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CONFERENCE PROGRAM 

Monday October 10

9.00 
Registration 

10.00 
Opening Ceremony 

Enrico  Garaci, President Istituto Superiore di Sanità, Rome

Giancarlo  Angelini, Director Institute of Chemical Methodologies, CNR, Rome

Velio Macellari, Director Department of Technology and Health, ISS, Rome

Luigi  Mandolini, Institute of Chemical Methodologies, CNR, Rome

Agnese  Molinari, Department of Technology and Health, ISS, Rome

Giovanna  Mancini, Institute of Chemical Methodologies, CNR, Rome

DEVELOPING A NANOPARTICLE

(Design, Modelling, Characterization)

Chairpersons: Yechezkel  Barenholz, Velio Macellari
Invited lectures

10.30  Jeffrey Barrett Model-based platform for evaluating the Bcl2 inhibitor Obatoclax in infant MLL leukemias: connectivity of NOG mouse disease model, cell line and patient sample experiments and clinical experience in adult cancers 

11.10
Coffee break
11.40
Luigi Calzolai  Characterization of protein Structure and Stability in Protein - Nanoparticle Systems
12.20
Lunch and poster session

Chairpersons: Giovanna Mancini, François Rossi

Keynote lecture

14.30 
Mauro Ferrari Nanotechnology-enabled individualized medicine
Invited lecture

15.30  Stefano Fais Exosomes: the prototype of biomimetism in nanomedicine

Selected lectures

16.10  Luciana Dini
Morphological and ultrastructural investigation of pH sensitive vescicles for cytoplasmatic drug delivery 

16.30  Cecilia Bombelli Development of cationic liposomes: the role of stereochemistry
16.50
Coffee meeting of partecipants with invited speakers
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Tuesday October 11

DEVELOPING A NANOPARTICLE

(Design, Modelling, Characterization)

Chairpersons: Christian Plank, Mirco Ponzoni 
Invited lecture

9:30 
Gary Ostroff Design and characterization of a macrophage-targeted beta 1,3-D- glucan particle for protein and siRNA delivery

Selected lectures

10:10
Simona Sennato Multicompartment vectors as new drug delivery systems: selective activation of T lymphocytes after Zoledronic acid delivery

10:30  Pasqualina Punzi Organic nanotubes based on the cyclic D,L-a-peptides

10:50
Coffee break

FROM ADMINISTRATION TO TARGET SITE
(Administration routes, Biological barriers, Immunological response)

Chairpersons: Dick Hoekstra, Gary Ostroff

Invited lectures

11:10   Diana Boraschi Exploring the interaction of nanomedicines with the immune system. Assessing immunosafety and investigating preventive/therapeutic targeting 

11.50   Gabriel A. Silva Neurobiological challenges facing the use of nanotechnologies and how to overcome them
Selected lecture

12.30
Giuseppina Russo Drug delivery phenomena and non-toxicity evaluation for mesh devices obtained using electrospinning technique
12:50   Lunch and poster session
Chairpersons: Diana Boraschi, Gabriel A. Silva

Invited lecture

14:30   Dick Hoekstra Nanoparticle-mediated delivery: crossing intracellular and cellular barriers 

Selected lectures

15.10
Amelia Gamini  The glycopolymer Chitlac: a modified chitosan as potential engineered polymer for articular cartilage repair

15.30
Francesco Peri  Uniform LPS-loaded magnetic nanoparticles for the investigation of LPS/TLR4 signaling

15.50 
Coffee break
16:40 Guided tour at Castel Sant’Angelo – Departure from Conference Venue

20.00 Social Dinner
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Wednesday October 12

CLINICAL TRANSLATION OF NANODRUGS 
(Laboratory optimization, Pre-clinical safety evaluation, Phase I/II/III clinical studies)

Chairpersons: Giuseppe Arancia, Rainer Müller
Invited lecture

10.00   François Rossi   Nanotoxicology and use of in vitro testing techniques

Selected lecture

10.40
Paola Luciani Novel liposomal contrast agents for non-invasive near-infrared fluorescence imaging

11.00
Coffee break 

Invited lecture

11.30
Giuseppe De Rosa New self-assembly nanoparticles and stealth liposomes for the delivery of zoledronic acid: a comparative study

Selected lecture

12.10
Carlotta Marianecci  Non-ionic surfactant vesicles for ammonium glycyrrhizinate delivery: in vitro characterization and in vivo evaluation on mice oedema

12.30
Lunch and poster session
Chairpersons: Jeffrey Barrett, Agnese Molinari

Invited lecture

14.30   Christian Plank Magnetofection-magnetically enhanced nucleic acid delivery,

from research tool towards clinical application
Selected lectures

15.10  Lina Ghibelli Bioactive nanoparticles and drug conjugates for novel therapeutic strategies
15.30 Enzo Agostinelli Bovine serum amine oxidase immobilized on polymers as new approach in anticancer therapy

15.50 
Giulio Caracciolo Role of temperature-independent nanocarrier-cell membrane interactions in the efficiency boost of multicomponent lipoplexes

16.10 
Coffee meeting of partecipants with invited speakers
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Thursday October 13

CLINICAL TRANSLATION OF NANODRUGS 

(Laboratory optimization, Pre-clinical safety evaluation, Phase I/II/III clinical studies)

Chairpersons: Mauro Grigioni, Loredana Musmeci
Invited lectures

9.30    Yechezkel Barenholz Targeted Nanodrugs: the Drug of the 21 Century?

10.10
Mirco Ponzoni Vasculature-targeted nano-technology: a novel anti-tumour therapeutic strategy
10.50
Coffee break 

Invited lecture

11.10 
Rainer H. Müller Translation of a nanoparticle to clinic & marketed product: Pre-requisites, strategy, successful examples

Selected lectures

11.50 
 Stefano Mannino In vitro and in vivo assessment of liposomal nanovectors for PDT of glioblastoma

12.10 
Closing remarks

Keynote Lecture
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Nanotechnology-Enabled Individualized Medicine

 

Mauro Ferrari, Ph.D., President and CEO, Ernest Cockrell Jr Distinguished Endowed Chair, The Methodist Hospital Research Institute, Houston Texas.

 

The advent of novel engineering technologies affords unprecedented advances toward long-elusive objectives of medical research. Individualized medicine responds to the basic but generally unattainable question of identifying the right therapy, reaching the right therapeutic target in the body at the right time, and securing immediate feedback as for its efficacy and undesired collateral effect. Finally, individualized medicine appears to be a credible general objective in cancer and other fields of medicine, owing to the integration of classical disciplines of clinical medicine, methods of molecular biology, and novel technology platforms. 

 Nanotechnologies are of great interest in the context of the drive toward individualized medicine, and may prove to be the necessary catalyst for its large-scale implementation. In this talk I will present nanoporous-silicon-based approaches for the individualization of medical intervention: multistage vectors for the preferential localization of therapeutic agents; therapeutic monitoring nanotextured chips for the proteomic and peptidomic content profiling of biological samples; nanochannel delivery systems for intelligent time-release from implants, and bionanoscaffolds for tissue regeneration.

 While novel nanoplatforms engender direct clinical applications, at the same time they afford the formulation of novel frameworks and hypotheses for the basic understanding of pathological processes. In particular, multistage particulates are the probes that afford the exploration of a new perspective of cancer, that is, that a unifying aspect of the canonical ‘hallmarks of cancers’ all relate to dys-regulation of mass transport at scales including the molecular, cellular, microenvironmental, and systemic. These considerations are the starting point for “Transport OncoPhysics”. 

 The majority of this presentation will be dedicated to the theme of Transport Oncophysics, and in particular will address how engineered nanoconstructs such as our multi-stage vectors can be employed to deliver therapy and imaging contrast agents in an individualized manner. The principal innovation is that the individualization of treatment is attained by individualizing the vector to the target lesion, and more specifically to the characteristics of blood flow in the neo-vascular bed supplying the lesion, as determined by radiological imaging. Examples will be provided, including the delivery of therapeutic siRNA in murine models of ovarian cancer, of cytotoxic agents in orthotopic mouse models of breast cancer, and of MRI contrast agents of enhanced relaxivity.    

Invited Lectures
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Model-based Platform for Evaluating the Bcl2 inhibitor Obatoclax in Infant MLL Leukemias: Connectivity of NOG mouse disease model, cell line and patient sample experiments and clinical experience in adult cancers

Jeffrey S. Barrett, PhD, FCP


Professor, Pediatrics, University of Pennsylvania School of Medicine

Director, Laboratory for Applied PK/PD, The Children’s Hospital of Philadelphia

Challenges in developing new agents for infant MLL leukemia are compounded by rarity of cases, inherent drug resistance and unique vulnerabilities of infants to treatment-related morbidity and mortality. An additional limitation is the extent to which preclinical data and adult clinical experience can predict clinical dose-exposure and exposure-response relationships and guide dosing strategies (dose, duration, combination, schedule) and study designs (sample size, sampling scheme). Pharmacometric approaches are increasingly being used to quantify drug action and clinical performance. These require a continuum of models with specified hypotheses and assumptions with pharmacologic rationale to be challenged by targeted experimentation and subsequent model refinement.  Key assumptions and experimental conditions are reassessed to optimize experimental designs and test evolving understanding about drug behavior and disease biology. Here we establish “proof-of-concept” quantitative pharmacology relationships between data derived from in vitro obatoclax activity in cell lines and patient samples, historical adult experience and a preclinical diseased mouse model to optimize strategies to treat infant leukemia.

Obatoclax in vitro activity was quantified by MTT assays in MLL-rearranged cell lines and primary infant ALL and bilineal MLL leukemia samples. Obatoclax biodistribution was characterized in MLL leukemia-bearing mice to evaluate its potential to achieve target exposures in infants with leukemia by the following steps: 1) A nonlinear mixed-effect model based on existing obatoclax toxicokinetic data in healthy Balb/C mice guided design of a pilot study in diseased NOD-scid-IL-2Rnull (NSG) mice where target exposure requirements were based on the AUC24h associated with peak oligonucleosomal DNA release as an apoptosis biomarker in an adult Phase I CLL trial (O’Brien 2008) and single-agent MTT assays of obatoclax in MLL cell lines and primary infant leukemia samples.  2) NSG MLL-ENL bilineal leukemia bearing mice with established xenografts received a single IV bolus dose of obatoclax (1.2 or 4.8 mg/kg; 100% or 400% of predicted target exposure). 3) Obatoclax was measured in the plasma, spleen, liver, kidney and brain for 24 h after drug administration (courtesy GeminX). A physiologically-based pharmacokinetic model (PBPK) model was developed to predict exposures in mouse target tissues based on obatoclax physicochemical properties and then scaled to a human infant.
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Preclinical in vitro experiments suggested IC50 values between 13 and 918 nM in primary MLL leukemia cells. Population mean (% RSE) parameter estimates for plasma clearance (CL), intercompartmental clearance (Q), plasma distribution volume (Vd) and peripheral distribution volume (V2) were 5.1 (10.1) L/h/kg, 1.78 (37) L/h/kg, 9.15 (10.2) L/kg and 17.3 (23.8) L/kg, respectively. PK parameters were close to those predicted from healthy Balb/C mice except that Cmax was lower, possibly suggesting a larger Vd in mice with disease. The half-life was almost 4-fold higher suggesting slower elimination due to mouse strain or disease burden. There was sustained drug retention in spleen, liver, kidney and brain. Brain:plasma were ~2-10:1, higher than the brain:plasma ratios of <1:1 typical of most drugs, indicating excellent CNS penetration. The PBPK model for obatoclax in the mouse compared well with observed biodistribution in diseased NSG mouse tissues. Though brain penetration was good, deviations between observed and PBPK-simulated exposure values may suggest involvement of transporters. PBPK simulation of obatoclax administration to a 1 yr, 10 kg human infant suggested that adequate drug exposure to target organs should be achievable at clinically relevant doses.  

This work links models that define obatoclax in vitro exposure targets with in vivo exposure obtained in leukemia bearing mice. Predictability of these models relative to infant leukemia will be assessed following completion of the ongoing COG phase I obatoclax trial in relapsed/refractory pediatric cancers (ADVL0816).  Our analyses imply that projecting outcome in treating infant MLL disease with obatoclax will be possible once these models are further refined.  The extension of this approach for nanomedicine opportunities will also be discussed.
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Characterization of Protein Structure and Stability in Protein - Nanoparticle Systems
Stefania Laera1, Giacomo Ceccone1,  Douglas Gilliland1, Rohanah Hussain2, Giuliano Siligardi2 , Francois Rossi1and Luigi Calzolai1*

1. European Commission, Joint Research Centre, Institute for Health and Consumer Protection
2. Diamond Light Source, Diamond House, Chilton, Didcot, OX11 0DE, UK

To understand the properties of nanoparticle-protein systems it is critical to be able to characterize the structure and stability of the relevant proteins upon interaction with NP. Unfortunately, this kind of information is very difficult to obtain. Here I will show that by using state of the art separation techniques (namely flow field flow fractionation), circular dichroism and Nuclear Magnetic Resonance (NMR), it is possible to detect changes in the secondary structure and stability of different classes of proteins, in the nanomolar concentration range, upon interaction with nanoparticles. In some cases it is also possible to identify the protein-nanoparticle interaction side by using high resolution NMR [1]. 

[1] Calzolai et al., Nano Lett. 2010, 10:3101-5.
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Exosomes: the prototype of biomimetism in nanomedicine 

Stefano Fais, Antitumor Drug Section, Department Of Drug Research And Medicine Evaluation, Istituto Superiore Di Sanita’, Rome – Italy

Exonomes are naturally occurring membranous nanovesicles 40 to 100 nm in diameter. Theyarise from the endocytic cellular pathway through inward budding of the limiting late endosomal membrane, giving rise to multivesicular bodies, which then fuse with the plasma membrane to release their vesicular contents (exosomes). A breakthrough in the understanding of the biological significance of exosomes came from the evidence that exosomes are natural carriers of proteins, nucleic acids, including messenger RNA (mRNA) and microRNA and  lipid mediators, as well able to act on target cells (1-7). Exosomes may have pleiotropic biological functions, including regulation of vascular homeostasis, antigen presentation to T cells, angiogenesis, cytokine transport, transmission of reactive oxygen species, and transfer of mRNA for de novo translation in the recipient cell or induction of tumor immune escape (8-11) .Furthermore, they have been implicated in the progression of disease processes by spreading oncogenes, infectious particles, and neuropathogenic proteins between cells (12-13). Some types of exosomes have been shown to possess intrinsic therapeutic value; for example, exosomes from mesenchymal stem cells possess cardioprotective properties in mouse models of ischemia reperfusion injury (13). More recently, a demonstration has been provided of the potential of exosomes as targeted vehicles of therapeutic oligonucleotide delivery to the brain, paving the way for the exploitation of exosomes in the delivery of other macromolecular drugs in vivo (14). Moreover, a number of evidence are accumulating that exosomes may be actually used as a therapeutic delivery system, for various proteins and using different route of administration (15-18). Recently, the possibility to charge drug containing exosomes were proven more effective than the free drug (19) and unpublished data from our group suggest that exosomes may well deliver chemical drug as well, with a full activity against cells. Mechanisms through which exosomes may interact with single cells include a receptor/ligand interaction (1,2) and fusion with the cell membrane (4) with pouring of the exosome content (protein, lipids, chemicals or nucleic acids) within the target cells. Exosomes appear as a vectorized signaling system operating from inside a donor cell towards either the periphery, the cytosol, or possibly to the nucleus of target cells. Exosomes from normal cells trigger positive effects, whereas those from pathological ones, such as tumor cells or infected ones may trigger non-positive health effects. Therefore regulating the biogenesis and secretion of exosomes appear as a pharmacological challenge to intervene in various pathophysiologies. 

