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- highlight candidate genes/proteins in MS pathophysiology
- investigate disease progression biomarkers 

Proteomic

Genomic

Transcriptomic

WES in selected families for GWAS 
candidate genes 

Analysis of low-frequency variants

Microarrays for expression profiling of 
internal jugular vein 

(extracranial venous compartment) 

Proteomic survey by 
simultaneous measurement of 

proteins in plasma 
multiplex assays

Experimental approaches



 Lower  FXII activity/antigen ratio  (MS vs HS    P <0.001)
 Lower FXII response to contact activation in thrombin generation 

in part of MS patients, particularly in Primary Progressive 

Front Neurol. 2018

Hemostasis biomarkers in multiple 
sclerosis.
Ziliotto N et al

Eur J Neurol. 2018

Coagulation FXII activity in the “intrinsic” pathway

FXIIIntrinsic (Contact)

pathway

FXII may drive adaptive immunity during 

neuroinflammation via uPAR/CD87-

mediated modulation of dendritic cells 
Gobel et al, Nat Comm 2016



ADAMTS13
regulator of  Von Willebrand Factor and  platelet adhesion

ADAMTS13 cleaves vWF multimers
→ inhibitory effects on  hemostasis and inflammation



Ziliotto et al Hemostasis biomarkers in multiple sclerosis

European Journal of Neurology, Volume: 25, Issue: 9, Pages: 1169-1176, First published: 14 May 2018, DOI: (10.1111/ene.13681) 

Lower plasma ADAMTS13 levels in MS 
CEG  (cardiovascular, environmental and genetic risk factors) study

Proteomic

Decreased inhibitory effects on  hemostasis and inflammation? 



Lower ADAMTS13 levels in MS:
Association with cerebral microbleeds (CMB)

European Journalof Neurology 2018

The lower levels of  ADAMTS13 do not fit with increased «bleeding tendency»

Proteomic
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Inhibition of Coagulation initiation 
Tissue Factor Pathway Inhibitor - TFPI



Decreased Thrombin and 
Fibrin formation?
Endothelium alteration?

Increased plasma levels of TFPI in progressive MS

Proteomic
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Plasminogen Activator Inhibitor 1 (PAI-1)
fibrinolysis inhibitor
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European Journal of Neurology, Volume: 25, Issue: 9, Pages: 1169-1176, First published: 14 May 2018, DOI: (10.1111/ene.13681) 

Increased plasma levels of PAI-1 in MS

Decreased Fibrin Degradation?

Increased inflammation

Modulation of  fibrin 

contribution to 

neuroinflammation?

Proteomic
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European Journal of Neurology, Volume: 25, Issue: 9, Pages: 1169-1176, First published: 14 May 2018, DOI: (10.1111/ene.13681) 

Increased plasma levels of TFPI and PAI-1            
in progressive MS

Is the hemostatic balance preserved?
Candidate Biomarkers of disease progression?

Proteomic



Plasma levels of Inhibitors of hemostasis in MS

Ziliotto N et al. Eur J Neurol. 2018 
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Correlations between plasma concentrations of 
Hemostasis/Inflammation/Adhesion proteins

Nicole Ziliotto PhD Thesis

MS
Patients
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«New» Correlations
between hemostasis protein concentrations in MS?

MS
Patients

Healthy
Subjects

Disease-related correlations:  «integrated» biomarkers?



Coagulation circulating proteins in 
Multiple Sclerosis- Conclusions

Dysregulation of plasma hemostasis inhibitors levels 
provides several candidate biomarkers to investigate MS 
progression
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Lower FXII response to contact activation in part of MS patients, 
particularly in Primary Progressive
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Coagulation FXII activity in the “intrinsic” pathway



R² = 0,92
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ADAMTS13 – Plasma levels in MS/CCSVI patients

Reduced levels in jugular plasma
High correlation between jugular and  peripheral plasma levels

Proteomic


