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Our  research in Theranostic

3 main Axes

3) Optimization of already validated VIR

2) R&D in vectorisation and radiolabbeling

PSMA and salivary glands
Predictive tools of toxicity

Nanosystem, nanobodies as carrier
BBB dysruption
Microfluidic for radiolabelling

1) Innovative vascular molecular targets for Imaging and theragnostic approaches 

Angiomotin

APJ



Our  research in Theranostic

1) Innovative vascular molecular targets for Imaging and theragnostic approaches 
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CD146s

2010

Validation of the target

2014

Harourri et coll.,
Blood 2010

AMOT

Stalin et coll.,  JBC2013

The story of Amot Imaging

Build the radiotracer

2015

Evaluation in vivo

2016-22 Moyon et Coll, Theranostic 2018

Patent Office (EP17305198.8)



68Ga-sCD146 TEP imaging predicts post ischemic rescue
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68Ga-sCD146 early predictive tool of hindlimb recovery

Patent Office (EP17305198.8)

Moyon et coll., Theranostic 2018
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68Ga-sCD146 68Ga-RGD2

68Ga-sCD146 TEP imaging predicts post ischemic rescue

Myocardial infarction

LV Perfusion

LV fibrosis

Moyon et coll, Cells 2021
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VEGF VEGFR2

sCD146 Amot

RGD Integrins

Moyon et al. 2018

Samén et al. 2014

Meyer et al. 2016

Liu et al. 2015

Shi et al. 2016

APJ/Apeline 

Apelin APJ

→Oncologie 

→ Ischémie

Apelin/APJ for TEP imaging of angiogenesis

J1 J3 J7 J10 J13 J21 HU %ID

3e-6

0

7000

-1000

D1 D3 D7 D10 D13 D21

EP 20 305665 , PCT/EP2021/066707, Louis et coll, reviewing

M
ild

h
yp

o
xi

a
H

in
d

lim
b

Is
ch

e
m

ia

Stroke



Are vascular targets may help for tumor targeting ? 

1971

Eklund et coll. 2013

Massoumi et coll. 2020

Tumor expression of activated endothelial biomarkers
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Schnell et coll Neurooncol 2009

Already the case for integrin



68Ga-sCD146 68Ga-RGD

68Ga-sCD146 vs 68Ga-RGD2 in GBM 

68Ga-AMOT agonist 68Ga-RGD
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AMOT : 68Ga-sCD146 imaging in Glioblastoma

Patent Office (EP17305198.8)



[68Ga]Ga-AP747[68Ga]Ga-RGD2

[68Ga]Ga-RGD2

(n=3)

[68Ga]Ga-AP747
(n=3)
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APJ
68Ga-AP747 imaging in 

Glioblastoma

APJ

68Ga-AP747 imaging

in Colon ADK

[68Ga]Ga-AP747 [68Ga]Ga-RGD2

177Lu radiolabeling

AP-747 RGD2 EP 20 305665 , PCT/EP2021/066707



2) R&D in vectorisation and radiolabbeling

Our  research in Theranostic

ONCOLOGY : EPR effect targeting

Garrigue et coll. 
PNAS 2018

↘ Hepatic uptake

↑ Tumor uptake



Biodistribution of [111In]In-2 quantified by µSPECT/CT 180 min p.i.

Tumor uptake of [111In]In-2 → Almost 2-fold higher than that of [68Ga]Ga-1  

BUT also hepatic uptake of [111In]In-2 was 2-fold higher

Ling Ding et coll., Chem Com 2019



Optimization of dendrimers PK for isotopic imaging :  DOTA vs. NOTA ?

Louis  et coll., Small, 2020 

[111In]In-1 : [111In]- C18-G2-DOTA

[111In]In-2 : [111In]- C18-G2-NOTA

***
[111In]-D-DOTA

[111In]-D-NOTA

NOTA     Tumor/Tissue ratio
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X1-NOTA X2-NOTA X3-NOTA X3-NOTA X4-NOTA

Optimization of dendrimers PK for isotopic imaging :  New chemical modulations

(CF3)3-C12-NOTA (C4F9)-C11-NOTAC18-G2-NOTA (C4F9)-C14-NOTA(CF3)3-C15-NOTA

Structure 
modification
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X1-NOTA X2-NOTA X3-NOTA X3-NOTA X4-NOTA

Two-way ANOVA post-hoc Dunnet’s test ,*P  0.05, **P  0.01, ***P  0.001, ****P  0.0001, n=6 per dendrimer except for (C4F9)-C11-NOTA n=5

Plasmatic clearance 

(mL/h)

Plasmatic volume of 

distribution (mL)

COMPO
COMputational 
Pharmacology 
and clinical Oncology 

Optimization of dendrimers PK for isotopic imaging :  New chemical modulations



COMPO
COMputational 
Pharmacology 
and clinical Oncology 

Optimization of dendrimers PK for isotopic imaging :  PK Modeling



Pharmacokinetics in large 
animal SWINE/MONKEYS

Our  research in Theranostic



X1-NOTA X2-NOTA X3-NOTA X3-NOTA X4-NOTA
Intestines

Optimization of dendrimers PK for isotopic imaging :  new chemical modulations

+38% +37% C4F9-C11-NOTA-02C18-G2-NOTA C4F9-C11-NOTA-02C18-G2-NOTA

2h p.i. 4h p.i.

Pancreatic adenocarcinoma Ectopic glioblastoma 

2h p.i. 4h p.i.

C4F9-C11-NOTA-02C18-G2-NOTA C4F9-C11-NOTA-02C18-G2-NOTA

+32% +25%% 

X1-NOTA

X4-NOTA
X1-NOTA

X4-NOTA



Optimization of dendrimers PK for isotopic imaging :  targeting

X4/RGD



Other Tumor targeting strategies

Our  research in Theranostic

Bifunctionnal
agent

Conjugation

Radiolabelling

68Ga
177Lu
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Yxenografted murine models 

Enzymatic site-directed 
conjugasion

Radiolabelled nanobodies production line



2) R&D in vectorisation and radiolabbeling

Our  research in Theranostic

Metwally et coll., 2021 Biomed Optics

Bood-brain barrier permeabilization



2) R&D in vectorisation and radiolabbeling

Our  research in Theranostic

Development of automated microfluidics radiosyntheses for 
molecular theranostics targeting angiogenesis

TECHNOLOGICAL SCIENTIFIC

• Minimize volume
• Space saving
• Less Loss
• Automatization

• 68Ga and 177Lu radiolabeling
(theranostics)

→ Optimise (beads, heating, …)
→ Increase of specific activity +++

MiRTxGlio



Our  research in Theranostic

3) Optimization of already validated VIR

Increase therapeutic range of VIR

Salivary glands and PSMA targeted VIR

Nail et coll., reviewing JNM



Our  research in Theranostic

In conclusion

Molecular targed identification

R&D Radiolabelling and medical devices

Vectorization Optimization

In vivo evaluation

Clinics (1st in man; Phase I → III)

2019 : A dedicated M2 Degree



CERIMED, C2VN, INSERM  1263 Aix-Marseille Univ France

Thanks for your attention





CERIMED : just box dedicated to R&D in clinical imaging