1. Andreola, G., Rivoltini, L., Castelli, C., Huber V., Perego, P., Deho, P., Squarcina, P., Lozupone, F., Lugini, L., Stringaro, A., Arancia, G., Parmiani, G.,  Fais S., (2002) Induction of lymphocyte apoptosis by tumor cell secretion of FASL- bearing microvesicles. J Exp Med, 195, 1303-1316.

2. Huber V,   Fais S,   Iero M,   Lugini L,  Canese P,  Squarcina P,  Zaccheddu A, Colone M, Arancia G, Gentile M, Seregni E, Valenti R, Ballabio G, Belli F, Leo E, Parmiani G, Rivoltini L . Human Colorectal Cancer Cells Induce T Cell Death through Release of Pro-Apoptotic Microvesicles: Role in Immune Escape. Gastroenterology 2005 Jun;128(7):1796-804. 
3. Logozzi M, De Milito A, Lugini L, Borghi M, Calabrò L, Spada M, Perdicchio M, Marino ML, Federici C, Iessi E, Brambilla D, Venturi G, Lozupone F, Santinami M, Huber V, Maio M, Rivoltini L, Fais S. High levels of exosomes expressing CD63 and caveolin-1 in plasma of melanoma patients. PLoS ONE. 2009;4(4):e5219.
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4. Parolini I, Federici C, Raggi C, Lugini L, Palleschi S, De Milito A, Coscia C, Iessi E, Logozzi M, Molinari A, Colone M, Tatti M, Sargiacomo M, Fais S. Microenvironmental pH is a key factor for exosome traffic in tumor cells. J Biol Chem. 2009 Dec 4;284(49):34211-22. IF 2009 5.328. 
5. Valenti R, Huber V, Filipazzi P, Pilla L, Sovena G, Villa A, Corbelli A, Fais S, Parmiani G, Rivoltini L. Human Tumor-Released Microvesicles Promote the Differentiation of Myeloid Cells with Transforming Growth Factor-{beta}-Mediated Suppressive Activity on T Lymphocytes. Cancer Res. 2006 Sep 15;66(18):9290-8. 
6. Valadi, H, Ekstrom, K, Bossios, A, Sjostrand, M, Lee, JJ and Lötvall, JO (2007). Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nat Cell Biol 9: 654–659.  

7. Nazarenko, I, Rana, S, Baumann, A, McAlear, J, Hellwig, A, Trendelenburg, M et al. (2010). Cell surface tetraspanin Tspan8 contributes to molecular pathways of exosome-induced endothelial cell activation. Cancer Res 70: 1668–1678.  

8. Lotvall, J and Valadi, H (2007). Cell to cell signalling via exosomes through esRNA. Cell Adh Mig 1: 156–158.

9. Fevrier, B and Raposo, G (2004). Exosomes: endosomal-derived vesicles shipping extracellular messages. Curr Opin Cell Biol 16: 415–421. 

10. Iero M, Valenti R, Huber V, Filipazzi P, Parmiani G, Fais S, Rivoltini L.Tumour-released exosomes and their implications in cancer immunity. Cell Death Differ. 2008 Jan;15(1):80-8. Muratori C, Cavallin LE, Krätzel K, Tinari A, 
De Milito A, Fais S, D'Aloja P, Federico M, Vullo V, Fomina A, Mesri EA, Superti F, Baur AS. Massive secretion by T cells is caused by HIV Nef in infected cells and by Nef transfer to bystander cells. Cell Host Microbe. 2009 Sep 17;6(3):218-30.
11. Schorey, JS and Bhatnagar, S (2008). Exosome function: from tumor immunology to pathogen biology. Traffic 9: 871–881.  

12. Alvarez-Erviti, L, Seow, Y, Schapira, AH, Gardiner, C, Sargent, IL, Wood, MJ et al. (2011). Lysosomal dysfunction increases exosome-mediated alpha-synuclein release and transmission. Neurobiol Dis 42: 360–367.  

13. Lai, RC, Arslan, F, Lee, MM, Sze, NS, Choo, A, Chen, TS et al. (2010). Exosome secreted by MSC reduces myocardial ischemia/reperfusion injury. Stem Cell Res 4: 214–222.  

14. Alvarez-Erviti, L, Seow, Y, Yin, H, Betts, C, Lakhal, S and Wood, MJ (2011). Delivery of siRNA to the mouse brain by systemic injection of targeted exosomes. Nat Biotechnol 29: 341–345. 

15. Sun, D, Zhuang, X, Xiang, X, Liu, Y, Zhang, S, Liu, C et al. (2010). A novel nanoparticle drug delivery system: the anti-inflammatory activity of curcumin is enhanced when encapsulated in exosomes. Mol Ther 18: 1606–1614.  

16. Zhuang, X, Xiang, X, Grizzle, W, Sun, D, Zhang, S, Axtell, RC et al. (2011). Treatment of brain inflammatory diseases by delivering exosome-encapsulated anti-inflammatory drugs from the nasal region to the brain. Mol Ther 19: 1769–1779.  

17. Record, M, Subra, C, Silvente-Poirot, S and Poirot, M (2001). Exosomes as intercellular signalosomes and pharmacological effectors. Biochem Pharmacol 81: 1171–1182.  | 

18. Thorne, RG, Pronk, GJ, Padmanbhan, V, Frey, WH 2nd (2004). Delivery of insulin-like growth factor-I to the rat brain and spinal cord along the olfactory and trigeminal pathways following intranasal administration. Neuroscience 127: 481–496. 
19. Sun D, Zhuang X, Xiang X, Liu Y, Zhang S, Liu C, Barnes S, Grizzle W, Miller D, Zhang HG. A novel nanoparticle drug delivery system: the anti-inflammatory activity of curcumin is enhanced when encapsulated in exosomes. Mol Ther. 2010 Sep;18(9):1606-14
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Design and characterization of a macrophage-targeted beta 1,3-D-glucan particle for protein and siRNA delivery.
Gary R. Ostroff  PhD, UMass Medical School, Worcester, MA USA.

Glucan particles (GPs) are purified Saccharomyces cerevisiae cell walls composed primarily of β1,3-D-glucans. Our previous reports have shown that GPs can serve as a novel phagocytic cell-targeted delivery system for protein (protein, peptide, antigens) or nucleic acid (DNA, siRNA) nanoplexed payloads.  We used Glucan encapsulated siRNA-Protein Particles (GeRPPs) for receptor-targeted co-delivery of protein antigens, adjuvants and siRNA to dendritic cells (DC). Glucan Particle (GP) encapsulated ovalbumin (Ova), CpG (TLR9 ligand) and CL097 (TLR7/8 ligand) were efficiently delivered to DCs as shown by enhanced production of pro-inflammatory cytokines IL6 and TNF(.   We hypothesized that the immunostimulatory potential of vaccines is limited by coordinately regulated immunosuppressive signals and that silencing these inhibitory genes has the potential to enhance vaccine efficacy.   GeRPPs targeting the immunosuppressive genes A20 or PDL-1 and PDL-2 efficiently silenced A20 expression as shown by increased TNF/IL6 secretion, and reduced PDL-1 and PDL-2 cell surface expression in BMDCs. To confirm the functional impact of silencing PDL-1 and PDL-2, GeRPP-treated BMDCs were co-cultured with OTII T cells and ovalbumin. DC that ingested PDL-1 and PDL-2 GeRPPs activated OTII T cells to produce more IFN( than DC ingesting control GeRPPs. These results justify further efforts to use GeRRPs and siRNA-mediated gene silencing in vaccine development.
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Exploring the interaction of nanomedicines with the immune system: assessing immunosafety and investigating preventive/therapeutic targeting

Diana Boraschi

Institute of Biomedical Technologies, National Research Council, Pisa, Italy

The unprecedented potential benefits of nanomedicine, in terms of increased efficacy and targeting of secluded anatomical sites, implies a new scenario of intentional delivery of high doses of nanoparticle-based drugs or diagnostic/imaging systems, which needs a new approach in nanosafety evaluation, as compared to the low-level unintentional exposure to engineered nanoparticles. In assessing the effects on human health of exposure to nanoparticles, of major importance is the interaction with the immune system, devoted to recognition and elimination of foreign dangerous agents. A series of checkpoints must be considered in evaluating such interaction.

Nanoparticles may be recognised as a threat by the immune system, and thereby eliminated. Both innate and adaptive immunity can come into play in such recognition and elimination. The immediate elimination of some types of nanocarriers at the second administration points in the direction of immunological memory, and hampers the possibility of repeated treatments. The intelligent design of nanomedicines should therefore encompass surface modification of the particle to allow escape from immune recognition. 

Nanoparticles may trigger potent defensive reactions that can damage the body tissues. When persistent, defensive reactions such as complement activation and inflammation can cause severe tissue damage and pathology. 

Nanoparticles may interfere with the defensive capacities of immunocompetent cells. The inadequate immune response to an infection or any other type of danger can cause pathology. It is important, when assessing nanorisk, to evaluate the possible alterantion of the normal immunological defensive response that nanoparticles may cause.  

To predict the immunological risk posed by nanoparticles, new immunosafety assays should be implemented. We propose here an in vitro assay based on human primary monocytes that can assess interference with the development of the innate immune reaction to an infectious challenge. This and other assays measuring other aspects of the immune response (including immunogenicity) should form the basis for the knowledge-based approach to future “safe-by-design” nanomedicines and engineered nanoparticles at large.

By considering the interaction between nanomedicines and the immune system, it is possible to exploit the “natural” targeting to phagocytes in order to achieve selective delivery to immune cells. In the case of monocytes/macrophages, the first concept that could be tackled is that of vaccination. Targeted delivery of vaccine antigens to antigen-presenting cells (macrophages, dendritic cells) is easily achievable by loading the NP with the antigens that, upon in vivo delivery, will be readily taken up by monocytes or tissue macrophages. In this view, it is of particular relevance the fact that the NP can also play another key role in immunisation, i.e., that of adjuvanticity, mainly through activation of an intracellular protein complex called the “inflammasome”, whose role is that of cleaving and activating the immunostimulatory cytokine IL-1(. Nanoparticles have been described as able to stimulate inflammasome activation, thereby achieving adjuvant effects. Thus, the design of new vaccination strategies can take advantage of nanoparticles and of their tropism for antigen-presenting macrophages for the concomitant delivery of the vaccine antigen and the triggering of adjuvanticity through inflammasome activation.
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Neurobiological challenges facing the use of nanotechnologies and how to overcome them

Gabriel A. Silva

University of California, San Diego

While nanotechnology and nanoengineering offer a tremendous potential for drug delivery and more broadly interfacing with the brain and rest of the central nervous system, many challenges, both biological and engineering, exist before such technologies reach the clinic and have an impact on clinical care. This talk will review some of these key challenges and offer general approaches and research directions in order to over come them. It will also provide a personal perspective on the progress of nanotechnology applied to neuroscience
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Nanoparticle-mediated delivery: Crossing intracellular and cellular barriers

Dick Hoekstra
University of Groningen, University Medical Center Groningen, Department of Cell Biology, Groningen, The Netherlands (d.hoekstra@umcg.nl)

Cationic amphiphiles are amphipathic molecules that constitute promising chemical alternatives to viral carriers for gene delivery purposes. With polyanionic DNA or RNA they readily form complexes, so-called lipoplexes, and the net positive charge of the complex favours electrostatic interactions with negative charges on the cell surface, after which the lipoplexes can be internalized, giving rise to intracellular delivery of nucleic acids. Detailed studies of the general features of amphiphile aggregation behaviour, relying among others on cryo-electron microscopy and small angle X-ray scattering,  are essential for acquiring insight into the mechanism of lipid-based nanoparticle-mediated delivery and such investigations point to a role of lipid phase polymorphism. The effect of particle size and the role of distinct cellular receptors in the internalization of lipoplexes or other gene delivery devices, such as polymer-based nanoparticles, will be discussed in terms of the mechanism of entry and productive delivery of carrier contents. The intracellular processing of nanoparticles, such as cationic liposomes, polymersomes and solid lipid nanoparticles occurs along numerous pathways, including clathrin- and caveolae-mediated endocytic pathways. Data on the potential involvement of these pathways in mediating transcellular transport of nanoparticles across vascular endothelial cells, constituting the blood brain barrier, will be presented and discussed.    
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Nanotoxicology and use of in vitro testing techniques
François Rossi

European Commission Joint Research Centre, Ispra, Italy

Nanotechnology is a new fast emerging field that involves the development, manufacturing and measurement of materials and systems from sub micrometers down to few nanometers (nm). Furthermore, the unique and diverse physicochemical properties of nanoscale materials suggest that toxicological properties may differ from the corresponding bulk materials. Potential occupational and public exposure, through inhalation, oral ingestion, dermal absorption or by injection, of manufactured nanoparticles (mNPs), with particles size ≤ 100 nm probably will increase in the near future, although there is still a lack of information about the impact on environment and on human health of mNPs as well as reliable data on risk assessment. 

