, as measured by decreased

axonal damage and fibrin(ogen) accumulation in the spinal cord. These data demonstrate that
pharmacological inhibition of FXI reduces disease severity, immune cell migration, axonal
damage, and BBB disruption in mice with EAE. Thus, therapeutic agents targeting FXI and FXII
may provide a useful approach for treating autoimmune and neurologic disorders.

Keywords
Multiple sclerosis; EAE; Thrombin; Factor XI

Introduction

Multiple sclerosis (MS) is a neurodegenerative, demyelinating disease of the central nervous
system (CNS) that affects approximately 2.2 million individuals globally (Collaborators
2019). MS is characterized by inflammatory lesions, axonal damage, and leukocyte
trafficking across the blood-brain barrier (BBB). The pathophysiology of MS is believed

to be caused in part by increased BBB vascular permeability, leading to the transmigration
of peripheral T cells into the brain parenchyma that induce lesions and subsequent
demyelination.

Recent evidence suggests that in addition to immune cells, other factors contribute to the
pathophysiology of MS. In particular, clinical observations of MS patients and studies
using animal models have advanced a connection between the coagulation cascade and
inflammatory processes in MS (Jordan et al. 2021). The coagulation cascade is a series of
enzymatic reactions in which a zymogen precursor becomes activated to its enzyme form,
which then catalyzes the next reaction in the pathway, ultimately generating thrombin and
forming a fibrin clot.

Two distinct activation pathways are recognized to lead to the formation of thrombin, with
elements of both pathways found to be associated in the pathogenesis of MS. For example,
increased levels of thrombin activity have been documented within the plasma of MS
patients (Gobel et al. 2016a; Parsons et al. 2017). Likewise, studies using an animal model
of MS, experimental autoimmune encephalomyelitis (EAE), suggest that thrombin activity
may contribute to MS pathology by influencing BBB permeability and myelination (Ahmed
et al. 2019; Davalos et al. 2014; Peeters et al. 2014). Prothrombin, the zymogen precursor of
thrombin, and coagulation factor X (FX) have also been found to be elevated in the plasma
of patients with MS (Gdbel et al. 2016a; Yoon et al. 2015). In addition, relapsing-remitting
MS patients experiencing relapse were found to have markedly higher plasma levels of
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coagulation factor XII (FXII), which was correlated with their disease activity (Gobel et al.
2016b). Further evidence that components of the coagulation system play a role in the MS
disease state is described in studies demonstrating the presence of the blood plasma factors
fibrinogen, tissue factor, and protein C inhibitor in active MS lesions and plaques (Adams
et al. 2007;Gveric et al. 2003; Han et al. 2008; Ryu et al. 2015). These observations from
MS patient studies are further supported by data from disease models, in which constituents
of the blood coagulation system, including platelets, fibrinogen, activated coagulation factor
X (FXa), FXII, as well as the proinflammatory kallikrein-kinin system have been shown to
contribute to EAE pathologies (Gébel et al. 2016b, 2019; Langer et al. 2012; Merker et al.
2017).

Therapeutic strategies that inhibit thrombin activity reduce disease severity in both MS
patients and EAE models. Historically, the anticoagulant heparin was used to treat MS
with mixed success (Courville 1959; Maschmeyer et al. 1961). In experimental models,
anticoagulation with heparin, warfarin, or rivaroxaban have been shown to ameliorate the
clinical course of EAE (Han et al. 2008; Lider et al. 1989; Stolz et al. 2017). Similarly,
treatments that directly target FXa (Merker et al. 2017; Stolz et al. 2017), platelets (Langer
et al. 2012), fibrin formation (Davalos et al. 2012), or FXII (Gobel et al. 2011) have been
shown to ameliorate EAE. Though effective in disease models, traditional anti-coagulants
may pose additional risks to MS patients, in particular increased bleeding. Thus, they may
be unsuitable for long-term clinical use. Strategies that target both inflammation and fibrin
formation within the CNS without impairing hemostasis significantly may have therapeutic
value.

