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Investigation of gold quantum clusters for non-invasive in vivo optical imaging in
the wide infrared window 700-1700 nm

Benjamin Musnier’, Véronique Josserand®, Sabine Bailly?, Yves Usson?, K. David Wegner®, Ute Resch-
Genger”, Jean-Luc Coll', Xavier Le Guével*
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38000 Grenoble, France
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Gold quantum clusters (Au NCs) are ultra-small particles with metal core smaller than 3 nm exhibiting
molecular-like properties and a discretization of the energy levels. These species have shown a high
interest as contrast agents for bioimaging due to their photoluminescence in the first near-infrared
window (NIR: 700-900 nm)' and recently by us in the second infrared window called “shortwave
infrared” (SWIR: 900-1700 nm)% The photoluminescence of Au NCs in these spectral windows is strongly
influenced by the nature of the ligands and how it stabilized the metal core.

We develop gold quantum clusters stabilized by short thiol organic molecules to tailor their
photoluminescence emission and intensity notably in the SWIR region reaching a quantum vyield up to
6.1% in water®. After a full characterization of these particles by spectroscopic and optical techniques,
investigation was conducted in mice to visualize non-invasively the vascular network and to study their
biodistribution. It demonstrates two important findings: i) a pharmacokinetic of Au NCs in mice highly
driven by the nature and the density of the ligands protecting the gold core, and ii) the benefit moving
from NIR to SWIR optical windows for bioimaging leading to higher spatial resolution deeper in tissue
mainly due to the strong decrease of scattering at longer wavelengths.

'Le Guevel, X. et al., Nanoscale 2018, 10, 18657.
2 Chen, Y.et. al., Nanoletters 2017, 17, 6330.
3 Musnier, B. et al., Nanoscale 2019, 11, 12092.
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Probing intraneuronal transport in vivo with optically active photostable
nanocrystals

F. Terras’, M. Frétaud?, Q.-L. Chou’, F. Semmer’, G. Allard’, K. Duroure?, M. Simonneau’, F. Del Bene?,
C. Langevin? F. Marquier'and F. Treussart®
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Virologie et Immunologie Moléculaire, INRA, Université Paris-Saclay, 78352, Jouy-en-Josas, France
Institut Curie, PSL Research University, INSERM U934, CNRS UMR3215, Sorbonne Université, F-75005 Paris,
France

Neurodegenerative disorders such as Alzheimer’s disease involve a large network of genes displaying
subtle changes in their expression. Abnormalities in intraneuronal transport have been linked to genetic
risk factors found in patients, suggesting the relevance of measuring this key biological process.
However, current techniques are not sensitive enough to detect minor abnormalities.

In 2017, we reported a method able to measure changes in intraneuronal endosomal transport induced
by brain disease-related genetic risk factors mimicked in transgenic mice (1). It relied on tracking
fluorescent nanodiamonds (FNDs) after their spontaneous endocytosis by hippocampal neuron in
culture, and takes advantage of FND.

Here we report the extension of this nanoparticle tracking based-approach to multiphoton microscopy
(MPM), opening the possibility of intracellular transport measurement in vivo thanks to tissue
transparency in MPM excitation wavelength range. To this aim we have tracked sized=100 nm KTiOPO,
(KTP) nonlinear nanocrystals endocytosed in axons of the periventricular neurons after microinjection in
the optical tectum of living zebrafish larvae. NanoKTP large nonlinear second order optical response (2)
allowed us to maintain the same 20 frames/s rate as in widefield imaging with FND, despite the need for
raster-scanning. We showed that we can detect slight endosomal transport impairment due either to
very low concentration drug-induced cytoskeleton destabilization or to knock-out of molecular motor-
related genes.

