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1. Preface 

Blood Transfusion Centre of Slovenia, Faculty of Technology and Metallurgy, 

University of Belgrade, Serbia and the National Institute of Biology, Slovenia have 

initiated a series of International Summer Schools (ISS) on different topics in 

biomedicine, biotechnology and biomedical engineering. The schools were aimed to 

be international and interdisciplinary and intended for doctoral students in life as well 

as engineering sciences. From 2008 on the ISS has been occurring annually at the end 

of August in Piran, Slovenia and the subject has always been dedicated to stem cell 

research and application and was recently more focused on the problems of 

regenerative medicine, since the Cell and Tissue Engineering Society of Slovenia 

(CTESS) joined the organization, being the partner also of the 6th International School 

(ISS). This year the subject of the School is dedicated to the particular disease – 

cancer. 

The ISS 2013, entitled "Modern Approaches to Research and Treatment of Cancer" is 

aimed to educate students of biochemistry, biology, biotechnology, pharmacy and 

medicine in the mechanisms of cancer progression and on methodologies in cancer 

research and treatment. Following the traditional scope of previous ISSs we will focus 

on the role of various types of stem cells in cancer progression, which is either host 

protective - due to anti tumourigenic activities of normal tissues, such as 

mesenchymal stem cells - or carcinogenic - due to the initiation of cancer stem cells 

and their de-differentiation into malignant tumour cells. The characteristics of the 

latter will be presented by Rolf Bjerkvig, Jürgen Dittmer, Christel Herold-Mende, 

Tamara Lah Turnšek, Henning Ulrich and also touched upon in discussions by other 

lecturers. 

Tumour infiltrating normal stem cells seem to be crucial to form the tumour tissue 

niches where the cancer stem cells reside and are responsible for various processes, 

like angiogenesis, as presented by Rolf Bjerkvig, and affected by changing the micro-

environmental conditions, as discussed by Sylvia Pastorekova. Also, induction or a lack 

of tumour-associated immune responses by infiltrating stromal cells will be shown by 

Helena Motaln and Giulia Grisendi, supporting possible application of the 

mesenchymal stem cells in cellular therapies. 

The types of tumours, where cancer stem cells have been most investigated, such as 

in brain tumour - glioblastoma, will be presented first by Geoffrey Pilkington and later 

during the course by Rolf Bjerkvig, Helen Fillmore and others. Breast cancer 
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development will be presented by Jürgen Dittmer and the approaches to lung cancer 

treatment by Tanja Čufer. The problems in the early diagnosis of cancer are linked to 

reliable biomarkers as will be stressed by Manfred Schmitt and Janko Kos. Finally 

various approaches to therapy will be touched upon by many authors, for example 

Gregor Serša, discussing the recent novel delivery systems by electroporation. More 

on research methodologies will be presented by Henning Ulrich and experimental 

oncology approaches using animals by Maja Čemažar.  

All these subjects have attracted a number of graduate students from various 

countries all around the World to attend ISS 2013. Te course is also registered at the 

University of Ljubljana as the Teaching course with 5 ECTS credit points.   
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Organizing Committee 
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Kemomed d.o.o., Slovenia 
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4. Programme Overview 

Wednesday, April 24
th

        
 
9.00-15.00 

 
Registration 

15.00-16.00 Opening of the ISS 2013 
 
PLENARY SESSION    
 
16.00-17.00 Tamara Lah Turnšek, National Institute of Biology, Department 

of Genetic Toxicology and Cancer Biology, Slovenia 
Introduction to the ISS Piran 2013: Cancer - The Emperor of All 
Maladies 

17.00-18.00 Geoffrey Pilkington, University of Portsmouth, Institute of 
Biomedical and Biomolecular Sciences, United Kingdom 
Brain Tumours, from Bench to Bedside 

 
18.00-18.30 Project assignment – instructions, formation of interdisciplinary 

groups 
18.30-19.00 Project assignment – meetings of the groups 
 
19.00-20.00 Welcome dinner  
20.00- Social gathering 
 

Thursday, April 25
th

   
 
TUMOUR BIOLOGY I.   Chairs: Tamara Lah Turnšek and Jürgen Dittmer 
 
8.00-9.00 Rolf Bjerkvig, University of Bergen, Norway 

Adaptive mechanisms to anti-vascular therapy 

9.00-10.00 Daniela Cesselli, University of Udine, Italy 
Tumour-supporting Stromal Stem Cells in Low- and High-grade 
Gliomas  

 
10.00-10.30 Coffee break 
 
TUMOUR BIOLOGY II.   Chairs: Helen Fillmore and Rolf Bjerkvig 
 
10.30-11.30 Helen Fillmore, University of Portsmouth, Institute of Biomedical 

and Biomolecular Sciences, United Kingdom 
The Blood Brain Barrier: Its Importance in Cancer Biology 
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11.30-12.30 Silvia Pastorekova, Slovak Academy of Sciences, Institute of 
Virology, Centre of Molecular Medicine, Slovak Republic  
Tumour Cell Adaptations to Hypoxia and Acidosis   

 
12.30-15.00 Time for lunch 
 
15.00-18.00 Workshop by BioTech a.s.: Introduction to In Vivo Imaging 
 
18.00-20.00 Project assignment  
 
20.00- Evening activity 
 

Friday, April 26
th

       
 
TUMOUR MARKERS AND TARGETS   Chairs: Helena Motaln and Henning Ulrich 
 
8.00-9.00 Manfred Schmitt, Technical University of Munich, Department of 

Obstetrics and Gynecology, Germany 
Tumour Biomarkers 

9.00-10.00 Jürgen Dittmer, Martin Luther Universität, Germany 
Subtyping Breast Cancer  

 
10.00-10.30 Coffee break 
 
CANCER AND STEM CELLS   Chairs: Daniela Cesselli and Geoffrey Pilkington 
 
10.30-11.30 Helena Motaln, National Institute of Biology, Department of 

Genetic Toxicology and Cancer Biology, Slovenia 
Dual Role of Stem Cells in Cancer: Inflammation 

11.30-12.30 Henning Ulrich, University of Sao Paulo, Institute of Chemistry, 
Brazil 
Techniques for Determining Cancer and Stem Cell Proliferation 

12.30-13.30 Giulia Grisendi, University-Hospital of Modena and Reggio 
Emilia, Italy 
Inducing Cancer Cell Death By Gene Modified Mesenchymal 
Progenitors 

 
13.30-15.00 Time for lunch 
 
15.00-19.00 Workshop by BioTech a.s.: In Vivo Imaging I. 
 