Coagulation factor X1 (FXI) is a major substrate of activated FXII (FXIla), the initiator of
the intrinsic pathway of coagulation. In various animal models, decreasing or eliminating
FXI activity through gene knockout, pharmacologic inhibition, or antisense oligonucleotide
mediated knock-down has been shown to be antithrombotic without impairing hemostasis
(Gruber and Hanson 2003; Rosen et al. 2002; Schumacher et al. 2007; Tucker et al. 2009;
Zhang et al. 2010). We have previously demonstrated that targeting FXI with 14E11, a
mouse monoclonal antibody that selectively inhibits the activation of FXI by FXIla and
reciprocal activation of FXII by FXla in vitro (Lorentz et al. 2018; Silasi et al. 2019),

has antithrombotic effects in multiple disease models. 14E11 improves outcomes in mouse
polymicrobial sepsis (Tucker et al. 2012), acute ischemic stroke (Leung et al. 2012), acute
myocardial ischemia (Lorentz et al. 2018), atherosclerosis (Ngo et al. 2021), and deep vein
thrombosis (Jordan et al. 2022). Additionally, the humanized version of 14E11, AB023,
has been shown to reduce markers of thrombin generation and inflammation in renal
failure patients undergoing hemodialysis (Lorentz 2021), underscoring the potential utility
of pharmacologic inhibition of FXI in conditions where thrombin activity is increased. In
the present study, we evaluated if treatment with 14E11 improves neurologic outcomes

in a mouse model of EAE. We found that 14E11 improved disease scores and prevented
both axonal damage and fibrin accumulation in the spinal cord. Our results show that
pharmacologic inhibition of FXI reduces disease severity in EAE and suggests that contact
activation of FXI through FXlla has a pathogenic role in the progression of autoimmune
disorders of the CNS.
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The anti-FXI monoclonal antibody, 14E11, was generated and purified as previously
described (Cheng et al. 2010).

The animal care and procedures in this study were performed in accordance with the
National Institutes of Health Guide for the Care and Use of Laboratory Animals and the
regulations of the Oregon Health & Science University Institutional Animal Care and Use
Committee (National Research Council (US) Committee for the Update of the Guide for
the Care and Use of Laboratory Animals 2011). The male C57BL/6 mice used in this
study were housed at the Portland Veterans Affairs Medical Center in the Animal Resource
Facility (Portland, OR, US) according to guidelines set by the National Research Council
and the Committee on Care and Use of Laboratory Animals of the Institute of Laboratory
Animal Resources.

EAE induction and 14E11 treatment

EAE was induced by inoculating C57BL/6 mice subcutaneously with mouse myelin
oligodendrocyte glycoprotein, peptides 35-55 (MOG35-55) combined with complete
Freund’s adjuvant containing heat-inactivated M. tuberculosis, as previously described
(Sinha et al. 2010). On days 0 and 2 relative to immunization, mice were intraperitoneally
injected with 75 ng and 200 ng of pertussis toxin (Ptx), respectively. To quantify the
symptoms of EAE, a disease score was assigned to each mice daily. The scale used to assess
EAE symptoms was as follows: 0, normal; 1, limp tail or mild hind limb weakness; 2,
moderate hind limb weakness or mild ataxia; 3, moderately severe hind limb weakness; 4,
severe hind limb weakness or mild forelimb weakness or moderate ataxia; 5, paraplegia with
no more than moderate forelimb weakness; and 6, paraplegia with severe forelimb weakness
or severe ataxia or moribund condition.

