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Liposomes as Nanomedicine Platform in Cancer Therapy

Alberto Gabizon a

a Department of Oncology, Shaare Zedek MC and Hebrew University-School of Medicine, Jerusalem,
Israel.

Email of presenting author: alberto.gabizon@gmail.com.

Many of the currently used chemotherapeutic agents in cancer have problematic toxicities
compromising efficacy, and often resulting in life-threatening events. Nanomedical devices such as
liposomes and other nanoparticles can provide effective control of the release rate and of the tissue
distribution of these agents. The ensuing pharmacokinetic changes often have a major
pharmacodynamic impact with attenuation of toxic effects, resulting in a substantial enhancement of
the therapeutic index of the delivered drugs. Polyethylene-glycol (PEG) coating of liposomes results in
inhibition of liposome uptake by the reticulo-endothelial system and significant prolongation of
liposome residence time in the blood stream. A hallmark of these long-circulating liposomal drug
carriers is their enhanced accumulation in tumors by a passive targeting mechanism known as
enhanced permeability and retention effect. Currently, the main achievements of nanomedicine
relevant to oncology practice are the controlled delivery of chemotherapeutic agents to improve their
therapeutic index. An example of nanomedicine with demonstrated clinical added value in cancer
therapy is PEG-liposomal doxorubicin, which has demonstrated clinically a favorable safety profile
with an impressive reduction in cardiac toxicity and proven efficacy against various malignancies and
can be considered as the first anti-cancer nanomedicine approved for clinical use1. Other forms of
nanomedicine in clinical use include a cremophor-free albumin-based nanoparticle formulation of
paclitaxel, and a mutivesicular lipid-based formulation of cytosine arabinoside for intrathecal
administration2. Based on preclinical and early clinical studies, other formulations such as liposomal
vincristine3, and pegylated liposomal irinotecan4 hold promise to offer an important clinical edge in
cancer chemotherapy. Another approach applicable to liposomal drug delivery combines the concept
design of a stable and long-circulating liposome with chemical modification of a drug to form a
lipophilic prodrug with strong association to the liposomal bilayer. This is the case of a prodrug of
mitomycin-C activated by thiolytic cleavage. PEG-liposomal mitomycin-C prodrug is more effective
and less toxic than conventional chemotherapy in the treatment of various animals and human tumor
models5. Co-encapsulation of synergistic combinations of agents in the same liposome is another
potentially valuable approach in liposome delivery6,7. One example of this approach is a PEG-
liposome formulation of alendronate, an amino-bisphosphonate with immuno-boosting properties, and
doxorubicin8. Further to the passive targeting effect, the liposome drug delivery platform offers the
possibility of grafting tumor-specific ligands on the liposome membrane for active targeting to tumor
cells and/or tumor endothelial cells9. Ligand-specific targeting may facilitate intracellular drug
delivery bypassing drug permeability barriers. Liposomes and other nanomedicines offer a unique
platform for a variety of manipulations that can further enhance the value of the delivered drugs, and,
importantly, provide real-time imaging of drug biodistribution using the nanocarrier as a theranostic
platform10.

1. R. Solomon, A. Gabizon, Clin Lymphoma Myeloma, 2008, 8, 21.
2. R. Duncan, R. Gaspar, Mol Pharm, 2011, 8, 2101.
3. D. Thomas et al, Cancer, 2009, 115, 5490; 4. D. Drummond et al, Cancer Res, 2006, 66, 3271.
5. A. Gabizon et al, J Control Release, 2012, 160, 245.
6. E. Feldman et al, J Clin Oncol, 2011, 29, 979; 7. D. Zucker et al, J Control Release, 2012, 160, 281.
8. A. Gabizon et al, unpublished; 9. W. Cheng, T. Allen, Expert Opin Drug Deliv, 2010, 7, 461.
10. A. Petersen et al., Biomaterials, 2011, 32, 2334.

http://www.ncbi.nlm.nih.gov/pubmed?term=Soloman%20and%20Gabizon
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Nanoparticles for biomedical applications

Yurii K. Gun’ko

School of Chemistry and CRANN, Trinity College Dublin, Dublin 2, Ireland

Email of presenting author: igounko@tcd.ie.

Recent advances and progress in nanobiotechnology have demonstrated that nanomaterials have a
great potential as novel drug delivery vehicles, therapeutic agents, contrast agents and luminescent
biological labels for bioimaging. The utilization of new nanosized materials in biology and medicine is
a new fast developing research area. This mostly involves the application of nanoparticulate contrast
agents and assays for biomedical imaging and diagnostics. Magnetic nanoparticles are of particular
importance. For example magnetic particles can be utilized as drug delivery agents, which can be
localized in the body at a site of interest using an external magnetic field [1]. Magnetic fluids based on
aqueous dispersions of small size superparamagnetic nanoparticles have also been utilized as contrast
agents for magnetic resonance imaging (MRI). Our research resulted in the development of new
contrast agents for magnetic resonance imaging based on one dimensional linear assemblies of
magnetic nanoparticles (Figure 1) [2, 3]. We have shown the potential use of these materials as
contrast agents by measuring their MR responses in live rats. The new magnetic fluids have shown
good biocompatibility and potential for in vivo MRI diagnostics. Another aspect of our research
involves the utilisation of fluorescent nanomaterials such as multimodal fluorescent-magnetic
nanoparticles and quantum dots (semiconducting nanoparticles) for cell imaging, biosensing and drug
delivery [4, 5]. As result of the work we have developed new approaches for specific intracellular bio-
labelling and targeted drug delivery using these nanocomposites. These nanosystems are also
potentially applicable for controlled modification of structural and functional properties of
extracellular components and tissue constituents.

Figure 1. Fast Low Angle Shot image of mouse brain before (left) and after
nanoparticulate contrast agent passes through (right).

1. Magnetic Nanomaterials, Ed. C. Kumar, book series “Nanotechnologies for the Life Sciences”
WILEY-VCH, 2009.
2. S. A. Corr, S. J. Byrne, R. Tekoriute, C. J. Meledandri, D. F. Brougham, M. Lynch, C.
Kerskens, L. O’Dwyer and Y.K. Gun’ko, J. Amer. Chem. Soc., 2008, 130, 4214.
3. G.-L. Davies, S. A. Corr, C. J. Meledandri, L. Briode, D. F. Brougham and
Y.K. Gun’ko, ChemPhysChem, 2011, 12, 772.
4. J S. A. Corr, A. O’ Byrne, Y. K. Gun’ko, S. Ghosh, D. F. Brougham, S. Mitchell, Y. Volkov and A.
Prina-Mello, Chem. Comm., 2006, 43, 4474.
5. E. Govan, E. Jan, A. Querejeta, N. A. Kotov and Y. K. Gun’ko, Chiral luminescent CdS nano-
tetrapods, Chem. Comm, 2010, 46, 6072.
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How Optical Nanoscopy and Super resolution microscopy can fit to
Nanomedicine?

Alberto Diaspro

Department of Nanophysics, Istituto Italiano di Tecnologia, Genova, Italy.
Department of Physics, Università degli Studi di Genova, Italy.

Email of presenting author: diaspro@fisica.unige.it

Several methodologies have been developed over the past several years for optical nanoscopy and
super-resolution fluorescence microscopy. Among them stimulated emission depletion microscopy
(STED), photoactivated localization microscopy (PALM), fluorescence photo activation localization
microscopy (FPALM), and stochastic optical reconstruction microscopy (STORM). They have shown
great promise for biological and medical research even if having some individual strengths and
weaknesses. At the IIT headquarter in Genoa, we have recently developed original approaches aiming
to 3D imaging of large scattering objects (F.Cella Zanacchi et al., Nature Methods (2011); P.
Bianchini et al. PNAS, (2012)) and to achieve an
important flexibility (Galiani et al., Optics Express (2012). As well, we applied super resolution
methods to direct laser writing on nanocomposite materials (B. Harke et al., ChemPhysChem (2012)
and to atomic and force spectroscopy (B.Harke et al, Optical Nanoscopy (2012)). This lecture will
describe the basic principles for
achieving super resolution, demonstrate some applications in biology and medicine. In particular, it
will be outlined how such methods can fit to Nanomedicine: from nanocasules tracking to
moleculecular effects of drugs, from confined active photointeractions to 3D super resolution imaging
in vivo. A special kind of problems that can be attacked using such methods is the one related to study
the fate and effect of biofunctionalization of nanoparticles for drug delivery in nanomedicine. Since
both fields are comparatively new, scientific discussion would help in focusing on new outstanding
goals.
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Opto-acoustic imaging methods and applications: a powerful new
approach to nano-particle imaging.

Nicolas Bézièrea, Vasilis Ntziachristosa

aInstitute for Biological and Medical Imaging, Technische Universität München and Helmholtz
Zentrum München, Ingolstädter Landstraβe 1, D-85764 Neuherberg, Germany.  

Email of presenting author: nicolas.beziere@helmholtz-muenchen.de.

Optical imaging is a powerful modality in imaging, in particular biological samples, providing
extremely high resolution images. However, in vivo, this modality becomes less useful due to its very
limited penetration depth due to photon scattering. While several solutions have been developed to try
to circumvent the naked eye limitations, they remain unsatisfactory when it comes to observing whole
organisms. Opto-acoustic imaging, relying on the optoacoustic effect (the emission of sonic waves by
photoabsorbers caused by transient illumination by laser pulses) allows bypassing of the usual optical
imaging depth barrier. This hybrid modality allows for the unique mapping of light absorption in a
complete living animal with a resolution that can reach the micrometer range. As light can be absorbed
by both endogenous components (blood, melanin…) and exogenous absorbers (fluorophores,
nanoparticles…) it provides material scientists and life science specialists an innovative tool to
analyze samples in a powerful way.

Figure 1. Opto-acoustic principle with illumination (a) and ultrasonic emission (b)1 from discrete samples and
set-up for in vivo experiments (c) 2.

While hardware and software development are still ongoing, the attention of optoacoustic research is
slowly shifting toward the different possible biological applications of the modality. In particular, drug
tracking can be and has been performed in vivo using different types of nanoparticles. Notably, recent
development on gold nanoparticle contrast agents for opto-acoustic imaging, as well as the tracking of
liposomes in living animals will be presented.

Figure 2. Imaging of fluorescent liposomes loaded with gold nanorods in the ventricles of a mouse brain using
opto-acoustic (a) and classical cryo-sectioning (b)3.

1. V. Ntziachristos, Nature Methods, 2010, 8, 603
2. A. Buehler et al. Opt. Lett., 2010, 35, 2475.
3. N. Lozano et al. JACS, 2012, epub ahead of print.
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Nanodiagnostics: controlling the surface functionalization of
nanoparticles to optimize the detection of cancer cells

Davide Prosperi

Department of Biotechnology and Bioscience, University of Milano-Bicocca, Piazza della Scienza 2,
20126, Milano, Italy;

Email of presenting author:davide.prosperi@unimib.it.

Magnetic resonance imaging (MRI) is a broadly utilized noninvasive clinical imaging method for
prevention and treatment of malignant diseases. However, MRI suffers from low sensitivity; therefore,
great efforts have been made to develop efficient target-oriented contrast agents. In this context,
multifunctional nanoparticles (MFN), which combine multiple properties, including fluorescence
emission and optical, magnetic and electronic unique characteristics, have been envisaged as
promising multimodal tracers for noninvasive diagnosis of cancer.1 The design of ideal targeted MFN
needs careful optimization of fundamental features including uniform size and shape, surface charge,
optical and magnetic properties, and efficient functionalization with suitable homing ligands to
improve the signal amplification and target selectivity toward malignant cells. One of the greatest
challenges in designing MFN functionalized with proteins resides in the possibility to control the
ligand orientation on the nanoparticle surface.2 One strategy involves the use of fusion proteins
containing a low-molecular weight enzyme that recognizes a suicide inhibitor anchored to the solid
surface resulting in a covalent immobilization.3 An alternative route makes use of a bioactive protein
shell consisting in a newly designed recombinant single-domain protein A fragment, which mediates
an orderly Fc site-specific antibody immobilization on MFN resulting in a target-directed Fab
presentation.4,5 As a case study for the development of tumor-targeting nanoprobes, we focus on a
anti-HER2 monoclonal antibody, which can bind the HER2 receptor in metastasizing breast cancer
cells. This novel targeted nanoparticle model is assessed by fluorescence analysis, MRI and
ultrastuctural investigation, both in vitro and in vivo.6

Figure 1. Schematic representation of an experimental setup
using targeted nanoparticles to localize HER2-positive MCF7 cell
in mice.

1. J. Kim, et al., Angew. Chem. Int. Ed., 2006, 45, 7754.
2. J. B. Haun, et al., Nat. Nanotech., 2010, 5, 660.
3. M. Colombo, et al., Small, 2012, 8, 1492.
4. S. Mazzucchelli, et al., ACS Nano, 2010, 4, 5693.
5. M. Colombo, et al., Angew. Chem. Int. Ed., 2012, in press, doi: 10.1002/anie.201204699.
6. F. Corsi, et al., ACS Nano, 2011, 5, 6383.

Aknowledgments: Work supported by Regione Lombardia (NanoMeDia Project).
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Nanostructured Materials for Vascular Tissue Engineering

Beat H. Walpoth, MD, FAHA

Cardiovascular Research, Department of Surgery, Geneva University Hospital, Faculty of Medicine,
Geneva, Switzerland

Email of presenting author: Beat.Walpoth@hcuge.ch

Background: Long-term patency of conventional synthetic grafts is unsatisfactory below 6mm of
internal diameter (ID). Poly(ε-caprolactone) (PCL) is a promising biodegradable polymer with longer 
degradation time. We aimed to evaluate in vivo healing and degradation characteristics of small-
diameter vascular grafts made of PCL nanofibers in comparison with expanded
polytetrafluoroethylene (ePTFE) grafts.

Methods and Results: 2-mm ID grafts were prepared by electrospinning using PCL (Mn=80,000
g/mol). Either PCL (n=15) or ePTFE (n=15) grafts were implanted into 30 rats. Rats were followed
up to 24 weeks. At conclusion of the follow-up period, patency and structural integrity were evaluated
by digital subtraction angiography (DSA). The abdominal aorta including the graft was harvested, and
investigated under light microscopy. Endothelial coverage, neointima formation and transmural
cellular in-growth were measured by computed histo-morphometry. All animals survived until the
end of follow-up, and all grafts were patent in both groups. DSA revealed no stenosis in the PCL
group, but stenotic lesions in one graft at 18 weeks (40%) and in another one at 24 weeks (50%) in
the ePTFE group. None of the grafts showed aneurismal dilatation. Endothelial coverage was
significantly better in the PCL group. Neointima formation was comparable between the two groups.
Macrophage and fibroblast in-growth with extracellular matrix formation, and neoangiogenesis were
better in the PCL group. After 12 weeks, foci of chondroid metaplasia located in the neointima of
PCL grafts were observed in all samples.

Conclusions: Nano-structured, small-diameter PCL grafts represent a promising alternative for the
future regarding their better healing characteristics compared to ePTFE grafts. Faster
endothelialization and extracellular matrix formation accompanied with degradation of graft fibers
seem to be the major advantages. Further evaluation of degradation and graft healing characteristics
may potentially lead to clinical use of such grafts for revascularization procedures.
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Polymer Therapeutics as Nanomedicines: From Anticancer Agents to
Tissue Repair

Ruth Duncan

Cardiff, UK and c/oPolymer Therapeutics Lab., Centro de Investigación Príncipe Felipe, Valencia,
Spain

Email of presenting author: profruthduncan@btinternet.com; http://www.ruthduncan.co.uk

Over recent decades a growing number first generation nanomedicine(s) (> 40) have entered routine
clinical use as nanopharmaceuticals and imaging agents (reviewed in [1]). There are currently >70
products in clinical trials just as anticancer therapies. Much has been learnt regarding the critical
product attributes (in relation to safety and efficacy) of such complex, multicomponent systems, and
this is providing an exciting platform for to the introduction of next generation nanotechnologies. With
the convergence scientific disciplines seeking to apply advances in nanoscience and new
nanomaterials to healthcare applications it is important to understand the difference between 'nice
science', and those nanotechnologies that have real potential to contribute clinically useful products.
The key to success is an understanding of translational needs, and the regulatory path governing the
journey from Lab to Clinic.

An increasing number of polymer therapeutics have gained market authorisation and this family may
be considered amongst the most successful nanomedicines to date (reviewed in [2-4]). Preclinical and
clinical experience has brought new insights regarding the most appropriate preclinical models for
lead candidate optimisation, and clinically important biomarkers that may enable selection of the most
suitable patients for nanomedicine therapy [1,5]. Early polymer therapeutics were developed as
anticancer agents, but treatments for other target diseases, together with various routes of
administration, have followed [4]. Most polymer-protein and polymer-aptamer conjugates involve
PEG. We used N-(2-hydroxypropyl)methacrylamide (HPMA) copolymers to create the first synthetic
polymer-based anticancer polymer-drug conjugates [2,3]. Although are so far well-tolerated clinically,
they are non-biodegradable. Even if lower molecular weight polymers are used, following endocytic
capture there is inevitably be a potential risk of lysosomal accumulation, this could be a particular
problem with chronic administration. Recently we reported a new approach for protein conjugation
called polymer-masking–unmasking protein therapy (PUMPT) [4]. This uses a multi-functional,
biodegradable polymer (dextrin or hyaluronic acid) for conjugation The polymer can envelope a
protein thus masking its bioactivity. Locally triggered polymer degradation allows time-dependant
protein ‘unmasking’, resulting in local, controlled reinstatement of bioactivity. Proof of concept has
been demonstrated using dextrin conjugates of phospholipase A2 an anticancer agent, and of human
recombinant epidermal growth factor (rhEGF) for topical administration as a putative treatment for
chronic wounds [6-8].