The presented research approach consists in the selection, based on industrial interest, of mNPs, their synthesis, their complete physicochemical characterisation and assessment of their toxicological profile by in vitro systems relevant for human exposure. The experimental approach is based on a multidisciplinary strategy involving the use of in vitro tests in combination with advanced bioanalytical techniques. In this work, results concerning the study on Au, Ag and SiO2 nanoparticles and their interaction with cells, cell culture media and proteins are presented.  Results show very different types of interactions of NP proteins inducing structural changes. We observe moreover a cell and size dependent cytotoxicity for Au NP; size-dependent cytotoxicity for Ag NP; no cytotoxicity for all SiO2 NP tested. Emphasis is put on proper NP characterisation and experimental caveat that can make the results of analysis difficult or impossible to interpret. 
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New self-assembly nanoparticles and stealth liposomes for the delivery of zoledronic acid: a comparative study

G. De Rosa1*, G. Salzano1, M. Marra2, C. Leonetti3, M. Porru3, R. Franco4, S. Zappavigna2, G. Liguori4, G. Botti4, A. Abbruzzese1, M. Caraglia1
1Department of Biochemistry and Biophysics, Second University of Naples, Via Costantinopoli, 16 80138 Naples, Italy; 2Department of Pharmaceutical and Toxicological Chemistry, University of Naples Federico II, Via Montesano, 49, 80131 Naples, Italy; 3Experimental Chemotherapy Laboratory, Regina Elena Cancer Institute, Via delle Messi d'oro, 156, 00158 Rome, Italy; 4Pathology Unit, INT Pascale, Naples, Italy; 

Correspondance to: gderosa@unina.it

Keywords: Self-assembling nanoparticles, stealth liposomes, zoledronic acid, prostate adenocarcinoma, neo-angiogenesis, tumour-associated macrophages

.

Zoledronic acid (ZOL) is a drug whose potent anti-cancer activity is limited by their short plasma half-life and rapid uptake and accumulation within bone1. We have recently proposed new delivery systems to avoid ZOL accumulation into the bone, thus improving extra-skeletal bioavailability. In this work, we have compared the technological and anti-cancer features of either ZOL-containing self-assembly PEGylated nanoparticles (NPs)2 or ZOL-encapsulating PEGylated liposomes (LIPO-ZOL)3. ZOL-containing NPs showed superior technological characteristics in terms of mean diameter, size distribution, and ZOL encapsulation efficiency, compared to LIPO-ZOL. Moreover, the anti-cancer activity of NPs in nude mice xenografted with prostate cancer PC3 cells was higher than that one induced by LIPO-ZOL (figure1). In addition, NPs induced the complete remission of tumour xenografts and an increase of survival time higher than that one observed with LIPO-ZOL. It has also to be considered that PC3 tumour xenografts were almost completely resistant to the anti-cancer effects induced by free ZOL. Both nanotechnological products did not induced toxic effects not affecting the mice weight nor inducing deaths. Moreover, the histological examination of some vital organs such as liver, kidney and spleen did not find any changes in terms of necrotic effects or modifications in the inflammatory infiltrate. On the other hand, NPs but not LIPO-ZOL caused a statistically significant reduction of the tumour associated macrophages (TAM) in tumour xenografts. This effect was paralleled by a significant increase of both necrotic and apoptotic indexes.  The effects of the two nanotechnological agents were, on the other hand, similar in terms of neo-angiogenesis inhibition. These results suggest the future preclinical development of ZOL-encapsulating NPs in the treatment of human cancer.
[image: image1.png]


1. Caraglia et al. Expert Opin Pharmacother, 2010

2. Salzano et al. Int. J. Pharm., 2011

3 Marra et al. Nanomedicine, 2011

Figure 1. Example of luminescence associated to injected tumour cells in an untreated mouse (upper panel) and in a mouse treated with PLCaPZ NPs (lower panel) achieving a complete regression of the tumour after 56 days from the initial tumour cell injection.
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Magnetofection-magnetically enhanced nucleic acid delivery, from research tool towards clinical application

Christian Plank and coworkers

Institute of Experimental Oncology and Therapy Research, Technische Universität München, Ismaninger Str. 22, 81675 Munich, Germany.

Science is providing ever improved tools for defining and diagnosing diseases on the molecular level. However, there is an immense gap between scientific knowledge and its translation into effective treatments. This often is due to the lack of tools for delivering drugs specifically into diseased tissues. In many cases effective drug levels can only be achieved with high doses causing unwanted side effects and high treatment costs.

We have developed tools for localized delivery of active agents, predominantly nucleic acids, which allow focussing their action to a target site. We associate active agents with magnetic nanoparticles and accumulate or retain them at target sites with gradient magnetic fields. Applied to nucleic acid delivery, this concept of magnetic drug targeting is known as Magnetofection. It allows boosting the efficiency of the delivery process over several orders of magnitude. This also holds true for oncolytic adenoviruses which rank among the most promising cancer therapeutics under development. In another approach we develop magnetic microbubbles for magnetically guided and ultrasound-triggered drug delivery. Doing so, we integrate options of physical drug targeting with the opportunity of ultrasound and magnetic resonance imaging.

Furthest advanced in our studies is a nanomagnetic genetic tumor vaccine consisting of plasmid DNA encoding a cytokine bound to magnetic nanoparticles. When applied intratumorally, this vaccine more than doubles the recurrence-free survival time of animal patients (cats) suffering from fibrosarcoma, the most frequent skin tumor in cats.

	Nanodrug Delivery: from the bench to the patient
	IL11

	
	


Targeted Nanodrugs:  the Drugs of the 21 Century?
Professor Yechezkel Barenholz
Most drugs available today for treatment of major diseases such as cancer and inflammation have a limited therapeutic efficacy as they need to reach higher levels at the disease sites in order to improve therapeutic efficacy, and a lower level at the normal-healthy tissues so they will be less toxic.  Such achievement will bring us closer to the "Magic Bullet" concept suggested by the famous scientist Paul Ehrlich.


Recent developments of novel Nanotechnology based approaches enables to load high level of many drugs into various types of nanoparticles and especially into nano (~100 nm) liposomes leading to the development of nano-drugs. These nano-liposomes are sacs in which an envelope (a membrane) composed of phospholipids surround small amount of water in which high level of drug is encapsulated. The mechanism of drug loading allows achieving a controlled drug release. Our better understanding of the micro-anatomy of diseased tissues and blood vessels in these tissues enable to improve nanoparticles selectivity (passive targeting) leading them to concentrate at the disease sites, slowly releasing their drugs there, thereby improving therapeutic efficacy, and reducing toxicity. This presentation will focus on few such nano-drugs based on ~100 nm liposomes as DDS.  The first one is our nano liposomes based anticancer drug DoxilTM , which is the first nanodrug approved by the US FDA. Doxil shows superior pharmacokinetics, improved therapeutic efficacy and reduced toxicity when used to treat ovarian, breast, Kaposi sarcoma and multiple myeloma cancers. Means to improve Doxil performance, as well as an anti-inflammatory liposomal nanodrug (all in the last stages of preclinical studies) will also be discussed.   The presentation will also deal with the scientist (developer) selection of the optimal commercialization venue of novel nano-drugs.
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Vasculature-targeted nano-technology: a novel  anti-tumour therapeutic strategy
Mirco Ponzoni
Experimental Therapy Unit, Laboratory of Oncology, Inst. G.Gaslini

Increasing recognition of the critical role that tumour vasculature plays in the survival and growth of solid tumours means that the targeting of the tumour stroma, which includes the tumour vasculature, is becoming a new frontier in the treatment of cancers.  Tumour vascular targeting therapy exploits known differences between normal and tumour blood vessels and is based on the use of vascular-disrupting agents (VDAs).  The use of VDAs, such as ligand-targeted and/or drug-conjugated liposomes, has recently met with partial success.  A promising new strategy to increase the selective toxicity of anti-neoplastic drugs is to encapsulate them in nano-scale lipidic vesicles.  Encapsulation in nano-particles results in favourable changes in the pharmacokinetic properties of the drugs and increased localization of the drugs to regions of increased vascular permeability, e.g., tumours undergoing angiogenesis.  Use of internalizing ligands for targeting liposomes allows the encapsulated content to be delivered into the cytosol through the endosome/lysosome pathway.  Because physicochemical features of lipid nanoparticles can be manipulated with relative ease, liposomes specific for tumour blood vessels can improve the effects of VDAs.  
We showed that liposomes-entrapped doxorubicin (DXR), targeting the tumour vasculature marker, aminopeptidase N (APN), displayed enhanced anti-tumour effects and prolonged survival in human neuroblastoma (NB)-bearing mice.  More recently, we exploited a peptide ligand of aminopeptidase A (APA), discovered by phage display technology, for delivery of DXR-liposomes to perivascular tumour cells.  Consequently, novel, APA-targeted, DXR-nanoparticles were developed and in vivo proof-of-principle was established, alone and in combination with APN-targeted DXR-loaded liposomes, in NB-bearing mice. 


The availability of novel ligands binding to additional tumour vasculature-associated antigens will allow the design of sophisticated combinations of ligand-targeted nanopartical anticancer drugs.
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Translation of a nanoparticle to clinic & marketed product: Pre-requisites, strategy, successful examples

R. H. Müller1 and C. M. Keck1, 2

1. Department of Pharmaceutics, Biopharmaceutics and NutriCosmetics, Freie Universität Berlin, Kelchstr. 31, 12169 Berlin, Germany
2. Department of Applied Logistics and Polymer Science, University of Applied Sciences Kaiserslautern, Carl-Schurz-Str. 10-16, 66953 Pirmasens, Germany

nanoteam@gmx.com 

Keywords: nanocrystals, smartCrystal, lipid nanoparticles, SLN, NLC

There were intensive research efforts in the last 50 years in developing nanoparticles for improved delivery of diagnostic agents and for drug delivery. However, despite these huge research efforts the number of products on the market is far below initial expectations. A classical example is the pharmaceutical polymeric nanoparticle, invented in the middle of the 1970s by Prof. P. Speiser. There are many, exciting research articles about polymeric nanoparticles in the literature since more than 30 years, but practically no products for therapy. What are the reasons for this?

A nanocarrier needs to fulfill certain pre-requisites to have a chance to enter the market, technical but also financial ones. A financial aspect is: Is there at all a need for the product, and will the health systems pay (or be able to pay) for the new benefits achieved, and can the development costs be covered from the sales. Due to the financial considerations an amphotericin B i.v. nanoemulsion for replacement of the expensive Ambisome® was never developed. Another important financial aspect it that the technology is protected by patents/patent applications.

Technical prerequisites means meeting the industrial needs, e.g. regulatorily accepted status of excipients, ability to produce on large industrial scale, cost-effective production lines, and getting more and more important, having no problems with nanotoxicity. The nanotoxicological classification system (NCS) can be used as a guide to assess “nanotolerability” (Müller et al.,, Eur. J. Pharm. Biopharm. 78 (1), 2011).

Another important step is the strategy to promote a nano delivery system. This includes IP protection, making the delivery system known to the scientific community and stimulating as many research groups as possible to work with the system. Only this will provide enough, broad data which can result in products. Promotion includes as well coordinating publications (e.g. all researchers should use the same name for the system for accessability via data bases, google), and generation of an attractive trade name. Classical examples for such a strategy are the nanocrystals and the lipid nanoparticles (SLN®, NLC®). Elegant is also to introduce the nanocarriers first to a non-pharma market, which allows fast realization of products, e.g. cosmetics (8 months versus 8-10 years in pharma). The classical example is the liposome which appeared first on the market as cosmetic product “Capture” by Dior in 1986. This showed that large scale production is possible and proved the make-ability of products, stimulating pharma product developments.

The oldest successful example is the drug loaded i.v. nanoemulsions. Commercially successful were also the liposomes, despite that the number of products is behind expectations. Superior performance showed e.g. the pulmonary surfactant. Definitely a big portion of the money earned was made by cosmetic products. In the last decade the nanocrystals appeared on the market, with Tricor® by Abbott having a nano block buster. Lipid nanoparticles (NLC®) entered the cosmetic market, pharma products are still to come.
Selected Lectures
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Morphological and structural investigation of pH sensitive vesicles for cytoplasmatic drug delivery

L.Dini1, E. Panzarini1, Carlotta Marianecci2, M.Carafa2, A.Serra3, A. Buccolieri 3, D.Manno3 and L.Di Marzio4
1. Department of Biological and Environmental Sciences and Technologies, University of Salento, 73100 Lecce, Italy; 2. Dept. Drug Chemistry and Technology, University of Rome “La Sapienza”, Rome, Italy; 3. Dept. Material Science, University of Salento, Lecce, Italy; 4. Dept. Drug Science, University of Chieti “G d’Annunzio”, Chieti, Italy;

corresponding.author: Luciana Dini   email: luciana.dini@unisalento.it

Keywords: non-ionic surfactant vesicles, Raman, AFM, TEM

The studies on pharmaceutical nanocarriers have become one of the most important areas of nanomedicine. Ideally, such carriers should be specifically delivered to the pathological area to provide the maximum of therapeutic efficacy. Numerous varieties of nanocarriers are available, such as nanoparticles, liposomes, solid lipid particles, micelles, surfactant vesicles, quantum dots and different nanodevices. In recent years, surfactant vesicles acquired growing scientific attention as an alternative potential drug delivery system to conventional liposomes. This type of vesicles formed by surfactants is known as Niosomes® or non-ionic surfactant vesicles (NSVs). NSVs are formed by the self-assembly of non-ionic amphiphiles in aqueous media resulting in closed spheroidal structures. In recent years, niosomes have been the object of growing scientific attention as an alternative potential drug delivery system to conventional liposomes. 

The surfactant vesicles (SVs) were prepared using a mixture of polysorbates (Tween®) and cholesterol (CHOL) at different molar ratio. Tween® (Tw20, Tw20-derivatives and Tw21) concentration in the samples was always remarkably above CMC. The vesicles were obtained by the “film” method, as previously reported. The dried films were hydrated by addition of HEPES buffer (10mM, pH7.4). The surfactant dispersion was mechanically stirred for about 5min and then sonicated for 5min at 60°C. Vesicle dispersions were purified by size exclusion chromatography on Sephadex G75 glass columns. Dynamic light scattering was used to determine the size, zeta ()-potential, polydispersity index and colloidal stability of the niosomal formulation. The vesicles were also characterized for their microviscosity and pH-sensitivity using fluorescent probes. Morphological and structural analysis has been conducted on several samples of NSVs to evaluate the modifications induced by changes in pH. In particular, Raman spectroscopy has been used to determine vibrations of molecules after excitation by an intensive laser beam.  Characteristic Raman bands were obtained from apolar functional groups (e.g. C-C bindings) which are inaccessible for IR measuring. Instead of providing a dipole (indispensable for IR spectroscopy), molecular groups have to show polarizability of electrons as the key factor for Raman spectroscopy. The morphological features has been determined by transmission electron microscopy (TEM) and atomic force microscopy (AFM).