At the onset of clinical signs of EAE (disease score = 2.5, typically between days 10—

13), mice were randomized into two groups. The mice were then administered either the
anti-FXI antibody, 14E11 (1 mg/kg, n=9), or vehicle (saline, n=7) at the same volume
intravenously (Fig. 1a). The 14E11 dose level was selected based on previous work showing
that administration of 14E11 at similar doses produced a sustained anticoagulant effect, as
evidenced by prolonged clotting times(Cheng et al. 2010; Leung et al. 2012; Ngo et al. 2021;
Tucker et al. 2012). The mice were monitored for changes in disease score by an investigator
blinded to treatment status until mice were euthanized for ex vivo analyses. In accord with
efforts to replace, reduce, and refine the use of animals, the saline-treated animal cohort
concurrently served as a vehicle control for two treatment arms: (1) 14E11 presented herein
and (2) the thrombin mutant W215A/E217A. These three cohorts were run simultaneously;
the data from the vehicle cohort was previously published as part of Verbout et al. study
comparing the vehicle and the W215A/E217A cohort and thus technically used herein as a
historic control.
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Flow cytometry

Flow cytometry was used to measure markers of inflammation in the CNS and periphery
after euthanasia. To quantify the population of mononuclear cells in the CNS, Percoll
density gradient centrifugation was used to isolate mononuclear cells (Bebo et al. 1996).The
CNS cells (n= 3 per group) were then pooled to achieve sufficient numbers for the
antibody staining protocol. To measure the activation of the macrophage subpopulation

of splenocytes, spleen tissue was homogenized and single cell suspensions were prepared.
Cells (1 x 106) were washed with a staining media comprised of PBS with NaN3 (0.1%)
and BSA (1%) and stained with combinations of anti-CD4, anti-CD45, anti-ICAM-1 and
anti-CD11b antibodies. These antibodies were obtained from sources previously described
(Dziennis et al. 2011).

Immunohistochemistry

To perform ex vivo analyses following vehicle or 14E11 treatment, mice were euthanized
with an isoflurane overdose until respiration ceased. They were then heparinized,
transcardially perfused with 100 mL of 4% paraformaldehyde (mass/volume in sodium
phosphate buffer [0.1 M, pH 7.4]), and fixed at 4 °C for 24 h. Mice then underwent
necropsy, and intact spinal columns were removed. Spinal cord sections 1-2 mm in length
were dissected from the thoracic and lumbar regions from one representative animal per
treatment group to analyze CNS pathology and fibrin(ogen) accumulation, respectively.

To assess CNS pathology, thoracic spinal cord tissues were re-fixed in 5% glutaraldehyde
(mass/volume in sodium phosphate buffer [0.1 M, pH 7.4]) at 4 °C for 72 h, post-fixed

in 1% osmium tetroxide for 3.5 h, rehydrated in ethanol, and embedded in plastic. Then,
0.5 um semithin sections were obtained with a microtome, mounted onto precleaned
microscope slides, and stained with toluidine blue to visualize nerve structures. Spinal
sections were imaged at 20x and manually stitched into a complete composite of the section.
To assess for axonal damage within the thoracic tissue, composite images were analyzed
by a trained, blinded user as described previously (Wang et al. 2006). Briefly, regions of
interest within the white matter tracts were segmented for areas of tissue damage, which
included demyelinated axons, degenerating axons, and disrupted compact myelin. Percent
area of tissue damage was quantified by measuring area of damaged white matter and total
area of white matter (damaged and intact).

To assess fibrin(ogen) accumulation within the CNS, lumbar spinal cord tissues were fixed
and embedded in paraffin for sectioning. Sections were blocked in 10% normal goat serum
containing 1% bovine serum albumin and 0.025% Triton-X at room temperature for 45

min to decrease nonspecific staining. Tissue sections were then incubated with a primary
antibody to fibrin(ogen) (1:50 in goat serum, rabbit polyclonal, MP Biomedicals) overnight
at 4 °C followed by goat anti-rabbit IgG Alexa Fluor 488 (Molecular Probes). Slides were
rinsed, mounted in aqueous media, and imaged at 20x with a Zeiss Axiovert fluorescent
microscope. 20x images were processed identically in SlideBook (ver. 5.5) and manually
stitched into a composite of the entire section using Adobe Photoshop. Quantitative analysis
of fibrin(ogen) accumulation was performed on composite images using ImageJ (ver. 2.3.0).
Color channels were split, and the green channel intensity histogram data were obtained and
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utilized to determine the background threshold value. Mean gray values corresponding to
fibrin(ogen) signal were measured above the threshold value. Corrected integrated density
was determined by subtracting background and accounting for area of fibrin(ogen).

