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No prerequisites.

Objectives and Contextualisation

The objective of this course is to give a broad overview of how nanotechnology is impacting medicine and
biomaterials. Brief basic concepts in nanomedicine and biomaterials will be detailed at the beginning of the
course. Following the introduction, the course is divided in four main sections: Nanotoxicology, Drug delivery,
Imaging and Tissue Engineering.

Finally information of research clusters and facilities around UAB will be facilitated.

Skills

® Analyse the research results to obtain new products or processes evaluating their industrial and
commercial viability for transfer to society.
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Apply the principal physical and chemical methods of preparation and synthesis of materials and
nanomaterials

Demonstrate a mastery of scientific technology and develop skills for arguing the research results in the
context of scientific production to understand and interact effectively with other professionals.
Demonstrate knowledge of the basic structure of materials, nanomaterials and their properties

Possess and comprehend knowledge that offers the basis and opportunity to be original in the
development and/or application of ideas, frequently in a research context

Students must be capable of integrating knowledge and dealing with the complexity of formulating
judgements on the basis of incomplete or limited information, including considerations of the social and
ethical responsibilities associated to the application of their knowledge or judgements

Students must possess learning abilities to enable them to continue studying in a way that will to a large
extent have to be self-managed and autonomous

Students should know how to apply the knowledge acquired and their capacity for resolution to
problems in new or little known environments in broader (or multidisciplinary) contexts related with their
field of study

Learning outcomes

1. Analyse the differences among different systems of liberation of drugs
2. Analyse the research results to obtain new products or processes evaluating their industrial and
commercial viability for transfer to society.
3. Define the concepts of biocompatibility and toxicity of nanomaterials
4. Demonstrate a mastery of scientific technology and develop skills for arguing the research results in the
context of scientific production to understand and interact effectively with other professionals.
5. Describe how to carry out bioconjugation and what it is for
6. Describe the concept of biomineralisation and the role of the different components in play
7. Describe the different types of sensors for medical diagnoses based on nanotechnology and analyse
their action mechanism
8. Describe the methods used for encapsulation of drugs
9. Describe the most important characteristics for designing materials for tissue regeneration
10. Describe the principles of tissue engineering
11. Describe the techniques for obtaining biosensors with the best results using nanomaterials and
nanoelements
12. Describe the typologies of biomaterials on the basis of their composition, structure and function.
13. Interpret the role of the different types of nanoparticles in medical analysis
14. Possess and comprehend knowledge that offers the basis and opportunity to be original in the
development and/or application of ideas, frequently in a research context
15. Recognise the role of the particle size in bioavailability
16. Students must be capable of integrating knowledge and dealing with the complexity of formulating
judgements on the basis of incomplete or limited information, including considerations of the social and
ethical responsibilities associated to the application of their knowledge or judgements
17. Students must possess learning abilities to enable them to continue studying in a way that will to a large
extent have to be self-managed and autonomous
18. Students should know how to apply the knowledge acquired and their capacity for resolution to
problems in new or little known environments in broader (or multidisciplinary) contexts related with their
field of study
Content

1. Concepts and Generalities in Nanomedicine and Biomaterials:

A general section which will give to the students the basic concepts and methodologies used in Nanomedicine
and Biomaterials.

a) Biological modification of surfaces, concepts: Laura Carrascosa - 2h
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Biological elements of interest in Nanomedicine: DNA, RNA, proteins (antibodies), virus, bacterias and cells
.Immobilization of biological elements for the development of novel biomaterials and nanomedicine tools

b) Preparation of materials for nanomedicine and biomaterials: Nora Ventosa - 2h

In order to achieve optimal performance of nanomedicines, a tight control over their structural characteristics at
micro, nano, and supramolecular scale is required. Concepts related to bottom-up and top-down strategies
most commonly followed for the preparation of nanomedicines and biomaterials with defined structural
characteristics will be presented. Special emphasis will be given to the scalability and regulatory aspects of the
preparation procedures.