Our results indicate that the surfactant vesicular structures (i) are a homogenous and monodisperse population; (ii) are characterized by dimension compatible with the transport of drugs across biological barriers especially those whose diameter is about100nm; (iii) show a good stability at least 90days at 4 ◦C and (iv) are pH-sensitive systems. In conclusion, this niosomal formulation could be used as pH-sensitive nanodevices for delivery of drugs to pathological tissues, which exhibit an acidic environment as compared to normal tissues.
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Development of cationic liposomes: the role of stereochemistry

Cecilia Bombelli1, Giuseppina Bozzuto2, Marisa Colone2, Luisa Giansanti1,3, Giovanna Mancini1, Agnese Molinari2, Annarita Stringaro2
1. CNR, Istituto di Metodologie Chimiche and Dipartimento di Chimica Università degli Studi di Roma “La Sapienza”, P.le A. Moro 5 00185, Roma, Italy.

2. Ultrastructural Methods for Innovative Anticancer Therapies, Department of Technology and Health, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Roma, Italy

3. Dipartimento di Chimica, Ingegneria Chimica e Materiali, Università degli Studi de L’Aquila, via Vetoio, 67010 Coppito, L’Aquila, Italy
cecilia.bombelli@uniroma1.it

Keywords: cationic liposomes, gemini surfactants.

The main objective in the development of new liposomes as drug delivery systems is to obtain a control over their biodistribution. Cationic liposomes are among the most promising drug delivery systems because of their inherent capability to target certain tissues such as tumor endothelium, lungs and liver. However, the design of these vehicles should count on the correlation of the biological features of the carriers to their physicochemical characteristics.

We have developed new liposomes, formulated with dimyristoylphosphatidylcholine, and the stereoisomeric cationic gemini surfactants 1 (Figure 1), to deliver a photosensitizer to cancer cells. [1] The physicochemical and biological features of the liposomes have been shown to depend on the stereochemistry of the gemini. [2] At present, our objective is identifying the physicochemical parameters that control the interaction with cell membranes and the cell distribution of the vehicles and/or of the drug. This will allow us to design new more efficient drug delivery systems.

1.
a) C. Bombelli, et al. J. Med. Chem. 48 (2005) p 4882-4891; b) A.Molinari, et al. Toxicology in Vitro 21 (2007,) p 230-234; c) A.Molinari et al. Int. J. of Cancer, 121 (2007) p 1149-1155.
2.
C. Bombelli, et al. Mol. Pharmaceutics 7 (2009) p.130-137.
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Multicompartment vectors as new drug delivery systems: selective activation of Tγδ lymphocytes after Zoledronic acid delivery

Simona Sennato1, Carlotta Marianecci2, Chiara Agrati3, Maria Carafa2  and Federico Bordi1

1. Physics Dept., La Sapienza  Rome University and CNR-IPCF

Piazzale Aldo Moro 2 00185 Rome, Italy.

2. Chemistry and Pharmaceutical Technologies Dept., La Sapienza  Rome University

Piazzale Aldo Moro 2 00185 Rome, Italy.

3. National Institute for Infectious Diseases Lazzaro Spallanzani, Rome, Italy

simona.sennato@roma1.infn.it

Keywords:  Polyelectrolyte-niosome aggregates; Zoledronic acid; Tγδ lymphocytes; HIV therapy

Multicompartment nanoscopic carriers can be easily assembled by inducing the aggregation of anionic “hybrid” niosomes by means of cationic biocompatible polyelectrolytes [1]. The resulting aggregates represent a new cluster phase where intact vesicles are "glued together" by the oppositely charged polyions, with the structure resembling a sort of blackberry formed by  individual compartments (vesicles) [2,3]. These polyelectrolyte-niosomes clusters, whose size and overall net charge can be easily controlled by varying the polyelectrolyte-to-particle charge ratio, show an interesting potential for multidrug delivery. 

Here, we provide strong evidence for their effective use in vitro as multicompartment vectors selectively directed toward monocyte/macrophage cells. We employed Tween 20-DCP-Chol hybrid niosomes and ε-polylysine to assemble multi-compartments carriers to deliver zoledronic acid to different leukocites subsets. Zoledronic acid  has recently been proposed as an effective adjuvant therapy in HIV infection  targeting Vγ9Vδ2 T cells [4]. In addition to its suitability as molecular reporter, this substance has potential as an effective payload for macrophage targeted drug vectors.

Our results show that the monocyte/macrophage-mediated activation of Tγδ lymphocytes induced by zoledronic acid is enhanced by a factor 103 when the zoledronic acid is intracellularly delivered through these carriers [5]. Furthermore, the multicompartment ɛ-polylysine niosome clusters, with their intrinsic selectivity toward macrophages, appear particularly suitable for implementing new therapeutic strategies against chronically infected macrophages.

1.          S. Sennato, F. Bordi et al.  J. Phys. Chem. B, 112, p3720 (2008)

2.          F. Bordi, S. Sennato and D. Truzzolillo  J. Phys.: Condens. Matter 21 p203102 (2009)

3.         F. Bordi, C. Cametti, S. Sennato and M. Diociaiuti Biophys. J. 91 p1513 (2006)

4.         F.Poccia , C. Gioia, F. Martini et al. AIDS  23 p555 (2009)

5.          C. Agrati, C. Marianecci, S. Sennato et al, Nanomedicine, 7 p153 (2011)
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Organic nanotubes based on the cyclic d,l-α-peptides

P. Punzi1, C. Bombelli3, P. De Santis1, C. Giordano2, G. Mancini3, F. Marino1, S. Morosetti1, and A. Scipioni1
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Cyclopeptides with regular enantiomeric sequences have the strong propensity to self-assemble and self-organize in trans-annular nanotubes through hydrogen bond systems and/or recurrent ion complexes [1,2]. These tubular constructs constitute a new class of synthetically accessible peptide-based biomaterials having unique structural and functional properties. We report design and construction of open-ended hollow tubular objects based on the self-assembly and self-organization of flat, ring-shaped cyclic peptide subunits and discussed their morphologies and applications (figure 1). The designed sequence of this family of cyclic and linear peptides was synthesized using solid-phase methods and the polypeptides were structural characterized by NMR and CD spectroscopy, detailing the general criteria for the construction of such ensembles. The design flexibility of the outer surface and the internal diameter enable application of these peptide nanotubes to the design of transmembrane ion channels and pore structures. Experimental studies have shown that peptides with regular enantiomeric sequences have antibiotic activity suggesting applications in the pharmaceutical field. Therefore, we carried out preliminary studies of interaction of d,l-linear octamers with liposomal preparations using fluorescence spectroscopy. The results were encouraging, as they showed a significant interaction between oligopeptides and liposomal formulations. Also, the channel-forming activity of the peptides was revealed by a planar lipid bilayer experiment, unequivocally establishing that such systems may have potential utility as novel drug delivery vehicles.
1.
P. De Santis, S. Morosetti, R. Rizzo, Macromolecules 7 (1974) p. 52.

2.
P. De Santis, S. Morosetti, A. Scipioni, J. Nanosci. Nanotechnol. 7 (2007) p. 2230.

3.
This research was supported by Istituto Pasteur-Fondazione Cenci Bolognetti.
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Figure 1. Stereo-projections along and perpendicular to the symmetry axis of the self-assembling tubular architecture of the cyclo dl-cysteine stabilized by S-S groups of adjacent annular peptides.
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Drug delivery phenomena and Non-toxicity evaluation for mesh devices obtained using electrospinning technique
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Keywords: Mesh Membranes; Polycaprolactone (PCL); Diclofenac/Hydrotalcite-HTlc-DIK; Drug delivery; Electrospinning

The development of controlled drug-delivery systems based on the inclusion of active molecules into the polymeric matrix has allowed a qualitative change in the approach to the development of new “local” drug-devices [1]. However, the incorporation of low-molecular-weight antinflammatory molecules inside the polymeric matrices has shown to involve two important disadvantages: (1) the migration is too rapid, and (2) the release of the drug cannot be easily predicted. This work describes the features of new membranes that can act as local biomedical devices owing to their peculiar shape in the form of mesh structure. These materials are designed to provide significant effects on reduction of local inflammations and improve the tissue regeneration. Lamellar Hydrotalcite loaded with Diclofenac Sodium (HTLc-DIK) was homogenously dispersed inside a polymeric matrix of Poly-caprolactone (PCL) to manufacture membranes by electrospinning technique [2].  

The experimental procedure and the criteria employed have shown to be extremely effective at increasing potentiality and related applications [3-6].

To verify the non- toxicity of the samples loaded with the clay, cellular culture tests were realized using 3T3 fibroblast mice cells. In particular, cells interaction with the shape of the devices and  fluorescent and morphological analysis were realized to evaluate cell distribution on the samples and the nanostructure of the devices, respectively.

Drug delivery phenomena were evaluated for samples loaded with the free drug (Diclofenac sodium, DS)  (PCL+2.5%DS and PCL+5%DS) directly dispersed in the polymeric matrix and with HTLc-DIK (PCL+5%HTLc-DIK and PCL+10%HTLc-DIK) at T=37°C.  In the first case,  the release curve shows a burst followed by a plateau; instead, dispersing  HTLc-DIK in the matrix, the release is influenced not only by the ionic exchange reaction between the dissolution medium ions and the ions linked to the clay  but  also  by the shape of the device.  A similar  result was  obtained during the study of  Non woven samples  but in that case the drug delivery curve showed a “linear” shape [4]. For this reason it is possible to conclude that, in function of the disease, it can be possible to choose a device tailored ad hoc.

1.          D. Liang et al.  . Adv. Drug Delivery rev. 59 (2007) p 1392 

2.          U. Costantino et al,  A. J Mater Chem, 17 (2007) p 1079

3.          L. Tammaro et al., Journal of Nanomaterials Volume 2009 (2009),  doi:10.1155/2009/238206

4.          G. Russo G. et al. “special issue of Journal of Applied Physics, vol 122 Issue 6 (2011) p. 3551

5.          D. Puppi, D, Macromol Biosci 10 (2010) p 887

6.        Drug Delivery Phenomena in biomedical devices” (PhD Thesis of Giuseppina Russo, Scientific Referees: V. Vittoria, G. Lamberti, G. W. M. Peters, G. Titomanlio)
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The glycopolymer Chitlac: a modified chitosan as potential engineered polymer for articular cartilage repair. 

Amelia Gamini

Department of Life Sciences, University of Trieste, Trieste, Italy.

Engineered biopolymers usually refer to those that, after modification by anchoring cell-specific ligands or extracellular signaling molecules to the polymer chain, are able to stimulate specific cellular response as well as to directly intervene in cell growth, differentiation, adhesion and extracellular matrix production [1]. Implication of oligosaccharides in recognition processes and in cell signaling mechanisms addresses them as key molecules in developing materials having specific bioactivity [4]. Along these lines, a low charge, highly hydrophilic chitosan derivative (Chitlac) was obtained by reductive amination with the lactose aldehydic group. This synthetic glycopolymer was shown to induce pig chondrocyte aggregation, leading to the formation of nodules of high dimensions (0.5-1.0 mm) as well as to stimulate type II collagen and glycosaminoglycan biosynthesis [5]. Furthermore, the increase of expression level of galectin-1 gene and the secretion of Galectin-1 in culture medium suggested the role of Galectin-1 as bridging agent between Chitlac and chondrocyte aggregates [6]. Galectin-1 is a member of the S-type galactoside-binding animal lectins [7] which binds with high affinity to polylactosamine-containing ligands (such as laminin) promoting cell adhesion to glycoconjugates [8,9].
Surface Plasmon Resonance experiments performed on biotinylated samples proved that Galectin-1 binds to Chitlac with a high affinity that, apparently, is rather unaffected by the polymer chain length. The affinity constants obtained from both kinetic and equilibrium data for Chitlac with a chain (360 nm long did not differ much from those obtained for a Chitlac of (100 nm chain length. In contrast, Galectin-1 binds to Chitlac with an affinity that is one order of magnitude greater than that observed for free lactose in solution and about twice that reported for the binding of Galectin-3 to laminin, its natural substrate. Growing isolated chondrocytes on polymeric scaffolds suitable for implantation is a primary approach in tissue engineering involving the regeneration of tissue [10]. The specific Galectin-1/Chitlac interaction that is at least a co-factor of the beneficial effects exerted by  Chitlac in pig chondrocyte cultures and that occurs at nanoscale level, remained unaltered once the water soluble Chitlac was transformed by chemical cross-linking into a 3-D matrix. Chondrocyte-seeded scaffolds were cultured for a period of 6 weeks. At defined time intervals the cell proliferation was assessed with the AlamarBlue™ method whereas the matrix synthesis and cell morphology was investigated by SEM.  Alamar Blue™ assay for cell proliferation clearly showed that the cell number increased in the first three weeks of cultures and then remained stable for the following three weeks. SEM analysis suggested the maintenance of specific bioactivity in terms of cell aggregation and extracellular matrix synthesis also after the Chitlac crosslinking procedure.  

[1] Minoo JM, Matsuda T. Molecular design of three-dimensional artificial extracellular matrix: photosensitive polymers containing cell adhesive peptide. J Polym Sci Polym Chem 1993;31:1589–97.

[4] Hubbell JA. Bioactive biomaterials. Curr Opin Biotechnol 1999;10:123–9.
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[5] Donati I, Stredanska S, Silvestrini G, Vetere A, Marcon P, Marsich E, Mozetic P, Gamini A, Paoletti S, Vittur F. The aggregation of pig articular chondrocyte and synthesis of extracellular matrix by a lactose-modified chitosan. Biomaterials

2005;26:987–98.

[6 ] Patrizia Marcon, Eleonora Marsich, Amedeo Vetere,_, Pamela Mozetic, Cristiana Campa, Ivan Donati, Franco Vittur, Amelia Gamini, Sergio Paoletti The role of Galectin-1 in the interaction between chondrocytes and a lactose-modified chitosan

[7] Barondes SH, Castronovo V, Cooper DNW, Cummings RD, Drickamer K, Feizi T, Gitt MA, Hirabayashi J, Hughes C, Kasai K, Leffler H, Liu FT, Lotan R, Mercurio AM, Monsigny M, Pillai S, Poirer F, Raz A, Rigby PWJ, Rini JM, Wang JL. Galectins: a family of animal b-galactoside-binding lectins. Cell 1994;76:597–8.
[8] Van den Bruˆ le FA, Buicu C, Baldet M, Sobel ME, Cooper DNW, Marschal P, Castronovo V. Galectin-1 modulates human melanoma cell adhesion to laminin. Biochem Biophys Res Commun 1995;208:760–7.

