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Since its foundation in 1963 the Laboratory of Biocybernetics has been involved in the study of
interaction between electromagnetic fields (EMFs) and biological systems. This includes both the
investigation of harmful effects of EMFs on organisms and the exploitation of beneficial effects of
EMFs for therapeutic and diagnostic purposes. During the period from the mid-1960s to the end of
the 1970s, the major research topic was Functional Electrical Stimulation (FES). Since 1980s, our
main field of research are the investigations of the influence of electric currents and
electromagnetic fields on the physiological state of cells, tissues, organs, and the body as a whole.
The major direction pursued in our group is cell membrane electroporation with its applications in
biology, biotechnology, and medicine, particularly electrochemotherapy of tumors (ECT) and gene
therapy based on gene electrotransfer (EGT). To gain an insight into the studied phenomena, we
are determining, both analytically and numerically, the distribution of currents and fields within cell
suspensions and tissues. We are also developing the electronic devices for application in these
fields of research, as well as information technology for clinical trials. We are cooperating with
several research institutions and industrial partners from around Europe. Within the CLINIPORATOR
project of the 5th EU Framework (2000-2003), we have collaborated with partners from France,
Belgium, Denmark, Germany, Italy, and Sweden, in developing a prototype of a clinical
electroporator — a device for ECT and EGT in patients. Within the ESOPE project
(www.cliniporator.com) of the 5th EU Framework (2003-2005), we have worked with four medical
and research centers from France, Denmark, Ireland, and Slovenia, in establishing standard
operating procedures for electrochemotherapy and electrogenetherapy. Within the ANGIOSKIN
project of the 6th EU framework (since 2005) we teamed up with partners from France, Belgium,
Italy, Denmark and Germany in developing a system for skin EGT, which is characterized by
delivering the genetic material and electric pulses through hollow needle microelectrodes.
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BILATERAL AGREEMENTS WITH OTHER UNIVERSITIES? (LIST THOSE UNIVERSITIES)
NONE

MAIN BME INTERESTS

e Electroporation and electroporation-based technologies
e Biomedical instrumentation and signal processing

ACTIVE PROJECTS



National

. Research Programme: Electroporation-Based Technologies and Treatments (2009-2014)

e Infrastructure Programme: Network of research infrastructure centers at University of Ljubljana
(2009-2014)

e Center of Competence: Biomedical Engineering (2011-2013)

e New Lipid Model Systems for Determination of Electroporation Basic Mechanisms (2010-2013)

. Drug Delivery Into and Across the Skin by Means of Electroporation, Iontophoresis and
Radiofrequency Heating (2009-2012)

. Development of Methods and Systems for Risk Assessment in Various Target Groups Exposed to
EMF (2009-2012)

o Unifying Method for Generating Milli, Micro and Nanosecond Electropermeabilization Signals for
Effective Gene Electrotransfection (2009-2011)

e  Synthesis of new ruthenium compounds and their application in tumor electrochemotherapy
(2008-2011)

International

e Argentinian-Slovenian Cooperation in Science and Technology: Electrochemo-therapy of
Tumors: Numerical and Experimental Models (2009-2011)

e Austrian-Slovenian Cooperation in Science and Technology: Ruthenium Compounds and their
Possible Applications in Electrochemotherapy (2009-2010)

e Croatian-Slovenian Cooperation in Science and Technology: Numerical Modeling of Electric Field
Distribution in Electrochemotherapy of Esophagus Malignant Tumors (2009-2010)

. French-Slovenian Scientific Cooperation (PROTEUS programme): Optimization of
Electroporation Protocols for Gene Transfection In Vitro (2011-2012)

. French-Slovenian Scientific Cooperation (PROTEUS programme): Electroporation of Planar Lipid
Bilayers; Experimental and Molecular Dynamics Approach (2010-2011)

e German-Slovenian Scientific Cooperation: High Electric Field Diagnostics of Intracellular
Organelles (2005-)

. Romanian-Slovenian Scientific Cooperation: Study of cells electrical properties and functional
status after electroporation (2010-2011)

e USA-Slovenian Scientific Cooperation: Optimization of pulse parameters for electroporation of
cellular organelles (2011-2012)
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COLLABORATION WITH OTHER INSTITUTIONS (OPTIONAL)

Universities:
e Université catholique de Louvain (Brussels, Belgium)
e University of Zagreb (Zagreb, Croatia)
e Universitdt Bielefeld (Bielefeld, Germany)
e Sewanee University of the South (Sewanee, Tennessee, USA)
Research Centers:
e Institute of Oncology Ljubljana (Ljubljana, Slovenia)
e Jozef Stefan Institute (Ljubljana, Slovenia)
e Institut de Pharmacologie et de Biologie Structurale (Toulouse, France)

Medical Institutions:
e Institute of Oncology Ljubljana (Ljubljana, Slovenia)
e Institut Gustave-Roussy (Villejuif, France)
Other (industrial partners):
e Igea S.p.A. (Modena, Italy)
e ISKRA Medical (Ljubljana, Slovenia)