1. R. Duncan, R. Gaspar, Mol. Pharmaceutics (2011) 8(6), 2101.
2. R. Duncan, Nature Rev. Drug Discov (2003) 2(5), 347.
3. R. Duncan, Nature Rev. Cancer (2006) 6, 688.
4. R. Duncan, Curr. Opin. Biotechnol., (2011) 22, 1.
5. R. Duncan, S.C.W. Richardson, Mol. Pharmaceutics (2012) in press
6. J. Hardwicke, et al., J. Contr. Rel. (2008) 130, 275.
7. J. Hardwicke, et al., Mol. Pharmaceutics (2010) (2010) 7, 699.
8. J. Hardwicke, et al., J. Contr. Rel. (2011) 152, 411.
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Nanomedicine with Functionalized Carbon Nanotubes

Maurizio Prato

Dipartimento di Scienze Chimiche e Farmaceutiche, Università degli Studi di Trieste, Piazzale Europa

1, 34127 Trieste, Italy

Email of presenting author: prato@units.it

Nanomedicine represents a novel research topics which is receiving a lot of attention because of its
high potential. Among the wide range of novel nanometer scale structures available, single-wall
carbon nanotubes (SWNT) and multi-wall carbon nanotubes (MWNT) stand as unique materials for
fundamental research and potential applications in nanomedicine.
Our group has been involved in the organic functionalization of various types of nanocarbons,
including carbon nanotubes, nanohorns, fullerenes and nanoonions. The organic functionalization
offers the great advantage of producing soluble and easy-to-handle CNTs. As a consequence, since
biocompatibility of CNT is expected to improve, many functionalized carbon nanotubes may find
useful applications in the field of nanomedicine. Their use as drug delivery agents and scaffolds for
vaccines has already been demonstrated. CNT functionalized with bioactive moieties are particularly
suited for targeted drug delivery. In fact, not only they exhibit reduced toxicity but also possess a high
propensity to cross cell membranes.
The use of carbon nanotubes as active substrates for neuronal growth has given so far very exciting
results. Nanotubes are compatible with neurons, but especially they play a very interesting role in
interneuron communication. Improved synaptic plasticity is just one example.
During this talk, we will discuss the use of CNTs for applications in drug delivery and regenerative
medicine.
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Engineering of biomaterial properties at molecular level: the 3D
nanoscale systems of self-assembling peptides in self-seeding heart
valve design

G. Gerosa, M. Dettin

Dpt. Cardiac Thoracic and Vascular Sciences and Dpt. of Industrial Engineering – University of
Padova, Italy

Email of presenting author: gino.gerosa@unipd.it

Abstract — Biological prostheses generally have good hemodynamic characteristics and avoid long-
term pharmacological therapies. Their treatment with glutaraldehyde determines progressive tissue
deterioration with consequent necessity of new surgery. Furthermore, all commercially available tissue
valve substitutes are nonviable and consequently their utility in surgery for children is limited.
The goal of this project is to engineer self-seeding heart valves that, allowing cell repopulation, mature
quickly in vivo and have a shorter preparation time. For this purpose, self-assembling peptides
hydrogels could be used as filler to add beneficial properties to decellularized scaffolds.
These synthetic peptides have a high propensity to form beta-sheets that in PBS spontaneously
assemble into nanofibrous scaffolds. The resulting hydrogels, resistant to proteolytic digestion and
completely atoxic, are considered very promising scaffolds for several cell types (neuronal cells,
cardiomyocytes, chondrocites, osteoblasts, mesenchymal stem cells).
In this project, the decellularized pericardium is the 3D scaffolding whereas the SAP hydrogel creates
a fluffy nanofibrous environment able to call and house cells inside the natural decellularized scaffold.
Here we demonstrate the capacity of SAP to penetrate and to remain inside the structure obtained
simply by pre-incubation of decellularized pericardium in a peptide solution, that is a very novel and
smart approach. The presence of peptides induces pericardium hydration and increase in thickness.
Biological assays using mesenchymal stem cells are in progress.
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Nanopharmaceutics as sequestering agents

Jean-Christophe Leroux

Institute of Pharmaceutical Sciences, Department of Chemistry and Applied Biosciences, ETH Zürich,
Wolfgang Pauli Str. 10, 8093 Zürich, Switzerland.

Email of presenting author: jleroux@ethz.ch

Traditionally, colloids such as liposomes, nanoparticles and polymers have been used in
pharmaceutical sciences as delivery systems for drugs and imaging agents. There are, however, cases
where they can treat diseases or intoxications by removing endogenous or exogenous toxic
compounds from the body. Well known examples are activated charcoal and the polymeric binder
sevelamer, which are indicated in the treatment of drug overdose and hyperphosphatemia,
respectively. In the past few years, the field of biodetoxification has indeed experienced a rapid
growth with the emergence of highly active sequestering colloids, and their evaluation in novel
indications (e.g. infections, inflammation)1. In this presentation, we will cover two applications,
namely the treatment of calcium channel blocker intoxications and celiac disease (i.e. autoimmune
enteropathy triggered by gluten in genetically sensitive individuals) where liposomes and polymeric
binders can function as effective sequestrants. Transmembrane pH-gradient liposomes were
optimized to extract from serum the calcium channel blockers diltiazem and verapamil. When the
liposomes were intravenously injected to rats one hour after an oral dose of verapamil, the plasmatic
drug levels increased dramatically indicating a redistribution of verapamil in the blood compartment.
This resulted in an attenuation of the pharmacological activity of the drug and a faster recovery of
cardiovascular parameters after an overdose2. In the case of celiac disease, a polymeric binder was
designed to sequester the immunogenic protein fraction of gluten in the gastrointestinal tract. In a
transgenic mouse model of gluten sensitivity, the oral administration of the polymeric binder prior to
gluten intake reduced the immunogenic response and the deleterious effects of gluten on the intestinal
mucosa. Moreover, the polymer was not absorbed and excreted in the feces3. This approach could
represent a potential adjuvant therapy to a gluten free diet in unresponsive patients.

1. N. Bertrand, M.A. Gauthier, C. Bouvet, P. Moreau, A. Petitjean, J.C. Leroux and J. Leblond, J.
Control. Release, 2011, 155, 200.

2. V. Forster, P. Luciani and J.C. Leroux, Biomaterials, 2012, 33, 3578.
3. M. Pinier, G. Fuhrmann, N. Rivard, J.A. Murray, C.S. David, L. Tuckova, H. Drasarova, J.C.

Leroux and E.F. Verdu, Gastroenterology, 2012, 142, 316.
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RNAi-based drugs such as siRNA require sophisticated delivery systems in order to achieve
therapeutic benefits. These delivery systems must protect encapsulated siRNA from degradation in the
circulation, promote accumulation in target tissue and facilitate intracellular delivery into target cells.
In order to be suitable for clinical use, these delivery systems must also be relatively non-toxic and
must encapsulate siRNA efficiently into well-defined, reproducible nanomedicines using a scalable
manufacturing process. Lipid nanoparticles (LNP) are currently the leading delivery systems for
satisfying these demands. Efficient loading into LNP can be achieved using ionizable cationic lipids
that are relatively non-toxic and can be optimized to achieve maximum intracellular delivery of siRNA
following uptake into target cells. With regard to manufacture of LNP siRNA systems, formulation
processes require rapid mixing of an aqueous stream, containing siRNA, with an enthanolic solution
containing cationic lipid and PEG-lipid. We have devised scalable microfluidic mixing technology
that results in the formation of LNP siRNA systems over the size range 20-100 nm with siRNA
encapsulation efficiencies approaching 100%. It is shown that LNP siRNA systems containing
optimized ionizable cationic lipids are highly potent and relatively non-toxic agents for silencing
hepatocyte target genes following i.v. injection, achieving 50% or greater target gene silencing of 10
μg siRNA/kg body weight with therapeutic indices of 1000 or higher. This is currently the world-
leading “gold standard” for the potency of siRNA-based therapeutics in vivo.
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Current cancer treatments include surgical intervention, radiation and chemotherapeutic drugs,
which often also kill healthy cells and cause toxicity to the patient. It would therefore be desirable to
develop drugs that can either passively or actively target neoplastic cells, without causing damage to
the normal cells. The use of targeting nanocarriers in this scenario, above all based on liposomes and
polymer–protein conjugates, are approved for wider use.

Nano drugs are currently utilized in patients with hematological malignancies both for the
treatment of underlying malignancies and for the treatment of side effects due to the chemotherapy.

Among the drugs frequently employed, a relevant role is played by liposomal compounds. In fact
liposomal doxorubicin and daunorubicin were already tested in acute leukemia and lymphoma patients
with good results. The major advantage of these compounds is in particular the lower cardiotoxicity.
The oldest and better known drugs utilized in hematology among liposomal compounds are liposomal
Amphotericin B (L-AmB). In fact due to the neutropenia that followed chemotherapy above all acute
leukemia patients can develop infectious complications and the most dangerous, among these, are
fungal infections. These infectious diseases are characterized by a high mortality rate. Until some
years ago the only antifungal agent at our disposition was deoxycolate AmB, however this compound
was characterized by relevant side effects that reduced the efficacy. From 1997 L-AmB is available
and clinical trials showed a better tolerance and a higher efficacy so that at present it is the drug of
choice for these complications.

Another category of nano drugs widely utilized are monoclonal antibodies conjugated with toxin
(i.e. Gentuzumab = anti-CD33 plus calicheamicin) or radio-conjugated (i.e. Ibritumomab = anti CD20
plus 90Y). The first showed a high efficacy in the treatment of acute myeloid leukemia particularly in
elderly patients, while the second is indicated in refractory/resistant non-Hodgkin’s Lymphomas.

Also other drugs as Peg-asparaginase or Peg-G-CSF are currently utilized. The first in the
treatment of acute lymphoblastic leukemia, while the second that is growth factors that stimulate the
production of neutrophils after chemotherapy is usually administered in order to prevent febrile
neutropenia, maintain the time scheduling of chemotherapies and to collect CD34 cells for autologous
transplantations. However the real advantage of these last drugs is not completely clear.
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The emergence of nanotechnology could allow the optimization of the delivery of anti-cancer agents
in tumour tissues and are also useful for the crossing of physiological barriers such as blood-brain-
barrier (BBB)1. On this light, zoledronic acic (ZOL) is a drug used for the treatment of bone
metastases and recent data report that beneficial effect of ZOL may result from a direct anti-tumour
activity. One of the most important limits of ZOL is its limited delivery in tumour tissues and
excessive accumulation in the bone2. In the light of these considerations, there is a need to develop
new ZOL formulations with a lower affinity for bone and a longer half-life in the circulation that
would result in increased probability to affect peripheral tumours. We have developed pegylated
liposomes encapsulating ZOL (Lipo-ZOL) that has a stronger anti-cancer activity both in vitro and in
vivo on several cancer cell lines of different histogenesis. In details, they were able to potentiate both
the apoptotic and anti-angiogenic effects of ZOL in prostate tumour tissues xenografted in nude mice3.
However, the low encapsulation efficiency of ZOL in liposomes and their size were technical
limitations to be overcome. Therefore, we developed ZOL-containing self-assembly PEGylated
nanoparticles (ZOL-NPs) based on ZOL complexes with calcium phosphate NPs (CaPZ NPs) and
cationic liposomes. They were based on a ready-to-use preparation technology and were characterized
by a high ZOL loading efficiency, optimized sizes and good size distribution. Moreover, they were
more potent than ZOL in inducing cell growth inhibition on several cancer cell lines of different
histogenesis. We have compared the anti-cancer properties of either ZOL-NPs or LIPO-ZOL. The
anti-cancer activity of ZOL-NPs in nude mice xenografted with prostate cancer PC3 cells was higher
than that one induced by LIPO-ZOL. In addition, ZOL-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 induce 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, ZOL-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 NPs were also higher in terms of neo-angiogenesis inhibition4.
Another challenge for nanomedicine is the treatment of central nervous system (CNS) disorders. In
fact, the presence of the blood-brain barrier (BBB), formed by a complex interplay of endothelial cells,
astrocyte and pericytes, strongly affects the crossing of therapeutic moieties towards CNS. Therefore,
we have functionalized these nanoparticles with transferrin (TRF) in order to allow their crossing
through BBB with the aim to treat glioblastomas.
The encapsulation in NPs resulted in higher in vitro cytotoxic activity than free ZOL on Ln229,
U373MG and U87MG glioblastoma cells. However, the potentiation of anti-proliferative activity of
TRF conjugated NPs was less than that one induced by naked NPs and correlated with TRF receptor
expression on tumour cells. On the other hand, TRF-NPs-ZOL showed a higher antitumor efficacy if
compared with that one caused by naked NPs-ZOL in mice-bearing. In conclusion, a new dawn in the
treatment of glioblastoma can rise with the use of these modified nano-tools.

1. Caraglia, M., Marra, M., Misso, G. et al. Curr Drug Metab. 2012, 13:4.
2. Marra, M., Abbruzzese, A., Addeo, R. et al. Curr Cancer Drug Targets. 2009, 9:791.
3. Marra, M., Salzano, G., Leonetti, C., et al. Nanomedicine. 2011, 7:955.
4. Marra, M., Salzano, G., Leonetti, C., et al. Biotechnol Adv. 2012, 30:302.
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BNCT (Boron Neutron Capture Therapy) is a binary therapy for the treatment of cancer based on the
selective uptake of the stable 10B isotope by tumor cells, followed by irradiation with low energy
thermal neutrons. In order to be effective BNCT requires 15–30 g of 10B per g of tumor, therefore, in
vivo visualization of 10B distribution is important.[1] Thanks to its superb spatial resolution MRI
appears to be one of the most appropriate technique to tackle this task. In this work the synthesis and
the in vitro and in vivo biological evaluation of a panel of new dual agents for MRI/BNCT
applications is reported. Those agents are obtained starting from a versatile dicarba-closo-
dodecaborane intermediate, which assures a high payload of 10B atoms and can be functionalized with
different biological vectors and different MRI probes. On one side the carborane cage has been
functionalized with lipophilic moieties, like palmityl chains[2] (AT101) or double-tailed moiety
(AT102) or cholesterol (AT103) in order to bind the carborane cage to the nanosized vector
represented by LDL or liposomes (the real biological vectors). On the other side the carborane has
been funtionalized with a Gd-DOTA complex, which allows the boron concentration in cell by means
of MRI detection to be quantified. The uptake of AT101 from tumor cell was assessed on cell cultures
of human hepatoma (HepG2), murine melanoma (B16) and human glioblastoma (U87). MRI
measurements were undertaken in vivo on mice bearing tumors in which B16 tumor cells were
inoculated at the base of the neck and the amount of boron taken up in the tumor region was above the
threshold required for successful NCT treatment. After neutron irradiation, tumor growth was
followed for 20 days by MRI. The group of treated mice showed markedly lower tumor growth with
respect to the control group [3] (Figure 1). Biological and irradiation experiments using AT102 and
AT103 are currently in progress.

Figure 1 Tumor-growth evaluation performed after neutron irradiation. A) Growth of B16 tumours after injection in vivo of
AT101–LDL(), radiation control (), and untreated control (). B) T2- weighted RARE images acquired on tumour-
bearing mice irradiated with neutrons without (left) or after (right) administration of B atoms. The images were acquired 12
days after neutron irradiation.

1. R. F. Barth, Journal of Neuro-Oncology 2003, 62, 1.
2. S. Aime, A. Barge, A. Crivello, A. Deagostino, R. Gobetto, C. Nervi, C. Prandi, A. Toppino, P. Venturello, Organic
& Biomolecular Chemistry 2008, 6, 4460.
3. S. Geninatti-Crich, D. Alberti, I. Szabo, A. Deagostino, A. Toppino, A. Barge, F. Ballarini, S. Bortolussi, P.
Bruschi, N. Protti, S. Stella, S. Altieri, P. Venturello, S. Aime, Chemistry-a European Journal 2011, 17, 8479.
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Despite the therapeutic advances over the last 20 years, cardiovascular disease is still the leading cause
of death worldwide. This is mainly related to the increasing prevalence of atherosclerosis, owing to the
ageing population, together with the widespread under-recognition and under-treatment of individuals
with risk factors for atherosclerosis. Even though the degree of stenosis is the most used imaging
criterion indicative for an intervention , almost 90% of ischemic strokes are caused by thrombosis due
to plaque rupture that can occurs in vessels with moderate stenosis.
In order to provide a new class of MRI contrast agents with enhanced paramagnetic properties and
improved plaque affinity, we designed a new technological platform based on Solid Lipid
Nanoparticles (SLNs). SLNs are considered excellent vehicles for the targeted delivery of diagnostic
and therapeutic agents, since they combine good tolerability, high bioavailability, low toxicity and
large-scale production processes. The bioavailability of SLNs at pathological sites like atherosclerotic
plaques is strictly related to the permeability of the lesion, due to an induced endothelium leakage
triggered by several inflammation factors. Indeed the assessment of the inflammation state of both the
plaque and the surrounding tissues is a key factor suitable for the identification of unstable plaques.
After intravenous administration of fluorescent paramagnetic SLNs in ApoE -/- mice it was possible to
discriminate among different states of inflammation in the atherosclerotic plaque progression
following the MRI signal of the arterial wall. Furthermore the in vivo MRI findings were validated by
ex vivo histological analysis and fluorescence microscopy to identify the preferred accumulation sites
of SLNs within plaques having different biological composition.
Moreover microscopy was used to characterize the morphological parameters associated with the
vulnerability conditions, and the possibility to target vulnerable lesions using SLNs.
The results clearly demonstrate that using fluorescent paramagnetic SLNs it becomes possible to
quantify both the dynamics of macrophage accumulation and the permeability of the fibrous cap
covering the atherosclerotic lesions, hopefully providing an additional tool to stratify patients having
higher risk of plaque rupture.
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Diabetes is a widespread chronic disease, which affects millions of people. Measuring the glucose
level in blood (glycemia) is crucial for the dosage of insulin to be used by diabetic people. Currently
available portable devices are based mostly on current detection, and exhibit a good sensitivity but
suffer, however, a low selectivity due to biologically electroactive interferences.1

We have developed a portable microfluidic device by which glycemia can be measured with the same
principle as applied in daily laboratory routines in hospitals. The glucose blood level is determined by
carrying out a cascade enzymatic reaction in a microfluidic channel in a glass chip (Fig. 1a). The
embedded channel has a length of 175 mm, and a (nearly) half-circular cross-section (110 µm width,
50 µm depth). The interior was functionalized with a layer of poly(2-hydroxyethyl methacrylate)
(PHEMA). Subsequently PHEMA hydroxyl functional groups reacted with succinic anhydride and n-
hydroxy-succinimide to obtain amino-ester groups. Glucose oxidase (GOX) and horseradish
peroxidase (HRP) easily reacted with amino-ester groups2, resulting in covalent attachment to the
polymer film (Fig. 1b). Post to enzymatic functionalization, different concentrations of β-D-Glucose
are flushed in the chip via inlet X, while a solution containing an excess of 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) is inserted via inlet Y. GOX oxidizes β-D-Glucose to
δ-D-gluconol-actone and H2O2. Hydrogen peroxide activates HRP, which on its turn oxidizes ABTS,
resulting in the formation of a colored solution (absorbance at 735 nm) that exits the chip via outlet Z.
A calibration curve of β-D-Glucose was made by monitoring the oxidation of ABTS with a small-
volume UV-Vis system in-line with the functionalized chip. The glucose concentration in human
serum of a healthy donor was determined with the chip as well as with conventional equipment, and
was found to be 65 mg/dl and 62 mg/dl, respectively. These results demonstrate that glucose
determination in serum can be done fast and efficiently with this miniaturized analytical system, and
evidence that glucose level determination with identical accuracy and selectivity as of commonly used
large-scale equipment is feasible.

