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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan, all in 
English)  

Project title:  Purinergic signaling in glioma – in vitro studies on pathological mechanisms and 

therapeutic potential 

1.1. Project goals  

The main aim – disclosing the potential of purinergic compounds in human glioma therapy, will be 

achieved by below listed particular goals: 

 screening of different human glioma cell lines and cell cultures derived from patients in 

terms of purinergic signaling influence on their proliferation and differentiation 

 controlled induction of glioma cells differentiation using purinergic compounds 

(nucleotides, nucleosides, receptors and enzymes) 

 assessing the in vitro effects of tailored, combined chemotherapy based on the use of 

purines together with temozolomide and retinoic acid in glioma patients samples 

1.2. Outline  

 Gliomas represent the most aggressive and difficult to treat brain tissue primary tumors 

that originate from glial cells [1]. Surgical interventions in brain are extremely risky, while the 

presence of the blood-brain barrier drastically limits the list of effective chemotherapeutics. 

Temozolomide is currently the most commonly used drug, but the long-term temozolomide 

monotherapy leads to selective pressure and survival of resistant cancer cells [1,2]. These 

aggressive and low differentiated tumor stem cells with increased proliferative potential are the 

main reason for the inefficiency of glioma treatment. One of the currently evaluated strategies is 

the controlled differentiation of proliferating glioma cells. The synchronization of cell cycles 

within the tumor and decrease in their proliferative potential can be promoted by the use of 

retinoic acid [3]. This drug used in combination with temozolomide was reported to give synergic 

therapeutic effect; unfortunately, not without severe side effects [4]. 

  Purinergic signaling components (nucleotides, nucleosides, receptors, enzymes) contribute 

significantly to the modulation of physiological and pathological processes as cell proliferation, 

differentiation, inflammation, immune response, and apoptosis in all human cells and tissues [5,6]. 

Recently, they have emerged as important factors underlying cancer cells invasive potential. Thus, 

purinergic pathways controlling cell proliferation, survival and death can be effectively 

harnessed as targets for purine-based anti-cancer therapy. Several studies showed the inhibitory 
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effect of ATP on the proliferation of cancer cells of the intestine, esophagus, skin, lungs, cervix, 

prostate, bladder, glia or melanocytes [7]. On the other hand, the excessive amount of ATP 

released from damaged cells during radio- or chemotherapy can increase the rate of tumor cell 

proliferation, and promote the formation of a metastatic microenvironment [7,8]. Antagonists of 

purinergic receptors as well as some ecto-enzymes (nucleotidases) can inhibit ATP-dependent 

processes [9]. However, reducing the concentration of ATP in the tumor environment leads to 

adenosine production, that triggers permanent immunosuppression and promotes metastasis. 

The lack of unambiguous results suggest that the effect of purines on cancer cells may be 

associated with cancer type or even depend on individual tumor features, and thorough studies 

are still required in this field.  

 We assume that purinergic compounds could also be exploited to overcome glioma cells 

resistance to chemotherapy and to increase the efficiency of pharmacological approach. 

Preliminary results of our research group indicate that nucleotides (ATP) and P2X7 receptor 

agonists (e.g. bzATP) increase the efficiency of neurogenic differentiation and are potent 

modulators of cell proliferation [10,11]. The lowered expression of P2X7 receptor in some gliomas 

is responsible for their resistance to ATP-induced cell death, and hypoxic conditions in tumor niche 

upregulate adenosine P1 receptors, promoting proliferation and migration of glioma cells [12,13]. 

As the pleotropic effects of purines seem to be dependent on cellular context and 

microenvironment, the promising purine-based therapeutic approach must be thoroughly 

studied in vitro. The meticulous screening of different human glioma cell lines and cell cultures 

derived from patients is required to disclose specific pathological mechanisms and therapeutic 

potential of purinergic signaling in glioma. 

1.3. Work plan 

 In vitro culture of glioma cell lines and samples derived from patients 

 Molecular and biochemical characterization of purinergic compounds in glioma cells 

 Assessment of purinergic signaling influence on cell proliferation and differentiation 

 Evaluation of differentiation efficacy in glioma cultures through molecular markers 

expression analyses 

 Functional tests (viability, apoptosis, invasive properties) confirming the influence of 

purinergic compounds combined with chemotherapy on glioma 
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1.5. Required initial knowledge and skills of the PhD candidate 

 knowledge on biochemistry, cytophysiology and cell culture 

 basic understanding of chemistry 

 understanding of biochemical and molecular biology techniques 

 analytical thinking and skills 

 open to challenging tasks and creative 

 hard-working person, eager to learn 

1.6. Expected development of the PhD candidate’s knowledge and skills 

 innovative thinking 

 ability to plan and organize laboratory work 

 skilled in novel scientific techniques 

 ability to solve research problems 

 ready to work in international research group 