Preparation of materials using Biology: Neus Ferrer Miralles 2h

Nanomaterials produced in biological systems. Advantages and disadvantages over chemical synthesis.
Natural andgenetically modified materials. Recombinant proteins as biopharmaceuticals. Eukaryotic and
prokaryotic protein expression systems. Cellular inclusions: biolopymers, polymeric nanoparticles,
magnetosomes and self assembling proteins.

¢) Characterization of materials in nanomedicine: Victor Puntes- 2h

The biological matrix is complex and tracing how nanomaterials evolve in it is key. Characterization
fisico-chemical of materials involving techniques as photonic and magnetic probes or mass spectroscopy, and
functional characterization describing in vitro , in vivo and clinical tests. Concepts described will be inorganic
signatures of nanomaterials and nanokinetics in biological systems.

2. Nanotoxicology Victor Puntes 4h

Does the nanoform of a substance entail an increased toxicity? How the biological activity of nanometarials
may become dangerous? How nanomaterials can act as pro-toxins? Which is the balance between intended
-primary- and undesirable -side- effects of nanomaterials in medicine? These questions will be addressed in
the context of intended and unintended use of nanomaterials.

Drug delivery
Micro and nanostructured materials for drug delivery : Jaume Veciana 2h

A general overview of the main micro- and nanostructured materials used for passive and active drug delivery
will be presented. Special emphasis will be given to conjugation of Active Pharmaceutical Ingredients (APIs) to
"smart" nanocarriers, which are stimulus sensitive nanocarriers, and to the integration of molecules that bind to
over-expressed antigens or receptors on the target cells in structured materials, as a successful strategy for
achieving active nanomedicines.

- Case study: Nanocarriers as an emerging platform for cancer therapy: Nora Ventosa 2h

Cancer remains one of the world's most devastating diseases; with more than 10 million new cases every year.
However, mortality has decreased in the past two years owing to better understanding of tumors biology and
improved diagnostic devices and treatments. Using cancer as a model disease, in this session will be reviewed
the recent achievements in the design and synthesis of nanocarriers and molecules that can selectively target
tumours. The challenges in translating some of the basic research to the clinic will be highlighted.

Gene therapy: Esther Vazquez 2h

Definition of gene therapy. Different strategies for the transport of nucleic acids. Nucleic acid binding. Specific
entrance into the cell. Endosomal escape. Intracellular trafficking. Transport into the nucleus. Factors to
consider in designing a vehicle for gene therapy. Case Study: Design of a protein nanoparticle directed to
metastatic cells in colorectal cancer.

4. Biosensors for Diagnostic

From Macro-micro to nanosensing devices in nanomedicine- Laura Carrascosa 4h



Nanomedicina i Biomaterials 2012 - 2013

Introduction to Biosensors: Biosensors in hanomedicine. The biosensing principle.Types of biosensors.
Nanotechnology to generate novel transduction systems. Nanotechnology to multiplex the analysis.
Nanodeposition systems, nano-in-situ immobilization and nano-scaled biosensing arrays platforms

From Microsensors to hano-sensors: Nanotechnology to increase sensitivity. Strategies of signal amplification
Nanotechnology to decrease sample requirements: nanochannels and nanopores to detect molecules in
confined spaces, single-molecule detection methods

Lab-on-a-chip and point-of care devices: What is point of care; What is lab-on-a-chip and how to achieve it;
Miniaturization; Towards biosensing inside the body and inside the cell

Case study and visit to the Nanobiosensors and Bioanalytical applications group lab at CIN2 research center:
Laura Carrascosa (2h)

Students will have the opportunity to see several biosensing platforms and how they work to develop
applications devoted to nanomedicine. They will also perform a practical case of label-free detection of a DNA
sequence using a biosensor.

5. Tissue Engineering 4h
Biomaterials for Tissue Engineering Ana Lopez

The objective of this course is to provide an insight into the area of biomaterials and tissue engineering. It will
be show the importance of the preparation of these materials in the nanoscale.

This course will include the study of the chemical nature of the biomaterials, from inorganic to organic, as well
as polymeric materials. Thus, it will be show an introduction to biomineralization, bioceramics and bone
generation, giving examples such as generation of nano-hydroxyapatite.