Figure 1. a) glass microfluidic device for determining glucose levels,
b) GOX and HRP covalently linked to PHEMA polymer film.

1. Jia, W. Z.; Wang, K.; Xia, X. H. Trends Anal. Chem. 2010, 29, 306.
2. Costantini, F.; Benetti, E. M.; et.al. Lab Chip 2010, 10, 3407.
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Magnetic particles are widely studied for their applications in biology and medicine. These magnetic
particles are generally composed of magnetite (Fe3O4) core and a polymeric shell where the drugs,
nucleic acids, and antibodies are bound. Dendrimer modified magnetic nanoparticles are suitable drug
delivery system because of their functional groups, symmetry perfection, nanosize, and internal
cavities. Polyamidoamine (PAMAM) dendrimers are hydrophilic, biocompatible, monodisperse,
cascade-branched macromolecules with highly flexible surface chemistry that facilitates
functionalization. Antibody conjugation to the nanoparticles gives rise to targeted drug delivery in
cancer therapy. In this study, magnetic nanoparticles were synthesized and coated with PAMAM
dendrimer layers. Their crystalline structures, magnetic characteristics, size, shape, surface chemistry
and cytotoxicity were approved by different analysis methods. Cellular internalization of dendrimeric
nanoparticles were observed by inverted light scattering microscopy. The results are promising due to
the fact that, nanoparticles can be internalized into the cells even if they are applied at low
concentrations and cell viability was not affected. Then, the IgG antibody was linked forming IgG
conjugated fluorescent (FITC) dendrimeric nanoparticles which were applied onto the breast cancer
(MCF 7) cell lines. Cellular internalization of IgG linked nanoparticles was detected by confocal
microscopy. The results of this study demonstrated that the synthesized PAMAM coated iron oxide
nanoparticles could be suitable as potent magnetic targeting and imaging systems when linked with
IgG-FITC.
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We present the potential of a new method based on a single-step bioorthogonal reaction, namely the
strain-promoted alkyne-nitrone cycloaddition (SPANC), as an efficient variant of the copper-free
“click” reaction, for the reliable surface functionalization of magnetofluorescent nanoparticles with
proteins. This approach has several advantages compared with other methods: 1) the reaction is fast
and versatile, 2) a complete control on the site of conjugation of the protein (and consequently on the
protein orientation on the nanoparticle) can be achieved with a precision of a single aminoacid, 3) the
reaction works best in a biocompatible environment and 4) the reaction is byproduct-free, thus each
step of purification is simple and efficient.
The method was validated using an scFv antibody fragment against HER2 tumor marker resulting in
its prompt immobilization on multifunctional nanoparticles (MFN), leading to water-stable
bioengineered targeted MFN, which exhibited a complete conservation of protein effectiveness in
selectively targeting HER2 receptor in living cells. As the structural motif of scFv fragments is highly
conserved, and other kinds of nanoparticles can be modified identically with the same polymer used
herein, this approach is expected to be of general utility and may become a universal strategy for the
development of a new generation of targeted nanoparticles. 1

Figure 1. Site-specific conjugation of scFvs to nanoparticles by
bioorthogonal strainpromoted alkyne-nitrone cycloaddition.

1. M. Colombo, S. Sommaruga, S. Mazzucchelli, L. Polito, P. Verderio, P. Galeffi, F. Corsi, P.
Tortora, and D. Prosperi, Angew. Chem. Int. Ed. 2012, 51, 496.
Work supported by: Regione Lombardia (NanoMeDia Project) and Fondazione “Romeo ed Enrica
Invernizzi”.
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Nanomedicines are submicrometer-sized carrier materials designed to improve the biodistribution of
systemically administered (chemo)therapeutic agents. Clinically relevant examples of nanomedicine
formulations are vesicles, polymers, micelles, solid (lipid) nanoparticles, and antibodies. By delivering
pharmacologically active agents more effectively and more selectively to the pathological site (site-
specific drug delivery) and/or by guiding them away from potentially endangered healthy tissues (site-
avoidance drug delivery), nanomedicines aim to improve the balance between the efficacy and the
toxicity of systemic (chemo)therapeutic interventions.
Besides for drug targeting to pathological sites and for therapeutic purposes, nanomedicine
formulations have also been more and more used for imaging applications as well as, in recent years,
for theranostic approaches, that is, for systems and strategies in which disease diagnosis and therapy
are combined.
To this end, on the one hand, “classical” drug delivery systems, such as vesicles, polymers, micelles,
solid (lipid) nanoparticles, and antibodies, are being co-loaded both with drugs and with contrast
agents. On the other hand, also nanomaterials with an intrinsic ability to be used for imaging purposes,
such iron oxide-based nanoparticles (MNPs), are increasingly being loaded with drugs or alone and
implemented for combining disease diagnosis and therapy [1]. Based on the advances made in, non
ionic surfactant vesicles loaded with commercial and synthetic lipophilic and hydrophilic MNPs have
been prepared. Non ionic surfactant vesicles have been chosen for their advantages over liposomes
such as higher chemical and physical stability and lower costs of production.
Unloaded and loaded vesicles have been characterized in terms of dimensions (by dynamic light
scattering and atomic force microscopy), zeta potential, serum stability, bilayer characteristics, calcein
release and overall iron content (by inductively coupled plasma mass spectrometry).

[1] T. Lammers, S. Aime, W. E. Hennink, G. Storm, F. Kiessling, Accounts of Chemical
Research.,2011, 44, 1029
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Progress in utilizing inorganic nanoparticles for biomedical applications has advanced rapidly due to
the extensive amount of work done in the synthesis and modification of the materials.1 These
nanosized materials provide a robust framework in which two or more components can be
incorporated to give multifunctional capabilities. An example can be seen in gold nanomaterials.2 Gold
nanoparticles are bioinert, nontoxic, and readily synthesized and functionalized.3 They also provide a
multifunctional platform for both therapeutic and diagnostic purposes. Indeed, through proper
functionalization, these particles can be engineered to accumulate at illness cells using targeting
ligands providing a powerful tool, for example, for gene therapy.4 The biophysico-chemical properties
of the vehicle, such as size, charge, surface hydrophilicity, and the nature and density of the ligands on
their surface, can all impact the circulating half-life of the particles as well as their biodistribution.

Innovation may be introduced by controlling the surface properties of the monolayer protecting the
gold core. Indeed, recently it has been demonstrated that particles coated with a molecularly ordered
ligand shell were able to enter cells directly through the membrane without perforating it basing on a
novel physical chemistry phenomenon.6 This property is ideal as it provides the particles with minimal
if none genotoxicity. Mixed monolayers composed of mixtures of hydrogenated/fluorurated ligands
favor the phase segregation and consequently the ordered morphology of the NP surface. 7 In addition,
the introduction in the monolayer of perfluorocarbon ligands might enable, for example, the imaging
by 19F MRI techniques of the nanoparticles and, consequently, the tracking in vivo of cell fate.

In this communication we will discuss the approaches for the realization of such innovative
nanoparticles easy to make, because obtained by self-assembly strategies, but with an unprecedented
degree of complexity, with respect to nanotechnology platforms for drug delivery applications know to
date, as far as their features is concerned.

1. D. G. Georganopoulou, L. Chang, J.-M. Nam, C. S. Thaxton, E. J. Mufson, W. L. Klein, C. A.
Mirkin, Proc. Natl. Acad. Sci. U.S.A., 2005, 102, 2273. X. Gao, Y. Cui, R. M. Levenson, L. W. K.
Chung, S. Nie, Nat. Biotechnol., 2004, 22, 969. J.-H. Lee, Y.-M. Huh, Y.-W. Jun, J.-W. Seo, J.-T.
Jang, H.-T. Song, S. Kim, E.-J. Cho, H.-G. Yoon, J.-S. Suh, et al., Nat. Med., 2007, 13, 95.
2. M. C. Daniel, D. Astruc, Chem. Rev., 2004, 104, 293.
3. E. E. Connor, J. Mwamuka, A. Gole, C. J. Murphy, M. D. Wyatt, Small, 2005, 1, 325.
4. P. S. Ghosh, C.-K. Kim, G. Han, N. S. Forbes, V. M. Rotello, ACS Nano, 2008, 2, 2213.
5. A. Verma, O. Uzun, Y. Hu, H.-S. Han, N. Watson, S. Chen, D. J. Irvine, F. Stellacci, Nature Mat.,
2008, 7, 588.
6. F. Evangelista, P. Rudolf, P. Franchi, M. Lucarini, L. Pasquato, J. Am. Chem. Soc., 2008, 130,
15678. C. Gentilini, P. Franchi, E. Mileo, S. Polizzi, M. Lucarini, L. Pasquato, Angew. Chem. Int. Ed.,
2009, 47, 3060. P. Posocco, C. Gentilini, S. Bidoggia, A. Pace, P. Franchi, M. Lucarini, M. Fermeglia,
S. Pricl, L. Pasquato, ACS Nano, 2012, DOI: 10.1021/nn302366q.
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Recombinant proteins represent a new and promising class of polymeric materials in the field of
biomaterials research. An important model for biomaterial design is elastin, the protein responsible for
the elasticity of several tissues. Human elastin-like polypeptides (HELP) have been developed as
recombinant versions of elastin with the purpose of enhancing some peculiar characteristics of the
native protein, like that of self-assembling [1]. In this research, we have carried out a comparative
study on cell response to the interaction with standard collagen and HELP coatings through the culture
of H9c2 rat myoblasts.

Collagen and HELP coatings were performed by incubating standard cell culture poly-styrene
substrates with 100 μg/ml of protein solution overnight at 4°C. Thereafter, substrates were rinsed with 
phosphate buffered saline solution and seeded with cells for proliferation (10,000 cell/cm2) and
differentiation assessment at confluence. Cell proliferation was evaluated with WST-1 metabolic test
at 24 h and 72 h after seeding. Myotube formation was assayed at 6 days after differentiation induction
by immunofluorescence staining of myosin heavy chain (MHC), TRITC-phalloidin f-actin staining,
and DAPI nuclei staining.
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enced an excellent metabolic activity of H9c2 cells cultured on HELP-coated
igher with respect to the controls on collagen-coated substrates (p < 0.05).
s positively affected by HELP coating as well. Figure 1b clearly shows that the
d on HELP coating were significantly larger and longer with respect to those on the
s a control (Figure 1a). Quantitative assessment of the myotube size confirmed an
ean length and width of about 175% and 100%, respectively.
strongly support the use of Human Elastin-Like Polypeptides as an excellent
ue engineering and regenerative medicine applications [2].

p. Biochem. Biotechnol., 2010, 40, 198.
ko, D.S. Kohane, R. Langer, Nature Nanotech., 2011, 6, 13.
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The biomineralization mechanism is here explored within a tissue engineering approach where
bone is formed in porous ceramic constructs seeded with bone marrow stromal cells and
implanted in vivo. Unlike previous studies, this model system reproduces the mammalian bone
formation, investigated here with high temporal resolution: different mineralization stages were
monitored at different distances from the scaffold interface so that their spatial analysis corresponded
to a temporal monitoring of the bone growth and the mineralization processes. The spatial resolution
achieved by our diffraction technique, assured high accuracy in the reconstruction of the different
temporal mineralization steps and provided some hints to the challenging issue of the first-formed
mineral deposit at the organic-mineral interface. Our results indicated that in the first stage of
biomineralization, organic tissue provides bioavailable calcium and phosphate ions, ensuring a
constant reservoir of amorphous calcium phosphate (ACP) during hydroxyapatite (HA) nanocrystals
formation. In this regards, we offer a new contribute to the role of ACP in the HA formation,
suggesting a continuous organic-mineral transition assisted by a dynamic pool of ACP. After HA
nanocrystals formed, scaffold and collagen act as template for the nanocrystals arrangement at
microscopic and nanometric scale respectively.
These results are also confirmed by the X-ray phase contrast micro-tomography of the implanted
scaffolds which provides a 3D reconstruction of the different phases involved in the early stage of the
biomineralization.



NANOMEDICINE: from molecules to diagnosis and therapy SL10

Magnetic nanoparticles and magnetic fields direct neurite outgrowth:
implication in nerve regeneration
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Nerve regeneration and recovery of nerve function have been a major issue in neuroscience in regards
to the treatment of injured neurons after accident or a degenerative disease. The regeneration of
peripheral nerves is an example of plasticity within the nervous system. Following an injury to a
peripheral nerve, axons distal to the injury site begin to degenerate as a result of protease activity. The
regeneration process, which begins after the phagocytic clearance of the debris is completed, occurs at
the proximal end and proceeds toward the distal stump. Functional re-innervation requires that axons
continue to grow until they reach their distal target. In humans, axonal regeneration occurs at a rate of
about 1 mm/day; thus major injuries (neurotmesis) can take many months to heal with recovery of
nerve function [1]. Extensive research in bioengineering has been focused on the development of
innovative strategies for reducing this prolonged recovery time. The general idea is to create physical
or biochemical guidance cues to direct axonal re-growth across nerve lesion sites. One common
approach is the so called guidance therapy, based on the use of scaffolds (autologous tissue grafts,
non-autologous tissue graft, natural based materials, synthetic materials, etc) working as “nerve
guides” or “nerve guidance channels” , i.e., they provide a conduit to guide the nerve regeneration.
Here, we propose a novel minimally invasive methodology for physical guidance based on the use of
magnetic nanoparticles (MNPs) and magnetic fields (M). We demonstrate that the application of a
tensile force to a neuron or an axon can stimulate neurite initiation or axon elongation in the desired
direction. We used MNPs to generate these tensile forces under the effect of an external M and to
manipulate axons in order to elongate and to overcome inhibitory substrates. MNPs are largely
employed in biomedicine and in clinics [2]. The particles used in this work are iron oxide
nanoparticles, synthesized ad hoc by our team [3]. These particles offers a high saturation
magnetization and a low cytotoxic profile. They were functionalised with NGF-β for cellular 
recognition and a fluorescent moiety for intracellular tracking. In PC12 cells cultured with the
functionalised MNPs, the particles were found in the cell body but also in the cone growth of
developing neuritis. We demonstrated that the application of a static magnetic fields cause neuritis of
PC12 cells to grow in a specific direction thanks to the mechanical force exercised by the MNPs
bound to the cells.
Such methodology hold the potentiality for clinical translation.
1. S. Jacobsen, L. Guth, Exp. Neurol., 1965, 11, 48
2. Q.A. Pankhurst, J. Connolly, S.K. Jones, J. Dobson,. J. Phys D: Appl Phys 2003, 36, R167
3. C. Riggio, M.P. Calatayud, C. Hoskins, J. Pinkernelle, B. Sanz, T. E. Torres, M. R. Ibarra, L. Wang,
G. Keilhoff, G. F. Goya, V. Raffa, A. Cuschieri, Int. J. Nanomed., 2012, 7, 3155
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The strategies to pattern molecules with defined order onto solid supports have revolutionized the
electronics, optics, and photovoltaics fields,1 and are crucial for many biological applications including
tissue engineering and the development of model substrates to investigate fundamental issues in cell
growth, adhesion, and migration.2 Central to the improvement of these technologies is the
nanofabrication of DNA and proteins arrays. More specifically, surface-confined DNA arrays are
important in the development of novel DNA sequencing and gene mapping techniques.3 In this
research project we will deal with chemical strategies to produce suitable surface modifications in
order to induce multidirectional cellular migration along gold surfaces. To achieve this objective we
want to use and characterize self-assembled monolayers (SAMs) of thiolated DNA chains (DNA-SH)
adsorbed on gold surfaces through the hybridization with complementary modified single-stranded
PNAs. PNA is a structural DNA mimic obtained by polymerization of N-(2-aminoethyl) glycine
monomers that replace the ribose-phosphate backbone characteristic of natural nucleic acids.4 It is an
achiral, uncharged, and relatively rigid biopolymer of high biological and chemical stability, and it can
bind complementary DNA strands with higher affinity than the corresponding DNA sequences.

For all these reasons we have chosen PNA as a key molecule t
cells. By producing a chemical gradient of DNA-SH along
chemotactic molecule it will be possible to obtain and control a

1. H. Kim, M. Yoneya, H. Yokoyama, Nature, 2002, 420, 159.
2. C. S. Chen, M. Mrksich, S. Huang, G. M. Whitesides, D. E.
3. G. U. Lee, L. A. Chrisey, R. J. Colton, Science, 1994, 266, 7
4. P. E. Nielsen, M. Egholm, R. H. Berg, O. Buchardt, Science
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In the latest decades, the application of polymeric conduits between transected nerve stumps
has been proven as an effective method to assist peripheral nerve regeneration after injury.
The recovery of structural and functional integrity in damaged nerves increases when conduits
are topographically patterned on the micro- and nanoscale. For the first time in the literature,
poly(3-hydroxybutyrate) fibers were electrospun with 200-400 nm diameters and with either a
random or parallel orientation. Their use in neural tissue engineering was evaluated
concerning the suitability to support neurite outgrowth and alignment. To the purpose, PC12
neuron-like cells were used, and their differentiation was assessed upon administration of
nerve growth factor (six days of culture). Neurite orientation was found dependent on fiber
orientation: neurites were randomly and parallel oriented on random and parallel fibers,
respectively. Parallel fibers supported the outgrowth of longer neurites, with ~50% neurites
occurring in the 100-200 μm range, whereas ~75% neurites occurred in the 20-80 μm range 
on random fibers. Coherently to other authors’ findings [1,2], it is here suggested that
anisotropic fibers with diameters in the 200-400 nm range may promote neurite guidance and
faster growth over longer distances, all valuable conditions to a possible application of
parallel fibers as nerve conduits for peripheral nervous system regeneration [3].