 
 

10 

 

19.00-20.00 Project assignment 
  
20.00- Evening activity 
 
Saturday, April 27

th
 

 
TRANSLATIONAL CANCER RESEARCH I.  Chairs: Silvia Pastorekova and Gregor Serša 
 
8.00-9.00 Tamara Lah Turnšek, National Institute of Biology, Department 

of Genetic Toxicology and Cancer Biology, Slovenia 
Stem Cell Interactions in Cancer  

9.00-10.00 Tanja Čufer, The University Clinic of Pulmonary and Allergic 
Diseases Golnik, Slovenia 
Lung Tumours and Circulating Tumour Cells (CTCs) 

 
10.00-10.30 Coffee break 
 
TRANSLATIONAL CANCER RESEARCH II.  Chairs: Tanja Čufer and Manfred Schmitt 
 
10.30-11.30 Janko Kos, Institute Jožef Stefan, Department of Biotechnology, 

Slovenia 
Inhibitors of Cysteine Proteases as New Anti-Tumour Drugs 

11.30-12.30 Gregor Serša, Institute of Oncology Ljubljana, Slovenia 
Tumour Treatment by Electroporation Facilitated Drug and Gene 
Delivery 

12.30-13.30 Maja Čemažar, Institute of Oncology Ljubljana, Slovenia 
Animal Experimentation in Cancer Research 

 
13.30-15.00 Time for lunch 
 
15.00-19.00 Workshop by BioTech a.s.: In Vivo Imaging II. 
 
19.00-20.00 Project assignment 
 
20.00- Evening activity 
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Sunday, April 28
th

     
 
EXAM, PRESENTATIONS OF PROJECT ASSIGNMENTS, AWARDS AND CLOSING 
CEREMONY 
 
9.00-10.00 Exam  
 
10.00-10.30 Coffee break 
 
10.30-11.30 Project assignment’s presentations 
 
11.30-12.30 Break 
 
12.30-13.30 Awards, closing of the school 
 
13.30- Farewell lunch 
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5. Abstracts of Lectures 

 

5.1 INTRODUCTION TO THE ISS PIRAN 2013 PART A: CANCER - THE EMPEROR 

OF ALL MALADIES* 

Tamara Lah Turnšek 

National Institute of Biology, Department of Genetic Toxicology and Cancer Biology, Ljubljana, 

Slovenia 

E-mail: tamara.lah@nib.si; www.nib.si 

 
The term cancer is commonly used to cover a wide range of diseases, which share 

some common features, such as the escape of cells in the affected organs and tissues 

from growth control and sustaining proliferative signaling, enabling replicative 

immortality, resisting cell death and inducing angiogenesis, to mention just a few out 

the key hallmarks of cancer (Hanahan and Weinbergand Hanannah, Cell, 2011). Most 

of tumour cells acquire the capacity to spread to other tissue forming metastases, 

which are the actual cause of death in 90% of cancer patients. Cancer incidence is 

increasing worldwide and is becoming the leading cause of death, competing with 

cardiovascular diseases. Due to increased understanding of the etiology and 

progression of cancer at the systemic, cellular and molecular levels, the mortality of 

some types of this disease is drastically decreasing. This is due to a successful 

translation of the basic knowledge into diagnostics, therapy and prevention strategies. 

There is, however, a wide variability between different countries worldwide in cancer 

incidence, due to social and epidemiological factors, such as screening, control plans, 

individual life styles and food consumption, occupational exposures, etc. Thus it is of 

utmost importance that we increase the level of understanding and expertise in 

experimental and translational oncology, to further improve the overall control over 

cancer mortality.  

With the development of basic sciences the insight into the progression of the disease 

is increasing and the steps of cancer progression today seem more complicated and 

less straight, as believed even a decade ago. With the fast development of new 

technologies in molecular biology, biophysics and imaging, as well as in bioinformatics 

and systems biology, new aspects of cancer cell biology and the approaches to 

mailto:tamara.lah@nib.si
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diagnose and eliminate them are appearing. However, it also becomes clear that 

cancer comprise a plethora of diseases and effects many different functions of an 

organism and that is why it was termed an emperor of all diseases. 

 

*according to Siddhartha Mukherjee  
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5.2 BRAIN TUMOURS, FROM BENCH TO BEDSIDE 

Geoffrey J Pilkington  

University of Portsmouth, Institute of Biomedical and Biomolecular Sciences, Portsmouth, 

United Kingdom 

E-mail: geoff.pilkington@port.ac.uk; www.port.ac.uk/brainlab 

Focus of the lecture:  

Types of brain tumour 

Biology of brain tumours 

Therapeutic approaches 

Delivery systems 

 

Tumours, which affect the brain and spinal cord are under-reported, biologically 

complex, varied in nature (over 120 different types are noted) and socio-economically 

devastating in that they can present at any age. These tumours fall into 3 basic 

categories;  

a) Primary: These are tumours which arise from the substance of the brain itself, the 

most frequent group being generically known as glioma, originating from the glial 

cell population of astrocytes, oligodendrocytes, ependymal cells or progenitors 

thereof. They are graded from 1 to 4 whereby grades 1 (only seen in children) and 

2 are considered ‘benign’. However, although they are ‘histologically’ benign, the 

grade 2 tumours might, more appropriately, be considered as ‘biologically’ 

malignant, since they frequently undergo molecular change to recur as malignant 

tumours and any tumour expanding within the bony cranium causes raised 

intracranial pressure with potentially life-threatening consequences if left 

untreated. In adults the most frequent primary brain tumour, glioblastoma 

multiforme, is also the most malignant. In addition, during childhood, the range of 

tumours differs, with the majority being located infratentorially, within the 

cerebellum and brain stem. These include medulloblastoma, the most frequent 

malignant tumour of the brain in this age group. 
 

b) Intracranial (but extracerebral): These are comprised of the meningiomas, 

derived from the covering layers of the brain, and the cranial nerve tumours 

(Schwannoma/neuroma) which are generally benign in nature but which may be 

mailto:geoff.pilkington@port.ac.uk
http://www.port.ac.uk/brainlab
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therapeutically/neurosurgically challenging due to their location and propensity 

for re-growth. 
 

c) Secondary: These are cancers which arise in other parts of the body (commonly, 

lung, and breast cancer and melanoma) and spread via the circulatory system to 

the brain. They carry with them their original histopathological features and are 

frequently multiple in nature. 

Although primary brain tumours very rarely metastasise to distant organs, they have a 

marked propensity for diffuse cellular invasion into the adjacent brain. This 

constitutes a major therapeutic obstacle, since invading tumour cells transiently arrest 

from cell cycle rendering them refractory to radiotherapy. Moreover, while the blood-

brain barrier (a specially configured blood vessel system within the brain), which 

prevents toxins from harming the brain, is damaged within the major mass of 

malignant gliomas (as seen on MRI scan) and permits some level of cytotoxic 

chemotherapy agents into the tumour, the invasive tumour cells are embedded in 

intact B-BB regions and thus protected from such drugs. In addition, glial tumours 

display a high level of cellular heterogeneity, with various neoplastic cell populations 

demonstrating differential chemo- and radio-sensitivity.  