From the point of view of polymeric biomaterials, it will be study the chemical composition and function of
synthetic biodegradable and no-biodegradable polymers.

Regarding the development in biomaterials, special attention will be focus on Tissue engineering, where it will
be explained the direct use of a material within a biological system. It will be describe the need and general
aspects of the topic. It will include the study of the biomaterials used for tissue engineering (natural and
artificial). Introduction to the term scaffold, properties and characteristics of scaffolds andprinciples of scaffold
design, scaffold architecture, and techniques of fabrication.

- Case study and visit totheBiomaterial Processing and Nanostructuring Unit of CIBER-BBN at the ICMAB of
CSIC: Santi Sala (2h)

A practical example of preparation of nanomedicines using compressed fluids will be presented. Equipment for
processing of materials using compressed fluids is in the techniques portfolio of this instrumentation platform
unit.

6. Imaging
Magnetic nanoparticles as contrast agents and cell tracking:Anna Roig 3h

Fundamentals to diagnostics imaging modalities (Positron Emission Tomography, Computed Tomography,
Magnetic Resonance Imaging, Optical Imaging, Ultrasounds). Basic working principles and comparision of the
medical imaging modalities

Nanomaterials as contrast agents and multimodal imaging probes
Facilities at the UAB and CIBER BBN platforms forNanomedicine and Biomaterials: 2h Silvia Lope

Visit to the NMR facility at the UAB. Basic magnetic resonance imaging (MRI) concepts for detection of MRI
contrast agents will be explained and images of a prepared phantom composed of contrast agents at different
concentrations will be obtained in a Bruker BioSpec 7 tesla MR scanner.
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Case Study MRI and visit to MR facility: Silvia Lope 2h

7.Nanomedicine and Biomaterials conclusions. 1h

Nanoparticles in translational medicine; diagnosis, therapy and biological barriers.
Antonio Villaverde

Types and chemical nature of nanoparticles of biomedical value. Applications in diagnosis and imaging.
Therapeutic potential in drug delivery. Pharmacokinetics, biodistribution, clearance and biological barriers.
Toxicology concerns at organic and environmental levels.

Methodology
- Lectures of each topic by the professors assigned.
- Practical classes at the laboratories.

- Projects and readings to be conducted individually or in group.

- Oral presentation of a research paper and the projects.

Activities

Title Hours ECTS Learning outcomes

Type: Directed

Lectures 37.5 1.5 1,3,4,5,6,7,8,9,10, 11, 12, 13, 15, 16

Type: Supervised

Preparation lectures 7.5 0.3 2,4,14, 16, 18

Type: Autonomous

Preparation lectures and study 103 4.12 14, 16, 17,18

Evaluation
40% Oral exposition of a research paper for 8 min following of 2 min of questions by the evaluation panel.

Research paper: Each student will chose a paper from the list provided the first day of class. The paper can’t
be repeated. The selection of the paper must be communicated to the coordinator, and she will confirm it to the
student.

Evaluation panel: Professors of the block. Professors will evaluate the presentation skills, understanding of the
topic and the questions answered.

It is not necessary to provide any written work.
40% Multiple choice exam.

It will consist of 16 questions about general concepts of the subject. Each question correctly answered
contributes (0.625 points) to the final mark. Each unanswered or incorrect question will penalize with (0.2
points).

20% Class participation.
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Evaluation activities

Title Weighting Hours ECTS Learning outcomes
Class participation 20% 0 0 2,4,14, 16, 17, 18
Exam 40% 1 0.04 1,3,4,5/6,7,8,9, 10, 11, 12, 13, 15, 16
Oral presentation of a research paper 40% 1 0.04 2,4,14,16,17,18
Bibliography

Preparation of materials using biology:

Rodriguez-Carmona E, Villaverde A. (2010) Nanostructured bacterial materials for innovative medicines.
Trends Microbiol. 9:423-30.

Ferrer-Miralles, N. et al. (2009) Microbial factories for recombinant pharmaceuticals. Microb. Cell Fact. 8,
17.

Xiang, L. et al. (2007) Bacterial magnetic particles (BMPs)-PEI as a novel and efficient non-viral gene
delivery system. J. Gene Med. 9, 679-690.