1. H.S. Koh et al., B
2. F. Yang et al., B
3. G.G. Genchi et a
Figure 1. β3-tubulin immunofluorescent staining of PC12 
cells differentiated on randomly (a) and parallel oriented
(b) PHB fibers. Inlets: scanning electron microscopy
images (7000X) of the fibers .

iomaterials, 2008, 29, 3574.
iomaterials, 2005, 26, 2603.
l., J Tissue Eng Regen M, 2012 (revision required)
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Nanomedicine employs molecular-scale systems to address medical problems, to maintain and
improve human health using several technologies to implement complex functions. Tissue engineering
and nanotechnologies have been used to manipulate or realize scaffolding or controlled drug delivery
to provide innovative devices or systems. These definitions are linked to the concepts of medical
device and drug, since these can represent the main roles of the engineered molecular systems.
A necessary stage to verify the quality of innovative knowledge is the assessment phase, supported by
specific standards, possibly fostered by the regulatory domain. Finally, in order to gain market
approval, the final product must be in compliance with applicable European directives.
The Italian National Institute of Health (ISS), in its function of advice and control actor in the national
health system, develops research, methods and procedures to be used in the evaluation of medical
devices. ISS biomechanics engineers' experience started in 90s with the study of an ideal heart valve
substitute, obtained by the acellularised porcine aortic root, to be subsequently put in a suitable
bioreactor. The environment provided by the latter was capable to mimic the shear rate values that
endothelial cells experience in vivo, to impart pulsatile, steady or static or secondary flow conditions,
while at the same time it allowed to test hydraulics and fluid dynamics of the valve sample. Thus, the
tester was designed to be used directly by the surgeons for patient-specific device production.
An alternative way to produce cardiovascular implantable devices is electrospinning, developed to use
a synthetic polymer as scaffold for heart valve substitutes, vessels or patches to be loaded with
specific molecules or cells, with the properties of promoting the reabsorption of structural materials of
the synthetic scaffold, while supporting native structures and cells (e.g. stem cells differentiation etc. ).
The electrospinning technique was implemented at the ISS to optimize the fabrication of implantable
devices, offering the possibility of fabricating tissue products with appropriate properties (e.g., mean
porosity). For biomedical applications, porosity represents a relevant factor for cell attachment, mass
transfer and tissue integration, but it is recognized also as a signal to stimulate differentiation. The ISS
study used polycaprolactone (PCL) as basic polymer for heart valve and vessel substitutes to be
reabsorbed in time, while promoting a biological structure close to the native one. The final valve
substitute was tested in unseeded conditions in vitro, in the pulmonary position of a pulse duplicator
used in ISS to test valve prostheses.
Assesment methods were also developed at ISS to test cells under biomechanical or biochemical
stimuli, e.g. progressive shear stress flow chamber and culture devices for toxicity or viability studies
based on the electrical cell impedance theory.
Today new research efforts regard the variables involved in spinnability of different polymers blends,
to improve the design and development of scaffolds with at the simultaneous use of polymer and
active molecules in the production process. These are the main current activities of the group, together
with the preparation of risk analisys tools for the certification of innovative technologies, such as
machines and motors at nanoscale, which could ultimately lead to actual nanorobots.
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Despite of the traditional notion of a post-mitotic organ without the potential for self-renewal, the
human heart is capable of regeneration and repair from endogenous and exogenous stem cells. When
selecting a candidate stem cell type for clinical use, multiple factors need to be taken into
consideration. Skeletal myoblasts engraft, differentiate and are arrhythmogenic; in contrast, bone
marrow-derived cells do not engraft long-term with low arrhythmias incidence. Neither cell type,
however, achieves true myocardial regeneration. Recognition of the existence of cardiac stem cells,
and of the ability of mature myocytes to re-enter the cell cycle and proliferate, has motivated the
development of new approaches in the cardiac regenerative medicine. It is now prooved that resident
cardiac stem cells exist in the adult mammalian heart. Multiple extracardiac cell sources, including
bone marrow mononuclear cells , bone marrow–derived mesenchymal stem cells, adipose tissue–
derived mesenchymal stem cells, endothelial progenitor cells, and myoblasts, have been used
clinically in attempts to regenerate the damaged heart. The implantation of these cells of extracardiac
origin has been found to produce generally positive effects, mostly through paracrine mechanisms.
Although resident cardiac stem cells can mediate direct cardiogenesis and angiogenesis, recent studies
have demostrated that even these cells exert most of their benefits via indirect paracrine mechanisms.
Therefore, no convincing evidence supports the superiority of heart-derived cells for myocardial
repair. Two heart-derived cell products are in clinical trials namely CADUCEUS [1] and SCIPIO [2],
without direct comparison.
The first, Cardiosphere-Derived Cells (CDCs), are a natural mixture of stromal, mesenchymal, and
progenitor cells, the second cell product represents the c-kit subpopulation purified from mixed heart-
derived cells. The magnitude of reduction in relative infarct size shown in the two trials is not
dissimilar and seems to improve with increased follow-up. An increased LV-EF of 8.2% after 4
months (SCIPIO) not only persisted but was even greater in the eight patients studied after 12 months.
A recent head-to-head comparison of 4 different stem cell types/subpopulations for functional
myocardial repair by assessing multiple in vitro parameters, including secretion of relevant growth
factors, and in vivo cell implantation into an acute myocardial infarction model in mice showed that
the CDCs were superior in terms of paracrine factor secretion, angiogenesis, cardiomyogenic
differentiation, ischemic tissue preservation, antiremodeling effects, and functional benefit [3]. They
suggest that intracoronary infusion of autologous CSCs is effective in improving LV systolic function
and reducing scar size in patients with heart failure after myocardial infarction, and warrant further,
larger, phase 2 studies.
In conclusion several features should be included in the ideal cell type to treat heart disease: (i) be
safe, i.e. not create tumors (ii) improve heart function; (iii) create healthy, functional cardiac muscle
and vessels; (iv) be amenable to delivery by minimally-invasive clinical methods;(v) be ‘off the shelf’
available as a standardized reagent;(vi) be tolerated by the immune system; and (vii) circumvent
societal ethical concerns. At present, it is not clear whether such a ‘perfect’ stem cell exists but some
cell types are more promising than others.
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Clusters of gold atoms 2-10 nm in diameter may be easily covered by a monolayer made of organic
molecules terminating with a thiol because of the relatively strong Au-SR bond formed. The resulting
nanoparticles constitute examples of multivalent systems (i.e. systems presenting a collection of
identical units on their periphery) providing the thiols are properly functionalized with different
functional groups. Such functionalities may include: metal complexes, peptides, saccharides or
oligonucleotides. The properties of these functionalized nanoparticles are defined by the nature of the
units present on the monolayer. For instance a gold cluster covered with peptides is not much different
morphologically from a protein. A saccharide-covered gold nanocluster is similar to a bacterium. But
is it possible to extend this similarity to its functional properties?
We will provide evidence of the ability of gold nanoparticles covered with a monolayer constituted by
saccharides modeled after those of the coat of Neisseria meningitidis bacteria to be recognized by
mouse polyclonal antibodies specific for this bacterium.1 Their affinity for the biological target is
several order of magnitude larger than that of analogous monovalent saccharides and, even more
important, they elicit specific immune response in nanoparticle-exposed cells.2

References:

1. F. Manea, C. Bindoli, S. Fallarini, G. Lombardi, L. Polito, L. Lay, R. Bonomi, F. Mancin, P. Scrimin, Adv.
Mater. 2008, 20, 4348.
2. S. Fallarini, T. Paoletti, C. Orsi Battaglini, P. Ronchi, L. Lay, R. Bonomi, S. Jha, F. Mancin, P. Scrimin, G.
Lombardi, in press
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Background and Aims: The major limiting factor for nanocarrier’s success is uptake of nanoparticle
(NP) by reticuloendothelial system (RES) and subsequent removal of the carrier from systemic
circulation. An overview is presented of a potent approach for treating cancer that uses nanoparticles
to deliver anticancer drugs.
Methods: To achieve this goal, 9-nitrocamptothecin (9-NC) loaded Poly lactic-glycolic acid (PLGA),
PLGA-PEG with different ratio of PEG (0–15%) and folate coated PLGA nanoparticles were
formulated by nanoprecipitation method and characterized that could efficiently encapsulate
hydrophobic drug, and also have suitable release behavior.
In our study, we primarily assessed a rational approach for designing ideal long-circulating
nanoparticles by optimizing the amount of polymers, emulsifier and internal and external phases by
statistical artificial neuronal network.
Macrophage uptake efficiency and in vitro cytotoxicity of the formulated nanoparticles was also
evaluated in different cancer cell lines (MCF7, AGS, Hela, PC-3, JC744A.1, and HT-29).
To comparatively investigate the pharmacokinetics of different formulations of 9-NC nanoparticles, a
simple HPLC chromatography method was developed for the quantification of 9-NC (lactone and
total forms) in plasma of rats after intravenous administration.
Results: PLGA-PEG nanoparticles showed dramatic prolongation in blood circulation, as well as
reduced macrophage uptake, compared to free drug and PLGA nanoparticles. Superior anti-
proliferative effect and cell cycle inhibition was observed in case of PLGA-folate nanoparticles over
loaded PLGA, PLGA- PEG nanoparticles and native 9-NC.

Cytotoxicity of MCF-7 cells after 24 exposures with different concentrations of 9-NC, determined by LDH
assay. Data are presented as the mean ± SEM of three separate experiments (n = 3). (*** p<00.01, **p<0.01,
*p<0.05)

In pharmacokinetic studies, the area under the plasma concentration-time curve of PLGA-PEG and
PLGA- folate was increased significantly (P < 0.01) in comparison with the values for the 9-NC-
PLGA nanoparticles and solution. The MRT value of PLGA- PEG nanoparticles in plasma was
greater than 3-5 times more than other formulations which means could be invisible for
reticuloendothelial macrophage systems.
Conclusion: The present results suggest that, a combinational coating of PEG and folate may represent
a significant step in the development of long-circulating and more cytotoxic target drug delivery
carriers and could change the biofate of this valuable drugs.
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Cell penetrating peptides (CPPs) are widely used as molecular transporters for the internalization
inside cells of various cargos, including proteins and nucleic acids.1 Among them a special role is
played by arginine-rich peptides since the presence of guanidinium end groups strongly facilitates
cellular uptake thanks to favorable electrostatic interactions with the negatively charged cell surface.2

Due to these features, arginine-rich peptides can also help the delivery of nucleic acids across the cell
membranes3 opening interesting perspectives in gene delivery, a necessary prerequisite for gene
therapy. In order to optimize the translocation properties of this type of carriers, we explored the
strategy of clustering guanidinium and arginine units on macrocyclic scaffolds. We report here the
application of this novel approach to DNA delivery and cell transfection. Instead of long
oligoarginines or arginine-rich peptides, we covalently linked few guanidinium or arginine units either
at the upper or at the lower rim of calix[n]arenes maintaining a 1/1 ratio between polar heads and
lipophilic tails.4 Some of the designed ligands (Figure) showed remarkable DNA condensation and
transfection properties,4 surpassing in efficiency commercially available lipofectamines. The structural
features of the macrocyclic compounds resulted tightly correlated with their gene delivery ability.

Figure 1. Examples of guanidino- and
argininocalixarenes

1. A. Walrant, C. Bechara, I. D. Alves, S. Sagan, Nanomedicine 2012, 7, 133.
2. A. El-Sayed, I. A. Khalil, K. Kogure, S. Futaki, H. Harashima, J. Biol. Chem. 2008, 283, 23450.
3. I. Nakase, H. Akita, K. Kogure, A. Gräslund, Ü. Langel, H. Harashima, S. Futaki, Acc. Chem. Res.,

doi: 10.1021/ar200256e; e) J. Hoyer, I. Neundorf, Acc. Chem. Res. doi:10.1021/ar2002304.
4. a) F. Sansone, M. Dudic, G. Donofrio, C. Rivetti, L. Baldini, A. Casnati, S. Cellai, R. Ungaro, J.

Am. Chem. Soc. 2006, 28, 14528; b) Bagnacani, V.; Franceschi, V.; Fantuzzi, L.; Sansone, F.;
Donofrio, G.; Casnati, A.; Ungaro, R. Bioconjugate Chem. 2012, 23, 993.
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Treatment of the human breast adenocarcinoma cell line, MCF-7, with 0.1 mg/ml of MWCNTs,
MWCNTs-COOH, or MWCNTs-OH for 72 hours induced both a decrease in cell proliferation and a
reduction of the percentage of cells in S-phase of cell cycle. Moreover, all types of MWCNTs induced
an increase in apoptotic cells. Overall, these data indicated that the cytotoxic effects of all types of
MWCNTs are mediated both from a decrease in the proliferation rate and from an increase of
apoptotic cell death. The biological effects of all types of MWCNTs could be explained with their
cellular internalization.
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This study addresses novel liposome composition approaches to specifically target tissues
overexpressing bombesin (BN) receptors. A new bombesin analog peptide (BN-AA1) is used to
decorate the external surface of doxorubicin loaded liposomes.
DOTA-Peg4-peptides containing the [7-14]bombesin wild type sequence and the new BN-AA1
sequences have been synthesized to compare the binding properties and in serum stability of the two
peptide sequences. The amphiphilic peptide derivative (MonY-BN-AA1) containing the bombesin
analog peptide BN-AA1, a hydrophobic moiety with two C18 alkyl chains, polyethylenglycole (PEG)
spacers, and the chelating agent diethylenetriaminepentaacetate (DTPA), has been synthesized by
solid-phase methods. Liposomes have been obtained by co-aggregation of MonY-BN-AA1 with 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC). The structural and in vitro and in vivo biological
properties of these target selective drug delivery systems are studied.
Both 111In labeled peptide derivatives, DOTA-Peg4-peptides, present high binding properties to PC-3
cells with Kd in the nanomolar range. On the contrary, the 177Lu labeled peptide DOTA-Peg4-BN-
AA1 is very stable with a half-life of 414.1 h, while the wild-type [7-14]bombesin peptide derivative,
DOTA-Peg4-BN, shows a half-life of only 15.5 h. Liposomes with a DSPC/MonY-BN-AA1 (97/3
molar ratio) composition showed a mean diameter of 136.3 ± 42.4 nm and a polydispersity index of
0.20 ± 0.05. High doxorubicin (Dox) loading was obtained with the remote pH gradient method using
citrate as the inner buffer. In vivo studies on the therapeutic efficacy of DSPC/MonY-BN-AA1/Dox
targeted liposomes in comparison to already described DSPC/MonY-BN/Dox targeted liposomes, to
DSPC/Dox liposomes and to saline were performed in PC-3 xenograft bearing mice. Treatment with
DSPC/MonY-BN-AA1/Dox and DSPC/MonY-BN/Dox targeted liposome formulations showed
similar inhibition of tumour growth inhibition compared to control animals treated with non-targeted
DSPC/Dox liposomes or saline solution. For the new studied formulation, DSPC/MonY-BN-
AA1/Dox, the maximum effect was observed 19 days after treatment (tumour growth inhibition was
43 % compared to DSPC/Dox liposomes, and 59 % compared to saline group).

1. A. Accardo, G. Salsano, A. Morisco, M. Aurilio, A. Parisi, F. Maione, C. Cicala, D. Tesauro, L.
Aloj, G. De Rosa, G. Morelli, Interational Journal. of Nanomedicine, 2012, 7, 2007
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Inspired by metronomic therapy of cancer, we are currently investigating the potential of sustained
release nanocarriers pointing to their possible application as intravenous nanomedicines with better
performance and lower toxicity as compared to free drugs. Up to know, we have designed and tested
several core-shell micelles and nanoparticles (NPs) based on biodegradable amphiphilic block
copolymers of poly(-caprolactone) (PCL) and poly(ethyleneoxide) (PEO) with different
architectures. In case of NPs, copolymers were assembled in core-shell structures by a simple
melting/sonication technique previously developed in our labs [1]. Here, we report the results obtained
on PCL/PEO NPs entrapping docetaxel (DTX) and describe their potential in the treatment of breast
cancer. As a further step, we combined DTX with zinc-phtalocyanine (ZnPc), a second generation
photosensitizer used in Photodynamic Therapy (PDT), with the aim to obtain a combined
chemo/photodynamic nanomedicine.
Besides physical characterization in aqueous solution (size, zeta potential, drug loading, release,
stability and spectroscopic properties), NPs were tested in biologically relevant media. All the NPs
displayed a hydrodynamic diameter around 60 nm, a slightly negative zeta potential and a complete
entrapment of both drugs. DTX-loaded NPs and ZnPc/DTX-loaded NPs showed a biphasic release
profile of DTX, with an initial burst followed by a slower diffusion-erosion phase completed in around
60 days. On the contrary, ZnPc remained associated to NPs in monomeric form, highlighting a time-
dependent singlet oxygen generation after irradiation at 610 nm. Stability of NPs in the presence of
plasma suggested that PEO coating shielded NPs from hydrophobic interactions with plasma proteins
and no toxicity toward red blood cells was found. Furthermore, a sustained DTX release from NPs in
human plasma highlighted a strong stability of the system in simulated biological conditions.
NPs cytotoxicity in different cancer cell lines was evaluated. In breast cancer cells (MDA-MB231),
DTX-loaded NPs showed a cell growth inhibition similar to that of free drug (80% after 72 h).
ZnPc/DTX-loaded NPs were tested on Hep2 cells under irradiation with a halogen lamp. In this case,
viability of cells treated with NPs containing both drugs in association strongly decreased as compared
to NPs loaded only with DTX, showing a synergic early cytotoxicity of ZnPc followed by induction of
mitotic catastrophe by DTX at longer times.
Finally, the potential of DTX-loaded NPs (10 mg/kg of DTX) was assessed in an eterothopic mice
model of triple-negative breast cancer. Tumor Growth, Body Weight and survival (Kaplan-Mayer) of
mice were monitored. Empty NPs did not show any obvious toxicity whereas DTX-loaded NPs
showed strong tumor regression after a single administration without a significant difference as
compared with the DTX commercial formulation Taxotere®.
We demonstrate that core-shell NPs prepared from PCL-PEO copolymers are versatile and attractive
carriers for the passive targeting and sustained release of different lipophilic drugs used in the therapy
of solid tumors, being able to maintain activity and strongly decrease treatment toxicity.