Statistical analysis

Results

Shapiro-Wilk and F-tests were used to test for normality and compare variances in the
data. If the data were normally distributed with equal standard deviations, unpaired t-tests
were used to compare vehicle and 14E11-treated mice. If the data were not normally
distributed, the data were compared by a Mann-Whitney test. A Pvalue less than 0.05
was considered statistically significant. GraphPad Prism 9 (ver. 9.5.0) was used to perform
statistical analyses.

Effect of FXI inhibition on clinical signs of EAE

Patients with MS experience discrete episodes, also referred to as “attacks’ or ‘relapses’,
during which they present with varying clinical symptoms (e.g. changes in gait, muscle
weakness, and incoordination) (Gelfand 2014). Clinical rating scales are commonly used to
assess the severity of neurological dysfunction and inform treatment strategies in humans, as
well as monitor disease progression in animal models (Hulleck et al. 2022; Noseworthy
1994). To quantify the effects of FXI inhibition on EAE symptoms, EAE mice were
administered 14E11 or vehicle control at peak disease every other day for four days (Fig.
1a). Mice treated with 14E11 had an average peak disease score of 2.4, whereas mice in the
control cohort had an average peak disease score of 3.5, which represents a 31.4% reduction
(Fig. 1b). To further quantify this effect, we calculated cumulative disease index (CDI) by
summing daily disease scores for each cohort. Mice treated with 14E11 had a mean CDI

of 15.3, while mice in the control group had a mean CDI of 26.9, representing a 43.1%
decrease in mean CDI with 14E11 treatment (Fig. 1c). These data confirm that targeting
FXI reduced clinical symptom severity in a mouse model of MS. We did not observe any
bleeding in mice during this study, nor during hemostatic evaluations in previous mouse
studies using 14E11 (Leung et al. 2012; Tucker et al. 2012).

Effect of FXI inhibition on EAE-induced inflammation

Since activated macrophages and microglia have been shown to upregulate demyelination in
the early stages of MS (Wang et al. 2019), we next evaluated the role of FXI in mediating
the inflammatory response in EAE. To do this, we first quantified the population of activated
macrophages/microglia (CD11b/CD45"9" cells) and CD4* T-cells in brain samples from
vehicle control and 14E11 treated mice. Note, to overcome the lower limit of CNS cells
required for the antibody staining protocol, the CNS cells (n7= 3 per group) were pooled

(n =1 per group) before flow cytometry analyses. Compared to the vehicle-treated group,
total numbers of mononuclear cells recovered from the 14E11 treated group were reduced
by ~ 50% (from 3.2 M to 1.6 M cells) and absolute numbers of infiltrating CD11b/CD45Migh
cells in the CNS were reduced by 24% (from 188,800 to 142,880 cells) and CD4™ T cells
by 44% (from 115,520 to 65,120 cells), respectively (Fig. 2a-b). Additionally, we measured
macrophage subpopulation activation in splenocytes harvested from mice with EAE. No
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differences were observed for CD11b* macrophages expressing TNFa or ICAM-1 following
treatment with 14E11 (Fig. 2c—d). These results suggest that FXI plays a role in reducing
EAE-induced inflammation in the CNS, but not in the peripheral splenocytes.

