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Introduction

Advantages of nanoparticles
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High-Z nano-agent:

- Small (<10 nm) ....for accumulation in tumors by EPR
- Biocompatible & not toxic

http://www.etp-nanomedicine.eu/ - Optical, electronic , magnetic properties

Wang R et al. Journal of Nanomaterials (2012)
Rizzo L et el. Curr Opin Biotechnol (2013)

Diverse surface chemistry



Introduction

New strategy

Addition of high-Z based nanoparticles

e

Nanohadron
e Accumulation of NPs in the tumor
e Local increase of the radiation effect
Therefore, reduction of the total dose Lacombe S, Porcel E and Scifoni E.

Cancer Nanotechnology, vol. 8(1), (2017)



Nanoscale mechanisms

Time scale Incident beam
Secondary e
1015 NP electronic activation
NP relaxation
10835¢

* e emission

1012 Production of radicals (ROS)
* Water radicals
 Diffusion/reaction

106s

100s => bio-damage

=» Cell death

Kobayashi et al Mutation Research (2010)
Porcel et al Nanotechnology (2010)
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Nanoscale mechanisms

Local Effect Model
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e » Confined nano-size perturbation
Sl -l LN > Same size as biomolecules

» NP effect = induction of local dose « spikes »
Mc Mahon et al Scientific Reports (2011)



Our work

Expertise: ions + NPs

Small metallic NPs (Pt, AU, Gd) / ions (high energy)

Multiscale approach
Radiation Nano-agents Probe
source

Nano-bioprobe
Elementary
processes

Mammalian and
human cells
Efficiency

AV

Photons

*French patent: FR1900008 **patent : PCT/FR2008/051860, W02009053644 A3



Irradiation facilities

« Fastion medical beam (HIMAC, Chiba,
Japon)

Uniform Scanning (SOBP) @Ac_
C %* (290MeV/u)
He 2* (150MeV/u)

 Fastion medical beam (HIT, Germany)
Pencil Beam
C 6+ (290MeV/u)

* Proton beam (KVI, The Netherlands)
Pristine peak
150 MeV

e Gamma rays Cs137 (Curie, Orsay, France)




PINP-PEG @ medical carbon ions (HIMAC-NIRS)

Small Platinum NPs - PEG *French patent: FR1900008

Synthesis by radiolysis

water + Pt salt irradiated by y-rays
» Green chemistry

(coll. H. Remita, ICP, Orsay)

v"Small (3 nm) for internalization by EPR effect (Enhanced Permeability Retention)
v' Biocompatible, stable
v’ Sterile solution (ready to use)



PINP-PEG @ medical carbon ions (HIMAC-NIRS)

Small Platinum NPs - PEG

Synthesis by radiolysis

water + Pt salt irradiated by y-rays
» Green chemistry

(coll. H. Remita, ICP, Orsay)

*French patent: FR1900008 TEM

Counts

BIPEG NPs dizmeter (v1)

v"Small (3 nm) for internalization by EPR effect (Enhanced Permeability Retention)

v' Biocompatible, stable
v’ Sterile solution (ready to use)
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PtNP-PEG are localized exclusively in the cytoplasm

12



PINP-PEG @ medical carbon ions (HIMAC-NIRS)

Effects of PtNPs-PEG

Irradiation C®* (SOBP) and gamma rays /Hela cells

Incubation : 0.5 mM Pt, 6h
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y-rays 14%
C 6+ (SOBP) 42%

» Enhancement of carbon ion
efficiency

Next step: Towards multimodality/theranostic

Salado-Leza D et al. Nanotechnology, science

and applications vol. 13 61-76. 7 (2020).



In vitro effects

Gadolinium-based NPs (GdBN)

Y
w\%lysiloxane network (APTESITEOS)

‘,v’) DOTA(Gd)
Lg)’ >4 DOTA(empy site)
v" MRl active
v High colloidal stability and freeze drying
ability

v"In vivo: rapid elimination by the kidneys,
no evidence of toxicity

nanc4$. Coll. O. TILLEMENT (Lyon 1)

Porcel et al, Nanomedicine NMB 10:8 (2014)
Sancey et al BJR 87:1041 (2014)



In vitro effects

Gadolinium-based NPs (GdBN)
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v High colloidal stability and freeze drying
ability

v"In vivo: rapid elimination by the kidneys,
no evidence of toxicity

nanc+. Coll. O. TILLEMENT (Lyon 1)
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= i o Porcel et al, Nanomedicine NMB 10:8 (2014)
Lux et al BJR 91 (2018)



In vitro effects

Gadolinium-based NPs (GdBN)

2%@3’;& ot Irradiation C®* (entrance)/ CHO cells
' Incubation : 1 mM Gd, 6h
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» Effect (even low) with GdBNs
/ o » Towards theranostic with carbon ion
T e Porcel et al, Nanomedicine NMB 10:8 (2014)

Sancey et al BJR 87:1041 (2014)



SUMMARY

What did we learn ?

...towards prediction...

Time scale

10%¥s| Activation of NP

Incidentions and 2ry e” produced along the
particle track activate NPs by Coulomb PHYSICAL STEP

interactions / plasmon effect

103 s| NP relaxation
* e emission (out)
*+ - capture to neutralize the NP (in)

Production of radicals CHEMICAL STEP

10%s | Reactive nanoclusters

\ . 10°s | Biodamage
ano-size . Cell death

perturbations BIOLOGICAL STEP

Need to be considered

...multiparametric...



Perspectives

3D sample
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Study of the key parameters in the radioenhancement effect using 3D sample :
LET, ion nature, nanomaterial, cell line, environment....
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