1. Ungaro F, Conte C, Ostacolo L, Maglio G, Barbieri A, Arra C, Misso G, Abbruzzese A, Caraglia
M, Quaglia F. Nanomedicine 2011 Sep 1. [Epub ahead of print]
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Polysaccharide covalent nanogels were prepared by template chemical cross-linking in polyion
complex micelle (PIC) nanoreactors. Chitosan, hyaluronic acid and alginate were used as
polysaccharides. Block copolymers formed by a neutral hydrophilic block and a permanently
negatively or positively charged block were used to form the PIC template with the polysaccharide by
electrostatic interactions. PIC with small size (diameter about 50 nm) and low polydispersity were
obtained up to 5 mg/mL. After covalent cross-linking of the polysaccharide the nanogels were
obtained by dissociation of the nanoreactors by adding NaCl. Nanogels with size of about 50 nm in the
swollen state and 20 nm in the dry state were obtained.

Figure 1. Schematic representation of PIC micelle formation, cross-linking and dissociation of the
nanoreactor.
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The in situ formation of cytotoxic polyamine metabolites by amino oxidase is a recent approach in
cancer chemotherapy. It was demonstrated that bovine serum amine-oxidase (BSAO) and spermine
(Spm) addition to cancer cells induces cytotoxicity and overcomes multidrug-resistance (MDR)
phenotype. The cytotoxic effect was caused by polyamine metabolites, H2O2 and aldehyde(s) produced
by the oxidative deamination reaction. Previous results have shown that resistant variants of human
colon adenocarcinoma (LoVo) and melanoma (M14) cells were significantly more sensitive than
their wild-type counterparts to the cytotoxic products.

Therefore, toxic polyamine metabolites, alone or in association with other drugs, are currently
explored as probable candidates for a new approach in tumor therapy.
Pre-treatment with the endocannabinoid anandamide (AEA) (1), sensitized both cell lines to the
subsequent exposure to spermine metabolites amplifying the ability of these products to induce cell
death. Melanoma and LoVo cells were pre-treated with AEA, at concentrations ranging from 0 to 60
μM,  for 24 or 48 hrs and then treated with BSAO in presence of  various concentrations of spermine, 
between  6 and 18 μM,  for 60 min. Strikingly, the sensitizing effect was  higher on MDR cells than 
wild-type ones in both cell lines. These results are supported by Annexin V-FITC/ PI and cell cycle
assays. Pre-treatment with AEA significantly increased the early apoptotic fraction induced by
cytotoxic spermine metabolites on both WT and MDR cells. The involvement of apoptotic cell death
was definitely confirmed by the presence of sub-G1 peak by flow cytometric analysis of cell cycle.
BSAO/spermine enzymatic system is not only able to prevent tumour cell growth, but also prevents
tumour mass growth, particularly well if the enzyme has been conjugated with a biocompatible
hydrogel-polymer. In fact, the growth of a mouse melanoma (B16-F0) was reduced after injection of
the immobilized enzyme, in comparison with the inhibition after injection of native enzyme. To
deliver BSAO into cancer cells a new strategy using nanoparticles is under investigation.

Novel superparamagnetic maghemite nanoparticles (SAMNs, surface active maghemite
nanoparticles), characterized by a diameter of 10  2 nanometers, were modified with BSAO, using
rhodamine-isothiocyanate adduct as fluorescent spacer arm (2). A fluorescent and magnetically
drivable adduct comprising BSAO immobilized on the surface of specifically functionalized magnetic
nanoparticles was developed. The multifunctional nanomaterial was characterized by several
techniques and activity measurements. Results showed that bare magnetic nanoparticles form stable
colloidal suspension in aqueous solutions. The maximum binding capacity of bovine serum amine
oxidase was about 6.4 mg g-1 nanoparticles. The immobilization procedure reduced the catalytic
activity to 30  10 % with respect to the native enzyme. It could be used, in the presence of
polyamines, as fluorescent magnetically drivable H2O2 and aldehydes producing system. These results
might be of great interest in clinical application, suggesting a new and promising anticancer therapy.

References:
1. Josée Guindon and Andrea G Hohmann, (2011) The endocannabinoid system and cancer:
therapeutic implication British Journal of Pharmacology 163: 1447–1463
2. Giulietta Sinigaglia, Massimiliano Magro, Giovanni Miotto, Sara Cardillo, Enzo Agostinelli, Radek
Zboril, Eris Bidollari, and Fabio Vianello (2012) Catalytically active bovine serum amine oxidase
bound to fluorescent and magnetically drivable nanoparticles. International J. of Nanomedicine 7,
1:11

mailto:enzo.agostinelli@unirom1.it


NANOMEDICINE: from molecules to diagnosis and therapy SL23

Multiscale type behaviours of drug loaded polymeric
micro/nanoparticles in the in-vitro release process.

Elena Simona Bacaitaa,b, Cătălina Peptua, Gabriela Andreia, Marcel Popaa, Maricel Agopb

a Department of Natural and Synthetic Polymers, Faculty of Chemical Engineering and Environmental
Protection, “Gheorghe Asachi” Technical University, Prof. dr. docent Dimitrie Mangeron Rd., No.
73, 700050, Iasi, Romania ; b Physics Department, Faculty of Machine Manufacturing and Industrial
Management, “Gheorghe Asachi” Technical University, Prof. dr. docent Dimitrie Mangeron Rd., No.
59A, 700050, Iasi, Romania

Email of presenting author: bsimona77@yahoo.com

Polymeric matrices can be produced in one of the forms: micro/nano-particles, micro/nano
capsules, hydro gels, films, patches. Due to the multitude of biocompatible polymers that can be used
in the experimental protocol, these are considered proper for delivery of drug via many routes of
administration. Regardless their form, polymer matrices as drug carriers must have the following
properties: biocompatibility, biodegrability, controlled release capacity. The last one refers to the fact
that in order to have an efficient and non-toxic administration of drug, its concentration must be in the
therapeutic window: a minimum concentration is required to produce a wanted effect but as levels are
elevated, a toxic threshold is crossed. In this context, the identification of the function that describes
the kinetics of drug release is very important.

A particular case of polymeric matrices are the micro/nanoparticles, following an original
double crosslinking method of a CS-GEL mixture, both being biocompatible.

The experiments revealed different type behaviours at different time scales, the measured
parameter being the released drug concentration.

Thus, if at small time scales, of hours order, their evolutions are described, with very good
correlation coefficients by Peppas relation, of power type. This fact indicates the fact that self-
structuring processes take place, these processes being described by power type laws, specific for
fractal systems. We must mention that regardless the form of the polymer matrix, its behavior can be
described by the same law, indicating thus the universal character of the behaviour at small time scale.

Following the experiments at large time scales, of days order, long enough so that all the
phenomena to take place simultaneously (swelling, dissolution, diffusion, chemical and physical
interactions between drug and polymer, drug and polymer degradation), large variations of released
drug concentrations, specific for self-structuring processes were observed. To build a theoretical
model, for this case, proved to be very difficult due to the complexity of the phenomena involved, but
the empirical modelling lead us to the function that describes these evolutions at large time scales,
namely the Weierstarss function, known as a „fractal” function (a countinous, but non-differentiable
function).

The functions that describes small time and large time scales behaviours (power type law and
Weierstrass function) give them fractal characteristic and offers the possibility of new approaches for
drug release process from polymeric matrices.

Acknowledgment: This paper was supported by the project PERFORM-ERA "Postdoctoral
Performance for Integration in the European Research Area" (ID-57649), financed by the European
Social Fund and the Romanian Government.
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Surface Plasmon Resonance (SPR) is an optical technique offering label-free analyses of molecular
interactions in real time. It provides information on kinetic processes (association and dissociation),
binding affinity and molecule detection.
SPR imaging (SPRi) uses SPR in a micro-array approach. It is the ideal solution for rapid and
multiplexed investigations. It allows:

• the rapid quantification and monitoring of biomolecular interactions
• the study of up to several hundreds of label-free bindings simultaneously

The coupling of Surface Plasmon Resonance imaging (SPRi) and Matrix-Assisted Laser Desorption
Ionization Mass Spectrometry (MALDI-MS) is an innovative approach for biomarker discovery in
biological fluids. Multiplexed SPRi analysis allows the direct visualization and thermodynamic
analysis of molecular avidity, and is advantageously used for ligand fishing of captured biomolecules
on multiple immobilized receptors on a SPRi-Biochip surface. MALDI-MS is a powerful tool for the
identification and characterization of molecules by their molecular weight and peptide sequence.
Therefore, the combination of SPRi and MS into one concerted procedure, using a unique dedicated
surface, is of great interest for functional and structural analysis of bound molecules. Results will be
shown using the Lymphocyte Activation Gene 3 (LAG3) protein, a potential biomarker of breast
cancer and tuberculosis. LAG3 was captured in human plasma by SPRi down to several
femtomoles/mm². Then, after MS pre-processing, LAG3 was successfully identified by MALDI-MS
directly on the SPRi biochip. The coupling of SPRi to MS analysis is possible and is a valuable tool
for biomarker identification.
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In respect to other imaging modalities such as PET or SPECT, the low sensitivity is the main
limitation of the Magnetic Resonance-Molecular Imaging approach. The use of nanoparticles as
carriers for MRI contrast agents (CA) has both the advantage to transport a high number of CA units at
the site of interest and an improved efficiency of their contrast enhancement properties. Nanoparticles
have to be functionalized with characteristic ligands that bind specifically to receptors that are
expressed primarily on malignant cells. Folic acid is a vitamin essential for the proliferation and
maintenance of cells. Significant levels of proton-coupled folate transporter (PCFT) are expressed in
the majority of human solid tumor cell lines and folate receptor alpha (FR-α) is overexpressed in 
particular on ovarian and colon human cancer. In this study, liposomes containing lipophilic Gd-
complexes, functionalized with folic acid have been considered to visualize both in vitro and in vivo
ovarian (OVCAR-3, IGROV-1) and breast cancer cells (MDA-MB-231).
The uptake by ovarian and breast cancer cells of folate targeted liposomes was significantly higher
with respect the non-targeted liposomes. This indicated that the non-specific binding of pegylated non-
targeted liposomes was almost nil and demonstrated that the uptake of folate targeted liposomes
involves folate receptors and transporters. In IGROV-1 tumor bearing mice, targeted and non targeted
liposomes showed enhanced uptake in the tumor, however, no difference was observed in tumor
accumulation between the two different liposomes. Likely, passive targeting due to EPR effect
dominated the biodistribution of both formulations, partly loosing the targeting effect of the folate
vector. On the contrary, in MDA-MB-231 tumor bearing mice, targeted liposomes showed a higher
tumor uptake with respect to non-targeted liposomes. This could be the consequence higher folate
transporter (PCTF) efficiency and expression by these breast cancer cells. Furthermore, since PCFT is
a symporter that functions optimally at pH 5.5, its transport function may be enhanced in solid tumors
characterized by an acid microenvironment.
Conclusions. Folate targeted liposomes display enough sensitivity to allow ovarian and breast cancer
in vivo MRI visualization. Furthermore, targeted liposomes can also be loaded with antitumor drugs in
order to perform imaging guided therapy.

Figure 1. Left) T1-weighted spin echo MRI images (measured at 7 T) of an agar phantom containing
unlabeled cells (1) or cells incubated with 50 µM Gd of Gd-lipo-fol (targeted liposome) (2), Gd-lipo-
ctrl (non-targeted liposome) (3) for 6 h at 37°C. Right) Uptake of targeted and non targeted Gd
containing liposomes in OVCAR-3 and IGROV-1 cells on incubation for 6 hours at 37°C in the
presence of increasing concentrations of Gd containing liposomes (3 – 100 µM).
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Bolaamphiphiles are formed by two polar regions connected by one or more hydrophobic chains. The
study of bolaamphiphiles based liposomes showed that they feature increased rigidity and lower
permeability with respect to conventional liposomes thus being of great interest as drug delivery
systems.1

We herein describe the synthesis, the characterization and the inclusion in liposomes and lamellar
phases of the bolaamphiphile 1 built on a calixarene scaffold. The macrocycle was shaped in the 1,3-
alternate structure and functionalized with four hydrophobic tails terminating with glucose head-
groups. The glycosyl units render glycocalixarene 1, and its liposome formulations, potentially useful
as multivalent ligands2 for carbohydrate binding proteins (lectins) to be used in site-specific drug
delivery systems. Because of the rigid, calixarene scaffold bola 1 can be included only in liposome
formed by unsaturated lipids. Optical microscopy was exploited to investigate the growth, shape and
size of myelin structures composed of dioleoyl-sn-glycero-phosphatidylcoline (DOPC) and bola 1.
The affinity of the bolaamphiphile 1 containing liposomes for the lectin was also investigated by
fluorescence experiments in solution, towards fluorescence labeled Concanavalin A.

1 a) b)

Figure 1. Calixarene-based bolaamphiphile 1, myelin figures formed by a 9:1 DOPC/1 mixture (a),
and by pure DOPC (b).

1 A. Jacquemeta, J. Barbeaua, L. Lemiegre and Thierry Benvegnu., Biochimie., 2005, 91, 711–717.
2 L. Baldini, A. Casnati, F. Sansone, R. Ungaro, Chem. Soc. Rev. 2007, 36, 254-266.
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Numerous central nervous system (CNS) disordes accompanied with activation of
microglial cells, which is linked to overproduction of the reactive oxygen species and
subsequent neuronal damage. The use of the antioxidant enzymes (such as superoxide
dismutase (SOD) and catalase) is considered for therapy of pathological processes in CNS.
For the treatment antioxidant enzymes should be resistant to proteolysis and able to overcome
the blood-brain barrier. A possible solution is to modify the catalase and SOD. The aim of this
work was to obtain the immobilizing active SOD in cross-linked nanoparticles.

Formulations of SOD were prepared by electrostatic coupling of these enzymes with
cationic block copolymer (poly(L-lysine)-poly(ethylene glycol), followed by covalent cross-
linking with glutaraldehyde, DTSSP and other cross-linkers to stabilize nanoparticles. Also
different methods to improve properties have been tried.

All samples were characterized by several parameters: protein yeild, specific activity,
total activity, particle size. We have studied the effect of the linker, the amount of copolymer,
the way of synthesis on the result.

Obtained SOD nanoparticles were 4-5 times bigger than native enzyme. The loss of
specific activity is about 70%.

Thus, active SOD nanoparticles were obtained, giving perspectives to overcome the
blood-brain barrier and deliver the enzyme in the CNS.
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Aloe extracts have long been used for medicine, dietary supplements and cosmetic purposes. Aloe-
Emodin (AE), a hydroxyanthraquinone compound, has identified as one of the main active
components in Aloe. This bioactive compound shows an antiinflammatory, antibacterical effects and
possesses an antioxidant 1, radical scavenging and antiproliferative activity in some types of cancer
cells. 2,3 Therefore the inclusion of AE into liposomes for therapeutical applications is an interesting
goal. In fact liposomes increase the specificity, the pharmacological activity and reduce the toxicity of
various drugs.
A large number of loading strategies are currently available. The selection of the optimal procedure for
the encapsulation and the localization of the drug into liposomes depends on its
hydrophobicity/hydrophilicity. Hydrophilic compounds localized in the internal aqueous bulk,
meanwhile lipophilic molecules are associated with the liposome bilayer. The
hydrophobicity/hydrophilicity of same molecules can be modulated by pH conditions.
The remote loading of AE into the aqueous compartment of vesicles, can be drived by generating a pH
gradient across the lipid membrane4.
Herein the investigation of the remote loading of AE into DPPC/chol liposomes is reported.

1 B. Tian, Y. Hua, Food Chemistry, 2005, 91, 413.
2 S. Choi, M. H. Chumg, Seminars in Integrative Medicine, 2003, 1, 53.
3 C. Tabolacci, A. Lentini, P. Mattioli, B. Provenzano, S. Oliviero, F. Carlomosti, S. Beninati, Life
Sciences, 2010, 87, 316.
4 S. Cklerc, Y. Barenholz, Biochimicaet Biophysica Acta, 1995, 1240, 257.
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In a previous investigation we reported that the presence of cationic gemini surfactant (S,S)-2,3-
dimethoxy-1,4-bis(N-hexadecyl- N,N-dimethylammonio)butane bromide 1a in the liposomes
formulated with dimyristoyl-sn-glycero-phosphatidylcholine, DMPC, increases both cell uptake of the
photosensitizer m-tetrahydroxyphenylchlorin, m-THPC[1, 2], and its cytotoxic effect after laser
irradiation with respect to the pharmaceutical formulation (Foscan) in human colon adenocarcinoma
cells[1] and murine and human glioblastoma cells [2]. In order to explore the influence of the
stereochemistry of the gemini surfactants on the delivery efficiency of m-THPC to malignant glioma
cell lines, liposomes were formulated with DMPC, and either cationic gemini surfactant 1a, or (S,R)-
2,3-dimethoxy-1,4-bis(N-hexadecyl-N,N-dimethylammonio) butane bromide (1b). The
stereochemistry of the gemini was found to strongly influence the delivery efficiency of m-THPC to
cells and its intracellular distribution.

Endocytosis includes a variety of pathways: clathrin-mediated and caveolae-mediated
endocytosis; phagocytosis, and clathrin- and caveolae-independent endocytosis. Because the pathway
chosen depends on the size and nature of the extracellular cargo, we investigated the influence of the
stereochemistry of the surfactant on the interaction with the cell membrane and the internalization
pathway of liposomes. In a first approach, a combination of different inhibitors was used to selectively
block different pathways. The inhibition effects were evaluated both by flow cytometry and by LSCM
on human (LN229) and murine (C6) glioblastoma cells. The analysis performed revealed that both
DMPC/1a and DMPC/1b liposomes followed the endocytic pathway but that the internalization of the
two formulations were influenced by different endocytic inhibitors. The results strongly suggest that
DMPC/1a liposomes enter into the cells preferentially through the interaction with rafts and caveolae
as demostrated by the filipin-induced inhibition. On the other hand, DMPC/1b liposomes seem to
enter into the cells preferentially upon interaction with clathrin, as showed by the inhibition exerted by
chlorpromazine.

In the second approach, several antibodies specific for organelles involved in endocytic routes
were employed. The observations performed on cells treated with DMPC/1a or DMPC/1b confirmed
data obtained by flow cytometry. In addition, it was observed that DMPC/1a liposomes colocalized
preferentially with early endosomes (Rab5+) whereas DMPC/1b liposomes were found in early and
late endosomes (Rab7+), and in lysomomes (Lamp1+).

