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			Abstract

			Recent achievements in nanotechnology has stimulated the development of a large variety of smart nano-platforms for the delivery of therapeutic drugs and smart applications in biotechnology and nano-medicine. A wide range of smart integrated Nano systems have proven their effectiveness for various types of biomedical tasks, thus paving the way for the modern approach of the personalized medicine. However, many of these nano-structured platforms present lack of experience between the pre-clinical and clinical studies, thus resulting in the huge difficulties to obtain regulatory and ethics approval. As a result, most of these smart nanostructured drug delivery systems are not currently approved for clinical use. In this article we highlight the critical issues and open questions which are still present when translating theragnostic approaches into the clinical practice.
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			Many conventional drug delivery systems present critical issues connected with side effects that limit their use in the clinical practice [1-3]. A large variety of nanoparticle-based platforms allow the design of the molecular architecture (size, shape, and surface functionalities) for the development of efficient therapeutic nanomaterials prototypes that include: organic (including polymer-based [4] such as block copolymers [5], dendrimers [6,7], hydrogels [8]), lipid nanocarriers [9-12]) and inorganic nanocarriers (such as metal [13] and silica [14,15] nanoparticles), as well as synthesized hybrid (organic/inorganic) nanostructure [16-18]. Moreover, the possibility to develop within the same nano-platform a diagnostic imaging system, allow the space-time evolution monitoring of the disease molecular response for each patient (theragnostic approach) (Figure 1) [1,19].

			However, translating nanomedicine discoveries into the clinical practice request more innovative strategies and deeper investigation. In this article we highlight some critical issues and open questions that still limit the clinical applications of those novel technologies. 

			Active Targeting in Drug Delivery Nano-Platform: Critical Issues and Perspectives

			The main challenge in drug delivery design is to selectively drive the drug molecules to the desired target (diseased) tissues, while avoiding the healthy ones. Locally activated drug 
release approaches offer the opportunity for the control of the active targeting of the diseased tissues, by employing specific ligand–receptor interactions. However, despite the significant progresses in the understanding the molecular basis of several pathology, molecular targeted therapy remains a promise of a future innovative approach [20]. Most of all drugs are associated, in fact, with undesired effects that create limitations to their clinical use. Moreover, the amount of drug delivered to tumor targets, in ligand–receptor mediated processes, is much less than 5% [21,22]. Thus, the mere presence of a ligand-receptor combination on a nanocarrier does not ensure a successful active targeting. This indicate that more efficient methods are required in order to improve the response rates to targeted drug delivery therapies. 

			A partial response to this limitation is provided by the employment of stimuli responsive nanocarriers [23]. Stimuli responsive nanocarriers aim to exploit the diseased tissues microenvironment (internal control factors such as the pH, enzyme and redox) to enhance the therapeutic effects [24]. However, optimizations and improvements experiments are needed before the translation of specific stimulus from preclinical models to the clinical practice. The main limitation  of the “internal” stimuli responsive nano-systems is connected with the complexity of the biological micro-environment encountered by the nanocarriers within the (diseased tissues) biological microenvironment. Moreover, although the external stimuli responsive systems are much easier to be controlled, they present major problems related to normal tissue damage and tissue-penetration depth [25]. 

			For this reason, a deeper (in vitro) investigation of the main effects in terms of structure-function relationship are of fundamental importance for the rational understanding of the main processes involved. Particularly interesting, in this respect, is the study of model bio-membranes and their interaction with nanoparticles, as they can be adopted as simplified models that mimic the relevant processes encountered in real cell membranes [26-39]. Those studies have given a strong input to the understanding of the complex processes driven by the interactions that a nanostructured material can develop toward biological systems [30-33].

			Advanced Approaches: System Biology and Personalized Nanomedicine
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			Employment of highly sensitive nano-analytical and diagnostics techniques as well as new smart integrated medical nanosystems (such as biosensors) allow also to attain an early diagnostic and a global profiling of the (individual) patient disease, thus paving the way to the modern approach of personalised medicine [34,35]. 

			Modern approaches for personalized health monitoring and preventative medicine take advantage of the system biology approach, which is based on the (in parallel) collection of data from many components, using the so called “-omics” technologies, (such as proteomics, genomics, metabolomics). This modern approach aims to understand the complex functioning of the living systems, by inferring the complex pathways that regulates a specific physiological (or pathological) processes (Figure 2) [35]. However, the biocompatibility, toxicological aspects and ethical implications still represent critical issues to be resolved [36]. 

			The complexity of the human genome due to the numerous genes involved, together with the large number of possible genetic variations, represent an important critical issue that impedes the routine application in the clinic of the personalised approach. Although these difficulties, we are confident that the personalized medicine approach could have a prominent role in the modern approaches and future practice of (nano)medicine [36]. In this respect the recognition of individual differences (of different patients) in drug response is an essential step toward the development of advanced medical approaches based of the optimized therapy. This challenge requires a synergistic effort between the different cross-disciplinary fields of nano-medicine, biochemistry and bioengineering.

			Conclusions and Future Perspectives

			The recent development of integrated drug delivery systems for biomedical applications has led to develop nano-platforms with improved therapeutic efficacy including target specificity, controlled drug release, lower therapeutic doses. In this respect, the modern approaches of supra-molecular self-assembly allow the construction of smart nanostructured materials with a large variety of chemical composition, architectures, and surface properties. The introduction of stimuli responsive (assembly/disassembly) nanostructured systems in combination with the ligand–receptor recognition processes furnish a large variety of theragnostic solutions for the definition of specific bio-medical tasks such as the controlled release of drugs, imaging capabilities and multi-component (multi-functional) therapeutics. 

			Although modern approach to drug delivery evidence good performance against a large variety of specific diseases, a number of inherent drawbacks and critical issues are still present. Those drawbacks, that limit their translation in the clinic experience, are mainly connected with the low amount of drug delivered to diseased tissues (i.e. less than 5%) and the presence of possible severe side effects. Much efforts are then required to put these innovative nanocarriers into the clinical practice, by a deeper investigation of their physico-chemical behavior, therapeutic efficacy and safety. 

			Integrated nanocarrier systems will constitute an integral part of the future therapeutic intervention. New design and versatile control ability offered by smart nanostructures provides a wide range of solutions in placing the desired combination of functions into a single scaffold, thus paving the way for their translation into nanomedicine experience. 

			The next challenge consists, then, in the development of integrated nano-medical systems that allow to attain an early diagnostic and a global profiling of the health (and disease) of the individual patients, thus providing a novel approach for personalized health monitoring and preventive medicine.
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Figure 2: Schematic illustration of the basic stages (A-D) of the
personalized medicine approach.






OEBPS/image/45641.png
Chemical
Compazitbn Comolof Size

T orphalogy

O — St Comola.
Namosa e ures Molecus Resagnition

Figure 1: Main features of smart nanocarriers for drug delivery
purpose.
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