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Von Willebrand Factor: molecular velcro



Thrombus composition in the vasculature
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Thrombotic Thrombocytopenic Purpura (TTP) 

Occlusion

• Incidence 7MM: 7.500 episodes/year
• Mortality without SoC: 90%
• Recurrence rate: 80%



TTP: Normal D-dimer

Occlusion



Cause and therapeutic options

Veyradier. N Engl J Med 2016; 374:583-585 DOI: 10.1056/NEJMe1515876;                                                            

Normal
ADAMTS13

deficiency



Goal: Short attacks

Goshua et al Blood . 2021 Feb 18;137(7):969-976.

PEX + IS + Caplacizumab

Mortality ~20% ~15% 

Attack days 5 3-4

Plasma 40L (€100K) 30L 
“The addition of caplacizumab to standard of care 
treatment in acquired thrombotic 
thrombocytopenic purpura is not cost effective 
compared with standard of care alone.”

= less tissue damage



A mysterious bleeding case

Male, 43

Day 1 

• Stent placement

Day 4 

• TTP (0% ADAMTS13)

• Admission for PEX

• IC for respiratory and hemodynamic support

Day 7

• Major GI bleed

• Treated with cyclokapron (plasmin blocker)

• Bleeding stopped

• Death within 50 minutes (heart)

• Obduction: widespread microthrombosis



How do you get a TTP attack?

ATTACKREMISSION

Tersteeg et al. Circulation 2014 Mar 25;129(12):1320-31.
Ergic et al. J Biol Chem. 2021 Oct;297(4):101132. 

Autoantibodies

ADAMTS13

Activity



ATTACKREMISSION
v

TTP paradox

Complete ADAMTS13 deficiency
• Congenital (Upshaw-Schulman)
• Knockout mice
• Persistent inhibitory antibodies

No continuous disease



Unexpected rescue



ADAMTS13
• Since 2001

Plasmin
• Since 1987

More than one VWF-cleaving enzyme?

Berkowitz et al. J Clin Invest 1987; 

Wohner et al. Thromb Res. 2012 Dr. Claudia Tersteeg



Microthrombolysis

Tersteeg et al. Circulation 2014 Mar 25;129(12):1320-31.
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Microthrombolysis
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Microthrombolysis

Biomarker?

Hinde El Otmani

+ plasmin
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Severity

ATTACK
REMISSION

Plasminogen activation in TTP patients



Severity

ATTACK
REMISSION

Plasminogen activation in TTP patients



Thrombolysis for TTP in vivo

Plasmine
behandeling

ADAMTS13-/-

VWF “overdose”

• ”ER” thrombolysis
• analyses after 24h

Tersteeg et al. Circulation 2014 Mar 25;129(12):1320-31.



Thrombolysis for TTP in vivo

ADAMTS13-/-

VWF “overdose”

• ”ER” thrombolysis
• analyses after 24h

Thrombolysis
5’ 15’

Plasmin



Proof of concept - but no beauty prize

Streptokinase

• Bacterial

• Systemic

• Insusceptible to inhibition

• Requires human plasminogen



Proof of concept - but no beauty prize

Streptokinase

• Bacterial

• Systemic

• Insusceptible to inhibition

• Requires human plasminogen



In the mean time…..      Acquired TTP mice (aTTP)

Tersteeg et al. J Thromb Haemost. 2017 Dec;15(12):2432-2442.

anti-ADAMTS13
VWF “overdose”



Plasmin formation aTTP mice

Tersteeg et al. J Thromb Haemost. 2017 Dec;15(12):2432-2442.

anti-ADAMTS13
+VWF “overdose”



PAI-1 release in aTTP mice (=endothelial injury)



Amplified endogenous plasminogen activation

Tersteeg et al. J Thromb Haemost. 2017 Dec;15(12):2432-2442.



Amplified endogenous plasminogen activation

Tersteeg et al. J Thromb Haemost. 2017 Dec;15(12):2432-2442.

• Plasmin tries (but fails)

• SERPINs interfere

How can we do better?



Microlyse design

uPA catalytic domain

Gly/Ser Linker

Antibody (VHH) 
targeting vWF

vWF

vWF Fibrin

Plasminogen activation



Microlyse active site

uPA catalytic domain

Gly/Ser Linker

Antibody (VHH) 
targeting vWF



VWF Binding



Binding site

Variant Domain Blocks Continue?

