
Le Fucoïdane, un polysaccharide sulfaté

d’algues brunes

Depuis son extraction sur les côtes bretonnes 

jusqu’aux essais cliniques

D. Letourneur



Production of Fucoidan 
from brown seaweeds

The journey started here…

Ushant island (Brittany coast, France)
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The journey started also here (Roscoff)

Ushant island



The journey started also here (Roscoff)



The journey started here…

… and became National & International



The journey started with...

*
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✝︎
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A long and not linear journey

1997



A long and not linear journey

2002



And then …

2009



Fucoidan : Mimic of SLex
Ligand of P-Selectin

Leucocyte

Inflammation

Platelets

Activation

P-Selectin
expression

P-Selectin

PSGL-1

Leucocytes
Recrutement

P-Selectin

Natural Polysaccharide

P-Selectin (CD 62P) interactions 
in vitro & in vivo

L. Bachelet et al., BBA (2009) + Patent (2009)  

Fucose + sulfate + uronic acid

P-Selectin (CD 62P) also present on activated Endothelium

P-selectin
Glycoprotein
Ligand-1

SLex

Activated
Platelets



Thrombus Detection 
in Clinic ?



Thrombus Detection in Humans



Strategy for Early Detection of 
Thrombus



2015 : Agreement for LMW fucoidans
=> Pharmaceutical use ingredient (ANSM)

FACILITIES

Fucoidan : 
sulfated polyfucose



2016



Heparin
KD = 780 nM

Dextran sulfate 
KD = 120 nM

Fucoidan  
KD= 1.2 nM

Biacore : Binding affinity for P-selectin
Biological interactions in vitro L Bachelet et al., BBA (2009) 

ELISA : Fucoidan displacement of Slex on P-selectin
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99m Technetium + Fucoidan

Fucoidan
Fucoidan

Tech 99m

Yield
>98 %

Tech 99m

Fucoidan for 
SPECT
In vivo

J Nucl Med 

(Sept 2011) 

Cover



Detection of thrombus with 99mTc-fucoidan by SPECT

Intraluminal Thrombus in rat Abdominal Aorta Aneurysm

SPECT/CT in AAA and control 

Ex vivo/histology

J Nucl Med 

(Sept 2011) 

CoverIn vivo

Ischemia-reperfusion
Transient occlusion of the left

anterior descending coronary

artery in rat Endocarditis



Toward the Clinical Thrombus Imaging
with a GMP-Grade Fucoidan

Large Scale NMP FP7

2013-2019

D LETOURNEUR

Coordinator



Toward the Clinical Thrombus Imaging
with a GMP-Grade Polysaccharide

I. Cicha et al, 
Cardiovasc Res 2018



Clinical Thrombus Imaging
with a GMP-Grade Polysaccharide

Lab Scale Production



GMP manufacturing process 
of fucoidan for SPECT imaging

LVTS
INSERM U1148



GMP Fucoidan for Molecular Imaging



GMP Fucoidan for Molecular Imaging

Mar. Drugs 2019, 17, 699; doi:10.3390/md17120699 2019



Toward the Clinical Thrombus Imaging
with a GMP-Grade Fucoidan



Regulatory Toxicity of GMP fucoidan

LVTS
INSERM 
U1148

No toxicity until the maximum tested dose 
equivalent to 20 mg (for 50 kg bw)

Max injected dose in human : 40 µg per patient



Toward the Clinical Thrombus Imaging
with a GMP-Grade Polysaccharide



Fucoidan: submission IMPD + IB
LVTS

INSERM 
U1148



Fucoidan: submission IMPD + IB
LVTS

INSERM 
U1148

I. Cicha et al, 
Cardiovasc Res

2018



Fucoidan: submission IMPD + IB
LVTS

INSERM 
U1148

2018



Phase I Clinical Thrombus Imaging
with a GMP-Grade Fucoidan

ANSM agreement
January 17, 2018

(France)

LVTS
INSERM U1148



Dutch
agreement

March 8,  2018

LVTS
INSERM U1148

Phase I Clinical Thrombus Imaging
with a GMP-Grade Fucoidan

Clinical trial (Phase I) started in 2018 at AMC, 

Amsterdam (NL)



Phase I - Clinical Thrombus Imaging
with a GMP-Grade Fucoidan

Phase I completed in 2018 : 

10 patients - no side effect, usual uptake

Patient # 4

From 30mn to 3 h

30mn

Anterior

30mn

Posterior

1.5 h

Anterior

1.5 h

Posterior

3 h

Anterior

3 h

Posterior



The Clinical Thrombus Imaging
with a GMP-Grade Fucoidan

Phase I (Safety)

Seaweeds

LVTS
INSERM U1148



Seaweeds

Phase IIa Approval
for Deep Vein Thrombosis

Amsterdam, May 2019

Clinical trial is ongoing

The Clinical Thrombus Imaging Phase IIa
with a GMP-Grade Fucoidan



The Clinical Thrombus Imaging Phase IIa
with a GMP-Grade Fucoidan

Amsterdam
November 2019

First patient in Phase IIa :
First detection of

Deep Vein Thrombosis
with Fucoidan



On going Phase II Clinical trial

Phase IIa clinical trial to evidence acute thrombogenic activity in 
patients with Deep Vein Thrombosis 