[9] Moiseeva EP, Spring EL, Baron JH, de Bono DP. Galectin-1 modulates attachment, spreading and migration of cultured vascular smooth muscle cells via interactions with cellular receptors and components of extracellular matrix. J Vasc Res 1999;36:47–58.

[10] Peter SJ, Miller MJ, Yasko AW, Yaszemski MJ, Mikos AG. Polymer concepts in tissue engineering. J BiomedMater Res

1998;43:422–7.
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Uniform LPS-Loaded Magnetic Nanoparticles for the Investigation of LPS/TLR4 Signaling

F. Peri1, D. Prosperi1, M. Piazza1, M. Colombo1, G. Damore1, J. Weiss2, T. Gioannini2, I. Zanoni1 and F. Granucci1
1. Department of Biotechnology and Biosciences, Università di Milano Bicocca; Piazza della Scienza 2, 20126 Milano, Italy

2. Department of Internal Medicine, University of Iowa; Iowa City, IA 52246 USA

francesco.peri@unimib.it

Keywords: MNP, innate immunity, LPS, TLR4, CD14
The elucidation the complex mechanisms of innate immunity response to bacterial lipopolysaccharide (LPS) through the coordinate action of Toll-like receptor 4 (TLR4) and other co-receptors such as LBP, CD14 and MD-2 is becoming a central problem in fields such as molecular biology, pharmacology, molecular medicine and immunology. A high number of recently published papers is aimed at clarifying some molecular aspects of the LPS-TLR4 signaling. A point that is still matter of debate and that is addressed in this presentation is the importance and influence of LPS aggregates (micelles) in the process of TLR4 activation and signaling. 

While monomeric LPS-CD14 and LPS-MD-2 complexes are the proximal vehicles for activation of TLR4 receptor, preceding interactions of host LPS-binding proteins that preferentially interact with LPS-rich interfaces play key roles in determining the potency of TLR4 activation by LPS. Accordingly, variables in the aggregation state and the 3D form of endotoxin aggregates may directly influence the kinetics and potency of TLR4 activation and signaling.

In this communication we present the design and the synthesis of stable and homogeneous LPS-coated magnetic nanoparticles (LMNP) mimicking natural endotoxin micelles or membrane blebs.1 LMNPs do not release LPS monomers in solution and are able to induce TLR4 activation on HEK-TLR4 cells, dendritic cells and macrophages. The mechanism of action of the LMNP will be discussed in the presentation.

The reduced toxicity of LMNPs compared to free LPS suggests a potential clinical development of these LPS-nanohydrid systems as vaccine adjuvants or immunotherapeutics.

1.
M.Piazza et al., Angew. Chem. Int. Ed. Engl. 50 (2011)  p622.

2.
This research was supported by NIH grant NIH/NIAID, grant number 1R01AI059372] “Regulation of MD-2 function and expression”  
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Figure 1. LMNPs interact with innate immunity receptors
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Novel liposomal contrast agents for non-invasive near-infrared fluorescence imaging

P. Luciani, S.T. Proulx, V. Mumprecht, J.-C. Leroux, M. Detmar
Department of Chemistry and Applied Biosciences, Institute of Pharmaceutical Sciences, Wolfgang-Pauli Str. 10, 8093 Zürich, Switzerland

paola.luciani@pharma.ethz.ch 
Keywords: indocyanine green, liposomes, near infrared, imaging, lymphatics 
Near infrared fluorescence (NIRF) imaging methods have recently shown great promise for in vivo imaging. Recent studies have demonstrated the potential of indocyanine green (ICG) to image lymphatics in animal models and in humans. However, this NIRF dye is unstable in solution and may rapidly enter venous capillaries after local injection. Therefore, we designed a liposomal formulation of ICG (LP-ICG) that possesses ideal attributes for lymphatic function imaging. The formulation of the liposomal contrast agent was optimized taking into account the physico-chemical features of the dye and the physiology of the target tissue. 
In a first study [1], LP-ICG was compared to ICG after intradermal injection into the paws of normal mice, mutant mice with lymphatic dysfunction or tumor-bearing mice. The LP-ICG formulation exhibited several advantages over ICG, including a red-shifted 4-fold increase in fluorescence intensity and improved stability in solution. When injected intradermally into normal mice, LP-ICG rapidly showed enhancement of draining lymph nodes, and demonstrated a more specific uptake by the lymphatics than ICG alone (Figure 1). No retention of LP-ICG in the lymph nodes or other organs was observed. An improved visualization of deep lymph nodes allowed the dynamics of lymphatic flow to be quantified. Quantitative imaging of lymphatic function with LP-ICG was validated in a genetic model of lymphatic dysfunction and in a melanoma tumor model of lymphatic metastasis. 
The improved visualization of deeper lymph nodes in vivo allowed quantifying tumor-associated lymph flow, making the developed model attractive for early diagnostics and future preclinical studies.
More recently, the LP-ICG formulation has been optimized, aiming at imaging vascular leakage after intravenous administration and higher resolution imaging of lymphatics with NIR stereomicroscopy. The new LP-ICG was injected peritumorally for lymphatic imaging in B16 and 4T1 tumor models.  In both tumor models, LP-ICG showed dysfunctional flow through lymph nodes bearing metastases.

1.
S.T. Proulx & P. Luciani et al., Cancer Res. 70 (2010)  p7053.

[image: image14.png]



Figure 1. Dynamics of ICG signal after intradermal injection in normal C57BL/6 albino mice. Time series of images from representative animals before and after intradermal injection of the left rear paw with ICG (A) and LP-ICG (B).
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Non-ionic surfactant vesicles for ammonium glycyrrhizinate delivery: in vitro characterization and in vivo evaluation on mice oedema.

C. Marianecci1, S. Pieretti2, F. Rinaldi1, M. Mastriota2 and M. Carafa1

1. Department of Drug Chemistry and Technologies, Sapienza University of Rome, Italy.

2. Department of Therapeutic Research and Medicine Evaluation, Istituto Superiore di Sanità, Roma, Italy  

carlotta.marianecci@uniroma1.it
Keywords: non-ionic surfactant vesicles, ammonium glycyrrhizinate, oedema reduction
The ammonium salt of glycyrrhizic acid (extracted by liquorice) is characterized by an anti-inflammatory activity [1] and its application as a potential topical anti-inflammatory drug can be improved using drug delivery systems, e.g., non-ionic surfactant vesicles (niosomes® or NSVs), which can enhance the permeation through the skin stratum corneum promoting the dermal pharmacological action [2]. NSVs are analogous to liposomes, and making a comparison, NSVs show several advantages such as greater stability, thus lesser care in handling and storage and lower cost. In this work, NSVs made up of  surfactants (Tween 85 and Span 20) and cholesterol, in different molar ratios, were prepared to investigate their potential application for dermal delivery of ammonium glycyrrhizinate, useful in treatment of various inflammatory based skin diseases. Vesicle characterization studies were carried out evaluating dimensions, ζ potential, anisotropy, drug entrapment efficiency. Release profiles of ammonium glycyrrhizinate/niosomes were  evaluated in vitro using cellulose and Silastic membranes. Experiments to evaluate the in vivo efficacy of the ammonium glycyrrhizinate/niosomes were carried out in mice. Oedema was induced by the injection of a protein-carbohydrate complexes from Saccharomyces cerevisiae (Zymosan A) in mice paw [3]. Ammonium glycyrrhizinate/niosomes were injected in the mice paw 2 h before zymosan A and then the oedema measured from 1 to 48 h after zymosan A administration. The results of these experiments revealed that ammonium glycyrrhizinate/niosomes affected oedema development reducing paw volume more effectively than ammonium glycyrrhizinate (Fig.1). Furthermore, the inhibitory effects of ammonium glycyrrhizinate/niosomes on oedema was long lasting, since was still present 48 h after zymosan A administration. These results indicated ammonium glycyrrhizinate/niosomes as possible candidates useful to counteract inflammatory diseases in man after local administration.
1) S. Matsui et al Int. Immunopharmacol. 4 (2004) 1633– 1644.

2) M. Carafa, et al. J. Contr. Rel. 95 (1), (2004)  67-74

3)  M. Colucci et al. Pharmacol Res. 57 (6), (2008) 419-425. 
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Figure 1. Increase in paw volume in Male CD-1 mice after exposure to: drug alone (Gly); purified niosome formulation (S1) and unpurified niosome formulation (S1U),  made of Tween 85/Span 20;  vehicle (V). * is for p<0.05, ** is for p< 0.01 and *** is for p<0.001, respectively. N=10.
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Bioactive nanoparticles and drug conjugates for novel therapeutic strategies

Milena De Nicola1, Mariarosaria Tortora2, Subramanian Kalippan2, Ivana Celardo1, Silvia Licoccia2, Enrico Traversa2,3 Francesca Cavalieri2, and Lina Ghibelli1
1. Department of Biology, University of Rome ‘Tor Vergata’, Italy;

2. Department of Chemical Science and Technology and NAST Center, University of Rome ‘Tor Vergata’, Italy;

 3. National Institute for Materials Science, Tsukuba, Ibaraki, Japan

ghibelli@uniroma2.it

Keywords: apoptosis, dextran-etoposide, nanotechnology, nanoceria, oxidative stress

Nanotechnology is a promising tool for developing novel therapeutic approaches to overcome intrinsic drawbacks of conventional therapy. We are elaborating two different approaches to negatively or positively modulate apoptotic cell death, a major homeostatic phenomenon whose deregulation causes hyperproliferative or hypoproliferative pathologies. Apoptosis is a major target of therapeutic intervention in serious pathological conditions, with the aim of inducing tumor cells to die by apoptosis on one side, and to protect immune or neuronal cells from apoptosis in immunodeficiencies and neurodegenerative disorders on the other. 

Polymer conjugation to anti-tumor drugs is a promising strategy to bypass a) the low solubility of many anticancer drugs in aqueous solution; b) a too rapid pharmacokinetics; and c) the multidrug resistance (MDR), a phenomenon that increases the detoxification potential of cancer cells during tumor progression. We conjugated dextran to etoposide, a popular chemotherapeutic agent that induces tumor cell apoptosis via topoisomerase II inhibition and DNA damage, and analyzed the activity of the conjugate vs. free etoposide on two human leukemia cell lines. We observed that the conjugate retains the activity of etoposide in terms of DNA damage, indicating efficient drug internalization and release within cells. Apoptosis ensues, with a very good efficiency but with a slower kinetics, and a mechanism that differs from the free drug: it does not involve caspases and shows an atypical sensitivity to modulators of the intracellular redox status.

Antioxidant therapy is the novel frontier to prevent and treat an impressive series of severe human diseases, and the search for adequate antioxidant drugs is fervent. Cerium oxide nanoparticles (nanoceria) are redox-active owing to the coexistence of Ce3+ and Ce4+ oxidation states and to the fact that Ce3+ defects, and the compensating oxygen vacancies, are more abundant at the surface. Nanoceria particles exert outstanding antioxidant effects in vivo acting as well-tolerated anti-age and anti-inflammatory agents, potentially being innovative therapeutic tools [1]. However, the biological antioxidant mechanisms are still unclear. The analysis on two leukocyte cell lines undergoing apoptosis via redox-dependent or independent mechanisms revealed that the intracellular antioxidant effect is the direct cause of the anti-apoptotic and pro-survival effects of nanoceria. Doping with increasing concentrations of Sm3+, which progressively decreased Ce3+ without affecting oxygen vacancies, blunted these effects, demonstrating that Ce3+/Ce4+ redox reactions are responsible for the outstanding biological properties of nanoceria [2]. All these evidences point to nanoceria as a biocompatible antioxidant and anti-apoptotic agent to successfully combat degenerative disorders by reducing the oxidative damaged and protecting cell integrity.

1. Celardo, I. et al., Nanoscale 4 (2011) p. 1411-1420 

2. Celardo, I. et al., ACS Nano 5 (2011) p. 4537-4549
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Bovine Serum Amine Oxidase  Immobilized on Polymers  as New Approach in Anticancer Therapy
Enzo Agostinellia, Giampiero Temperaa, Eris Bidollaria, Stefania Saccoccioa, Maria Condellob,  Annarica Calcabrinib, Giuseppina Bozzutob, Giuseppe Aranciab and Agnese Molinarib
aDepartment of Biochemical Sciences, SAPIENZA University of Rome  and CNR, Institute of Molecular Biology and Pathology, P.le A. Moro 5,  00185 Rome and bDepartment of Technology and Health, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy   enzo.agostinelli@uniroma1.it
In tumours polyamines and amino oxidases increase if compared with normal tissue. The in situ formation of cytotoxic metabolites by an enzyme-catalyzed reaction is a recent approach in cancer chemotherapy. It was previously demonstrated that bovine serum amine-oxidase (BSAO) and spermine (SPM) addition to human cancer cells induces cell growth inhibition and overcomes the multidrug resistance (MDR) phenotype through the oxidative stress caused by polyamine metabolites (H2O2 and aldehydes) produced by the oxidative reaction. Clonogenic assay and transmission electron microscopy observations  demonstrate that cytotoxicity induced by SPM  metabolites was greater in MDR cells than in the corresponding wild-type ones (WT), due to an increased mitochondrial activity (1). This represents an aspect of particular importance with respect to potential therapeutic applications of the method, since conventional cancer therapy suffers from the development of drug resistance. 
As new anticancer approach, we capitalized on the high endogenous polyamine content of tumor cells to generate cytotoxic polyamine metabolites. For their generation, BSAO was employed. It is expected that by delivering BSAO into cancer cells, toxic enzymatic oxidation products could be produced inside the cells for selective killing in situ (1). In order to enhance the delivery of BSAO, we immobilized it in a biocompatible polymer composed of bovine serum albumin and polyethylene glycol (PEG), to reduce its immunoreactivity. The immobilized enzyme also showed higher operational stability and functional activities, relative to its native form (2).  In this context, drug delivery nanocarriers could be able to maximize therapeutic activity, while minimizing toxic side effects, and to target specific tumor cells rather than normal tissues because their unique properties allow for easy surface functionalization. To this aim, BSAO nanocarriers have been prepared by means of a self assembling polymeric system obtained by hydrophobic derivatization of gellan gum, a well known microbial polysaccharide, already used in biomedical and pharmaceutical applications. We will review recent advances in the use of polyamines in DNA/RNA nanoparticle preparation, and discuss future directions in this therapeutically important research area.
We are also investigating drug combinations with the aim to increase the induction of cell death by toxic polyamine metabolites.  Our studies  show that the cytotoxicity of BSAO/spermine was enhanced on human melanoma M14 cells by pre-treatment of tumour cells with the anti-malarial drug chloroquine (CQ), a lysosomotropic compound.  Chloroquine  sensitized WT and MDR cells to the subsequent exposure to spermine metabolites. Cytotoxicity was greater by the combined treatment than by BSAO/spermine alone and was higher in MDR cells  than their wild-type counterparts.  The study by the combination CQ and immobilized BSAO is in progress.
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The findings suggest that BSAO/SPM and  the association with the lysosomotropic compounds (CQ) caused  mitochondrial alterations induced by SPM oxidation products; 

furthermore, they allow the design of a new therapeutic strategy  based on the use of these combinations in human neoplasms, making this  approach mainly attractive  in treating MDR cancer patients.