Effect of FXI inhibition on demyelination in the thoracic spinal cord

The progression of MS is marked by increasing instances of demyelinated lesions in the
CNS that result in the debilitating loss of nervous system function (Gelfand 2014). To
determine the effect of FXI inhibition on myelination, we stained spinal cord cross sections
with toluidine blue and used light microscopy to assess myelination. As shown in Fig. 3,
there appeared to be a notable reduction in demyelination in the spinal cord sections of

mice treated with 14E11 compared to mice in the control group. Indeed, we quantified
demyelination damage as percent of damaged white matter in a representative spinal cord
image (7= 1) from each group. The percent of white matter area damaged was reduced from
13.6% in vehicle treated controls to 2.1% in 14E11 treated mice, representing an 84.3%
decrease in damage with 14E11 treatment. Note, due to the limitation of a single sample size
per group, cautious interpretation of these findings is warranted. Nonetheless, these results
suggest that targeting FXI may preserve myelination in the spinal cords of EAE mice.

Fibrin(ogen) accumulation in the CNS

Accumulation of the plasma protein fibrin(ogen) in the CNS is a prominent feature of BBB
disruption and MS pathology. Studies have shown that fibrinogen accumulation correlates
with axonal damage in the mouse models of EAE (Davalos et al. 2012). Since we observed
a reduction in the percent area of damaged white matter, we investigated the effects of

FXI inhibition on fibrin(ogen) deposition in the lumbar region of the CNS (Fig. 4a, b). We
quantified fibrin(ogen) accumulation as the percent area positive in representative images
of the lumbar region (n7= 1 per group). The fibrin(ogen) signal was reduced from 4.9%

in the vehicle control to 2.6% for 14E11 treatment. Additionally, we found the corrected
fluorescent integrated density reduced from 5.48E7 RFUs to 2.59E7 RFUs for vehicle

and 14E11 treatments, respectively. This corresponds to a 52.7% reduction in intensity of
fibrin(ogen) signal for 14E11 treatment compared to vehicle control. These preliminary
findings suggest that pharmacological targeting of FXI may preserve barrier function in the
setting of EAE.

Discussion

Clinical and experimental evidence suggest that coagulation components play a role in
exacerbating the pathologies associated with MS (Jordan et al. 2021; Miranda Acufia et al.
2017; Plantone et al. 2019). Indeed, the intrinsic pathway of coagulation has been implicated
in MS and EAE pathologies, as plasma FXII levels or activity have been shown to be
elevated in MS patients (Zamolodchikov et al. 2019), and FXII deficiency is protective in
EAE (Ziliotto et al. 2018). However, the mechanism by which the intrinsic pathway of
coagulation contributes to EAE through FXII remains ill-defined. Therefore, we evaluated
the effects of pharmacologically targeting of FXI on autoimmune responses in EAE. At

the onset of symptoms (disease score = 2.5), EAE mice were treated with the anti-FXI
monoclonal antibody, 14E11. Following treatment with 14E11, we observed a reduction in
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the clinical severity of EAE symptoms, axonal damage and demyelination, and fibrin(ogen)
accumulation in the CNS. Our findings indicate that FXI may be a potential therapeutic
target in treating the progression of autoimmune disorders of the CNS.

Our results indicate that pharmacological targeting of FXI improves disease scores of EAE.
Treatment with 14E11 significantly attenuated clinical symptom severity over the course of
eight days, which corresponded to approximately a 40% reduction in the cumulative disease
index. These data are consistent with other studies in which targeting components of the
coagulation cascade improved disease severity in EAE, including FXII (Gébel et al. 2016b),
FXa (Merker et al. 2017), thrombin (Han et al. 2008; Verbout et al. 2015), fibrin (Ryu et

al. 2018), and activated protein C (APC) (Han et al. 2008). Previous findings by Gobel

et al. showed that there were no significant differences in clinical disease scores between
FXI-deficient mice and wild-type mice (Gobel et al. 2016b). One possible explanation for
the difference between these studies is that Gobel et al. evaluated the effect of complete

FXI deficiency, while our study employed a strategy to pharmacologically target FXI at peak
disease. Incorporating prophylactic 14E11 treatment as a future direction may resolve the
discrepancies between our current study and the prior work using a FXI-null mouse model
and provide valuable mechanistic insights.

