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Modular and adaptive dendrimer nanosystems for biomedical applications
Ling Peng
Centre Interdisciplinaire de Nanoscience de Marseille, Aix-Marseille University, CNRS, France
Email : ling.peng@univ-amu.fr

The application of nanotechnology is widely expected to bring breakthrough in medicine for disease treatment and diagnosis. Dendrimers are ideal materials for elaborating nanomedicine by virtue of their well-defined structure, multivalent cooperativity and nanosize per se. We have pioneered modular and adaptive self-assembling dendrimer nanosystems for the delivery of imaging agents, drugs and nucleic acid therapeutics.1 Benefiting from the multivalent feature of dendrimer and the EPR effect of the tumor microenvironment, these dendrimer nanosystems offer excellent tumor imaging, outperforming the clinical imaging references.2 In addition, they penetrate deep in tumor tissue and bypass drug efflux, effectively overcoming drug resistance.3 Also remarkably, these nanosystems deliver nucleic acid therapeutics effectively in primary immune cells, offering great promise in immunotherapy.4 
1. Acc. Chem. Res. 2020, 53, 2936. 
2. Proc. Natl. Acad. Sci. U.S.A. 2018, 115, 11454; Small 2020, 16, 2003290. 
3. Proc. Natl. Acad. Sci. U.S.A. 2015, 112, 2978; Exploration 2021, in press.
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Development of nanoengineered nanoparticles fabricated by ultrafast laser method for potential applications in biomedicine and tissue engineering
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Driven by surface cleanness, unique physical and optical and chemical properties, bare(ligand-free) laser synthesized nanoparticles (NPs) are now in the focus of intensive researches for varieties of applications such environment, catalysis and biomedicine [1]. Based on the interaction of ultra-pulsed laser beam in liquid ambiance (e.g., aqueous solution) with a solid target material or water powder dispersed, this process can lead naturally to the formation of spherical NPs with modulate physicochemical properties including diameter and size dispersion, surface chemistry free from any ligands and functionalization. For instance, we have thus demonstrated the possibility to elaborate ultraclean and extremely stable colloidal solutions based on variety of composition including of SiNPs, AuNPs, Si@AuNPs or even TiNNPs with flexible physicochemical properties [1]. Moreover, the presence of high oxidation state on the NPs surface promises efficient interactions with many biological materials (e.g., proteins), and other chemical functions [1]. We have shown that such NPs can be exploited as significant sensitizers for radiofrequency (RF)-induced hyperthermia, photothermal or even TPE-PDT therapeutic modalities [2-4]. Beside conventional additives mainly made-it by chemical way, we have also started to explore such bare laser-synthesized NPs as novel functional additives for tissue engineering applications [5].       
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Ahmed Al-Kattan is Assoc. Prof. at LP3 laboratory (UMR 7341,CNRS-Aix-Marseille University). His research is dealing with the design of novel biocompatible/biodegradable nanoparticles fabricated by ultrafast laser process and soft chemistry for advanced theranostic modalities, and the development of innovative functional biomimetic scaffold platforms for tissue engineering applications. 





Pharmacokinetic challenges for an optimized nanomedicine development: specific
quantitation methods and physiologically-based pharmacokinetic modelling
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The promise of nanomedicines is to provide improved pharmacokinetic (PK) properties
compared to conventional formulations. However, knowledge on the influence of the
characteristics of nanomedicines on their behaviour in the organism is still limited. To fill this
gap, accurate quantitation methods and integrated analysis of collected in vitro and in vivo PK
data are needed.
The importance of a specific quantitation of the free versus nanoformulation-encapsulated drug will be underlined and exemplified based on Vyxeos example (R Fanciullino). How
physiologically-based pharmacokinetic models are an ideal platform to integrate heterogeneous information will be illustrated ( F Gattacceca).