1- Agostinelli E., Condello M., A. Molinari, G.Tempera, N. Viceconte, G. Arancia.“ Cytotoxicity of spermine oxidation products to multidrug resistant melanoma  cells  (M14 ADR2): Sensitisation by MDL 72527, a lisosomotropic compounds”. (2009 ) Int J Oncol., 35: 485-498 
2-Demers N, Agostinelli E, Averill-Bates DA and Fortier G. Immobilization of native and poly(ethylene glycol)-  treated ('PEGylated') bovine serum amineoxidase into a biocompatible hydrogel.  (2001) Biotechnol.  Appl. Biochem. 33: 201-207
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Role of temperature-independent lipoplex–cell membrane interactions in the efficiency boost of multicomponent lipoplexes

Giulio Caracciolo

Molecular Medicine Department, “Sapienza” University of Rome

Multicomponent lipoplexes have recently emerged as especially promising transfection candidates, as they are from 10 to 100 times more efficient than binary complexes usually employed for gene delivery purposes. Previously, we investigated a number of chemical–physical properties of DNA–lipid complexes that were proposed to affect transfection efficiency (TE) of lipoplexes, such as nanoscale structure, size, surface potential, DNA-protection ability and DNA release from complexes upon interaction with cellular lipids. Although some minor differences between multicomponent and binary lipoplexes were found, they did not correlate clearly with efficiency. Instead, here we show that a marked difference between the cell internalization mechanism of binary and multicomponent lipoplexes does exist. Multicomponent lipoplexes significantly transfect cells at 4 °C, when endocytosis does not take place suggesting that they can enter cells via a temperature-independent mechanism. Confocal fluorescence microscopy experiments showed the existence of a correlation between endosomal escape and TE. Multicomponent lipoplexes exhibited a distinctive ability of endosomal escape and release DNA into the nucleus, whereas, poorly efficient binary lipoplexes exhibited minor, if any, endosomal rupture ability and remained confined in perinuclear late endosomes. Stopped-flow mixing measurements showed that the fusion rates of multicomponent cationic liposomes with anionic vesicles, used as model systems of cell membranes, were definitely shorter than those of binary liposomes. As either lipoplex uptake and endosomal escape involve fusion between lipoplex and cellular membranes, we suggest that a mechanism of lipoplex–cellular membrane interaction, driven by lipid mixing between cationic and anionic cellular lipids, does explain the TE boost of multicomponent lipoplexes.
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In vitro and in vivo assessment of liposomal nanovectors for PDT of glioblastoma

S. Mannino1, G. Bozzuto2, C. Bombelli3, A. Stringaro2, L. Toccacieli2, A. Calcabrini2, M. Colone2, A. Mangiola1, G. Maira1, P. Luciani3,  G. Arancia1, G. Mancini3, A. Molinari2 
1. Institute of Neurosurgery, Sacro Cuore Catholic University, Rome, Italy

2. Department of Technology and Health, Istituto Superiore di Sanità, Rome, Italy

3. Institute of Chemical Methodologies, CNR and Department of Chemistry University of Rome “Sapienza”, Piazzale A. Moro 5, 00185 Rome, Italy.

New therapeutic strategies against malignant gliomas are currently under investigation. Among these, PhotoDynamic Therapy (PDT) appears promising. PDT is based on the photochemical interaction between light and tumor tissue, specifically marked with an exogenous photosensitizing agent. m-THPC (Temoporfin, Foscan®) seems to be the most promising among the second generation photosensitizers. Unfortunately, it is cause of acute cutaneous photosensitization. In order to avoid or to reduce such phenomenon, and in order to increase the specificity of the photosensitizer agent, we incorporated the m-THPC in cationic liposomes containing Gemini1 (G1) surfactant. Efficiency of drug delivery and therapeutic efficacy of the new liposomal formulations were then evaluated in both in vitro and in in vivo glioblastoma (GBM) models. 

In vitro study. The incubation of murine GBM cell line C6 with m-THPC/DMPC liposome formulation (in the absence of surfactant G1) slightly increased the value of mean fluorescence channel (MFC), indicating that m-THPC chlorin was scarcely transferred into the cells. On the other hand, after 4 h of treatment, liposome formulations containing G1 induced a noticeable increment of MFC value in all glioblastoma cultures. 

Moreover, the qualitative analysis of uptake and intracellular distribution of the photosensitizer was carried out by confocal microscopy. When the cultures were incubated with m-THPC in G1-containing liposomes, photosensitizer fluorescence was detectable at the membrane level of C6 cells. The intensity of fluorescent signal generally appeared directly proportional to G1 concentration. 

In vivo study. This study was carried out on Wistar rats in 4 phases. A tumor model was created by inoculation of GBM C6 cells in order to evaluate:

· cytotoxicity and biodistribution after systemic somministration of  DMPC/G1 liposomes, alone or in association with photosensitizer m-THPC;

· photosensitizer uptake in tumor cells of animals treated with m-THPC/DMPC/G1 formulation versus cells of animals treated with Foscan®;

· therapeutic effect of PDT.

Preliminary data showed that the new liposome formulation appeared not to be toxic and  increased the efficacy of PDT in murine GBM model.

Poster
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HYDROGEL NANOPARTICLES 
FOR ENZYME-BASED THERAPIES.
S. Bobone1, E. Miele1, B. Cerroni1, E. Nicolai3, A. Di Venere3, R. Polini1, E. Placidi2, G. Paradossi1, N.Rosato3,4 and L. Stella1,4

1.Università di Roma Tor Vergata, Dipartimento di Scienze e Tecnologie Chimiche, 2Dipartimento di Fisica,3Dipartimento di Medicina Sperimentale e Scienze Biochimiche, and 4NAST center, 00133 Roma, Italy,

Enzymes have a great therapeutic potential: several diseases are due to the lack, or to the reduced activity, of a specific enzyme or protein. However, the effective delivery of these biomolecules presents several problems, like proteolytic degradation or immunogenicity. In this communication, we report a new approach for the realization of biocompatible hydrogel nanoparticles for the entrapment of proteins. We used liposomes as nanotemplates for polyacrylamide hydrogel photopolymerization, and optimized the monomer/crosslinker ratio to obtain a hydrogel mesh size small enough to limit enzyme release, while allowing the diffusion of the smaller molecules of substrates and products, in order to maintain the enzymatic activity of the entrapped protein. Cu,Zn superoxide dismutase, which has many potential therapeutic applications, was used as a test case for this approach. Nanoparticles were characterized with different techniques, i.e. light scattering, fluorescence spectroscopy, electron microscopy and AFM measurements. The toxicity of nanoparticles was checked with various biological assay, and the efficiency of internalization within cells was also investigated. We obtained biocompatible, size-controlled (200 nm) nanoparticles with a good entrapping efficiency (>25%), and a slow release kinetics. The enzyme entrapped into the nanoparticles retains its enzymatic activity and is protected from degradation and denaturation. The proposed approach represents a promising solution for the realization of new drug delivery nanodevices for enzymatic therapies.
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Cationic liposomes for the optimization of
photodynamic therapy of malignant gliomas
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Malignant gliomas represent the most common primary brain tumor: more than 50% of them are Glioblastoma Multiforme (GBM). Photodynamic therapy (PDT) may offer a very good chance of targeted destruction of infiltrating GBM cells, thus increasing the survival time and recurrence-free interval of GBM patients. Among photosensitizing agents, metatetrahydroxyphenylchlorin (m-THPC) is promising for the PDT of brain tumors. In this study we investigated the transfection activity of dimyristoyl-sn-glycerophosphatidylcholine (DMPC) liposomes, containing the cationic gemini surfactant (S,S)-2,3-dimethoxy-1,4-bis(Nhexadecyl-N,N-dimethyl-ammonio)butane bromide (G1), loaded with m-THPC on human (A172, U118, DBTRG, LN229) and murine glioblastoma cell lines (C6).

In order to evaluate the delivery efficiency, the uptake (flow cytometry) and the intracellular distribution (confocal microscopy) of m-THPC, loaded in several formulations of cationic liposomes, were analyzed by making a comparison with those obtained by employing the same chlorin in the pharmaceutical form (Foscan®).

The incubation of all tested glioblastoma cell lines with m-THPC/DMPC liposome formulation (in the absence of surfactant G1) slightly increased the value of mean fluorescence channel (MFC) indicating that m-THPC chlorin was scarcely transferred into the cells. On the other hand, after 4 h of treatment, liposome formulations containing G1 induced a noticeable increment of MFC value in all glioblastoma cultures. Such an increase appeared to be dependent on the concentration of surfactant in the liposomes.

The liposome-mediated m-THPC delivery was compared with the uptake of the relative

 pharmaceutical compound, Foscan®. MFC values of samples treated with Foscan®  howed to be quite similar to those of samples treated with m-THPC/DMPC liposomes but significantly lower than those of liposomic formulations containing the surfactant. 

Moreover, the qualitative analysis of the uptake and intracellular distribution of the photosensitizer was carried out by laser scanning confocal microscopy (LSCM), in both human and murine glioblastoma cells. Cultures were treated either with Foscan® or with five liposome formulations. No fluorescent signal was detectable in C6 cell cultures treated with free Foscan® or m-THPC/DMPC (Figs. 1 a and 1 b, respectively). The low signal revealed by flow cytometry in these samples was not suitable for the LSCM imaging. When the cultures were incubated with m-THPC in G1-containing liposomes, the fluorescence of the 
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photosensitizer was detectable at the membrane level of LN229 and C6 cells (Figs. 1 c and 1 b, respectively). According to the flow cytometric determinations, the intensity of fluorescent signal generally appeared positively related to the G1 concentration. In addition, liposomes were clustered and capped on the plasma membrane of C6 cells. The cytotoxicity of chlorin-loaded liposomes was then tested by the cloning efficiency assay performed on both human (U118, LN229) and murine (C6) cell cultures, before and after irradiation with laser light at 652 nm. The cytotoxic effect of liposome formulations was compared with that of Foscan® employed at the same concentrations of m-THPC contained in liposome. Different liposome formulations were scarcely cytotoxic in the absence of irradiation.

The irradiation performed on cells treated with chlorin-loaded liposomes reduced drammatically the cell surviving fractions. In particular, cultures treated with m-THPC formulated in G1-free liposomes (i.e. m-THPC/DMPC) the irradiation induced the reduction of surviving fraction to 60%. Moreover, in these cultures chlorin-loaded liposomes appeared to be more effective than chlorin formulated in the pharmaceutical form (Foscan®). The presence of surfactant in liposomal formulations dramatically increased the cytotoxic effect of irradiation that destroyed completely the glioblastoma cultures. 

The results obtained by in vitro tests indicated that cationic liposomes: i) transferred m-THPC in glioblastoma cells more efficiently than pharmaceutical formulation; ii) significantly (p<< 0.001) increased the m-THPC cytotoxic effect after laser irradiation; iii) seemed to exert their cytotoxic action in the early phase of interaction with the cells, during adhesion to the plasma membrane.
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Figure 1. Intracellular distribution of m-THPC.
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Study of the internalization pathways of cationic liposomes in human tumor cells
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Liposome formulations are investigated at both preclinical and clinical level in many therapeutic protocols. The use of liposomes may improve the efficacy and intrinsic safety of photodynamic therapy (PDT), a protocol that involves the administration of a photosensitizer, and its irradiation with visible light to induce formation of cytotoxic species. In fact, liposomes can efficiently solubilize hydrophobic photosensitizer, thus increasing photoactive population, further they can improve the accumulation in tumor and the pharmacokinetic of the photosensitizer, thus reducing the side effect of skin photosensitization due to poor target specificity.

In a previous investigation we reported on the use of liposomes formulated with dimyristoyl-sn-glycero-phosphatidylcholine, DMPC, and the cationic gemini surfactant (S,S)-2,3-dimethoxy-1,4-bis(Nhexadecyl- N,N-dimethylammonio)butane bromide 1a, to deliver the photosensitizer m-tetrahydroxyphenylchlorin, m-THPC, to a human colon adenocarcinoma cells [1] and to murine and human glioblastoma cells [2]. It was shown that the presence of gemini surfactant in the liposomal formulations increases both cell uptake of m-THPC [1, 2], and its cytotoxic effect after laser irradiation with respect to the pharmaceutical formulation (Foscan(). The highest efficiency was found for the formulation at a DMPC/1a 60:40 molar ratio. 

In order to explore the influence of the stereochemistry of the gemini surfactants 1 on the delivery efficiency of m-THPC to malignant glioma (GBM) cell lines, liposomes were formulated with DMPC, and either cationic gemini surfactant (S,S)-2,3-dimethoxy-1,4-bis(N-hexadecyl-N,N-dimethylammonio) butane bromide (1a), or (S,R)-2,3-dimethoxy-1,4-bis(N-hexadecyl-N,N-dimethylammonio) butane bromide (1b). 
The delivery efficiency of DMPC/1a and DMPC/1b liposome formulations was evaluated on the murine glioblastoma cell line C6, and on the human glioblastoma cell line LN229, by flow cytometry and laser scanning confocal microscopy (LSCM). The stereochemistry of the spacer of the gemini was found to strongly influence the delivery efficiency of m-THPC to cells and its intracellular distribution. Unexpectedly, the formulation featuring a higher surface potential and a greater stability toward fusion (DMPC/1a), was found the less efficient in the delivery of the photosensitizer. 
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To investigate the influence of the stereochemistry of the surfactant on the interaction with the cell membrane and the internalization pathway either of liposomes or of photosensitizer, two different approaches were taken. In the first a combination of different inhibitors was used to selectively block different pathways. These effects were evaluated both by flow cytometry and by LSCM on glioma cells after transfection performed by using a reagent containing a baculovirus. Upon entry into mammalian cells, the baculovirus directs the expression of autofluorescent proteins localized in specific subcellular compartments such as the plasma membrane or the endosomes. In the second approach, different antibodies, specific for organelles involved in endocytic routes, were employed. All these experiments were performed on cells incubated with fluorescently labeled liposomes (Figure 1). Preliminary data suggest that glioblastoma cells might use different endocytic pathways to internalize the different liposomal formulations. 