1. S. Haziza et al., Nat. Nanotechnol. 12, 322-328 (2017).
2. L. Mayer et al., Nanoscale. 5, 8466—71 (2013).
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Supramolecular dendrimer nanosystem for bioimaging
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Abstract

Nanotechnology-based imaging for cancer diagnosis is endowed with unique advantages of improved
imaging sensitivity and specificity.! Dendrimers are ideal nanocarriers for imaging agents by virtue of
their well-defined dendritic structure and multivalent cooperativity.” Recently, we have successfully
constructed self-assembling supramolecular dendrimer nanosystems for tumor imaging using various
imaging modalities such as optic imaging®, positron emission tomography (PET) * and single photon
emission computed tomography (SPECT).” Interestingly, by introducing a fluorinated component into the
dendrimer, the uptake of imaging agent in the liver can be significantly reduced, offering an extremely
benefit for reducing non-specific imaging and eventual imaging guided internal radiotherapy. The
possibility of closely controlling the chemistry, the size and the hydrophobicity-hydrophilicity balance of
dendrimers provides us with a unique opportunity to create tailor-made supramolecular dendrimer
nanosystems for various biomedical applications in general.

References :

1. Chen H, Zhang W, Zhu G, Xie J, Chen X, Nat. Rev. Mater. 2017, 2, 17024 ; Li C. Nature. Mater. 2014, 13,
110

2. LyuZ, Peng L, Nat. Biomed. Eng. 2017, 1, 686; Lyu Z, Ding L, Huang A, Kao C, Peng L, Mater Today Chem,
2019, 13, 34

3. WeiT, Chen C, Liu J, Liu C, Posocco P, Liu X, Cheng Q, Huo S, Liang Z, Fermeglia M, Pricl S, Liang XJ, Rocchi
P, Peng L, Proc. Natl. Acad. Sci. U.S.A. 2015, 112, 2978

4. Garrigue P, Tang J, Ding L, Bouhlel A, Tintaru A, Laurini E, Huang Y, Lyu Z, Zhang M, Fernandez S, Balasse L,
Lan, W, Mas, E, Marson D, Weng Y, Liu X, Giorgio S, lovanna J, Pricl S, Guillet B, Peng L, Proc. Natl. Acad.
Sci. U.S.A. 2018, 115,11454

5. Ding L, Lyu Z, Tintaru A, Laurini E, Marson D, Louis B, Bouhlel A, Balasse L, Garrigue P, Giorgio S, Pricl S,
Guillet B, Peng L. Chem. Comm. submitted
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ORGANIC NANOPARTICLES CONTAINING NICKEL-BIS(DITHIOLENE) COMPLEXES
FOR PHOTOTHERMAL THERANOSTICS

M. Ciancone,’ N. Bellec,’ C. le Goff-Gaillard,” Y. Arlot,” F. Varray,3 S. Cammas-Marion,* F. Camerel®
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France.

2. Univ Rennes, CNRS, IGDR (Institut de Génétique et Développement de Rennes) - UMR 6290, BIOSIT - UMS
3480, 35000 Rennes, France.

3. Univ Lyon, INSA-Lyon, Université Claude Bernard Lyon 1, UIM-Saint Etienne, CNRS, Inserm, CREATIS UMR
5220, U1206, F-69621, LYON, France.

Metal-bis(dithiolene) complexes are known as strong NIR absorbers in a wide range of NIR
wavelengths and have been widely used in laser technologies. However, we have recently demonstrated
that nickel-bis(dithiolene) complexes also display strong photothermal activities under laser irradiation
in the near infrared region which is of great interest in material science and in biotechnologies.[1]

Recent investigations have demonstrated that NIR irradiation of thermally sensitive liposomes and
PEG-b-PMLABe block-copolymer nanoparticles containing nickel-bis(dithiolene) allows the fine control
of the release of their drug contents in solution under NIR-laser irradiation.[2] It has also been
demonstrated that the photothermal activity can be used to induce cell death under NIR-laser
irradiation, highlighting that such metal-bis(dithiolene) containing organic nanoparticles can be good
candidates for photothermal therapies (PTT).[3] Finally, more recently, it has been found that these
metal complexes also exhibit remarkable photoacoustic properties. The photoacoustic signal is easily
detected and its intensity is directly proportional to the concentration of complexes and to the laser
energy, showing that metal-bis(dithiolene) complexes can also be used as exogenous contrast agents for
photoacoustic bioimaging.[4]

All these results highlight that this class of metal-bis(dithiolene) complexes containing organic
nanoparticles can allow developing new multipotent nanoparticles for theranostics.