     
[image: ]Dr Raphaelle Fanciullino, Pharm.D. Ph.D., is Assistant Professor of Pharmacokinetics and Clinical Pharmacist at Aix Marseille University and the University Hospital of Marseille, France. Dr Fanciullino work focus on controlling the pharmacokinetics variability of anticancer agents using either pharmacogenetics testing or developing drug delivery systems. Dr Fanciullino has prototyped a variety of stealth liposomes and immunoliposomes encapsulating several cytotoxics in colorectal cancer and breast cancer models. Dr Fanciullino has PI’ed several clinical trials in the field of clinical pharmacokinetics, and supervised and mentored several Ph.D students. Dr Fanciullino has published 50 international articles in oncology to date, and owns several patents on original liposomal formulations in oncology.
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Central nervous system (CNS) diseases are among the most difficult to treat due to the presence of the blood brain barrier (BBB). As an example, the median survival of patients with glioblastoma, the most aggressive CNS tumor, is only 15 months despite standard treatment protocols combining surgery, chemotherapy and radiation. Recent strategies have been developed for delivering therapeutics across the BBB. One of them is the development of efficient nano-sized drug delivery systems (DDS) able to cross the BBB. Another one is the use of focused ultrasound-mediated BBB opening (FUS-BBBop), combined with microbubbles, as a non-invasive strategy to permeabilize the BBB locally, temporary, and reversibly (Marty et al, 2012). In this context, in the BubDrop4Glio transdisciplinary project, our aim is to develop perfluorocarbon nanoemulsions to encapsulate a hydrophobic drug (e.g., docetaxel) as sonosensitive DDS and to combine them to FUS-BBBop to increase drug concentration at tumor site. Other projects developed in our group combine FUS-BBBop to photothermal therapy for glioblastoma, using a multifunctional preclinical device developed for this purpose.
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Description générée automatiquement]Marie-Anne Estève is assistant professor and hospital pharmacist at Aix Marseille University, Assistance Publique – Hôpitaux de Marseille (Marseille, France). She carries out her research activity at the Institute of NeuroPhysiopathologie (CNRS, UMR7051), in the Gliomagenesis and Microenvironment (GlioME) team. Her earlier works focused on pharmacological and preclinical studies of anticancer drugs, with a particular interest on chemotherapeutic drugs targeting microtubules (e.g., Vinca-alkaloids and taxanes). In the last ten years, she used nanocarriers as drug delivery systems to overcome glioblastoma challenges, through multidisciplinary projects. The aim of her group is to investigate the safety, anticancer efficacy, pharmacokinetics and biodistribution profile of different nanoparticles (metallic nanoparticles, carbon-based nanoparticles, nanodroplets) using adapted in vitro and in vivo models.






mRNA targeting Nanomedicine
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Antisense oligonucleotides (also called ASOs) belong to the family of therapeutic oligonucleotides. ASOs are used to perform selective silencing of mRNAs with subsequent knockdown of proteins (for coding mRNA) either at in vitro or in vivo scale. Generally, ASOs carry out their functions by base pairing in the cytoplasm or the nucleus of cells. The single stranded DNA ASO specifically binds to its complementary strand on target mRNA and forms an hetero duplex that recruits an active enzyme complex. This enzyme cleaves the target mRNA or prevent ribosome assembly machinery, leading in the both cases to the inhibition of translation. The main drawback of ASOs relies on their poor cellular penetration. ASOs are therefore usually delivered via transfecting reagent which could be cytotoxic. Therefore, improvement of ASO delivery is of major importance for in vitro and in vivo applications. To circumvent this issue, we have developed an original approach based on lipidic-ASO called LASO which have the property for self-assembling into nanomicelles allowing their internalization without using any transfecting reagent. This has been proved in prostate cancer (PC) models (Karaki, S., JCR, 2017) but can be used as nanomedicine to treat different diseases.



[image: ]
Palma Rocchi received her PhD in 2002 from the Medicine Faculty of Marseille evaluating the molecular mechanisms involved in the castration-resistant prostate cancer (CRPC). In her three years as post-doctoral fellow in the University of British Columbia Prostate Centre in Dr Gleave’s Lab. Palma Rocchi completed her formation by receiving advance training in targeting mRNA of genes associated with CR and treatment resistance (TR) in PC. She developed a drug (OGX-427) against Hsp27 mRNA using oligonucleotide antisens (OA) and small interference RNA (siRNA) approach able to significantly dose-dependent down-regulate Hsp27 protein expression level. OGX-427 has been patented and obtained an international license (Apatorsen) by the University of British Columbia and Oncogenex and clinical trials phase II was done in Canada and United States to evaluate the effect of OGX-427 in patients with PC and other solid tumors like breast, ovarian, bladder, prostate and lung cancer. She has now completed her post-doctoral fellowship and found a position as an independent senior investigator in PC translational research at the French National Institute for Health and Medical Research (Inserm). She now holds a research director position working in prostate cancer translational research at the French National Institute for Health and Medical Research (Inserm). She focuses on oligonucleotide-based RNA targeting nanotherapies to improve treatment in PC and other diseases, in the setting of many national and international collaborations.





Perspectives in biomedical imaging
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In the era of precision medicine and the development of imaging methods to monitor disease progression and stratify patients to therapies that will benefit them, there is a growing need for specific molecular information. However, imaging techniques often suffer from a lack of target specificity and lesion location information. The development of imaging agents, contrast agents or radiopharmaceuticals, depending on the imaging modality, is therefore of great interest to provide this information.  In addition, theranostic approaches that combine diagnosis and therapy are very promising.  This is true for all imaging modalities, whether alone or combined in multi-modality imaging, where nanoparticles are receiving much attention. However numerous nanoparticles are developed and the path to biomedical applications and clinical implementation is long and difficult. From the development of nanoparticles, it is important to keep the end use in mind. Chemists, biologists, physicists and physicians have to work together to optimally integrate the development of nanotechnology and imaging techniques and to strategically combine the efforts.
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