1. C. Bombelli et al., J. Med. Chem. 48 (2005)  p4882.
2. A. Molinari er al.,  Int. J. Cancer 121 (2007) p1149.
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Figure 1. Co-localization of liposomes with caveolin and clathrin.
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Polymer based microbbubles and microparticles as drug delivery systems and multimodal contrast agents.
Barbara Cerroni, Letizia Oddo, Silvia Margheritelli and Gaio Paradossi
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Corresponding author:  gaio.paradossi@uniroma2.it
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Nanomedicine  is an important area of nanotechnology that refers to highly specific medical intervention at molecular scale for diagnosis, prevention and treatment of diseases. In this context, from microbubbles (MBs) originally designed as a polymeric ultrasound contrast agent, we are now developing a microdevice supporting multi-modal imaging (FP7 STReP European Project 3MICRON). This colloidal system consists of an air-filled core with a shell of cross-linked modified poly (vinyl alcohol), PVA. The design meets several issues: (i) toxicity, (ii) biocompatibility, (iii) cell targeting and uptake, (iv) availability for chemical modifications. PVA-MBs, having an average diameter of 2-3 µm with a narrow size distribution, are highly biocompatible with long term chemical and physical stability. Efficient targeting can be accomplished by coating MBs with proper ligand molecules [1]. In literature it is well known that hyaluronic acid (HA) is a ligand of CD44 cell receptor [2]. CD44 transmembrane protein is a marker of several cancer types and it is expressed at high levels in colon cancer cells. On this basis MBs surface was coated with HA for cancer cell targeting and with the purpose to obtain a “theranostic” tool supporting diagnostic and therapeutic functions. In particular we use the HT-29 (colon cancer adenocarcinoma cell line) ability [1] to uptake targeted MBs for drug delivery. Figure 1 highlights the specific adhesion of HA coated MBs to HT-29. This is the necessary step for focal doxorubicin delivery in colon cancer cells, as evidenced by confocal microscopy. 
We report also on microgel particles crosslinked and HA coated using recent “click chemistry” methodology [3]. Specific and controlled delivery of doxorubicin toward HT-29 tumor cells was accomplished using this microdevice [3].

1. Cerroni B, Chiessi E, Margheritelli S, Oddo L and Paradossi G. “Polymer shelled microparticles for a targeted doxorubicin delivery in cancer therapy” Biomacromolecules 12(3) (2011) p593-601.

2. Aruffo A, Stamenkovic I, Melnick M, Underhill C B. and Seed B. CD44 is the principal cell surface receptor for hyaluronate. Cell 61(1990) p1303-1313.

3. Kolb H. C., Finn M. G. and Sharpless K. B. "Click Chemistry: Diverse Chemical Function from a Few Good Reactions". Angewandte Chemie International Edition 40(11) (2001) p2004–2021.
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Interactions of liposomes with bacteria: investigation on cell models by DSC and FRET experiments 
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The delivery efficiency of m-tetrahydroxyphenylchlorin, a photosensitizer (PS) used in photodynamic therapy, of different liposomes formulated with 1,2-dimyristoyl-sn-glycero-3-phosphatidylcoline (DMPC) and different percentages of the pyrrolidinium based cationic surfactants 1- 4 (Figure 1) has been evaluated on methicillin-resistant Staphylococcus aureus. The results showed that the composition of the formulation and the molecular structure of the components can significantly affect their physicochemical features and biological activity.[1] Some formulations show good bactericidal activity, others are toxic in the absence of PS whereas some others have no biological activity both with the presence and the absence of PS. Here we report the results relative to the investigation we carried out in order to rationalize the differences observed in the biological activity and to identify the mechanism of interaction with cell of the various formulations. We investigated by differential scanning calorimetry (DSC) and by fluorescence resonance energy transfer (FRET) experiments the interaction of our formulations with cell models, namely liposomes of DMPC or 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcoline.

Actually, the two methods give complementary information because by FRET measurements it is impossible to quantify the percentage of liposomes which interact with cell membrane either inducing a fusion or a rupture process models, whereas by DSC experiments it is possible to distinguish the two processes

1.
C. Bombelli, F. Bordi, S. Ferro, L. Giansanti, G. Jori, G. Mancini, C. Mazzuca, D. Monti, F. Ricchelli, S. Sennato, M. Venanzi, Mol. Pharmaceutics, 5 (2008) p 672.
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Figure 1. Pyrrolidinium based cationc surfactants.
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Microfluidic approach for the production of micellar nanocontainers
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The DNA binding drug mithramycin (MTH) has been proposed as potential therapeutic agent for the treatment of hematological diseases such as beta-thalassemia and sickle cell anemia. A microfluidic based protocol for the production of a micellar delivery system for MTH is here presented in comparison to micelles produced with conventional methods. The effect of different production parameters were investigated and their effects on the size and size distribution were statistically evaluated. The compared analysis of polymeric micelles, produced by microfluidic and conventional bulk mixing procedures, revealed that microfluidics provides an useful platform for the production micellar nanoparticles with improved controllability, reproducibility, smaller size and polydispersity. After preparation and characterization, micelles prepared both by microfluidic and bulk methods were in vitro tested to investigate their biological activity and effectiveness as potential treatment for beta-thalassemia. In particular, the effects of MTH association in polymeric micelles on the erythroid differentiation of both human erythroleukemia (K562) and human erythroid precursor cells (ErPC) were investigated. Interestingly, micelles produced by microfluidics exhibited a slightly lower toxicity and more pronounced differentiative activity when compared to the free drug. Moreover, the presented data suggest that the delivery of MTH by micelles produced by microfluidics is able to induce, at high levels, globin mRNA accumulation in K562 cells. Noteworthy, the RT-PCR data, obtained using erythroid precursor cells, demonstrated that MTH encapsulated in polymeric micelles, as the most effective HbF inducers, is able to induce β-globin and even more efficiently γ-globin gene expression, without stimulating α-globin gene expression. This result is sustained by the HPLC analyses, showing an increase of HbF and a decrease of α-globin aggregates in ErPC treated with EPO, in the presence of MTH-PM produced by microfluidics. In conclusion, the current paper suggested that PM-MTH might be of great interest in inducing HbF in thalassemic patients, offering exciting avenues for future development of micellar and more, in general, nanomedicine related therapeutic protocols for beta-thalassemia. Furthermore, considering the simplicity and reproducibility of the microfluidic technology, the presented production strategy might be suitable for personalized medicine applications, which require controllable micelle characteristic and consistency from batch to batch.
1.
N. Bianchi et al., Br J Haematol. 104 (1999) p258.

2. 
E. Fibach et al., Blood 102 (2003) p1276.
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NanosensitiveTM - dermal supportive consumer care product against atopic dermatitis
Cornelia M. Keck1,2 and Rainer H. Müller1
1. Department of Pharmaceutics, Biopharmaceutics and NutriCosmetics, Freie Universität Berlin, Kelchstr. 31, 12169 Berlin, Germany

2. Department of Applied Logistics and Polymer Science, University of Applied Sciences Kaiserslautern, Carl-Schurz-Str. 10-16, 66953 Pirmasens, Germany
Atopic dermatitis is a skin disease which causes are not yet fully understood. Symptoms are an impaired skin barrier, which results in an increased transepidermal water loss (TEWL). Thus, the skin is dry and damaged easily. Therefore, in atopic skin scratches occur very often, which are easily occupied by bacteria, e.g. pseudomonas aeruginosa. Up to date no causal therapy exists and only symptoms can be treated. The standard therapy today is the application of corticosteroids, which causes undesired side effects, e.g. skin atrophy. Therefore, the development of a novel strategy without undesired side effects would be appreciated. 

A novel treatment strategy is the silver nanolipid complex. It is a combination of nanostructured lipid carriers (NLC) and microsilver dispersed in an ointment or cream. In the formulation silver is used to act against the bacteria by exploiting the oligodynamic effect. NLC are used to increase the skin hydration, because NLC form an invisible film upon dermal application leading to occlusion. Originally this formulation was developed as a cosmetic product for sensitive, i.e. dry and reddish skin. By change it was found that this formulation was also active against the symptoms of mild to medium severe atopic. By applying the novel formulation for a period of 2 weeks twice daily symptoms disappeared and the use of glucocorticoids could be terminated after starting the treatment with the novel formulation.

The reason for the unexpected activity is the formation of a silver nanolipid complex (sNLC). This means silver ions, which are released from the surface of the microsilver particles, adsorb onto the surface of the NLC. NLC, as all nanoparticles, possess an increased adhesiveness onto surfaces. Therefore, sNLC can adhere more efficiently to skin or bacteria, than silver ions alone. This leads to a higher concentration of silver at the desired site of action, as well as an increased retention time and to an increased activity therefore. 

The formulation does not possess any undesired side effects. It is easy to apply and thus the compliance is high. The product is now marketed by the company Dr. Rimpler GmbH in Germany. The product name is “nanosensitive”.
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Hydrophilic Magnetic Nanostructures for biomedical applications
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During the last decade, there have been extensive interests focused on superparamagnetic nanoparticles due to the large potential in biological, diagnostic and medical applications. Small inorganic nanoparticles can be synthesized through aqueous or non aqueous approaches. It has been widely shown that the non-aqueous routes are more efficient in producing stable colloidal nanoparticles with narrow size distribution, high crystallinity and tunable size and shape. However, this approach typically produces hydrophobic nanoparticles limiting their applications in biological and medical fields. Thus, the transformation of these hydrophobic nanoparticles into hydrophilic seems to be essential. In this work hydrophobic magnetic nanoparticles have been converted into hydrophilic through two different ways. The first one consists in encapsulating hydrophobic nanoparticles inside multilamellar liposomes. The second one is based on the coating of the nanoparticles with a silica shell. Magnetic nanoparticles of magnetite and cobalt ferrite have been chosen. Magnetite is an ideal candidate material, because it is relatively stable in air and water and documented to be biocompatible. Cobalt ferrite has been also proposed for biomedical applications because of its known large anisotropy compared to other ferrites, in spite of highly toxic cobalt. Superparamagnetic monodisperse magnetite and cobalt ferrite nanoparticles have been prepared by surfactant – assisted high-temperature thermal decomposition of metallorganic compounds. Fe(acac)3, Co(acac)2, with 1,2–hexadecanediol in the presence of oleic acid and oleylamine have been used as reactants for the synthesis of Fe3O4, (4-11 nm) and CoFe2O4 (4-15 nm) nanoparticles. The nanoparticle size is shown to be finely controlled by varying the reaction temperature, the solvents, the metal precursors or through a seed-mediated growth procedure [1]. Multilamellar magnetic vesicles (MMLV) were prepared from soya phosphatidylcholine according to the thin film hydration method. The film is formed by solvent evaporation of the mixture containing hydrophobic magnetite and suitable chlorophorm solution of the phospholipids. Appropriate amount of water is then added in order to hydrate the film and to form the multilammellars.[2] CoFe2O4 nanoparticles can be converted into biocompatible and nontoxic system through a suitable silica coating. Silica-coated CoFe2O4 nanoparticles are hydrophilic and stable against biodegradation. Furthermore, the ease of silica surface modification would allow for biolabeling, magnetic drug targeting and delivery. In order to obtain CoFe2O4@SiO2 core/shell structure a microemulsion approach based on Igepal CA-520 or Triton X- 100/cyclohexane/ water, is here proposed[2, 3].

References

[1]
S. Sun et al., J. Am. Chem. Soc. 126 (2004) 273.

[2]
C. Cannas et al., Chem. Mater. 20 (2008) 6364.

[3]
C. Cannas et al., Chem. Mater. 22 (2010) 3353.
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Docetaxel-loaded nanoparticles based on PLA-co-caprolactone and PLGA-co-caprolactone for prostate cancer treatment 
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Docetaxel (Dtx) chemotherapy is the optional treatment in patients with hormone-refractory metastatic prostate cancer [1]. However, alternative formulations are needed to overcome the serious side effects, and to improve the clinical efficacy of the drug [2].
In this study, two novel biodegradable block-copolymers, poly(lactide-co-caprolactone) (PLA-PCL) and poly(lactide-co- glycolide-co-caprolactone) (PLGA-PCL), were explored for the formulation of Dtx-loaded NPs [3]. The NPs were prepared by a nanoprecipitation method, using Pluronic F-127 as surfactant agent, and characterized in terms of morphology, size, encapsulation efficiency, crystalline structure, and in vitro release. Moreover, in vitro cytotoxicity studies on human prostate cancer cell line (PC3) were carried out. 
NPs were found to be of spherical shape with an average diameter in the range of 100-200 nm. The in vitro release profiles of Dtx varied on the bases of characteristics of polymers used. PLA-PCL and PLGA-PCL drug loaded NPs shared an overlapping release profiles, and are able to release about 90% of drug within 6 h, when compared with PLA- and PLGA-NPs. Cytotoxicity studies demonstrated advantages of the Dtx-loaded PLGA-PCL NPs over pure Dtx in both time- and concentration-dependent manner. An increase of 20% of PC3 growth inhibition was determined by PLGA-PCL NPs with respect to free drug after 72 h incubation and at all tested Dtx concentration (Figure 1). In summary, PLGA-PCL copolymer may be considered as an attractive and promising polymeric material for the formulation of Dtx NPs as delivery system for prostate cancer treatment.

1. I.F. Tannock et al., N. Engl. J. Med. 351 (2004)  p 1502-1152

2. E. Lee et al., J. Control. Release 140 (2009)  p 79-85

3. V. Sanna et al., Nanoscale Res. Lett. 6 (2011) p 260
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Figure 1. Viability of PC3 cells cultured with drug-free nanoparticles (NP), docetaxel-loaded PLGA-PCL NPs (NP-Dtx) after 24 (a), 48 (b) and 72 h (c), in comparison with that of pure drug (Dtx) at the same dose (n = 3). *, significantly different from the control; °, significantly different from each other.
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Targeted Biocompatible Nanoparticles for the Delivery of

(–)-Epigallocatechin 3-Gallate to Prostate Cancer Cells
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Molecular targeted cancer therapy mediated by nanoparticles (NPs) is a promising strategy to overcome the lack of specificity of conventional chemotherapeutic agents [1,2]. 