1. C. Bombelli et al., J. Med. Chem., 2005, 48, 4882.
2. A. Molinari et al., Int. J. Cancer, 2007, 121, 1149.
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Tumors of different histological origin may be little or not sensitive to drug treatments. It is
therefore necessary to identify new strategies and combined therapies that may improve the efficacy
of treatments and expectancy of patients life. In the scientific community there has been recently a
renewed interest in the use of liposomes as drug delivery systems. The therapeutic treatment with
liposomal formulations does not cause an inflammatory response and does not alter the immune
system. Moreover, liposomal carriers can greatly affect the pharmacokinetics and tissue distribution of
chemotherapeutic drugs. The use of liposomes incorporated with anticancer drugs can lead to greater
efficacy of the drug itself and a decrease of its side effects.
We reported previously that the bisindolic alkaloid voacamine (VOA), extracted from the stem bark of
a Brazilian plant, showed a powerful chemosensitizing effect against Doxorubicin (DOX) in drug-
resistant cell lines derived from osteoarticular and gastrointestinal districts and no effect on normal
human lines (1, 2).
Herein we report on the treatment of osteosarcoma resistant cells (U2 OS-R) with VOA included in
liposomes composed of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC). The clonogenic survival
test was used to determine the sensitivity of U2 OS-R to DOX, DOPC, VOA alone, VOA plus DOX
and DOPC/VOA plus DOX. Flow cytometric analyses were used to evaluate the presence of cell
surface P-glycoprotein (P-gp) in resistant cells and DOX accumulation after combined treatments.
Finally, the DOX distribution in the presence and in the absence of VOA (either used free or included
in DOPC liposomes) was evaluated by confocal microscopy. Cell survival was not affected by VOA
and DOPC. DOX treated resistant cells were scarcely damaged by the drug given alone, whereas a
strong cytotoxic effect was observed following treatment with both combination, VOA plus DOX and
DOPC/VOA plus DOX. Cytofluorimetric analysis showed a remarkable increase in DOX
accumulation in DOPC/VOA treatment (very similar to treatment with free VOA) compared to DOX
alone. These results indicate that the chemiosensitizing effect is maintained even upon treatment with
VOA included in liposomes. In addition the observation performed by confocal microscopy indicated
that the DOX fluorescent drug molecules were located mainly inside the nuclei only when treatment
with DOX was carried out in the presence of VOA (either free or in DOPC).

References
1. S. Meschini, et al., Int J Onc., 2005, 27, 1597.
2. S. Meschini, et al., Autophagy., 2008, 4, 1020.
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Carbohydrates are a sustainable source of feedstocks due to the fact that they are natural substances,
abundant and often cheap. In nature these compounds are consumed and this makes their derivatives
potentially biodegradable and biocompatible.
The chemoselectivity of the hydroxyl groups of sucrose permits the formation of mono- and di-
substituted sucrose derivatives in the 6 and 6’ positions. Moreover, besides the conventional synthesis
conditions, microwave irradiation has also been used, for the purpose of reducing the amount of
solvents used and also to operate under less aggressive conditions.
Cationic living polymerization has been used to obtain new copolymers of ethylvinyl ether and
sucrose, with potential biological applications. The amphiphilic linear block copolymers achieved by
this method are expected to have the ability to self-assemble, which will confer on them interesting
physical, mechanical and thermal properties. The results obtained using this polymerisation technique
will be compared to those obtained previously.

Barros, M. T.; Petrova, K. T.; Correia-da-Silva, P.; Potewar, T. M., Green Chem. 2011, 13, 1897.
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Nature continues to be the ultimate in nanotechnology, where polymeric nanoarchitectures play a
central role in biological systems. Nature’s efficiency in assembling her versatile building blocks on
the submicron scale has inspired synthetic chemists in their quest to make nanostructures and to
incorporate these into macrostructures as nature does. (1) In this context, chemistry, and in particular,
supramolecular chemistry is consolidating itself as a central science, as it finds ways to increase the
dimensionality and complexity of these new materials and allows strict control and tunability of their
properties and functionalities. Taking this into consideration, in the present work we have studied the
formation of polymeric nanoparticles based on amphiphilic polymeric conjugates composed of a
cholic acid or cholesterol derivative and/or carbohydrate moiety, and different size polymer chains
with either a vinyl or polyethylene glycol backbone. Such conjugates are expected to be capable of
self organizing under the proper conditions to form nanoparticles having diverse functionality, with
their main application in target drug-delivery systems. These synthetic tasks were carried out using
methods based upon our experience in carbohydrates chemistry. (2, 3)

1. N. A. Ochekpe, P. O. Olorunfemi, N. C. Ngwuluka, Trop. J. Pharm. Res., 2009, 8, 265.
2. M. T. Barros, K. Petrova, A, M. Ramos, J. Org. Chem., 2004, 69, 7772.
3. C. Crucho, K. Petrova, R. C. Pinto, M. T. Barros, Molecules, 2008, 13, 762.
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The effectiveness of nano-hydroxyapatite (nHA) has been attested in various biomedical areas. During
the last years our activity started to consider some strategies for the synthesis of hydroxyapatite as a
fully biocompatible material and in a physical state suitable for biomedical applications [1,2]. The
actual research is mainly focused on the functionalization of cotton fabrics with hydroxyapatite and
silver in order to obtain biocompatible and bactericide textiles, which could be used for the treatment
of burns and wounds. In particular, the antibacterial properties have a crucial role for the prevention of
cross-infection is in medical care and welfare institutions.
With this aim, the present study is designed to functionalize cotton fabrics with hydroxyapatite and

silver nanoparticles in order to realize biocompatible and antibacterial textiles. The cotton fabrics have

been modified with hydroxyapatite using two different types of binders: chitosan and silica sol. In

addition to the deposition of hydroxyapatite, the cotton fabrics were also functionalized with silver

nanoparticles by using a novel green and facile synthetic route. The formation of silver nanoparticles

was confirmed by UV-vis spectroscopy, due to the presence of the typical band plasmon resonance.

Figure 1. UV-vis of cotton fabrics functionalized with chitosan-
stabilized Ag nanoparticles and of bare cotton.

1. V.S. Komlev, I.V Fadeeva., A.S Fomin., L.I. Shvorneva, D.Ferro., S.M. Barinov Synthesis of
octacalciumphosphate by precipitation from solution. Doklady Chemistry. 2010. V. 432 (2).
178.

2. V.V.Smirnov, J.V Rau., A.Generosi, V.Rossi Albertini, D.Ferro, S.M. Barinov. Elucidation of
real-time hardening mechanisms of two novel high-strength calcium phosphate bone cements.
J. Biomed. Mater. Res. Part B. 2010. V. 93B, 74.
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Background: The use of nanoparticles (NPs) in medicine is ever increasing. The development of drug
delivery systems that can help to overcome most of the limits of the conventional drugs (solubility,
toxicity, dosage, targeting, in vivo stability and circulation half-life) is a challenge and the versatile
properties of NPs allow their application in therapeutics, diagnostics and imaging1. One of the major
advantages of the NPs is their targeting ability: either passive or active. NPs accumulate spontaneously
in diseased tissues thanks to the enhanced permeability and retention effect (EPR) due to a leaky
vasculature respect to that of normal tissues. Active targeting is achieved functionalizing NPs and
exploiting specific interaction such as antibody-antigen, ligand –receptor and aptamers. In vivo the
specific interaction between the functionalized NPs and the biological counterpart is affected by the
surrounding environment. Proteins interact with NPs forming a corona around the surface that changes
completely its chemical-physical properties2. The present work aims to characterize polymer coated
20-30 nm magnetite NPs (Fe3O4-NPs) with different surface moieties and study the interactions with
models of cell membrane through Quartz Crystal Microbalance (QCM-D) and Atomic Force
Microscopy (AFM) in the relevant biological environment.

Methods: Fe3O4-NPs were synthesized in organic solvent by thermal decomposition (Sun et al. 2003)
and transferred to water solution by amphiphilic polymer coating (Parak et al. 2008). NPs with
carboxylic and PEG groups were purified (dialysis and size exclusion chromatography) and
characterized by DLS, Z potential, TEM, ICP-AES, agarose gel. Protein corona were characterized by
SDS-PAGE. QCM-D and AFM experiments were performed incubating NPs in 55% of serum and
forming a lipid bilayer from monodispersed vesicles solution.

Results: Different surface-functionalized Fe3O4-NPs are characterized by diverse size and Z-potential.
These properties influence the interaction with the proteins in the biological medium affecting the
interactions with the lipid bilayers.

Discussion or Conclusion These preliminary experiments showed the role of the environment
proteins in mediating the interactions between the NPs and the biological matter. The different
functional groups on the surface of the NPs determine the formation of a diverse protein corona. The
optimized methodology developed here will be useful for extending this study to investigate the role
of the environmental protein in the specific binding between engineered targeted NPs and the desired
biological substrate.

1. Fernandez-Fernandez A., Manchanda A., McGoron A. J., Appl Biochem Biotechnol, 2011, 165,
1628.
2. Walczyk D., Baldelli Bombelli F., Monopoli M. P., Lynch I. Dawson K.A., J. Am. Chem. Soc.,
2010, 132, 5716.
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In the frame of the Program “Innovative ceramics, cements and composites for diseased bone tissue

repair: research, development and innovations” in the bilateral accordance

between Consiglio Nazionale delle Ricerche and the Russian Academy of Science , CNR-ISMN and
RAS-IMET, several studies have been carried out about the use of calcium phosphates in medicine
[1-3]. In the present study a new approach has been undertaken to support calcium phosphate
nanoparticles on textile supports. Treatments of burns and wounds requires the application of dressing
to absorb drainage and to isolate the wound from the environment. As dressing are generally
fabricated using various cotton materials, more often as cotton gauze, and contain antimicrobial agents
to prevent bacterial contamination, this natural fibers has been considered as support of the nano-
calcium phosphate (HA) and its functionalized forms such as silver ions to enhance the antimicrobial
properties [4]
The chemical process to obtain HA cotton coverage with different characteristics, from the
biocompatibility to the particles structure and dispersion without makings substantial modifications of
the tissue mechanical properties requires the selection of adequate procedures. The two Institutes
involved in the study, experimented various techniques of to fabricate cotton tissues containing
calcium phosphates by starting from the infiltration with biopolymers solution containing HA
particles.
Diagnostic investigations to control the phase composition, particles size, fibres morphology have
been carried out with the instrumentations of both the two Institutes.

1. V.V.Smirnov, Rau J.V., Generosi A., Rossi Albertini V., Ferro D., Barinov S.M. Elucidation of
real-time hardening mechanisms of two novel high-strength calcium phosphate bone cements. J.
Biomed. Mater. Res. Part B. 2010. V. 93B. P. 74-83.
2. J.V.Rau, Smirnov V.V., Laureti S., Generosi A., Varvaro G., Fosca M., Ferro D., Nunziante Cesaro
S., Rossi Albertini V., Barinov S.M. Properties of pulsed laser deposited fluorinated hydroxyapatite
films on titanium. Mater. Res. Bull. 2010. V. 45. P. 1304-1310.
3. V.S. Komlev, Fadeeva I.V., Fomin A.S., Shvorneva L.I., Ferro D., Barinov S.M. Synthesis of
octacalciumphosphate by precipitation from solution. Doklady Chemistry. 2010. V. 432 (2). P. 178-
182.
4.J.J. Blaker, S.N.Nazhat, A.R. Boccaccini, Development and characterization of silver-doped
bioactive glass-coated sutures for tissue engineering and would healing applications. Biomaterials,
2004, V25, P. 1319-1329
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The target of this work has been the systematic study of the behavior of different thiols used for the
stabilization of gold nanoparticles (AuNPs). The thiols used for the functionalization of NPs, showed
in figure 1, have been chosen for their peculiar features: sodium 3-mercapto-1-propansolfunate
(3MPS), because of the presence of terminal charged groups, that induce a good solubility in water
and in polar solvents; 3-mercaptopropyl-trimethoxysilane (3MPT), that has been used together with
3MPS, considering that its terminal groups can be able to give a crosslinking reaction or anchorage on
surfaces. The AuNPs have been prepared by using Shiffrin-Brust’s synthesis, in which a strong
reducing agent, as sodium borohydride, reduce the metallic ions (AuCl4

-) in the presence of the chosen
thiol [1].
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Figure 1: Thiols used for the AuNPs functionalization: 3MPS and interaction scheme of AuNPs with
DXM

The obtained nanomaterials have been investigated by means of FTIR, NMR and UV-vis
spectroscopies to obtain information about theirs chemical structure. DLS, Z-scan, TEM and FE-SEM
measurements have been carried out to study their size, shape and surface charge. Furthermore,
through a careful method of separation, it has been possible to obtain a good modulation of the size of
the nanoparticles, that are the range between 5 nm and 180 nm for AuNPs. The Surface Plasmon
Resonance (SPR) was observed at the value of ~ 520 nm for AuNPs. This material can be available in
nanomedicine and in particular in nanodrugs delivery by means of surface interactions with bioactive
molecules, which can be released in appropriate conditions [2,3]. AuNPs functionalizated by 3MPS,
have been herein used for the bioconjugation with dexamethasone (DXM), that is a potent synthetic
glucocorticoid with an anti-inflammatory action. From our preliminary studies, it has been observed
that the DXM is able to be loaded to the functionalized AuNPs, by a simple and straightforward
approach, in about four hours. The observed loading was very high, i.e. approximately 80%. The
studies revealed a very slow release of the drug in PBS (phosfate buffer, pH = 7.4 and T = 37°C).

[1] Cametti C., Fratoddi I., Venditi I., Russo M.V., Langmuir, 2011, 27, 7084–7090
[2] A. Laganà , I. Venditti, I. Fratoddi, A. L. Capriotti, G. Caruso, C. Battocchio, G. Polzonetti, F.
Acconcia, M. Marino, M. V. Russo, J. Coll. Interf. Sci. 361 (2011) 465–471
[3] I. Fratoddi, I. Venditti, C. Cametti, C. Palocci, L. Chronopoulou, M. Marino, F. Acconcia, M. V.
Russo, Colloids and Surfaces B: Biointerfaces 93 (2012) 59– 66

mailto:laura3fontana@yahoo.it
http://en.wikipedia.org/wiki/Glucocorticoid
http://en.wikipedia.org/wiki/Anti-inflammatory
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Detailed investigations on liposomes formulated with 1,2-dimyristoyl-sn-glycero-3-phosphocholine
(DMPC) and the cationic gemini surfactants (S,S)-2,3-dimethoxy-1,4-bis(N-hexadecyl-N,N-
dimethylammonium)butane bromide 1 or its stereoisomer (S,R)-2,3-dimethoxy-1,4-bis(N-hexadecyl-
N,N-dimethylammonium)butane bromide, 2, showed that the stereochemistry of the gemini
components significantly affects important features of the mixed liposomes as carriers: the efficiency
of the delivery, the intracellular distribution of the drug and the DNA condensation and transfection in
gene delivery.1-6 Moreover, the delivery efficacy was shown to depend on cell lines.4,5 Herein an
investigation on the interaction of neutral and anionic phospholipid liposomes, used as cell models,
with cationic liposomes by differential scanning calorimetry, fluorescence experiments and
electrophoretic mobility is reported. This study was aimed at rationalizing the different biological
features shown by liposomes based on different gemini stereoisomers.

Figure 1. Structure of the stereomeric cationic gemini surfactants
1 and 2.

1. C. Bombelli, F. Faggioli, P. Luciani, G. Mancini, M.G. Sacco, J. Med. Chem., 2005, 48, 5378.
2. C. Bombelli, S. Borocci, M. Diociaiuti, F. Faggioli, L. Galantini, P. Luciani, G. Mancini, M.G.

Sacco, Langmuir, 2005, 21, 10271.
3. C. Bombelli, G. Caracciolo, P. Di Profio, M. Diociaiuti, P. Luciani, G. Mancini, C. Mazzuca,

M. Marra, A. Molinari, D. Monti, L. Toccacieli, M. Venanzi, J. Med. Chem., 2005, 48 ,4882.
4. A. Molinari, M. Colone, A. Calcabrini, A. Stringaro, L. Toccacieli, G. Arancia, S. Mannino,

A. Mangiola, G. Maira, C. Bombelli, G. Mancini, Toxicol. in Vitro, 2007, 21, 230.
5. A. Molinari, C. Bombelli, S. Mannino, A. Stringaro, L. Toccacieli, A. Calcabrini, M. Colone,

A. Mangiola, G. Maira, P. Luciani, G. Mancini, G. Arancia, Int. J. Cancer, 2007, 121, 1149.
6. C. Bombelli, A. Stringaro, S. Borocci, G. Bozzuto, M. Colone, L. Giansanti, R. Sgambato, L.

Toccaceli, G. Mancini, A. Molinari, Mol. Pharm., 2010, 7, 130.



NANOMEDICINE: from molecules to diagnosis and therapy P14

Strategies for development of high-sensitive immunodiagnostic tools
for the detection of bacterial pathogens

Arina V.Kozyr, Alexander V. Kolesnikov, Anna E. Khlyntseva, Nina E. Luneva, Alyona K. Kutsenko,
Olga N. Krasavtseva, Igor G. Shemyakin

State Research Center for Applied Microbiology and Biotechnology,
142279, Obolensk, Russia;

E.mail of presenting author: AVKozyr@gmail.com

Creation on novel high-sensitive tools for the detection of bacterial infection is a priority task
for organization of efficient epidemiological control and health protection. Most of widespread
conventional immunodiagnostic kits, majority of which is based of IFA techniques, do not supply
desirable sensitivity necessary for the detection of a certain important life-threatening bacterial
pathogens, which may be present in nanoscale amounts at early stages of disease.

Immuno-PCR, an actively developing approach, based on combination of antibody affinity
molecule with DNA as a detection target, offers an opportunity to achieve up to 106-fold increase in
sensitivity of traditional immunoassay. Diagnostic efficiency of immuno-PCR technique was vastly
investigated employing both monoclonal antibody couples and polyclonal antibodies for the detection
of nosocomial infections caused by A.baumannii, NDM-1-carrying bacterial strains, and hazardous
gastrointestinal disease, caused by enteropathogenic E. coli O157:H7 strain, as well as for detection of
dangerous infections such as anthrax and botulism. Methods for obtaining of antibody-DNA
conjugates comprised direct chemical coupling of DNA to antibody as well as formation of complexes
between biotinylated antibody and biotin-labeled DNA via streptavidin bridges. Experimental data has
shown that sensitivity as high as 1 pg/ml can be routinely achieved by this assay in the detection of
proteinaceous targets, such as bacterial toxins. Sensitivity of detection for whole bacterial cells by
immuno-PCR mounted up to 1 bacteria/ml. Application of real-time PCR detection for immuno-PCR
assays permitted witnessing the dynamics of pathogen accumulation in the infection course.
Comparison of strategies for antibody immobilization has outlined preferential employment of
paramagnetic particles as a solid phase for antibody binding over utilization of immunoplates.