The general pattern of treatment for malignant glioma is surgery, radiotherapy and 

adjuvant chemotherapy using nuclear DNA alkylating agents. This approach has, 

however, offered little improved hope to patients over the past four decades due 

largely to the effectiveness of the DNA damage repair enzyme system inherent in 

glioma cells. Further treatment strategies have involved the use of tyrosine kinase 

inhibitors, monoclonal antibody-mediated radio- and drug therapy and anti-

angiogenesis approaches, while use of mitochondrially-mediated apoptotic agents 

may prove to be of value in due course. Overcoming the obstacle of the B-BB by use of 

stem cells, convection enhanced delivery, nanoparticle drug delivery and virus-

mediated gene therapy also carry high expectation and identification of novel 

therapeutic targets and biomarkers for patient treatment stratification may offer 

further hope.  

Perhaps the most exciting recent developments in neuro-oncology have, however, 

been the identification of molecular profiles which have allowed segregation of 

histologically similar tumours into groups which may be differentially treated to 

increase survival while preserving good quality of life by limiting the toxicity of 

treatments adopted for each group. Medulloblastoma is a prime example of this but 

other types of tumour are following.  
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The likely ‘holy grail’ of finding cures for the various forms of primary brain tumour 

will probably come by the sequential use of multiple treatment strategies informed by 

a sound knowledge of the underlying biology of each tumour in response to individual 

treatments.  
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5.3 ADAPTIVE MECHANISMS TO ANTI-VASCULAR THERAPY 

Rolf Bjerkvig 

The NorLux laboratory, Department of Biomedicine, University of Bergen and The NorLux 

laboratory, Oncology Department, Centre de Recherche Public de la Santé, Luxembourg 

E-mail: rolf.bjerkvig@biomed.uib.no  

Focus of the lecture:  

Angiogenesis and glioblastoma cell plasticity 

Therapy resistance 

Invasion 

Cancer cell metabolism 

 

Glioblastomas (GBMs) are highly vascular tumours and anti-vascular therapy is 

regarded as a promising yet controversial treatment. In theory, VEGF inhibition by 

using the monoclonal antibody, bevacizumab, should cause reduced tumour growth 

with a prolongation of patient survival. Current clinical evidence shows a dramatic 

reduction in tumour contrast enhancement leading to reduced vascular leakage and 

blood vessel normalization. This leads to an increased progression free survival but 

there is little evidence for increased overall survival. Thus, the tumours develop 

mechanisms of therapy resistance. To address mechanisms of resistance, we assessed 

the tumour response to bevacizumab at the phenotypic, physiological, and molecular 

level in clinically relevant intracranial human GBM xenograft models. We show by 

magnetic resonance imaging (MRI) that treatment caused a strong decrease in 

contrast enhancement but with only marginal effects on tumour growth. Histological 

observations revealed a strong reduction of large blood vessels indicating blood vessel 

normalization. Yet, dynamic contrast-enhanced MRI revealed a significant reduction in 

intratumoural blood flow indicating that the treatment did not lead to increased 

perfusion of the tumours. Interestingly we observed a significant increase in tumour 

cell invasion in the treated tumours.   

At the molecular level bevacizumab treatment led to an increase in HIF1α with a 

subsequent increase in lactate and alanine metabolites indicating that the treatment 

induced vascular remodeling leading to a more hypoxic tumour microenvironment. 

This indicates that bevacizumab causes a metabolomic change in the tumours toward 

glycolysis.  
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5.4 TUMOUR-SUPPORTING STROMAL STEM CELLS IN LOW- AND HIGH-

GRADE GLIOMAS  

Daniela Cesselli  

Department of Medical and Biological Sciences, University of Udine, Udine, Italy 

E-mail: daniela.cesselli@uniud.it 

Focus of the lecture:  

Glioma classification: low grade glioma 

 Wide genome analysis 

 Drug discovery approach 

 Stromal cells: identification of putative novel therapeutic targets 

 

Gliomas are the most frequent primitive tumors of the central nervous system and, 

although the cellular origin of gliomas is still unknown, experimental data in mice 

suggest an origin from neoplastically transformed neural stem or progenitor cells. The 

term Low-Grade Gliomas (LGG) includes all World Health Organization (WHO) grade I 

and II gliomas. With respect to high-grade gliomas, LGG grow slowly but about 70% of 

grade II gliomas evolve to anaplasia within 5-10 years. Therefore, the natural course of 

LGG varies considerably and is highly influenced by treatment-independent factors, 

such as age, pretreatment performance score, tumor volume, contrast- enhancement 

on CT/MRI, and tumor histology. Therefore, the management of patients with low-

grade gliomas (LGG) is a challenge, because: 

1) There are not definitive criteria to classify a lesion as at high risk or low risk to 

relapse and/or to progress; 

2) Many of the potential adjuvant treatments can produce or contribute to chronic 

neuro-cognitive function impairment, particularly radiotherapy; these side effects 

are not justifiable in patients that are possibly at low risk of relapse/progression; 

3) With the exception of temozolomide (TMZ), current therapies are mainly 

designed according to previously tested molecules against other types of cancer; 

in fact, novel drugs specifically designed to target LGG are not yet available. 

Researches focused on other cancer types are currently exploiting these issues taking 

advantage of: 1. Wide genome analysis; 2. Drug discovery approaches; 3. 

Identification of putative novel therapeutic targets within the tumor, such as tumor-

mailto:daniela.cesselli@uniud.it
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initiating cells, tumor associated fibroblasts and infiltrating mesenchymal stem cells 

(MSC). 

For LGG all of these topics have been only incompletely explored. While a 

comprehensive genomic characterization defining human glioblastoma genes and 

core pathways is available, this extensive analysis is missing for LGG. What we know is 

that, genetically, the vast majority of LGG are mutated in IDH1, frequently deleted in 

1p19q (oligodendroglioma) or mutated in p53 (astrocytoma). The IDH1 mutation is 

inversely correlated with grade, tightly associated with a 1p19q co-deleted genotype 

and a MGMT methylated status, but mutually exclusive with EGFR amplification and 

loss of chromosome 10. Regarding tumor-initiating cells, they have been isolated 

mainly from high-grade gliomas, while the MSC tropism for glioma has been mainly 

analyzed as a drug delivery tool. No extensive studies are present on LGG-associated 

activated stromal cells. 