[1] a) K. Mebrouk, S. Debnath, M. Fourrmigué, F. Camerel, Langmuir, 2014, 30, 8592; b) M. Ciancone, F. Camerel,
Chem. Commun., 2017, 53, 6339; c) K. Mebrouk, F. Chotard, C. Le Goff-Gaillard, Y. Arlot-Bonnemains, M.
Fourmigué, F. Camerel, Chem. Commun., 2015, 51, 5268; d) F. Ge, R. Yang, X. Tong, F. Camerel, Y. Zhao, Angew.
Chem. Int. Ed., 2018, 56, 9546.

[2] K. Mebrouk, M. Ciancone, T. Vives, S. Cammas-Marion, T. Benvegnu, C. le Goff-Gaillard, Y. Arlot-Bonnemains,
M. Fourmigue, F. Camerel, ChemMedChem, 2017, 12, 1753.

[3] M. Ciancone, K. Mebrouk, N. Bellec, C. le Goff-Gaillard, Y. Arlot-Bonnemains, T. Benvegnu, M. Fourmigué, F.
Camerel, S. Cammas-Marion, J. Mater. Chem. B, 2018, 6, 1744.

[4] M. Ciancone, N. Bellec, S. Cammas-Marion, A. Dolet, D. Vray, F. Varray, C. Le Goff-Gaillard, X. Le Goff, Y. Arlot-
Bonnemains, F. Camerel, article submitted for publication.
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Studying the preclinical ex-vivo distribution of metal nanoparticles:
label-free direct elemental quantitative imaging with LA-ICP-MS

Yijiao Yao', Lucie Sanceyz, Florent Arnaud-Godet', Jean-Luc Coll?, Philippe Télouk', Benoit Busser>?

1. ENS-Lyon, Lyon, France, France
2. Institute for Advanced Biosciences, Univ. Grenoble Alpes, INSERM U1209 CNRS UMR5309 - Grenoble, France
3. Grenoble Alpes Univ. Hospital, Grenoble, France

Abstract

Introduction

Nanoparticles’ labeling is most of the time required to follow and characterize their distribution in vivo
or ex vivo. However, this labeling might alter the physico-chemical properties of the particles such as
their size/weight, hydrophobicity or fine distribution. To perform label-free ex-vivo imaging of different
metal nanoparticles (Au, Ag, Pt) in murine organs, we used laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICP-MS) which allows the direct quantitative imaging of the chemical elements
in a tissue sample with high sensitivity.

Methods

The nanoparticles (NPs) were administered IV to mice bearing TS/A tumors. Organs were sampled either
1 or 24 hours after injection. lon intensities of 31P+, 107Ag+, 197Au+ and 195Pt+ in tumor, liver, kidney
and spleen were measured by ICP-MS. HDIP (HDF-based Image Processing) software was dedicated to
process the mass-spectroscopy data together with the laser ablation position data to obtain the image
data of their distributions.

Results

All the elements of interest were observed in the tissue sections. The results show that in the tumor, the
smallest NPs may have the best uptake and distribution. The 30 nm size NPs are mainly observed in the
spleen and the liver, while they accumulate less in the kidneys.

Conclusion

This elemental imaging method allowed to successfully image and quantify the bio-distribution and
elimination processes of metal-based nanoparticles dedicated to theranostic approaches (i.e., for both
tumor diagnosis and therapy), achieving 20 um resolution and sub-ppm level detection limits, on entire
organs. Being complementary with standard optical microscopy, LA-ICP-MS offers new insights for
nanosciences.
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