Potential of immuno-PCR technology was assayed in multiplex format for the selective
detection of pathogenic bacteria. For this purpose pathogen-immobilizing monoclonal antibodies to
three different pathogenic bacterial strains (E.coli O157:H7, P.aeruginosa and A.baumannii) were
linked to paramagnetic particles, and detecting antibodies to these pathogens were coupled with
unique DNA fragments and bound to golden particles. Amplification of specific DNA fragments
linked with monoclonal antibody to certain bacterial pathogen permitted selective detection of bacteria
species in liquid samples.

Our data shows, that immuno-PCR, as well as other diagnostic formats employing DNA-
antibody complexes as detection modules, such as antibody-DNA microarrays, appears an efficient
strategy for nanomedicine in acquisition of selectivity and improvement of sensitivity in routine
bacterial immunoassays.



NANOMEDICINE: from molecules to diagnosis and therapy P15

Arginino-based calix[4]arenes for gene delivery

Michela Lomazzi,a Valentina Bagnacani,a Michele Bassi,a Francesco Sansone,a Gaetano Donofrio,b

Alessandro Casnati,a RoccoUngaro a

aDipartimento di Chimica Organica e Industriale, Università degli Studi di Parma, Parco Area delle
Scienze 17/a, 43124 Parma; bDipartimento di Salute Animale, Università degli Studi di Parma, Via
del Taglio 8, 43126 Parma, Italy.

Email of presenting author: michela.lomazzi@gmail.com

The future success of Gene Therapy is intimately linked to development of carrier systems able to
efficiently cross cell membrane and transport nucleic acids in the target cells.1 A number of nonviral
gene delivery carriers, in particular cationic lipids and polymers, have been developed as alternatives
to the viral ones. Due to their properties, Cell Penetrating Peptides (CPPs) have also received much
attention in the field of gene delivery as molecular transporters. 2 In particular a special role is played
by arginine-rich peptides, where the structure and basicity of this specific aminoacid facilitate cellular
uptake and the direct intecation with the DNA phosphodiester skeleton.
On the basis of these data, in the last years, we prepared new potential nonviral vectors based on
calixarenes functionalized with guanidinium groups.3 Some of them showed interesting transfection
properties.4,5

More recently, by replacing guanidinium with arginine units, we obtained an impressive improvement
of the transfection ability and now we are investigating the role played by the different moieties in
determining these very promising biological properties of these arginino-calixarenes.

1.Li, S. D.; Huang, L. Gene Therapy 2006, 13,1313.
2.A. El-Sayed, I. A. Khalil, K. Kogure, S. Futaki, H. Harashima, J. Biol. Chem. 2008, 283, 23450.
3.Sansone, F.; Dudič, M.; Donofrio, G.; Rivetti, C.; Baldini, L.; Casnati, A.; Cellai, S.; Ungaro, R. J.

Am. Chem. Soc. 2006, 128, 14528.
4.Bagnacani, V.; Sansone, F.; Donofrio, G.; Baldini, L.; Casnati, A.; Ungaro, R. Org. Lett.2008,

10,3953.
5.Bagnacani, V.; Franceschi, V.; Fantuzzi, L.; Casnati, A.; Donofrio, G.; Sansone, F.; Ungaro, R.

Bioconjugate Chem. 2012, 23, 993-1002.
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Introduction: T helper type 17 (Th17) cells are a subset of effector CD4+ T cells involved in response
to fungal and extracellular bacteria and several autoimmune diseases. Carbosilane dendrimers have
shown potential as drug delivery vehicles and our group recently demonstrated successful regulation
of Th17 differentiation by use of the second-generation dendrimer 2G-NN16 [1, 2, 3].
Objective: The aim of this work was to measure the capacity of 2G-NN16 and three families of new
carbosilane dendrimers (JS, BR and EF) to regulate Th17 differentiation in healthy and psoriatic
arthritis patients.
Results: Two families of dendrimers (JS and BR) demonstrated a repressive effect on IL17 production
in stimulated PBMCs that was similar to 2G-NN16. This IL17 repression was inversely correlated
with dendrimer generation. Dendrimers BDJS07 and 2G-NN16 decreased memory-activated CD4+T
cells cultured under Th17 differentiating conditions. Dendrimers 2G-NN16 or BDBR02 were
associated with down-regulation of transcription of Th17 markers (IL17A, IL17F, IL22, IL23R,
CCR6, and RORC) in in-vitro cultures of CD4+T cells from psoriatic arthritis patients.
Conclusion: 2G-NN16 and BDBR02 are potentially valuable nanocompounds for treatment of
autoimmune diseases.
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The nanohydrogel systems are gaining an increasing interest in the field of drug delivery and for
biomedical applications, as they can combine the favourable properties of nanotechnologies and the
features of the hydrogels. In this contest, the present work is focused on the preparation of a new
nanoparticulate carrier showing nanohydrogel features, using the biocompatible polysaccharide gellan
as starting material. The nanoparticles were obtained by self-assembly of gellan chains previously
derivatized with prednisolone moieties (fig.1). Similarly to other nanoparticulate systems described in
literature [1,2], the one that is presented here can be considered as a nanohydrogel, as the hydrophilic
polysaccharide chains can retain a great amount of water within the particulate form. The rationale of
present system is the use of a well known gel-forming polysaccharide and a drug as the hydrophobic
moiety responsible for the polymer chain assembly.
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Figure 1. Scheme of nanohydrogels formation from gellan chains
derivatized with prednisolone moieties.

In this study, in order to obtain a more suitable polymeric system, before the conjugation reaction, the
polysaccharide chains were previously depolymerized by means of ultrasound treatment, and the
prednisolone moiety was derivatized by means of a four carbon atom chain in order to reduce the
steric hindrance thus improving the reaction course.
Nanohydrogels were characterized in terms of dimensions, polydispersity, -potential and stability.
They were also tested for their citocompatibility.

1. K. Akiyoshi et al., Macromolecules, 1993, 26, 3062.
2. K. Akiyoshi et al., Macromolecules, 1997, 30, 857.
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Introduction. Multiple myeloma (MM) is a clonal B-cell malignancy characterized by the aberrant
expansion of plasma cells (PCs) within the bone marrow, as well as into extramedullary sites. The
actual understanding of cellular events underlying MM development is consistent with the
involvement of increased cell proliferation through the activation of NFκB, PI3K/AKT and STAT-3. 
Stated the emerging role of micro- RNA (miRNA) in the pathogenesis of many types of human cancer
including MM, we have investigated the function of the p53 transcriptionally regulated tumor
suppressor miR-34a, whose expression resulted deregulated in MM. For this purpose, we have
transiently transfected SKMM1 MM cells with pre-miR-34a mimics in order to evaluate the resulting
modulation of survival and proliferation main mediators Akt and Erk and of the stress involved
p38MAPK. We have also analyzed the modulation of the apoptosis executioners Caspase-3 and -6 and
of the tumor suppressor p53, mutated for this cell line. Moreover a new nanotechnological Stable
Nucleic-Acid-Lipid Particles (SNALPs) formulation encapstulating miR-34a was evaluated in vivo.

Methods. SKMM1 MM cell lines, which display low constitutive miR-34a levels, were
electroporated, for transient expression, with both pre-miR-34a mimics and scrambled sequence. Cells
were harvested 12h, 24h, 48h and 72h after transfection and processed for cell extract preparation.
Equal amounts of cell proteins were separated by SDS-PAGE. The proteins on the gels were electro-
transferred to nitrocellulose and reacted with the different MAbs for Western blot determination of the
proteins. In vivo experiments were performed injecting intravenously pre-miR34a or SNALP carrying
miR-34a on SCID mice bearing MM SKMM1 cells in the flank. The mature miR-34as were
encapsulated as single strands in SNALPs using a controlled step-wise dilution method.

Results. We have evaluated by Western blot experiments both the expression and activity of Akt and
Erk, showing already 12h after transfection with miR-34a a reduction in activity of over 50%
compared to non-transfected or scrambled sequence-transfected SKMM1 cells. We also found an
about 50% decrease of pro-caspase 3 expression at 48h and of pro-caspase 6 expression at 24h and
48h. The decrease of both the pro-caspases suggested that they were cleaved and, therefore, activated
to trigger the apoptotic program. Moreover a significant reduction of p53 expression was observed, an
interesting outcome since SKMM1 cells expressed mutated p53. We have also found that SNALP
formulation encapsulating miR34a was more active than intravenously injected pre-miR34a in SCID
mice bearing MM SKMM1 in the flank.

Conclusion. In conclusion our preliminary results showed the advantage of miR34a re-expression in
SKMM1 cells. Moreover we have found a new molecular weapon for the treatment of MM.
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With the aim to design novel vectors able to transfect genetic material into target cells, our group
started few years ago studying neutral liposomes able either to form stable complexes with plasmid
DNA in the presence of bivalent metal cations (Ca, Mg, Mn), either to transfect this material to cells
(1). In order to improve the ability of neutral liposomes to complex DNA, our strategy has been to
develop liposomal gene delivery systems containing new synthetic lipids lacking in positive charge
but acting as effective cationic lipids (2).

Figure 1. Structure of mixed DOPC based bilayer at 25% of
cholesteryl-2-(picolinamido) phenylcarbamate.

To this purpose, trying to optimize the structure of the vectors, lipids with different chelating agents
in the polar heads have been synthesized. Here we report the synthesis of a cholesteryl-2-
(picolinamido)phenylcarbamate together with the results of the computational study. The neutral
synthetic lipid has been mixed with commercial zwitterionic lipids (DOPC and DOPE) in different
percentage and employed in the preparation of multilamellar liposomes. In silico, we studied first the
single molecule at high level DFT, then the mixed DOPC based bilayer with different percentage
composition of the chelating agent using PME molecular dynamics simulations at 310 K. Finally, the
ability of these systems to form stable complexes with plasmid DNA in the presence of bivalent metal
cations (Ca, Mg, Mn) has been investigated by means of synchrotron X-ray diffraction.

1. Bruni, P., Pisani, M.,. Amici, A, Marchini, C., Montani, M., Francescangeli, O., Appl. Phys.
Lett., 2006, 88, 073901-3

2. Pisani, M., Mobbili, G., Placentino, I.F., Smorlesi, A., Bruni, P., J. Phys. Chem. B, 2011,115,
10198-10206
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Vesicular systems incorporating magnetic nanoparticles (MNPs) have been attracting much interest
for their possible application in active drug delivery. To this aim, suitable procedures have to be
developed to enhance the efficiency of inclusion of MNPs into vesicular systems. Therefore, it is
crucial to dispose of reliable control tools to quantify the presence of MNPs in such systems. To verify
the homogeneity of the nanosystems, such techniques are required to give information not only about
the overall amount of MNPs in the sample, but also about the presence/absence into the single vesicle.
To this aim, we developed a methodology based on magnetic force microscopy (MFM), which is a
particular atomic force microscopy (AFM) based technique where a tip coated with a magnetic ultra-
thin film is used to probe the sample magnetic properties. Firstly, the sample surface is scanned in
semi-contact mode to reconstruct its morphology. Then, the same area is scanned again imposing a
constant tip-sample distance during the image, the cantilever is oscillating and the cantilever
oscillation phase shift is recorded. This is related to the gradient along the vertical direction of the tip-
sample interaction force, which is dominated by the magnetic interaction.
Vesicular systems incorporating MNPs have been produced by the thin film technique, hydrating with
the MNPs solution. The presence of MNPs in the samples have been previously verified and
quantified by inductively coupled plasma mass spectrometry (ICP-MS), which nevertheless does not
allow the identification of their position and distribution into the vesicles. Drops of vesicles/MNPs
sample have been poured on glass substrates and imaged by AFM either in water (using an ad hoc
designed and realized cell) or in air (after dehydration). MFM has been used to investigate the sample.
The MFM phase images revealed the presence of MNPs into the vesicles. By analyzing such phase
images using a phenomenological calibration specifically developed for the purpose, we quantified the
amount of MNPs incorporated in the vesicles.
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The work to be presented aimed at the synthesis of novel type of targetable polymeric conjugates of

PLGA, a known biopolymer, with a sugar moiety (galactose) with potential application for liver-

specific drug delivery. Simple and effective synthesis of poly (DL-lactide-co-glycolide)-galactose

conjugate and poly (DL-lactide-co-glycolide)-co-poly (ethylene glycol)-10%-Triblock-galactose

conjugate by esterification of the end carboxyl groups will be reported. Spherical hydrophilic

nanoparticles with elevated galactose content on the surface were prepared from these polymeric

conjugates, and their physical properties were determined by DLS, SEM, XPS and DSC.
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1. Synthesis of PLGA-galactose conjugate.

1. I.N. Peca, K.T. Petrova, M.M. Cardoso, M.T. Barros, React. Funct. Polym., 2012,
http://dx.doi.org/10.1016/j.reactfunctpolym.2012.06.019.
2. M.T.Barros, K.T.Petrova, R.P.Singh, Eur. Polym J. 2010, 46, 1151.
3. M.T.Barros, K.T.Petrova, R.P.Singh, Int. J. Mol. Sci. 2010, 11, 1792.
4. M.T. Barros, K.T. Petrova, P. Correia-da-Silva in Microwave Heating (ISBN 979-953-307-020-8),
Chapter 14, Editor Usha Chandra, InTech - Open Access Publisher, Rijeka, 2011, p. 309.
5. M.T. Barros, K.T. Petrova, P. Correia-da-Silva, T.M. Potewar, Green Chem., 2011, 13 (7), 1897.
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Carbon nanotubes decorated with magnetic nanoparticles are very interesting as new materials for
applications in biomedicine; these nanotubes can be used in a functionalized state and as
nanocontainers for different human medical treatments including magnetically guided hyperthermia,
as drug delivery/carrier/release in the treatment of tumors and in tissue engineering.1-2

In this study,

we report the development of a high-strength magnetic material for biomedical applications by

combining the remarkable mechanical properties of multiwalled carbon nanotubes (MWCNT) and the

superparamagnetism of Fe3O4 nanoparticles. Fe3O4/MWCNT hybrid composites were analysed in
vitro by incubation with mesenchymal stem cells either in the presence or absence of a static magnetic
field. Results demonstrate that the introduction of magnetite into the MWCNT structure increases
biocompatibility of oxidized MWCNT. In addition, the presence of a static magnetic field further
increases Fe3O4/MWCNT influence on cell behaviour. Such results confirm that this novel
Fe3O4/MWCNT hybrid composite is having good potential for tissue engineering applications.

Figure 1. Morphology of Fe3O4/MWCNT composites and
mesenchymal stem cells after Fe3O4/MWCNTs incubation.

1. H.X.Wu, G. Liu, Y.M. Zhuang, D.M. Wu, H.Q. Zhang, et al. Biomaterials, 2011, 32, 4867.
2. D. Yang, F. Yang, J.H. Hu, J. Long, C.C Wang, et al. Chemical Communications, 2009, 4447.
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Cat-anionic vesicles are aggregates formed by mixing two oppositely charged surfactants, in non-
stoichiometric ratios [1,2]. Their structure is similar to cellular membranes and, for this reason, they
could be employed as vectors for bio-active molecules in drug delivery technologies and transfection,
particularly in non-viral gene therapy. For this reason, it is fundamental to study their interaction with
biomacromolecules.
Vesicular entities were obtained by mixing didodecyldimethylammonium bromide and sodium
dodecylsulfate in non-stoichiometric [DDAB]/[SDS] ratios (3.8) and the total surfactant concentration
is 4 mmol kg-1. Vesicles bear a positive surface charge, due to the cationic species in excess. In our
study, the binding of bovine serum albumin (BSA) was studied. At its spontaneous pH, BSA has a
negative effective charge. In these conditions, vesicles adsorb significant amount of protein by
electrostatic interactions, presumably. Moreover, we modulated the bovine serum albumin net charge
by pH and dealt with its binding onto the above vesicles.
Binding is controlled by the net charge of vesicles and albumin: it is substantial when albumin has

negative charges in excess and is negligible, if any, below its isoelectric point. For pH > 6.0, the

binding efficiency increases in proportion to protein charge. Surface coverage changes in proportion to

pH, when the number of charges neutralized upon binding remains the same. The size of protein-

vesicle lipo-plexes was inferred by Dynamic Light Scattering and their charge by ζ-potential. The 

structure of albumin was evaluated by Circular Dichroism spectroscopy and estimates of α-helix, β-

strand and random coil content were achieved. Increasing of β-strand and random coil content 

subsequent to binding suggests a strong interaction between vesicles and albumin. Attempts to

determine the binding efficiency were made by elaborating surface charge density values by ζ-

potential ones. The results were interpreted in terms of a Gibbs adsorption isotherm. Accordingly, it is

possible calculating the binding energy in different pH conditions.

The results obtained so far indicate the existence of strong electrostatic interactions between protein

and vesicles with fast formation of stable complexes, and highlight the pontentialites of these cat-

anionic vesicles in nanomedicine.

1. Kaler E.W., Murthy A.K., Rodriguez B.E., Zasadzinski J.A., Science 1989, 245, 1371.
2. Yatcilla M.T., Herrington K.L., Brasher L.L., Kaler E.W., Chiruvolu S., Zasadzinski J.A., J. Phys.
Chem. 1996, 100, 5874.

3. Ulrich, A.S., Biosci. Rep. 2002, 22, 129.



NANOMEDICINE: from molecules to diagnosis and therapy P24

PMAsh microcapsules and breast cancer cells

Subramanian Kaliappana , Marisa Coloneb , Francesca Cavalieria, MariaRosaria Tortoraa , Annarica
Calcabrinib, and Annarita Stringarob

aDepartment of Chemical Science and Technology, University of Tor Vergata, 00133 Rome, Italy;
bDepartment of Technology and Health, Istituto Superiore di Sanità, 00161 Rome, Italy.

Email of presenting author: annarita.stringaro@iss.it

Various drug delivery systems such as nanoparticles, liposomes, microparticles and implants
have been demonstrated to significantly enhance the preventive/therapeutic efficacy of many drugs by
increasing their bioavailability and targetability.

Herein, we report the preparation of capsules from hydrogen-bonded polymer multilayers that
are cross-linked through disulfide (S-S) bonds. These capsules are both stable at physiological pH and
amenable to deconstruction under reducing conditions or via thiol-disulfide exchange, such as those
occurring within cells. We employed a pair of polymers that form stable multilayers when alternately
deposited at moderately acidic conditions, pH 4, poly(methacrylic acid) containing thiol moieties,
PMASH. The resulting single-component PMA hydrogel capsules are colloidally stable in a range of
conditions, including the presence of blood serum proteins. Furthermore, and of particular importance
for biomedical applications, the capsules degrade in the presence of intracellular concentrations of a
natural reducing agent, glutathione (1, 2).