In this regard, it is important to notice that increasing evidence indicates that tumor–

stromal cell interactions have a crucial role in tumor initiation and progression. These 

interactions modify cellular compartments, leading to the co-evolution of tumor cells 

and their microenvironment. The stromal elements of tumors are not only an integral 

part of cancer initiation, growth and progression, but they hold prognostic, as well as 

response-predictive, information, and abundant targeting opportunities within the 

tumor microenvironment. It has recently been demonstrated that bone marrow 

mesenchymal stem cells can originate tumor associated stromal cells (named tumor 

associated fibroblast -TAF- or cancer associated fibroblast –CAF-), and that glioma 

stromal mesenchymal stem cells are present in a murine orthotopic glioma model. 

Accordingly, utilizing a method optimized in our laboratory for the isolation of 

multipotent adult stem cells (MASCs) from normal human tissues, we have isolated 

from n=56 human-derived LGG a population of genetically normal mesenchymal stem 

cells possessing all the features of activated stromal elements. 

In this lecture we will explain why the culture of patient-derived cancer cells 

represents a unique opportunity to create in vitro and in vivo models closely 

mimicking the biological properties of the patient tumor, thus allowing a patient-

based approach. Moreover, we will review the literature regarding glioma culture 

describing the results so far obtained, enlightening limitations and envisioning 

promising innovative directions that research is undertaking in this critical field. 
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5.5 THE BLOOD BRAIN BARRIER: ITS IMPORTANCE IN CANCER BIOLOGY  

Helen Fillmore 

Department of Pharmacy and Biomedical Sciences, University of Portsmouth, Portsmouth, 

United Kingdom 

E-mail: helen.fillmore@port.ac.uk 

Focus of the lecture:  

Blood brain barrier and the neurovascular unit 

Biology, pathology and recent achievements in the transcriptome of brain 

endothelial cells 

Role of the blood brain barrier in central nervous system (CNS) metastasis 

Drug delivery to CNS and the blood brain barrier 

 

The blood brain barrier (BBB) is a dynamic functional unit composed of specialized 

endothelial cells, pericytes, and astrocyte endfeet and serves to protect the brain. The 

failure of the BBB structural and functional integrity plays a major role in many CNS 

pathologies. A general overview of the BBB will be followed by a discussion of its role 

in cancer metastasis.  

Brain metastases are extremely common in several systemic cancers, with a far 

greater incidence than primary brain tumours. Advances in modern chemotherapy 

have led to an improved control of non-brain cancers, often with agents that poorly 

penetrate the central nervous system, resulting in an increasing incidence of brain 

metastasis. There are also several types of cancers which have a propensity to go to 

the brain. We will discuss what is known about metastatic cancer cells and their 

interactions with brain endothelial cells and what is known about how these cells 

breach the BBB.  

The blood brain barrier (BBB) is one of the major obstacles in drug delivery and 

renders the brain the least accessible organ to pharmacological compounds. The BBB 

provides a natural defense against toxic or infectious agents between the systemic 

circulation and the brain. This is achieved by the continuous layer of endothelial cells 

joined by complex tight junctions, which seal the blood vessels and prevent the 

passage of molecules. Recent reports on novel strategies to deliver agents to the brain 

will be discussed.    
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5.6 TUMOUR CELL ADAPTATIONS TO HYPOXIA AND ACIDOSIS  

Silvia Pastorekova 

Department of Molecular Medicine, Institute of Virology, Slovak Academy of Sciences, 

Bratislava, Slovak Republic 

E-mail: virusipa@savba.sk 

Focus of the lecture:  

 Tumour microenvironment – hypoxia 

 Tumour cell adaptation 

 Resistance to cancer treatment   

 

Growth of tumour tissue depends on sufficient delivery of oxygen and nutrients. 

Proliferating tumour cells quickly reach distances beyond an oxygen diffusion capacity 

from the nearest blood vessel (100-150µm) and the aberrant tumour vasculature 

makes the oxygen supply even more reduced. This results in the appearance of the 

hypoxic areas with low extracellular pH (acidosis). Chronic exposure of tumour cells to 

severe hypoxia or anoxia often results in their death and development of necrotic 

areas surrounded by the surviving adaptable cells. Adaptations to hypoxia have 

dramatic consequences including acquisition of an oncogenic metabolism, an 

increased frequency of mutations, a higher propensity to metastasize, and a 

resistance to radiotherapy and chemotherapy. Thereby, hypoxia creates the selection 

pressure leading to the clonal expansion of the most aggressive tumour cells. Acidosis 

as an inherent sequel of hypoxia further supports tumour growth and metastasis by 

reducing cell adhesion, increasing migration and invasion, inducing neo-

vascularisation, and enhancing other hypoxia-induced processes. Thus, hypoxia and 

acidosis represent clinically relevant phenomena contributing to cancer progression. 

Reduced oxygen delivery can induce a range of molecular responses primarily 

governed by the oxygen-regulated transcriptional complex called HIF (hypoxia-

inducible factor), which induces a broad palette of genes with effector functions in 

modulating tumour phenotype. Therefore, understanding the molecular machinery 

that regulates and executes tumour cell adaptations to hypoxia (and associated 

acidosis) opens opportunities for development of new diagnostic and therapeutic 

strategies against aggressive tumours resistant to conventional treatment 
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approaches. Several components of this molecular machinery have already entered 

the clinical practice, while the others are undergoing clinical and/or preclinical 

development.    
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5.7 TUMOUR BIOMARKERS 

Manfred Schmitt 

Technical University of Munich, Department of Obstetrics and Gynecology, Munich, Germany 

E-mail: manfred.scmitt@lrz.tum.de 

Focus of the lecture:  

 What is a tumour biomarker?  

 New definitions and roles of biomarkers 

 From bench to bed -applications of biomarkers in clinical oncology 

 

“Tumour biomarkers” is an expression originally reserved for blood-borne 

biomolecules, which are released from primary or metastatic tumor cells into the 

blood stream. The initial hope was that such tumour markers would be specific 

indicators for the onset and progression of the cancer disease. Unfortunately, that 

hope was not fulfilled, none of the existing tumour markers such as CEA, CA125, PSA, 

etc. are considered to be specific for the cancer disease in general, or for a discrete 

tumor entity. Nonetheless, especially the ovarian cancer blood marker CA125 and the 

prostate cancer blood marker PSA (KLK3) turned out to be insufficient tumour 

markers but good disease-controlling markers to monitor disease recurrence and/or 

response to anti-cancer drugs. 