Microlyse #1 D’D3 FVIII binding NO

Microlyse # 2 CTCK - YES

Neg-Microlyse - - -

Caplacizumab A1 Platelet binding -



In vitro: Microlyse vs Caplacizumab*



Microthrombolysis under flow (adamts13-/-plasma)



Binding under flow



Microthrombolysis under flow (adamts13-/-plasma)



TTP in vivo



In vivo: thrombocytopenia



In vivo: tissue damage



In vivo: PAI-1 release (endothelial injury)



Kretz et al. Blood. 2022 Jan 27;139(4):477-479     de Maat et al. Blood. 2022 Jan 27;139(4):477-479



VWF: always there
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TREATMENTEPISODE DIAGNOSIS THERAPY

SYMPTOMS
• One side paralysis
• Sudden confusion 
• Speech impairment
• Loss of vision / coordination
• Sudden, severe headache     

EPIDEMIOLOGY
• Incidence: 15 million/year
• Mortality: 5 million/year
• Permanent disability: 5 million/year

ER METHODOLOGY
• CT to differentiate occlusion from bleeding 
• CT to determine location of blood clot 

FIRST-IN-LINE: thrombolysis with rh-tPA (~20%)

ADDITIONAL: thrombectomy (~5%) Thrombotic (60%)

Hemmoraghic (10%)

Embolic (30%)

Acute ischemic stroke



Problem: tPA-resistance

UNMET CLINICAL NEEDS

Time after onset Therapeutic response

0 - 1.5 hr 33%

1.5 - 3 hr 11%

3 – 4.5 hr 7%

>4.5 hr
Outweighed by 

bleeding risk

TIME AFTER STROKE ONSET (HOURS)

1.5hr 3.5hr 4.5hr

7%

11%

33%

6%

EF
FE
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No longer administeredAdministered to ~20% of ischemic stroke patients

LIMITATIONS OF tPA

UNMET NEEDS

• Therapy for untreated AIS patients
• Faster clot lysis
• Reduced bleeding risk



Thrombus composition as possible cause

Jang et al. Circulation 1989;79:920-928



• 1-2% contain unusual components
Aspegen et al. Front Neurol. 2022 May 17;13:846293.

• VWF drives formation of platelet-

rich thrombi
Prochazka et al. Med Sci Monit. 2018 Jun 11;24:3929-

3945.

• Soft core, hard shell 

– contains VWF and fibrin

– tPA resistant
Di Meglio et al. Neurology. 2019 Oct 29; 93(18): e1686–

e1698.

Core-shell architecture x Thrombectomy studies

Tomaiuolo et al. Proc Natl Acad Sci USA. 2019 Feb 5;116(6):2243-2252.



tPA response in ischemic stroke models

AIS: Thrombin 
model (Orset, 2007)

PLATELETS

FIBRIN

vWF

TTPAIS: FeCl3 model 
(Karatas, 2011)

• Fibrin-rich

• tPA-responsive

• Platelet-rich

• tPA-resistant



tPA-responsive stroke model

Reperfusion (Laser speckle)Flow (LDF)

IV-therapy (10% bolus, 90% infusion)

T2-weighted MRIInducing 
thrombosis in MCA

Euthanasia for 
histological research

MRI:
T2w (lesion) 

T2*w (bleeding)
MRA (ReFlow in MCA)

+70 min

Thrombin injection



Microlyse non-inferior to rh-tPA in fibrin-rich AIS

Van Moorsel et al. Blood. 2022 Dec 29;140(26):2844-2848. 



Reperfusion (Laser speckle)Flow (LDF)

IV-therapy (10% bolus, 90% infusion)

T2-weighted MRIInducing 
thrombosis in MCA

Euthanasia for 
histological research

+70 min

FeCl3 application
MRI:

T2w (lesion) 
T2*w (bleeding)

MRA (ReFlow in MCA)

tPA-resistant stroke model



Van Moorsel et al. Blood. 2022 Dec 29;140(26):2844-2848. 

Microlyse superior to rh-tPA in platelet-rich AIS



VWF-rich 
shell

fibrin-rich core fibrin-rich core fibrin-rich core

Early 
recanalization

Targeting "shell-VWF”

VWF-rich 
shell



Summary

Plasmin targets and degrades VWF
• Natural emergency backup for ADAMTS13

VWF-targeted plasminogen activation

• Attenuates TTP in preclinical model

– Reverses thrombocytopenia = prohemostatic

– Superior to blockade of GPIbα with a VHH

• Effective in preclinical models for AIS

– Non-inferior to rh-tPA in fibrin-rich model

– Superior to rh-tPA in platelet-rich model
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