In this context, the prostate-specific membrane antigen (PSMA) has demonstrated a powerful potential for the management of prostate cancer (PCa). 

Cancer chemoprevention by phytochemicals is emerging as a suitable approach for the treatment of early carcinogenic processes. Since (–)-epigallocatechin 3-gallate (EGCG) has shown potent chemopreventive efficacy for PCa, we designed and developed novel targeted NPs in order to selectively deliver EGCG to cancer cells (Figure 1). Herein, to explore the recent concept of “nanochemoprevention” [3], we present a study on EGCG-loaded NPs consisting of biocompatible polymers, functionalized with small molecules targeting PSMA, that exhibited a selective in vitro efficacy against PSMA-expressing PCa cells [4]. This approach could be beneficial for high risk patients and would fulfill a significant therapeutic need, thus opening new perspectives for novel and effective treatment for PCa.

1. M. Ferrari, Nat. Rev. Cancer 5 (2005) p 161–171
2. M. E. Davis et al., Nat. Rev. Cancer 7 (2008) p 771–782
3. I. A. Siddiqui  et al., Cancer Res. 69 (2009) p 1712–1716
4. V. Sanna et al., J. Med. Chem. 54 (2011) p 1321–1332
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Figure 1. Chemical structure of (-)-epigallocatechin 3-gallate (EGCG), the anti-PSMA ligand (DCL), and schematic representation of the designed targeted NPs.
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Differential effects of two types of lysozyme microspheres on first-line activators of immune responses
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Protein microspheres are promising tools in the biomedical research field. Microbubbles (MB) have been successfully synthesized using chemically denatured lysozyme under high-intensity ultrasound [1]. In the case of limitation in the loading of a sufficient amount of therapeutic agent onto the MB, an alternative is to encapsulate an oil-phase containing the drug which increases their lipophilic drug loading capacity (perfluorohexane-filled microcapsules, MC) [2]. Despite these interesting perspectives, their effects on cells of immune system are still poorly investigated. To this aim, we initially studied the in vitro interactions of these microparticles with murine bone-marrow derived dendritic cells (BMDC). Phase-contrast microscopy observations revealed the different uptake (after 18 hours) of MC compared to the uptake of MB by BMDC. By FACS analysis MC showed the potential to induce the maturation of BMDC after 18 hours of culture in terms of up-regulation of CD86 expression on the cell surface. They were also able to promote the production of the inflammatory cytokine TNF-α in the co-culture supernatants analyzed by ELISA assay. MB induced less pronounced up-regulation of CD86 expression than MC on the cell surface, but no production of inflammatory TNF-α was detected in the supernatants of BMDC cultured with MB.

The capacity of MC to induce BMDC maturation makes them a useful delivery system able to improve the antigen presentation by these cells belonging to the innate arm of the immune system and representing the first-line activators of immune responses. On the other hand, since MB were not able to induce full maturation and inflammatory responses of BMDC, they could represent inert vehicles particularly suitable to escape immune activation.
1. F. Cavalieri et al. Langmuir 24 (2008) p10078.
2. M. Zhou et al. Ultrason. Sonochem. 17 (2010) p333
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Figure 1. BMDC were cultured for 18 hours with MC and MB in comparison with LPS as classical maturation stimulus. A) Expression of CD86 maturation marker is reported as Mean Fluorescence (MF). B) TNF production has been evaluated in culture supernatants by ELISA sandwich assay.
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Antitumor activity on glioblastoma cell  line of a titanocene complex encapsulated into Polycaprolactone (PCL) electrospun nano-fibers.
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So far the investigation on anticancer drugs mainly regarded organic molecules, with a minor interest at the inorganic ones. However current research is showing that these drugs, such as cis-platin, demonstrate obvious antitumor activities, making ever and ever important to develop new inorganic systems to increase efficiency. Very recently the attention has been focused on Titanium based complexes, which could have significant effect against solid tumour, and many new complexes have been synthesized and investigated.

A half-titanocene complex [C5H4-CH2CH2OCH3]TiCl3, recently synthesized [1] was successfully introduced, at different concentrations (1%, 3% and 5%) in biocompatible and biodegradable polycaprolactone (PCL) nanofibers fabricated by electrospinning [2]. The technical parameters were defined and set up, obtaining good non-woven membranes. The non woven membranes, obtained by optimizing the process parameters, were characterized for their structural, morphological and physical properties. The fiber dimensions were found of reduced diameters for PCL filled with the titanocene complex, indicating an improved electrospinnability. X-rays showed that the complex, encapsulated into the PCL fibers, exists as amorphous molecular aggregates or solid solution into the fibers. The complex mainly resides inside the nanofibers as demonstrated by energy dispersive X-ray spectroscopy analysis, FESEM-EDX, with a small fraction on the surface. 

The drug release kinetics of the titanocene complex was investigated at different concentrations in physiological and phosphate buffer solutions, to obtain a set of correlations between structure and tuneable release. The release curves showed two stages for all the samples, with the first stage very rapid, as a “burst”, and the second in which the release is linear with time. The interesting result of a burst independent of initial titanocene concentration was found.

The anti-proliferative effects of the titanocene complex and the complex-loaded PCL was evaluated on glioblastoma cell line. Titanocene complex significantly inhibited the growth of cancer cells in a dose- and time-dependent manner, either alone or encapsulated into PCL. However surprisingly the encapsulated complex showed an IC50 value at 96 h higher than the not encapsulated complex.

1. M. Napoli; C. Saturnino.; E. Sirignano; A.Popolo.; A. Pinto; P. Longo Eur. J. Med. Chem. 46,  (2011) p122-128.

2. V. Romeo; G. Gorrasi; V. Vittoria. Biomacromolecules 8, (2008) p3147-3152.
	Nanodrug Delivery: from the bench to the patient
	P13

	
	


Controlled Release of Amoxicillin encapsulated into PCL electrospun nano fibers for biomedical applications

Mariamelia Stanzionea, Eduardo Valarezoa,b, Vittoria Vittoriaa
a Industrial Engineering Department, Salerno University, Via Don Melillo, 84084 Fisciano, Italy
b Instituto de Química Aplicada, Universidad Técnica Particular de Loja, P.O. Box 11-01-608, Loja, Ecuador

mstanzione@unisa.it
Keywords: Amoxicillin, Poly caprolactone (PCL), Electrospinning, Nano fibers, Antibacterial activity.

The utilization of biomaterials – both natural and synthetic – is enabling to develop scaffolds specifically designed for many medical applications [1]. Electrospun polymer nanofibers have been so far designed for pharmaceutical compositions either integrating the drug and carrier materials into one kind of fiber containing both components or electrospinning the carrier material into a tubular form in which the drug particles are encapsulated. The release properties of these fibers can be tuned by varying the drug concentration, the presence of the drug inside or outside the polymeric fibers, the fiber diameter and distribution. Moreover release profiles of entrapped drugs can be finely tuned by controlling either the drug diffusion or the degradation rate of the polymer matrix through molecular weight and distribution, material composition and porosity of the carriers [2].

In the present paper Amoxicillin (AMOX), a bacteriolitic, β-lactam antibiotic used to treat bacterial infections caused by susceptible microorganisms, was successfully encapsulated at different concentrations into poly (-caprolactone (PCL) by the electrospinning technique. and mats of nonwoven fibers were obtained and characterized. All the technical parameters, that is solution concentration and viscosity, electrical voltage and flow rate were varied and set up to obtain a good and reproducible morphology. The scanning electron microscopy evidenced the nanofibrous structure of pristine PCL and composites, formed of individual, uniform, and randomly oriented fibres with an average diameter ranging around 0.8 micron.
The release curves, for all samples, present mainly two stages: a first stage, quick as a “burst“, followed by a successive slow stage. 

The burst was analyzed as a function of amoxicillin concentration and thickness of the membranes, and values corresponding to absence of burst were individuated. In the second stage the release was found very slow extending up to months for the most concentrated sample. 

The antibacterial activity of these electrospun fibers was effective to inhibit in different proportions Staphylococcus aureus, Enterococcus faecalis and Escherichia coli. 

The properties of these filled membranes and their capability for local delivery of antibiotics make them suitable for biomedical applications
1. A.Butscher, M.Bohner, S.Hofmann, L. Gauckler, R. Müller. Acta Biomater. 7, (2011) p 907-920.

2. D.H. Reneker, W. Kataphinan, A. Theron, E. Zussman, AL. Yarin. Polymer 43 (2002) p 6785–6794
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The limited efficacy of several chemopreventives in pre-clinical and clinical studies is attributed largely to their low bioavailability, which results in sub-therapeutic concentrations at the target site. In order to overcome the bioavailability issues, advanced drug delivery systems, designed to provide localized or targeted delivery of these agents, may represent a more viable therapeutic option. Various drug delivery systems such as nanoparticles, liposomes, microparticles and implants have been demonstrated to significantly enhance the preventive/therapeutic efficacy of many chemopreventives by increasing their bioavailability and targetability. 

We recently reported on the ultrasonic synthesis of perfluohexane filled microcapsules and lysozyme air-filled [1, 2]. Protein based microspheres can be synthesized in an aqueous medium by emulsification followed by cross-linking of protein molecules under high-intensity ultrasound.

In this study we provide an insight into the mechanism of formation of microcapsules (MC) and lysozyme microbubbles (MB), as well as their structural and functional properties and their biocompatibility with breast cancer cells. We investigated the structural and functional properties of MC and MB using circular dichroism and polarized light microscopy. Biocompatibility of MC and MB by MTT test was played on a human breast adenocarcinoma cell line (SKBR3). These studies have shown that MC and MB were not toxic. The uptake of MC and MB by SKBR3 cells was visualized using fluorescence microscopy (Fig. 1). After 2hrs, MC particles preserved their shape and dimension after the uptake (Fig 1a) while MB particles underwent evident damages of their morphology (Fig. 1b). 
In future, in order to study the fate of these microparticles inside SKBR3 cells transmission and scanning electron microscopy analysis will be carried out.
1. F. Cavalieri, et al. Curr. Top. Med. Chem. 10 (2010) p 1198.
2. F. Cavalieri et al. Langmuir 24 (2008) p 10078. 
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Interaction between DNA and cationic amphiphiles: a multi-technique study for application of transfection carriers
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A multi-technique approach was developed to study the DNA-amphiphile systems, with the aim to achieve a composite method to study the relationships among the structural features of cationic amphiphiles and the induced morphological changes on the nucleic acid [1]. All the physico-chemical techniques used in this investigation (surface tension, UV spectroscopy, conductometry) showed peculiar non-linear profiles at specific [Surfactant] / [DNA] ratios that are consistent with functional and morphological changes in the DNA, as observed from melting temperatures, AFM and TEM images. All the techniques used in this study seem to point to the importance of the amphiphilic behaviour of the additive. The same experiments conducted on non-amphiphilic analogs in fact, did not show any discontinuities on the profiles neither structural changes on the DNA. The electrostatic interaction between the headgroup of the surfactant and the phosphate group of the nucleic acid as well as the hydrophobic interaction forces due to the tails of the surfactants may be the major factors controlling the morphological changes induced. It is worth noting that these changes are not to be ascribed to micellar aggregates, because the observed phenomena arise within a concentration range of the surfactants which is far below their critical micellar concentration [2,3]. The headgroup size of the surfactant seems to have little relevance on the [Surfactant] / [DNA] ratios observed [4]. Another important finding is that all the morphological changes in the DNA occur at a [Additive] / [DNA] value lower than 1, which indicates that these phenomena do not imply a complete neutralization of the phosphate groups. The same studies conducted on ExGen 500, an efficient commercial transfection agent, showed this carrier to be more efficient as a DNA compaction and transfection agent. Incidentally, the experiments conducted with PEI showed the same behaviour observed with the cationic amphiphiles, thus indicating a common fundamental mechanism of interaction. This led us to design, synthesize and test with the same method novel amphiphiles (nucleoside-head surfactants), which could be used as DNA carriers [5].
1.
G. Savelli et al., Langmuir 26, (2010), 7885.
2.
Y. Wang et al., Langmuir 17 (2001) 1670. 

3.
A. Rodrìguez-Pulido et al., Langmuir 25 (2009) 4402.

4.
R.S. Dias et al. J. Phys. Chem. B 112 (2008) 14446.
5.
M. Tiecco et al., Nucleos Nucleot Nucl 28 (2009) 911.
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Etoposide is one of the most successful chemotherapeutic agents used for the treatment of human cancers [1,2] inducing apoptosis by inhibiting topoisomerase II. The drug currently is front line therapy for a variety of malignancies, including leukemias, lymphomas, and several solid tumors [1,2]. However the insolubility of etoposide in water is a drawback that limits its clinical use. Mostly, the drug is poorly taken up by tumor multidrug resistant cells. The design of therapeutic agents that may elude multi-drug resistance in cancer cells in terms of refractoriness to apoptosis or hyperactivity of the plasma membrane pumps (MDR) is a challenging task. 
In this work, two different types of conjugates were prepared by using dextran and carboxymethyl-dextran sodium salt in which etoposide was linked via hydrolisable carbonate and ester linkage, respectively. The chemical structures of the conjugates was studied and confirmed by 1H-NMR.  Fluorescence and circular dichroism spectroscopy of etoposide and prodrug of  etoposide were used to investigate the structural properties of the conjugates. The rate of drug release of  the conjugates was studied in vitro. 
We used the dextran-etoposide conjugate to induce apoptosis in Jurkat and U937 leukemic cells.  Preliminary biological results include testing of etoposide-dextran conjugates on U937 leukemia cells, which are normally sensitive to apoptosis, to compare the ability of the conjugate to induce apoptosis with that of etoposide alone. We observed that etoposide-dextran conjugates induce apoptosis on U937 with an efficiency similar to etoposide alone. Apoptosis induction is delayed, and the mechanisms involved is different. Indeed, unlike etoposide alone, the conjugate induces a Ca2+ and oxidation-sensitive apoptosis, which is only partially dependent on caspases. We are presently working in elucidating the molecular mechanisms of this type of apoptosis, and in testing this conjugate, also on a couple of syngenic leukemia cell line superexpressing or not the MDR pumps.

1. Hande, K. R., Eur. J. Cancer 34, (1998) p 1514.

2. Hande, K. R., Biochim. Biophys. Acta 1400,(1998) p173.

DMPC/1a + Caveolin





DMPC/1b + Caveolin





DMPC/1a + Clathrin





DMPC/1b + Clathrin





Figure 1. Targeting of HT-29 tumor cells by MB with HA coating  after extensive washing.
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