Now that the term "tumour marker" is not a very descriptive one for screening for or 

diagnosis of a cancer disease, or to follow the clinical course of the cancer disease and 

response/failure to cancer therapy, research focus has turned to the so-called cancer 

biomarkers, which are mainly tumor-tissue associated molecules, useful for prediction 

and/or monitoring of the course of a cancer disease (prognosis), for tumor tissue 

imaging or for prediction of response to anti-cancer drugs. Some of the novel cancer 

biomarkers are not only prognostic, predictive, or monitoring markers, they can also 

serve as target molecules to interact with anticancer drugs.  

Examples will be given how to investigate for tumor-tissue associated cancer 

biomarkers by genomic and/or proteomic techniques, including antibody-based 

technologies. There will also be an overview of statistical approaches on how to 

define the clinical impact of certain cancer biomarkers for disease-free, progression-

free, or overall survival. Biobanking is an issue as well; I will describe how to organize 

tumor tissue and related tumour data banks. 
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The most-studied cancer diseases are that of the breast, prostate, gastrointestinal and 

the genito-urological tract. A grading system is available how to define and 

characterize the clinical value of a cancer biomarker, the Level-of-Evidence (LoE) 

system.  
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5.8 SUBTYPING BREAST CANCER  

Jürgen Dittmer 

Department of Gynecology, Martin-Luther-University Halle-Wittenberg, Halle, Germany  

E-mail: juergen.dittmer@medizin.uni-halle.de  

Focus of the lecture:  

Breast cancer subtypes  

Breast cancer stem cells  

Drug resistance  

Stromal cells 

 

Breast cancer is a heterogeneous disease. Subtyping of breast cancer is therefore 

necessary for better therapy decisions. Classical subtyping is performed by 

immunohistochemical analysis allowing three major subtypes to be distinguished. 

Recently, gene expression profiling is applied to further sub-classify breast cancer for 

better prediction of prognosis and drug response. The molecular biology of the 

different subtypes is subject of recent research which hopefully will provide us with 

closer insights in the complex mechanisms of breast cancer initiation and progression. 

Initiation and progression of breast cancer has recently been linked to tumor-initiating 

cells (TICs) with stem-like features. The existence of these highly drug-resistant cells 

not only has changed our understanding of breast cancer development but also forces 

us to develop TIC-specific drugs. Since TICs are suspected to be the major cell 

population to be responsible for metastasis, such drugs may have a profound impact 

on patients’ survival. Matters may be more complicated as TICs are likely to be a 

heterogeneous population. 

Drug resistance is a major challenge in cancer therapy. Drug-induced selection of a 

drug-resistant clone in a heterogeneous tumor is one likely mechanism, the 

development of a protective environment, such as the recruitment of appropriate 

stromal cells, another. In the end, the activation or repression of certain proteins 

and/or signal pathways are key events in the process that de-sensitize cells to drugs. 
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5.9 DUAL ROLE OF STEM CELLS IN CANCER: INFLAMMATION 

Helena Motaln 

National Institute of Biology, Department of Genetic Toxicology and Cancer Biology Ljubljana, 

Slovenia 

E-mail: helena.motaln@nib.si 

Focus of the lecture:  

Tumour associated stromal cells  

 Key players in tumour immune response  

 Immunomodulation by mesenchymal stem cells in glioma 

 

Recently, the inflammation became recognized as an important hallmark of cancer. 

Several tumour stromal cells including mesenchymal stem cells (MSCs), cancer 

associated fibroblasts (CAFs), and progenitors cells of haematopoietic stem cells (HSC) 

such as tumour associated macrophages (TAM), have been established as key 

components of the crosstalk between tumour cells and their microenvironment. 

Central to the role of stromal cells in facilitating/inhibiting tumour growth and 

metastasis is their ability to orchestrate tumour-related inflammation. Numerous 

small molecules including cytokines, which have primarily been associated with 

immune response, have been shown to play a role in this crosstalk. 

Here, we present normal mesenchymal stem cell (MSC) and tumour cell 

communication. The induced expression of cytokines and their receptors is critical for 

tumour and stromal cells’ interactions. MSC and their soluble mediators provide 

multiple complex regulatory signals that modulate the trafficking, differentiation 

status, and function of inflammatory cells in the tumour microenvironment. MSC use 

similar language as immune cells and thus have also the potential to enhance their 

immune reactivity against the tumour by the same token. Understanding the 

mechanisms of tumour cell’s interactions with MSCs and their progenitors - CAFs; and 

recognizing specific cytokines as key players in this cross-talk, could provide the tools 

for more efficient anti-tumour therapies development. 

Such new therapies are urgently needed for the treatment of aggressive cancers of 

which glioblastoma multiformae (GBM) appears most deleterious and currently 

incurable type of brain tumours. So far, the cytokine signalling interference approach, 

using genetically modified MSCs and GBM cells in animal models resulted in better 
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definitions of tumour directed migration and immunomodulatory role of MSCs in 

tumour response. MSCs have already been engineered to express cytokines with 

highly potent anti-GBM effects implicating that the putative tumour-promoting effect 

of co-injected MSCs with GBM, observed in some animal models, can be surpassed 

completely by manipulating the cytokine signalling. MSCs modified for cytokine 

signalling interference therefore hold a great promise for clinical testing. This lecture 

is focusing on cytokines’ involvement in the processes of proliferation, migration, 

immune cell infiltration and immune cell modulation. Additionally, new approaches 

that are using MSCs as cellular vectors for modulating cytokines and cytokine 

receptors’ signalling in cancer, to enhance cell-contact induced expression of 

cytokines and affect tumour progression, will be discussed.  
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5.10 TECHNIQUES FOR DETERMINING CANCER AND STEM CELL 

PROLIFERATION 

Henning Ulrich 

Department of Biochemistry, Institute of Chemistry, University of São Paulo, Brazil 

E-mail: henning@iq.usp.br  

Focus of the lecture:  

Methods in tumour cell analyses: Imaging of neurogenesis 

 Flow cytometry in cancer and stem cell research 

 

The earliest data on cell proliferation were based on manual counting of cells and 

mitotic indices and measurements of total nucleic acid content by UV absorption. 

Then with the introduction of flow cytometry and sophisticated microscopy 

techniques such as fluorescence microscopy and confocal microscopy, specific dyes 

were developed for staining DNA in permeabilised fixed and later on in vital cells.  