Preparation of materials for nanomedicine and biomaterials

Steed, J.W., Turner, D.R. and Wallace, K.J., Core concepts in supramolecular chemistry and
nanochemistry, John Wiley & Sons, Ltd, Chichester (England), 2007.

Rajagopal, K. and Schneider, J.P., Self assembling peptides and proteins for nanotechnological
applications, Current Opinion in Structural Biology, 14 (2004) 480 486.

Whitesides, G.M. and Boncheva, M., Beyond molecules: Self-assembly of mesoscopic and macroscopic
components, Proceedings of the National Academy of Sciences of the United States of America, 99 (2002)
4769-4774.

Owen R. Davies, Andrew L. Lewis, Martin J. Whitaker, Hongyun Tai, Kevin M. Shakesheff b, Steven M.
Howdle, Applications of supercritical CO, in the fabrication of polymer systems for drug delivery and

tissue engineering, Advanced Drug Delivery Reviews 2008 ,60, 373-387
Nanotoxicology

Bastus, N.G., Casals, E., Vazquez-Campos, S. and Puntes, V. Reactivity of Engineered Inorganic
Nanoparticles and Carbon Nanostructures in Biological Media. Nanotoxicology, 2(3), 99-112, 2008.

Casals, E., Vazquez-Campos, S., Bastus, N.G. and Puntes, V. Distribution and potential toxicityof
engineered inorganic nanoparticles and carbon nanostructures in biological systems. Trendsin
Analytical Chemistry. 27 (8), 672-683, 2008.

Pilar Rivera Gil, Gunter Oberddrster, Alison Elder, Vctor Puntes,Wolfgang J. Parak. Correlating
Physico-Chemical with Toxicological Properties of Nanoparticles: The Present and the Future. ACS
Nano 2010 4(10), 5527-5531.

Biofunctionalization

Cobley CM, Chen J, Cho EC, Wang LV, Xia Y. Gold nanostructures: a class of multifunctional materials
for biomedical applications. Chem Soc Rev. 2011 40(1):44-56.



Nanomedicina i Biomaterials 2012 - 2013

Veerapandian M, Yun K. Functionalization of biomolecules on nanoparticles: specialized for
antibacterial applications. Appl Microbiol Biotechnol. 2011;90(5):1655-67.

Seker UO, Demir HV. Material binding peptides for nanotechnology. Molecules. 2011;16(2):1426-51.

Rother D, Sen T, East D, Bruce 1J. Silicon, silica and its surface patterning/activation with alkoxy- and
amino-silanes for nanomedical applications. Nanomedicine (Lond). 2011;6(2):281-300.

Wattendorf U, Merkle HP. PEGylation as a tool for the biomedical engineering of surface modified
microparticles. J Pharm Sci. 2008;97(11):4655-69.

Biosensors

Chaki NK, Vijayamohanan K. Self-assembled monolayers as a tunable platform for biosensor
applications. Biosens Bioelectron. 2002 Jan;17(1-2):1-12.

Samanta D, Sarkar A. Immobilization of bio-macromolecules on self-assembled monolayers: methods
and sensor applications. Chem Soc Rev. 2011;40(5):2567-92.

Frasconi M, Mazzei F, Ferri T. Protein immobilization at gold-thiol surfaces and potential for biosensing.
Anal Bioanal Chem. 2010;398(4):1545-64.

Lu B, Smyth MR, O'Kennedy R. Oriented immobilization of antibodies and its applications in
immunoassays and immunosensors. Analyst. 1996;121(3):29R-32R.

Donzella V, Crea F.Optical biosensors to analyze novel biomarkers in oncology.
J Biophotonics. 2011 ;4(6):442-52.

Jong Bum Leea, Michael John Campolongo, Jason Samuel Kahn, Young Hoon Roh, Mark Richard Hartman
and Dan Luo. DNA-based nanostructures for molecular sensing. Nanoscale, 2010, 2, 188-197

Alvarez M, Carrascosa LG, Zinoviev K, Plaza JA, Lechuga LM. Biosensors based on cantilevers. Methods
Mol Biol. 2009;504:51-71.