Treatment with 14E11 also resulted in a trend towards a reduction in EAE-induced
inflammation. During the early stages of MS, fibrinogen infiltrates the CNS and activates
microglia through the integrin receptor, CD11b/CD18 (Davalos and Akassoglou 2012),
resulting in an M1-like activation and pro-inflammatory phenotype (Adams et al. 2007;
Davalos and Akassoglou 2012; Ryu et al. 2015). Therefore, CD11b + macrophage
expression of TNFa and ICAM-1 were measured as markers of activated macrophages/
microglia found to be causative in early stages of EAE. Interestingly, only modest decreases
of TNFa or ICAM-1 macrophage expression were observed between 14E11 and vehicle
treatment. This observation may be due to an evaluation of cells isolated from peripheral
splenic tissue rather than within the CNS itself. Nonetheless, this suggests that inhibition of
FXI by 14E11 does not provoke significant attenuation of the primary, peripheral immune
response after EAE induction. We next quantified the population of activated macrophages/
microglia (CD11b/CD45M 9N cells) and CD4 T cells in pooled murine brain samples. Not
only did treatment with 14E11 reduce the total number of mononuclear cells in the brain

by 50%, but we also observed reduced percentages of activated CNS macrophages/microglia
and T cells. These results strongly support the conclusion that inhibition of FXI plays an
important role in limiting EAE-induced inflammation.

Additionally, we found that 14E11-treated mice had reduced demyelination in the white
matter of spinal cord tissue compared to the vehicle cohort. Previous studies have found

that the inhibition of oligodendrocyte progenitor cell (OPC) maturation contributes to
demyelination processes, and that OPC maturation and recruitment to demyelinating lesions
is negatively regulated by thrombin in a PAR1-dependent manner (Choi et al. 2018; Yoon

et al. 2015). Since thrombin activity is upregulated in the CNS of MS patients, and FXI

is positioned upstream of thrombin generation, it is possible that targeting FXI reduces the
amount of thrombin generated (Parsons et al. 2017). Indeed, the reduction in demyelination
observed in the 14E11-treated mice might be attributed to decreased levels of FXla-mediated
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thrombin generation. However, we did not evaluate thrombin activity nor the effect of 14E11
on thrombin generation in this study.

FXI inhibition also reduced BBB disruption, as measured by fibrin(ogen) accumulation in
the spinal cord. Under physiological conditions, BBB integrity is modulated by intercellular
junction proteins (e.g. gap, adherens, or tight junctions) and matrix metalloproteinases
(MMP). These proteins can signal through a number of receptors on the surface of cerebral
vascular endothelium, including the thrombin receptors PAR-1 and PAR-4 (Jordan et al.
2021). Previous studies have demonstrated that blocking PAR-1 in the setting of EAE
prevents BBB disruption by downregulating MMP9 and attenuating the loss of tight
junctions (Brailoiu et al. 2017). Therefore, it is possible that targeting FXI reduces BBB
permeability by reducing the amount of thrombin generated. Alternatively, we have recently
shown that FXla activity increases endothelial permeability both in vitro and in vivo

by downregulating vascular endothelial-cadherin (VE-cadherin) expression and increasing
endothelial permeability (Ngo et al. 2021). Thus, targeting FXla activity with 14E11 may
have elicited a protective effect on barrier function by preventing VE-cadherin inhibition.

There are several limitations of this study. One issue is that limited numbers of mononuclear
cells in CNS required pooling of cells from three mice in order to overcome detection
thresholds needed for FACs analysis of cell subtypes. Although such pooling gave a greater
sampling of smaller subsets, it also precluded biological replicates. Pooling samples can
decrease study power, modify the mean values and standard deviations of the data, and

mask outliers within a heterogeneous population. Another limitation of this study is that we
evaluated treatment with 14E11 at one dose level and at one timepoint, which precludes a
full evaluation of the treatment window and effect level. It is conceivable that prophylactic
treatment with 14E11, which would more closely mimic therapeutic strategies to combat and
treat disease clinically, could have strengthened our findings.