Of the many different DNA dyes that have been subsequently used, the most 

important ones are 4,6-diamidino-2-phenylindole (DAPI) and Hoechst excited in the 

UV range and propidium iodide (PI) excited by the blue light of an argon ion laser or a 

mercury or xenon arc lamp. The cited dyes are useful for assaying cell cycle 

distribution and the percentage of proliferating cells in the S or G2/M phase by flow 

cytometry. The mitotic population can be discriminated by using a variation of the PI-

DNA staining method. However, the major advance in flow cytometry assays of cell 

proliferation was achieved by the development of poly- and monoclonal antibodies 

for the thymidine analogue bromodeoxyuridine (BrdU), providing a direct detection 

method for newly synthesized DNA which had incorporated BrdU. The number of 

BrdU-incorporating cells is then quantified as percentage of proliferating cells. 

Combined with PI measurements of cell cycle distributions, this method allows to 

measure proliferation and cell cycle distribution at the same time. In addition to S-

phase labeling of cells in cell cultures and thin sections, BrdU can be given 

intravenously to label proliferating cancer or stem cells in vivo. As an example of the 

important contributions of this method to science, the discovery of stem cells and 

neurogenesis in the adult brain was based on the detection of BrdU in certain brain 

regions. 
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Flow cytometry has also been very useful for the phenotypic characterization of 

heterogeneous cell mixtures containing stem or cancer cells. Emphasis is put on the 

identification of specific antigens, i.e. in order to distinguish tissue-specific stem cells 

from cancer stem cells and to discriminate these against remaining cells in a 

heterogeneous mixture. Although published studies report some possible specific cell 

surface markers, a specific detection assay has not been developed for cancer stem 

cells which are suggested to be responsible for tumor reoccurrence after radiation 

and chemotherapy. For instance, CD133 was originally described as stem cell marker 

of neuro-endothelial progenitors; however, recent studies revealed that CD133 is also 

a selective marker for cancer stem cells of some tumor types. High-throughput multi-

color flow cytometry assays were developed for assaying a variety of cell populations 

based on proliferation and immunophenotypic parameters to overcome the 

mentioned current limitations. 

My lecture will focus on adult stem and cancer stem cell biology as well as on flow 

cytometry methods for measuring proliferation and immuno-phenotyping of these 

cells.  
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5.11 INDUCING CANCER CELL DEATH BY GENE MODIFIED MESENCHYMAL 

PROGENITORS 

Giulia Grisendi 

Department of Medical and Surgical Sciences for Children & Adults, Laboratory of Cell Biology 

and Advanced Cancer Therapies, University-Hospital of Modena and Reggio Emilia, Modena, 

Italy 

E-mail: giulia.grisendi@unimore.it 

Focus of the lecture:  

Delivery systems in cancer treatment: cellular vectors  

 Mesenchymal stem cells as death ligand carriers - "mesenkillers" 

 

In the fight against tumors, gene therapy constitutes a promising approach to 

eliminate cancer cells possibly sparing normal tissues. In cancer gene therapy, 

cytotoxic genes can be transferred directly into tumor cells causing their death; 

alternatively, one can use genetically modified healthy cells as vehicles to deliver 

cytotoxic compounds capable to induce tumor apoptosis (Kidd S., Cytotherapy, 2008). 

Between the possible cellular vectors, we focused our attention on mesenchymal 

stromal/stem cells (MSC). 

MSCs possess all the necessary requirements to be used in drug delivery including: 

easy accessibility from different source (particularly bone marrow and adipose tissue) 

and rapid proliferation in culture; they can be genetically modified to express desired 

gene products and finally they are characterized by poor immunogenicity due to the 

low expression of human leukocyte antigens (HLA) major histocompatibility complex 

(MHC) class I and no expression of co-stimulatory molecules (Uccelli A., Nature 

Reviews Immunology, 2008). 

Moreover, since years, it has been also described the innate tropism of MSC to 

migrate and take part to tumor microenvironment driven by cytokines and 

chemokines released at the tumor site. 

All these evidences suggested that MSC might be valuable sources of bio-molecules 

considered as cyto-pharmaceutical products representing an optimal “Trojan horse” 

to vehicle antitumor molecules into tumor burden inducing tumor cell death from its 

insight. 
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In the last years, we have developed approaches of viral transduction of adipose 

derived (AD) MSC by using vectors encoding for a death ligand belonging to the TNF-

family, such as the TNF-related apoptosis-inducing ligand (TRAIL). 

TRAIL is a promising anticancer molecule belonging to tumor necrosis factor family 

capable to induce apoptosis in a wide variety of human cancers sparing normal 

tissues. Although several studies have shown the anti-tumor activity of recombinant 

human TRAIL, its use in vivo is limited by the short half-life in plasma due to a rapid 

kidney clearance. We were able to overcome these limitations using stably transduced 

AD-MSC as constant reservoir of TRAIL protein. 

AD-MSC armed with TRAIL were able, in vitro, to induce apoptosis in a variety of 

tumor cell lines as well as in primary lung tumor cells. When injected intravenously or 

sub-cutaneusly into mice, AD-MSC armed with TRAIL localized into tumors and 

mediated apoptosis without significant toxicities to normal tissues. Collectively, these 

data provide a novel pre-clinical model of cancer therapy based on adipose derived 

mesenchymal progenitors, providing novel therapeutic tools for still deathly tumors.  
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5.12 STEM CELL INTERACTIONS IN TUMOURS  

Tamara Lah Turnšek 

National Institute of Biology, Department of Genetic Toxicology and Cancer Biology, Ljubljana, 

Slovenia 

E-mail: tamara.lah@nib.si; www.nib.si 

Focus of the lecture:  

Cancer stem cells  

Brain tumours; glioblastoma 

Tumour microenvironment  

Mesenchymal stem cells in tumour therapy 

Systems biology approaches 

 

Monoclonal evolution and tumour specific de-differentiation is an old paradigm, 

which explains tumour cell heterogeneity within a tumour mass. However, the 

concept of cancer stem cell superimposed a new dimension to this theory, resulting in 

a more complex hierarchical model of its evolution. This has drastically changed not 

only the concept of cancer cell origin, but also the model of its progression, which has 

undoubtedly shaken also the concepts of cancer therapy. Presumably, the major 

reason for the failure of chemo- and radiation therapy lies in high resistance of the 

tumour initiating and propagating cells with stem cell characteristics, the latter also 

termed malignant neoplastic stem calls, or cancer stem cells (CSC).  

Here, an example of the most abundant and fatal of all brain tumours, the most 

malignant form of glioma - glioblastoma multiformae (GBM) will be described. Highly 

invasive GBM cell(s) infiltrating deep into the normal brain, prevent successful 

therapy. We are testing the current hypothesis, that these cells may also have GBM SC 

characteristics upon acquiring the migratory properties, in a process similar to the 

epithelial to mesenchymal transition (EMT), studied so far mostly in carcinomas. This 

process and it reversal, mesenchymal to epithelial transition (MET) has been the 

subject of very intensive research recently.  