In this study we provide PMAsh biocompatibility by MTT test on a cell line of human breast
adenocarcinoma (SKBR3). These studies have shown that PMAsh are not toxic. To evaluate the
potential of PMASH capsules as a carrier to deliver anticancer drugs, we incorporated doxorubicin
(DOX) into the capsules. DOX has an intrinsic fluorescence spectrum (excitation at 480 nm, emission
at 550-650 nm) that can be exploited to monitor localization of the drug. The amount of DOX loaded
into the PMASH capsules ( 2 1012 molecules/caps) was determined by UV vis spectrophotometry. The
successful encapsulation of DOX was confirmed by the confocal laser scanning microscopy (CLSM)
images of DOX-loaded PMASH capsules (PMASH-DOX), showing red DOX fluorescence within
PMASH capsules.

Further insight into the internalization and intracellular distribution of PMASH-DOX capsules
was gained by CLSM. The resulting observations show the effective internalization of PMASH-DOX
capsules inside the cells. Although some DOX still appears to colocalize with PMASH capsules, strong
DOX fluorescence is observed in both the cytoplasm and the nucleus, indicating release of DOX from
the capsules after internalization. These results were confirmed both by flow cytometric analysis of
time course experiments of PMAsh-DOX uptake and scanning electron microscopy observations.

1. A. L. Becker, A. N. Zelikin, A. P. R. Johnston, F. Caruso, Langmuir, 2009, 25, 14079.
2. A.L. Becker, N.I. Orlotti, M. Folini, F. Cavalieri, A.N. Zelikin, A.P. Johnston, N. Zaffaroni,

F. Caruso, ACS Nano, 2011, 22, 1335.



NANOMEDICINE: from molecules to diagnosis and therapy P25

Carbon based nanostructures for tissue engineering.

M.L. Terranova a , I.Cianchetta a , V. Guglielmotti a , E. Tamburri a , T. Lavecchia a , M.Rossi b

a Dipartimento di scienze e Tecnologie Chimiche , Universita’ di Roma Tor Vergata, Via della Ricerca
Scientifica 1, 00133, Rome, Italy;
bDipartimento di Scienze di Base e Applicate all’Ingegneria e CNIS, Università di Roma
Sapienza,

Email of presenting author: terranova@roma2.infn.it MINIMA LAB http://Minima.stc.uniroma2.

With the fast growing of tissue engineering, the research of new materials and multimodal
architectures able to substitute or implement human tissues or whole organs, has become of vital
importance. In this context fabrication of micro- and nano-scale scaffolds represents a key task.
However, for biomedical applications, in order to design culture platforms able to improve tissue
reconstruction, composition and structure of the scaffolds must meet strict requirements in terms of
biocompatibility and long-time reliability.
Sp2 and sp3 hybridized carbon materials have the primacy among the materials used in the
nanomedicine field. Diamond has already been proven as a good candidate for bio-implants thanks to
its excellent properties (non-cytotoxic, chemical inertness) [1,2]. Moreover, nanosized diamond
(grains < 10 nm ) revealed exceptional abilities in cell proliferation and differentiation [3].
As regards sp2 carbon, fullerenes, graphite nanoplatelets, carbon nanofibers and nanotubes have been
tested as drug delivery platforms as well as sensing elements and reinforcing agents for bio-devices
[4].
In our lab several different carbon based nanostructures are synthesized by means of Chemical Vapour
Deposition techniques in order to obtain differently shaped substrates (porous, dendritic,
functionalized) to be tested as multivalent architectures for biomedicals applications. In particular,
graphitic dendrimers with various size, shape, branching and surface functionality and nanodiamond
systems are proposed as attractive scaffolds for tissue growth and also for selective attachment of
targeting groups.

Fig. 1 Some examples of dendritic carbon structures

[1]Xiao X, Wang J, Liu C, Carlisle JA, Mech B, Greenberg R, Guven D, Freda R, Humayun MS, Weiland J,
Auciello O: J Biomed Mater Res B Appl Biomater. 77(2):273-81 (2006),
[2]Yang W, Auciello O, Butler JE, Cai W, Carlisle JA, Gerbi JE, Gruen DM, Knickerbocker T, Lasseter TL,
Russell JN Jr, Smith LM, Hamers RJ. Nature Material;1(4):253-7. (2002).
[3]Ying-Chieh Chen, Don-Ching Lee, Chao-Yang Hsiao, Yu-Fen Chung, Huang-Chin Chen, Joseph P. Thomas,
Way-Faung Pong, Nyan-Hwa Tai, I.-Nan Lin, Ing-Ming Chiu, Biomaterials, 30, 3428–3435 (2009)
[4] Huinan Liu, Thomas Jay Webster, Biomaterials 28, 354–369, (2007)
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Biodegradable polymeric nanoparticles, particularly those coated with polymer, have been used as
potential drug delivery devices because of their ability to circulate for a prolonged period time target
a particular organ, as carriers of DNA in gene therapy, and their ability to deliver drug, antibody, and
genes. Chitosan is a natural, biodegradable, biocompatible, linear polymer and has many reactive
functional groups that can serve as anchors for conjugation of therapeutics, targetting ligands, and
imaging agents. The aim of this study is to create the most effective delivery system for anticancer
agents like Doxorubicin, by using chitosan coated magnetic nanoparticles (Cs MNPs). In this study,
CS MNPs were synthesized at four different ammonium ion concentrations. For each synthesis
homogen size distributions were obtained at four different size ranges (6-8 nm (CS MNP-S1), 5-7 nm
(CS MNP-S2), 3-5 nm (CS MNP-S3) and 1-3 nm (CS MNP-S4). Doxorubicin loading and release
efficiencies were studied by using four different types of Cs MNPs. The highest Doxorubicine loading
efficiency was obtained in CS MNP-S1 (around %98) at room temperature in pH 7. 4 buffer. The CS
MNP-S1 has the biggest particle size and largest chitosan amount. Because the Doxorubicine was
loaded on to the chitosan polymer, the highest loading efficiency was obtained in CS MNP-S1. The
drug release studies were done with acidic pH that mimics endosomal conditions. According to results,
approximately 75 % of the loaded drug was released at 6 hours. The remaining 25 % of the loaded
Doxorubicine is continued to be released from the nanoparticles through two days. The Doxorubicin
loading and release were observed most efficiently in CS MNP-S1. The results of this study will
provide new insights to the development of new drug delivery systems for cancer therapy.
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Nanomedicine formulations aim to improve the biodistribution and the target site accumulation of
systemically applied therapeutics. Theranostic nanomedicine formulations offer both the
visualization of drug distribution and drug release at the target site, while the optimized strategy is
both triggered drug release and the prediction and monitoring of therapeutic responses. Example of
such systems is metal nanoparticles, which can be used for both MRI imagining and drug loading.
The goal of this study is preparation of theranostic nanodrug- immobilized superoxide dismutase 1
(SOD1) on magnetic particles surface- and evaluation of changes in enzymatic activity following
exposure to AC magnetic field.

Methods.
First, iron oxide magnetic nanoparticles (MNPs) were coated with mPEG5K-b-PLKC100 block-
copolymer. Second, SOD1 was immobilized on polymer-coated MNPs. MNPs solution (in DI
water) was added dropwise to SOD1 solution (in HEPES, pH 7.4). The unbound enzyme was
removed by size-exclusion chromatography, the MNPs concentrate was washed with HEPES buffer
and reconstituted with 10 mM HEPES buffer, pH 7.4 or 10 mM HEPES-buffered saline, pH=7.4.
The solution was filtered through a 0.2 m Teflon filter. The protein concentration in MNPs was
determined by ICP-MS (by the ratio of Cu to enzyme). The size and surface charge of the
nanoparticles was determined using DLS and NTA. Immobilized enzyme activity before and after
magnetic field application was measured using pyrogallol autoxidation.

Results and discussion.
Salt addition into HEPES buffer confirmed the electrostastic nature of binding between negatively
charged SOD1 (at pH=7.4) and positively charged polymer-coated MNPs.
Size of new formulations was 86,1±0,2 nm and ς-potential (–12,2±0,3) mV. Concentration of 
SOD1 on the surface of MNPs was 3,36 μg/mL. 
Immobilization of SOD1 resulted in decrease in activity. But it’s interesting to note that after field
application activity of enzyme increased. It might be associated with deformation of enzyme and
increasing access to active site of SOD1.

In future studies we would like to optimize the filed strength and/or exposure time to further
increase the enzymatic activity. We will also evaluate the stability of MNPs-SOD1 complex in
vivo.
Investigations were supported by Russian Ministry of Science and Education (grant
№11.G34.31.0004) 
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Biodegradable polymeric magnetic nanomaterials gained importance in biomedical and
bioengineering research such as targeting drug delivery, tissue engineering, cancer diagnosis and
therapy. For targeted drug delivery, the magnetic nanocarriers should have a certain size distribution to
avoid rapid uptake by RES, and be coated with biocompatible, biodegradable polymers to form a
stable dispersion. Poly hydroxy butyrate (PHB) is a nontoxic, biodegradable, biocompatible polymer
and hence is suitable for medical applications. In this study, PHB coated magnetic nanoparticles were
prepared by co-precipitation of iron salts (Fe2+ and Fe3+) by ammonium hydroxide. Doxorubicin
loading and release efficiencies were studied. The drug loading was obtained around 92% at room
temperature in pH 7.2 buffer. The drug loaded magnetic nanoparticles were highly stable (97%) up to
2 months in neutral pH which is the same pH of blood. The drug release studies were done with pH
5.2 and 4.2 that mimics endosomal conditions. The most of the drug was released within first 15 hours
(around 85%). The Doxorubicin loading, stability and release were observed more efficiently in PHB
coated magnetic nanoparticles. The results of this study will provide new insights to the development
of new drug delivery systems for cancer therapy.
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In recent years, magnetic nanoparticles have high importance for cancer therapy. Because, they are
biocompatible, targetable, and small dose requirement. Magnetic nanoparticles in order to be applied
in medical application need to be coated with various polymers. These polymers can be dextran,
chitosan, dendrimer, PLGA, PEG etc. Dextran is a polysaccharide polymer composed exclusively of
a-D-glucopyranosyl units (C6H10O5) with varying degrees of length (n) and branching points (usually
1,3 glucosidic linkages). In this study, IgG antibody modified dextran coated magnetic nanoparticles
(DexMNPs) were synthesized for imaging and cancer therapy. In situ coating method was chosen for
the synthesis of DexMNPs. Then, the fluorescent IgG antibody was linked to these DexMNPs by a
reaction catalyzed by EDC/NHS. Thus, IgG conjugated fluorescent magnetic polymeric nanoparticles
were formed and the resultant IgG-FITC-conjugated dextran coated magnetic nanoparticles were
applied onto cell cultures. Visualization by confocal microscopy indicated that
these antibody conjugated polymeric magnetic nanoparticles may have application potential in
imaging and cancer therapy.
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Magnetic iron oxide nanoparticles (MNPs), being biodegradable and suitable for surface
modifications, are the most prominent class of MNPs for biomedical applications such as magnetic
resonance imaging, magnetic hyperthermia for cancer treatment and tissue-specific delivery of
therapeutic agents. The aim of this study is to investigate the cytotoxicity of different polymers coated
magnetic nanoparticles. For this purpose, dendrimer, chitosan and polyhydroxybutyrate
(PHB) coated MNPs were synthesized via aminosilane modified and coprecipitation methods,
respectively. The breast cancer cell line was exposed to polymers coated MNPs to determine
the toxicity of magnetic nanoparticles during bioapplication. The antiproliferative effects of polymers
coated nanoparticles on MCF-7 cells were evaluated by means of the Cell Proliferation Kit (Biological
Industries) according to the manufacturer’s instructions. Assay was a colorimetric test based on the
reduction tetrazolium salt, XTT to colored formazan products by mitochondria of live cells. As a
result, survival rates indicated that there is no significant cytotoxic effect of the nanoparticles on MCF-
7 cells.
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Glioblastomas are highly aggressive brain tumors of adults with poor clinical outcome. Despite a
broad range of new and more specific treatment strategies, therapy of glioblastomas remains
challenging and tumors relapse in all cases. The blood–brain barrier (BBB) is the most important
limiting factor for the development of new drugs and drug delivery for the central nervous system
(CNS). Different methods have been used to facilitate the transporting of drugs into the brain (1, 2).
Recently, small peptide-vectors have been used to enhance the uptake of several therapeutic drugs into
the brain, and most of them can facilitate transportation safely and efficiently. Zoledronic acic (ZOL)
is a drug used for the treatment of bone metastases and recent data report that beneficial effect of ZOL
may result from a direct anti-tumour activity. One of the most important limits of ZOL is its limited
delivery in tumour tissues and excessive accumulation in the bone. On these bases, there is a need to
develop new ZOL formulations with a lower affinity for bone and a longer half-life in the circulation
that would result in increased probability to affect peripheral tumours. Moreover, the functionalization
of these nanoparticles with transferrin (TRF) could allow their crossing through BBB.
The delivery system consists in self-assembly PEGylated nanoparticles (NPs), based on
calcium/phosphate NPs and cationic liposomes. The preparation conditions were optimized in order to
achieve NPs easily prepared before use, with colloidal dimensions and high ZOL loading. Moreover,
to improve the targeting of ZOL in the brain we designed ZOL-containing NPs (NPs-ZOL)
functionalized with transferrin (TRF) able to bind specific receptors on endothelial cells of BBB. We
have evaluated the effects of NPs-ZOL functionalized or not with transferrin on growth inhibition of
Ln229, U373MG and U87MG glioblastoma cells by MTT assay. The encapsulation in NPs
functionalized with TRF resulted in higher in vitro cytotoxic activity than free ZOL on all three
glioblastoma cell lines. However, the potentiation of anti-proliferative activity of TRF-conjugated
NPs-ZOL was equal (Ln229) or less (U373MG and U87MG) than that one induced by NPs-ZOL not
functionalized with TRF and correlated with TRF receptor expression on tumour cells. On the other
hand, TRF-NPs-ZOL showed a higher antitumor efficacy if compared with that one caused by naked
NPs-ZOL in mice intramuscularly bearing glioblastoma tumors, inducing a significant tumor weight
inhibition (TWI) of 41%, a tumor growth delay (T-C) of 10 days and an increase of ILS (increase of
mice survival) of 23%. Moreover, we have performed interaction experiments with temozolomide
(TMZ), a gold standard for the treatment of glioblastomas, nanoZOL functionalized with TRF or not,
and free ZOL alone and in combination on growth inhibition using, as evaluation method of the
synergism, the dedicated software Calcusyn. The sequences TMZ at the day 1 followed by TRF-NPs-
ZOL or NPs-ZOL or free ZOL at the day 2 were in all cases strongly synergistic in inducing growth
inhibition on glioblastoma cells while the reverse sequence TRF-NPs-ZOL followed by TMZ was
synergistic only in LN229, which expressed TRF receptor at higher levels than U373MG and U87MG.
All other combinations were additive or antagonistic.
Conclusion. These preliminary results showed that the delivery of ZOL by NPs increases the
antitumor efficacy of this drug in glioblastoma cells also in combination with standard cytotoxic
agents. These data strongly warrant further investigations in intracranially injected glioblastoma cells
preclinical models.

1. Pardrige WM. New approaches to drug delivery through the blood–brain barrier. Trends
Biotechnol. (1994) 12 239– 245.
2. Jolliet-Riant P, Tillement JP. Drug transfer across the blood– brain barrier and improvement of
brain delivery. (1999) Fundam. Clin. Pharmacol. 13 16– 26.
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Bone tissues have good regenerative abilities in the human body. One of the most important growth
factors in bone formation and healing are bone morphogenetic proteins (BMPs) (Bessa et al., 2008).
The aim of the study was to evaluate the thermal stability of BMP-2 at single molecule level, using
Molecular Dynamics (MD) approach.

In order to investigate the conformational particularities of BMP-2, the atomic
coordinates of 3BMP.pdb (Scheufler et al., 1999) were obtained from the Brookhaven

Protein Data Bank. The BMP-2 model was minimized, solvated and equilibrated at temperatures
resembling the room temperature (25oC) and human body conditions (37oC). The equilibrated models
were further characterized in terms of conformational properties. The root mean square error obtained
by least squares fitting the BMP-2 models equilibrated at 25°C and 37°C was 5.34 Å indicating
important conformational rearrangements at human body temperature with respect to the room
temperature. Analyzing the results presented in Table 1 one can see that the conformational changes
induced by the temperature are related both to the strands and helices content.

Table 1. Secondary structure details of BMP-2 model equilibrated at 25oC and 37oC

25oC 37oC
Beta sheets 3 antiparallel beta sheets: A with 2

strands (Lys15-Val21; Tyr38-His44), B
with 3 strands (Ile32-Ala34; Leu84-Tyr91;

Val99-Val108) and C with 2 strands
(Cys78-Pro81; Cys111-Arg114)

3 antiparallel beta sheets: A with 2 strands
(Lys15-His17; Tyr42-His44), B with 2

strands (Val80-Leu84; Val108-Gly112) and C
with 2 strands (Ile87-Leu92; Val98-Tyr103)

Strand (%) 40.6 26.4
α-helix (%) 9.4 13.2 
3-10 helix (%) 2.8 0.0

The temperature increase from 25oC to 37oC causes the reduction of the strands and the
increase of helices content within protein structure. Regardless of temperature, the secondary
structure is dominated by the strand motif. The temperature increase from 25 to 37oC causes a
slight decrease of the hydrophobic surface available to the solvent which represents 58-59%
of the total solvent accessible surface of the protein.
The steered MD simulation carried out to stretch the protein up to 10% elongation showed
that BMP-2 exhibits a more rigid behaviour at room temperature. According to our results,
BMP-2 behavior is influenced by small temperature fluctuations.

1. P.C. Bessa, M. Casal, R.L. Reis, Journal of Tissue Engineering and Regenerative Medicine, 2008,
2, 81.

2. C. Scheufler, W. Sebald, M. Hulsmeyer, Journal of Molecular Biology, 1999, 287,103.
Aknowledgments: This research has been supported by the National Research Grant PN-II-PT-PCCA-
140, UEFISCDI.
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