Overall, treatment with 14E11 decreased severity of EAE clinical signins, axonal damage,
and fibrin(ogen) deposition within the CNS. However, no significant differences were found
in splenic immune responses, indicating that FXI may have a limited role in peripheral EAE-
associated inflammatory responses. Future work would benefit from immunohistochemistry
or immunofluorescence studies that document potential treatment-dependent differences

in the distribution of inflammatory lesions in the CNS. Since 14E11 only inhibits FXlla
activation of FXI and conversely FXII by FXIla in vitro (Puy et al. 2016), future studies
would also benefit from investigating the role of feedback activation of FXla by thrombin

in EAE pathology. Doing so will aid in further delineating the function of the intrinsic
pathway in EAE pathology and progression. In conclusion, the results reported herein
support pharmacological targeting of FXI as a therapeutic strategy to facilitate the treatment
of MS and other neurological autoimmune diseases.

This study was supported by the National Multiple Sclerosis Society (PP1900), the National Institutes of Health
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Fig. 1.
Pharmacologic targeting of FXI with 14E11 attenuates EAE symptoms. Male C57BL/6

mice immunized with MOG/CFA/Ptx were monitored and assigned a disease score daily.
At peak disease onset (disease score = 2.5), mAb 14E11 (1 mg/kg, i.v.) was administered
every other day for four days (a). The mean disease scores (b) and the cumulative disease
index (c) for 14E11-treated mice were significantly lower compared to mice treated with
vehicle. Data are presented as mean + SEM for two independent experiments, where 7=
7-9. Statistical analyses were performed using Mann-Whitney tests on GraphPad Prism 9.
Statistical significance is indicated by a single asterisk (*) for £< 0.05
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Fig. 2.
Treatment with 14E11 reduced inflammation caused by EAE in the CNS, but not in splenic

macrophages. CNS cells and splenocytes were obtained from mice with EAE treated with
either vehicle or 14E11 (1 mg/kg, i.v.). To achieve sufficient cell numbers for antibody
staining, CNS cells were pooled (7= 3 per group). Flow cytometry was used to measure the
population of activated macrophages/microglia (CD11b*/CD45N9M) (a) and T cells (CD4*)
(b) within the brain. Data are presented as the absolute numbers of infiltrating cells in

the pooled CNS samples. To study macrophage activation in the spleen, flow cytometry
was used to measure the expression of TNFa (c) and intercellular adhesion molecule-1
(ICAM-1) (d) on CD11b* macrophages. Data are presented as mean + SEM from 7= 3.
Statistical analyses were conducted using unpaired t-tests on GraphPad Prism 9. Statistical
significance is denoted by a single asterisk (*) for < 0.05
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Fig. 3.
Axonal damage and demyelination in the thoracic spinal cord is reduced following treatment

with 14E11. Damage to the myelin in spinal cord sections was assessed by staining the
tissues with toluidine blue and using light microscopy to image the semithin sections at
20x. A complete view of the spinal cord cross section was obtained by manually stitching
individual images into composites using Adobe Photoshop. The representative images
shown are from mice treated with either vehicle (a) or 14E11 (b). Tissue damage in the
white matter is denoted in red. The scale bar in the composite image indicates 100 pm, and
the scale bar in the magnified view (63x) indicates 10 um

Metab Brain Dis. Author manuscript; available in PMC 2023 October 01.



1duosnuen Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kohs et al.

Page 17

a) Vehicle b) 14E11

Fig. 4.
Effects of pharmacologic targeting of FXI by 14E11 treatment on fibrin(ogen) deposition

in the spinal cord. Sections of the lumbar region of the spinal cord were stained for
fibrin(ogen) deposition from one representative animal per treatment group. 20x images
were manually stitched into composites and thresholded for background fluorescence

for vehicle (a) or 14E11 treatment (b). Representative images show a reduction in area
positive for fibrin(ogen) signal as well as corrected fluorescent integrated density for 14E11
treatment compared to vehicle control. Scale bar indicates 100 pm
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