Another dimension, increasing  the complexity of tumour progression is due to the 

role of tumour micro-environment that was neglected for decades, but is recognised 

today as playing an equally important, if not even a decisive role in glioma 

progression. Malignant tumours are activating their microenvironment and 

mailto:tamara.lah@nib.si


 
 

33 

 

simultaneously responding to the tumour supporting cues of the surrounding tissue – 

the supportive stroma. The interplay between the so called “stromal“ cells, such as 

endothelial cells, infiltrative cells of the immune system (e.g. macrophages) in the 

GBMs may result in promoting tumour progression. Recently, the evidence has 

accumulated that bone marrow derived mesenchymal (BM-MSC) and haematopoietic 

stem cells (HSC) can also infiltrate glioma, presumably with the mission to repair the 

tumour perturbed brain tissue. This, however, is not always successful, resulting in 

promotion of GBM malignancy.  

The complexity of the above mentioned interactions can only be revealed by 

combined approaches of systems biology, using transcriptomics, proteomics and 

metabolomics to measure numerous alterations in the interacting cells. Recent 

achievements, in particular with respect to the interactions of glioma cells and 

mesenchymal stem cells, the so called cellular cross-talk will be discussed. The 

emphasis of this lecture will be on modulation the invasive process of GBM cells.  
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5.13 LUNG TUMOURS AND CIRCULATING TUMOUR CELLS (CTCS) 

Tanja Čufer 

The University Clinic of Pulmonary and Allergic Diseases Golnik, Slovenia 

E-mail: tanja.cufer@klinika-golnik.si 

Focus of the lecture:  

Lung cancer: Classification 

 Circulating tumour cells 

 Molecular markers 

Prospects in therapy 

 

Lung cancer is one of the most common cancers and a leading cause of cancer-related 

deaths worldwide, with non-small cell lung cancer (NSCLC) representing approx. 85% 

of all cases. Using standard, platinum-based chemotherapy, the survival rates of 

NSCLC patients remain poor, with the 5-year survival across all stages of the disease of 

only 12%. In the last few years, great advances have been made in this, up until now 

quite devastating malignant disease, through the recognition of some specific 

mutations that are driving tumor growth and that can serve as targets for therapy. 

Over half of NSCLC have an identifiable driver mutation. So far, major clinical impact 

was achieved by the introduction of epidermal growth factor receptor (EGFR)-directed 

and EML4-ALK fusion gene-directed small molecules, tyrosine kinase inhibitors (TKIs) 

in the treatment of NSCLC. EGFR activating mutations are present in approx. 40% of 

Asian and 15% of Caucasian patients, mainly in females and non-smokers with 

adenocarcinoma histology, while EML4-ALK fusion gene (alk-met translocation) is 

present in approx. 5% of patients, mainly in younger population of non-smokers with 

EGFR wild- adenocarcinomas. As demonstrated in five large prospective trials (IPASS, 

NEJ002, WJYOG 3405, OPTIMAL and EURTAC trial) high rates of response rates (up to 

83%) and median PFS rates (up to 13 months) with a remarkable median OS rates up 

to 30 months, can be achieved by EGFR-directed TKIs (gefitinib, erlotinib and/or 

afatinib). By using another targeted therapy, namely ALK-directed drug crizotinib, 

similar response rates (up to 65%) with median PFS up to 18 months and median OS 

up to 22 months can be achieved in population of ALK-mutated NSCLC patients. The 

results one can never reach by using chemotherapy in unselected population of 

advanced NSCLC. Multiple other drugable targets such as KRAS, MET, ROS1, BRAF and 

PI3K mutations are being already addressed in clinical trial. 
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While the recent discoveries are making a difference in mostly adenocarcinomas 

compared to squamous cell carcinomas, and never or light smokers compared to 

heavy smokers, there is optimism that through lung cancer genomic characterization 

potential molecular targets will soon be found for squamous-cell NSCLC as well.  
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5.14 INHIBITORS OF CYSTEINE PROTEASES AS NEW ANTI-TUMOUR DRUGS 

Janko Kos 

Faculty of Pharmacy, University of Ljubljana & Department of Biotechnology, Institute Jožef 

Stefan, Ljubljana, Slovenia 

E-mail: janko.kos@ffa.uni-lj.si 

Focus of the lecture:  

Cysteine proteases & cancer 

Endogenous cysteine protease inhibitors 

Design and synthesis of cysteine protease inhibitors 

In vitro and in vivo screening of new inhibitors 

Delivery systems for cysteine protease inhibitors 

 

To date, 561 genes encoding for proteases have been identified in the human 

genome. Among them 148 genes encode for cysteine proteases including a group of 

eleven lysosomal cysteine proteases, also called cathepsins. They exhibit different 

expression patterns, levels and specificities, all of which contribute to their differential 

physiological roles. Some of them, like cathepsins B, H, L and C, are ubiquitous in 

tissues, whereas others (cathepsins S, V, X, O, K, F and W) are expressed by specific 

cell types. Cysteine cathepsins were long believed to be responsible for terminal 

protein degradation in the lysosomes, however, this view has changed dramatically 

when they have been found to be involved also in a number of other important 

cellular processes and pathologies. The biological activity of cathepsins in the 

organism is regulated by naturally occurring inhibitors: cystatins, thyropins and a 

general protease inhibitor alpha2-macroglobulin. However their use has been limited 

by non-selectivity for different cathepsins. A significant effort has been made over the 

past 20 years to develop synthetic, selective cathepsin inhibitors, however, only a few 

are currently available, due to the high degree of similarity in the primary S2 

substrate-recognition pocket of these proteases. Synthetic cathepsin inhibitors can, in 

general, be divided into reversible and irreversible. The majority of known reversible 

inhibitors are transition-state analogues containing electrophilic carbonyl groups and 

include peptidyl aldehydes, trifluoromethyl ketones, methyl ketones, α-ketoacids, α-

ketoesters, α-ketoamides, α-keto-β-aldehydes and diketones. The group of 

irreversible inhibitors is comprised of: peptidyl epoxysuccinyl, aziridine, 1,2,4-

thiadiazole, acyloxymethylketone, epoxide, vinyl sulfone cathepsin inhibitors, α,β-
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unsaturated carbonyl derivatives, azapeptide, hydroxamate, β-lactam and 

organotellurium (IV) cathepsin  inhibitors. 

