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Physiological importance of anticoagulant protein S (PS)

Severe deficiency

Congenital Acquired

Microvascular thromboses

Disseminated Intravascular Coagulation (DIC)

Purpura fulminans

Cutaneous necrosis

Regnault et al. J Thromb Haemost 2005 ; Domergue et al. Ann Chir Plast Esthet 2006

Mild deficiency

Recurrent thrombo-embolic events

Deep Vein Thrombosis (DVT)

Pulmonary Embolism (PE)



Wang et al. Int J Nanomed 2016
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« Nanobodies » or single-domain antibodies (sdAbs) 

Small, stable, soluble at high concentrations

High tissue penetration

Low immunogenicity per se

Easy engineering and expression in E. coli

Recognition of cryptic & original epitopes

Can be identified by phage-display
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Plasma-based APC-cofactor activity assay

rhPS dose-dependently prolongs clotting times

measured only in the presence of APC
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1) rhPS 25 µL 

2) + Bovine FVa 25 µL 

3) + APC 25 µL 

4) + APTT Reagent + PL 25 µL

5) 2 min, 37°C

6) + 25 mM CaCl2 (25 µL)

Coagulation

PS-deficient 

plasma

(25 µL)

APTT-based assay (STACLOT ® PS)
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Functional screening of anti-PS nanobodies

1) rhPS + sdAb 25 µL 

2) + Bovine FVa 25 µL 

3) + APC 25 µL 

4) + APTT Reagent + PL 25 µL

5) 2 min, 37°C

6) + 25 mM CaCl2 (25 µL)

Coagulation

PS-deficient 

plasma

(25 µL)

Josepha Clara Sedzro
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Generation of monovalent and bivalent forms of PS003
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Effects of PS003 in our APC-cofactor activity assay

In the presence of APC
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Effects of PS003 in our APC-cofactor activity assay

In the presence of APC
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Bivalent PS003biv has a significantly greater enhancing effect than monovalent PS003 

Sedzro et al. JTH 2022



Effects of PS003 in our APC-cofactor activity assay
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Effects of PS003 in a thrombin generation assay (TGA)
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Thrombin generation triggered by 1 pM tissue factor (and 4 µM PL) in the presence of APC (30 nM)

In a PS-depleted plasma supplemented with a normal plasma as a source of PS

Claire Auditeau

PhD student



1) + PL (10 µM) 20 µL 

2) + RVV-X (0.01 nM) 20 µL 

3) + Purified APC (6.8 nM) 20 µL 

4) + rhPS (50 nM)  sdAb (1.2 µM) 20 µL

5) 2 min, 37°C

6) + 25 mM CaCl2 (50 µL)

Coagulation

PS-deficient 

plasma

(40 µL)

FXa one-stage clotting assay

PS003biv appears to enhance FVa inactivation by APC

in our plasma-based assay

Sedzro et al. JTH 2022

Claire Auditeau

PhD student

Effects of PS003biv on FVa inactivation by APC/PS
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Effects of PS003biv on FVIIIa inactivation by APC/PS

PS003biv did not enhance FVIIIa inactivation by APC

in this plasma-based assay
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Functional effects of PS003

APC-cofactor activity

Plasma-based assays
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Functional effects of PS003

FXa

K1K2

K3

PS TFPI⍺

APC-cofactor activity

Plasma-based assays

TFPI⍺-cofactor activity

Purified systems
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Functional effects of PS003

FXa

K1K2

K3

PS TFPI⍺

APC-cofactor activity

Plasma-based assays

TFPI⍺-cofactor activity

Purified systems

The mechanism of action is still unknown !!

Unexpected and mysterious enhancing effect



Epitope mapping of PS003
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Epitope mapping of PS003
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The epitope is localized within

the SHBG domain of PS
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Binding of PS003 to the PS SHBG domain
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Binding of PS003 to the PS SHBG domain
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Novel structural model of the PS SHBG domain
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Molecular docking of PS003 onto the PS SHBG domain
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PS003biv

A novel agent enhancing the APC-cofactor activity of PS 
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A novel agent enhancing the APC-cofactor activity of PS 

In vivo ??



In vivo antithrombotic effects of PS003biv

Li et al. JoVE 2016

Frédéric Adam (UMR-S1176)

FeCl3



In vivo antithrombotic effects of PS003biv
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Effects of PS003biv on physiological hemostasis

PS003biv has no significant effects on bleeding times and blood loss volumes
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PS003 might be an attractive antithrombotic strategy

Enhances the anticoagulant function of APC

By targeting PS

Exerts antithrombotic effects in mice

Sparing physiological hemostasis in mice

Sedzro et al. JTH 2022

15 kDa

Nanobody

PS003biv

LG1 LG2

PS

In (thrombotic) diseases with : 

- Defective protein C activation

- APC-resistance

- Acquired Protein S and/or Protein C deficiency

Therapeutic Potential



PS deficiency and APC-resistance in Sickle Cell Disease

Whelihan et al. JTH 2016

Sickle RBCs

- Further reduction during vaso-occlusive crises (VOC)

- Binding to PtdSer-exposing RBCs and enhanced PS clearance ?

- Consumption after coagulation hyperactivation ?

- Hypoxia-induced reduction of PS ?

- Hepatic dysfunctions ?

PS levels are significantly reduced in SCD patients
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PS deficiency and APC-resistance in Sickle Cell Disease

Whelihan et al. JTH 2016

Sickle RBCs

- Further reduction during VOC

- Binding to PtdSer-exposing RBCs and enhanced PS clearance ?

- Consumption after coagulation hyperactivation ?

- Hypoxia-induced reduction of PS ?

- Hepatic dysfunctions ?

PS levels are significantly reduced in SCD patients APC resistance in SCD patients

Wright et al. Br J Haematol 1997
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Coagulation activation and vaso-occlusive crises (VOC)
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Coagulation activation and vaso-occlusive crises (VOC)

Sparkenbaugh et al. Blood 2020
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Coagulation activation and vaso-occlusive crises (VOC)

APC

Sparkenbaugh et al. Blood 2020
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Coagulation activation and vaso-occlusive crises (VOC)

APC

Sparkenbaugh et al. Blood 2020
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Effects of PS003biv in a mouse model of VOC
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Effects of PS003biv in a mouse model of VOC
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Effects of PS003biv in a mouse model of VOC

Hemolysis Coagulation activation

HbSS - Vehicle

Claire Auditeau. CO 09. CFH 2023



Conclusions

A nanobody enhancing the function of a physiological inhibitor of coagulation

can be identified

Originality comes with complexity !

Not yet elucidated mechanism(s) of action

Therapeutic potential of enhancing the APC-cofactor activity of PS

Protective in models of VOC in SCD mice

Optimization of pharmacological properties needed (e.g. half-life, humanization)

This nanobody stimulates new research projects (PROSICK project, funded by 

the ANR)
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