Ongoing at AMC



The Clinical Thrombus Imaging
with a GMP-Grade Fucoidan

Phase IIa

Seaweeds
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The Forum for Diagnostics, Imaging, and Therapy Research   

Theranostics 

ISSN: 1838-7640  

COVER FEATURE 
Polysaccharide Nanosystems for Future Progress in 
Cardiovascular Pathologies 
Silva A.K.A. et al.  
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2012 IF  

7.806 

Preclinical Thrombus Imaging
… to Clinical Thrombus Imaging

	

> 15 Publications
3 patents
Several Grants

Thrombus Imaging
with Fucoidan



The nanostructure

The core

The loading

(inside/surfa

ce/outside)

The shell

Nano/microsystems for imaging of thrombus

The targeting (Fucoidan for thrombus)



Targeted systems for Imaging of Thrombus

	

AKA Silva et al,  Theranostics + Cover June 2014

F. Rouzet et al, J Nucl Med + Cover Sept 2011

Large Scale NMP 

FP7

2013-2019

D LETOURNEUR

Coordinator



Fucoidan for
in vivo 

SPECT imaging of thrombus

Polysaccharide microparticles + 99mTc 

Fucoidan



Molecular Imaging of thrombus by SPECT
Microparticles + 99mTc

+ fucoidan

T. Bonnard et al., Theranostics 2014

Tc*

Tc

*

99mTc-MP-Fucoidan / AAA 

rat

SPECT imaging at 2 hours



99mTc-MP / AAA rat

Molecular Imaging of thrombus by SPECT
Microparticles + 99mTc        Microparticles + 99mTc

+ fucoidan without fucoidan

99mTc-MP-Fucoidan / AAA 

rat

SPECT imaging
at 2 hours

Tc

*

Tc

*

Tc*

Tc

*

no fucoidan



99mTc-MP / AAA rat 99mTc-MP-Fucoidan / Healthy rat

Molecular Imaging of thrombus by SPECT
Polysaccharide microparticles + 99mTc

+ fucoidan without fucoidan + fucoidan (no 

thrombus)

Tc

*

Tc*

99mTc-MP-Fucoidan / AAA 

rat

T. Bonnard et al., Theranostics 2014

SPECT imaging at 2 hours



M. Suzuki et al., Nanomedicine 2015 T. Bonnard et al., Acta Biomaterialia 2014

T. Bonnard et al., Theranostics 2014AKA. Silva et al,  Theranostics + Cover June 2014

M. Juenet et al., Future Sci OA 2015 M. Juenet et al., BBRC+ Cover Dec 2015

J. Matuszak et al., Nanomedicine 2016 B. Li et al., Adv Health Mater + Cover 2017

Targeted systems for Imaging of Thrombus

	

Large Scale

NMP FP7

2013-2019

D LETOURNEUR

Coordinator

+ 2 other Patents

2015

2016

Polysaccharide

Composite 

Polysaccharide

/ iron oxyde

Composite 

Polysaccharide

beads



Ultrasound developments

Functionalized polymer microbubbles

Bo, L. et al. Biomaterials 2019

C Chauvierre

polymer

Fucoidan



Injection of  microbubbles



Control-MBs Fucoidan-MBs

Control-MBs Fucoidan-MBs



Targeted systems for Imaging of Thrombus
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> 15 
Publications
3 patents
Several Grants

Research on Molecular Imaging  

Clinic

Research on Treatments
Juenet et al Biomaterials 2018; Li et al Biomaterials 2019

and future industrial developments

LVTS
INSERM U1148

Lessons



Thrombus : treatment



Therapeutic agent for thrombolysis

The only fibrinolysis compound in human:

Tissue Plasminogen Activator (tPA)

AIMS:

 Increase efficacy

 Limited hemorrhage (controlled release and targeting)

 Protection of degradation from PAI-1

+

tPA



Thrombolysis

rt-PA dose (mg/kg) - - 2.4 ± 0.4 2.6 ± 0.3 2.4 ± 0.4

Thrombus density at 

30 minutes
69% ± 6% 71% ± 6% 58% ± 6% 61% ± 10% 39% ± 7%

Loading by 
adsorption

50 µm

Thrombus 
density

at 30 minutes

Mouse mesenteric vein

Juenet et al, 
Biomaterials 2018

**
N.S.

Targeted Polysaccharide Nanosystems for

Thrombus Treatment



Targeted therapy

Functionalized polymer microbubbles

Ultrasound developments : C Chauvierre

Fucoidan

polymer



Thrombus : 
Imaging & Treatment

Fucoidan : From the design 
to the clinic (phase I, IIa)



A large expertise in Research and Industrial development

Research



A need of large expertise

Research

POC Clinical

trials
Polymer

Chemistry

Biology

In vitro

In vivo

Engineering

Marketing

&

Sales

GLP/GMP

production

Regulatory

AffairsIndustrial

Scaling up

Human

Ressources

& Finances



A need of large expertise

MedicineChemistry Engineering

Manpower

Finances

GLP/GMP

production

Regulatory

Affairs
Industrial

Scaling up

Biology

In vitro

In vivo

Research



The journey started with …
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The journey started with ...



The journey started here with ...



The journey started here with ...

2019

1989



The journey started here with ...

2019



The journey started here with ...

Véronique
(Grauffel)

Letourneur Charly
Letourneur

Didier
Letourneur



CONCLUSIONS

Not a linear development scheme

Need time, expertise, money,
a lot of work

… and people
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