Virtual high-throughput screening (VHTS) is an emerging drug discovery technology 

that may contribute the new knowledge on cathepsin inhibitors. Structure-based 

virtual screening requires computational fitting of compounds into the active site of a 

receptor (docking), followed by the scoring and ranking of the compounds to identify 

potential hits. In our research this approach was used for search of new inhibitors of 

cathepsins X and B. In particular, nitroxoline, an established antimicrobial agent, 

emerged as a potent reversible inhibitor of cathepsin B with significant antitumour 

activity in vitro and in vivo. On the basis of enzyme kinetics and X-ray crystal structure 

analysis of nitroxoline/cathepsin complex a novel mechanism of protease inhibition 

was proposed.  

Delivery systems, capable of transporting a drug to the site of action, enable 

additional improvement of anti-tumour therapy. Several strategies have been 

explored to deliver a drug to a specific site; of these, nanoscale liposomes and 

polymeric particles appear to be the simplest approach. Polymeric nanoparticles have 

the potential to enhance the therapeutic efficacy of drugs as they can regulate their 

release, improve their stability and prolong circulation time by protecting the drug 

from elimination by phagocytic cells or premature degradation. They can selectively 

target different cells due to cell specific ligands which can be bound to the particle 

surface. The application of poly(lactide-co-glycolide) copolymeric nanoparticles 

(PLGA), which are not toxic and are biodegradable, for delivery of cysteine protease 

inhibitors to tumour cells, will be presented in this lecture.  
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5.15 TUMOUR TREATMENT BY ELECTROPORATION FACILITATED DRUG 

AND GENE DELIVERY  

Gregor Serša  

Department of Experimental Oncology, Institute of Oncology Ljubljana, Ljubljana, Slovenia  

E-mail: gsersa@onko-i.si 

Focus of the lecture:  

Electroporation/electropermeabilization 

Electrochemo- and electrogene therapy 

Treatment: melanoma and other tumors 

 

Electroporation or electropermeabilization is known as a tool for drug and gene 

delivery into the tumors. The first preclinical studies demonstrated that exposure of 

tumors to electric pulses can increase the uptake of chemotherapeutic drugs; 

predominantly of those that have hampered or limited diffusion or carrier mediated 

transport into the cells. In vitro studies have shown that bleomycin (BLM) or cisplatin 

(CDDP) uptake into the cells can be increased from 1000 to several 10 folds, 

respectively. In vivo, up to two fold increase of the drug uptake was demonstrated in 

the tumors, either in the whole tumors, or the drugs bound to DNA. These first results 

encouraged the field to continue with the investigations for the refinement of the 

treatment parameters. 

The preclinical studies were translated into the clinic, both in human and veterinary 

medicine. The parameters elaborated in preclinical studies were demonstrated to be 

effective in treatment of melanoma, sarcoma and carcinoma tumors. Treated were 

cutaneous and subcutaneous tumors, with approximately 80% success rate, and 

approximately 70% complete responses lasting also up to several years. Currently 

clinical studies are ongoing, also for treatment of bigger cutaneous tumors and for 

treatment of deep seated tumors, either in subcutis, bones or in the liver.   

Another application of electroporation is introduction of nucleic acids into the tissues; 

like tumors, muscle or skin. The introduction of nucleic acids, due to their size and 

negative charge is more difficult, because it needs their attachment to the cell 

membrane and then their introduction into the cells. The mechanism is not fully 

understood, however currently it is known that for specific tissue specific electrical 
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parameters are needed. Especially difficult is the transfection of tumors (electrogene 

therapy) where either several long electric pulses are needed or one high voltage 

pulse to permeabilize the tumor and thereafter several low and long electric pulses in 

order to electrophoretically drag the nucleic acid into the cells. The latter are more 

appropriate for muscle transfection, and for the skin either of these electric pulses 

protocols can be effective.  

Electrogene therapy in oncology is also in the clinical stage of testing. It has been used 

in treatment of tumors of small animals like dogs and also horses, with significant 

effect, demonstrating the feasibility and effectiveness of this treatment. However, the 

treatment has been translated also into the human clinic; the latest report by Daud et 

al. 2009 has demonstrated that treatment of melanoma tumor nodules in patients 

that have progressive disease is effective and the patients have significant benefit of 

it. In Slovenia we also participated in the first gene therapy trial on melanoma patients 

using antiangiogenic gene coding plasmid. 

Based on these data is to foresee that electroporation as a physical method of drug 

and gene delivery is promising and with further development may find the way in its 

broader clinical practice.  
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5.16 ANIMAL EXPERIMENTATION IN CANCER RESEARCH 

Maja Čemažar 

Institute of Oncology Ljubljana and University of Primorska, Faculty of Health Sciences, Slovenia 

E-mail: mcemazar@onko-i.si 

Focus of the lecture:  

Experimental systems: from in vitro to in vivo  

 3R principle 

 Modern technologies in animal experiments 

 

Animal experiments are of great importance for the cancer research. The use of 
laboratory animals in oncology is carried out in the exploration of carcinogenesis 
(study of the biological mechanisms that lead to cancer), identification of potential 
carcinogenic agents in the environment and testing of new therapies on the 
experimental tumor models. Even though many in vitro and also molecular and 
biochemical test were developed, animal testing is still needed for the launch of a 
clinical trials. These studies involve the conformation of the therapy efficacy on a 
specific tumor model; they give the insight into the drug metabolism and its normal 
tissue toxicity and serve as the basis for the determination of maximum tolerated 
dose in the phase I clinical trial. 

As in other field of research, also in oncology the 3Rs principle (reduction, refinement 
and replacement) is strictly followed. In line with 3Rs, non-invasive small animal 
imaging modalities have been developed and are constantly being improved. 
Conventional imaging methods were based on histological analysis that required 
many animals at numerous time points and laborious preparations of samples. New 
modalities enable us to follow the biological processes in the same live animal during 
long time period and also that each animal can serve as its own control. These 
methods include non-invasive whole body animal imaging modalities such as micro 
positron emission tomography (microPET), micro single-photon emission computed 
tomography (microSPECT), magnetic resonance imaging (MRI), combination of 
PET/MRI, micro computed tomography (microCT), fluorescence and bioluminescence 
optical imaging and ultrasound. The advantages and drawbacks of these methods will 
be presented in the lecture. Furthermore, intravital microscopy enables imaging of 
single cell or subcellular level in living animals. This can be achieved either by using 
specific animal species, such as Zebra fish or using different surgical procedures, for 
example dorsal window chamber preparation in mice, which will be presented in 
more details.  
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Although new techniques and material conditions enable implementation of 3Rs, one 
should always take into account that experimental animals with cancer demand 
specific animal observation, monitoring and care. Furthermore, special attention 
should be paid to the planning of the experiments (pilot studies, statistical 
counselling, staff training, and appropriate documentation), prediction and 
recognition of the side effects, determination of pain and stress degree, knowledge of 
tumour biology, choice of humane procedures, and constant survey of animals, 
documentation and publications.   
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