Merkoci A. Electrochemical biosensing with nanoparticles.FEBS J. 2007 ;274(2):310-6.

Chen Z, Zhang X, Yang R, Zhu Z, Chen Y, Tan W. Single-walled carbon nanotubes as optical materials
for biosensing. Nanoscale. 2011 May;3(5):1949-56.

Velasco-Garcia MN. Optical biosensors for probing at the cellular level: a review of recent progress and
future prospects.Semin Cell Dev Biol. 2009 ;20(1):27-33.

lost RM, da Silva WC, Madurro JM, Madurro AG, Ferreira LF, Crespilho FN.Recent advances in nano-based
electrochemical biosensors: application in diagnosis and monitoring of diseases.Front Biosci (Elite Ed).
2011 ;3:663-89.

Drug Delivery

Patrick Couvreurl and Christine Vauthier, Nanotechnology: Intelligent Design to Treat Complex Disease,
Pharmaceutical Research, 2006, 23, 1417-1448

Rupa R. Sawant and Vladimir P. Torchilin, Liposomes as 'smart' pharmaceutical nanocarriers,Soft Matter,
2010, 6, 4026-4044

Duncan, R.; Nanoparticle therapeutics: an emerging treatment modality for cancer, Nature Rev. Drug.
Discov. 2003, 2, 347

Frank Alexis, Eric M. Pridgen, Robert Langer, and Omid C. Farokhzad; Nanoparticle Technologies for
Cancer Therapy; Drug Delivery, M. Schéfer-Korting (ed.); Handbook of Experimental Pharmacology 197,



Nanomedicina i Biomaterials 2012 - 2013

Springer-Verlag Berlin Heidelberg, 2010
Gene therapy:

Mastrobattista E, van der Aa MA, Hennink WE, Crommelin DJ. Artificial viruses: a nanotechnological
approach to gene delivery. Nat Rev Drug Discov. 2006 Feb;5(2):115-21.

Medina-Kauwe LK, Xie J, Hamm-Alvarez S.Intracellular trafficking of nonviral vectors.
Gene Ther.2005 Dec;12(24):1734-51.

Riehemann K, Schneider SW, Luger TA, Godin B, Ferrari M, Fuchs H. Nanomedicine--challenge and
perspectives.Angew Chem Int Ed Engl.2009 48(5):872-897.

Imaging:

Liu et al Advanced Nanomaterials in Multimodal Imaging: Design, Functionalization, and Biomedical
Applications, Journal of Nanomaterials, Volume 2010, Article ID 894303, 15 pages doi:10.1155/2010/894303

Rodriguez and Chen, Borsook et al (ed) Imaging in CNS Drug discovery and Development; Implication for
Disease and Therapy. Molecular Imaging: Basic Approaches.

Rodriguez, E. and Chen, J. W. "MRI Imaging Agents" Molecular Imaging: Principles and Practice published
by BC Decker.

Laurent et al Magnetic Iron Oxide Nanoparticles: Synthesis, Stabilization, Vectorization,
Physicochemical Characterization and Biological Applications. Chem Rev 2008, 108, 2064-2110.

Villaraza et al Macromolecules, dendrimers, and nanomaterials in magnetic resonance imaging: the
interplay between size, function and pharmacokinetics Chem Rev 2010, 110, 2921-2959.

Bardhan et al. Theranostic Nanoshells: From Probe Design to Imaging and Treatment of Cancer

ACCOUNTS OF CHEMICAL RESEARCH ' 936-946 ' 2011 ' Vol. 44, No. 10 Published on the Web 05/25/2011
www.pubs.acs.org/accounts 10.1021/ar200023x &2011 American Chemical Society

Tissue Engineering:
"Introduction to biomaterials". Editor: Donglu Shi. Tsinghua University Press. World Scientific 2005.

"Principles of Tissue Engineering". Editedby: Robert Lanza, Robert Langer and Joseph Vacanti. 2007
Elsevier Inc.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mastrobattista%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20der%20Aa%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hennink%20WE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Crommelin%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/pubmed/16079885?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16079885?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.pubs.acs.org/accounts

