
biology.med.muni.cz/phd-program

INTERNATIONAL PhD CONFERENCE
       in Biomedical Sciences 

 

  

  PhD Conference

 
  03 - 05th November

 
                     2021

 Brno, MU Campus

 

 

       Book of Abstracts



1 
 

ABSTRACTS OF SPEAKERS 

 

1. New roles of pattern recognition receptor-induced transcription factor 
signalling in monocyte responses 

Andrejčinová I.1,2, De Zuani M.1, Hortová Kohoutková M.1, Bosáková V.1,2,  

Bendíčková K.1, Frič J.1,3 

1International Clinical Research Center, St. Anne’s University Hospital, Brno, Czech Republic 

2Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

3Institute of Hematology and Blood Transfusion, Prague, Czech Republic 

 

Detection of microbial structures through pattern recognition receptors (PRRs) is crucial for proper 

function of innate immune cells, including monocytes. Efficient immune response and clearance of 

microbial pathogens requires strictly regulated cooperation of PRR-induced transcription factors (TFs). 

While a number of studies have demonstrated the contribution of nuclear factor of activated T-cells 

(NFAT) to myeloid cell responses, the exact role of NFAT in transcriptional program in activated 

monocytes is still unknown. 

We have analyzed the transcripts regulated by NF-κB and NFAT in stimulated monocytes, enriched 

from the blood of healthy donors. Using commercial kits for flow cytometry, we optimized intracellular 

flow cytometry (IC-FC) protocol in order to show the translocation of NFAT in monocytes from 

cytoplasm to nuclei upon various stimuli. Based on the mRNA expression analysis in zymosan 

stimulated monocytes, we hypothesized that NFAT co-regulates some immune response genes 

including CSF2, TNF and PTX3, but not IL6. Using IC-FC method, we identified non-classical monocytes 

as the major NFAT2-expressing subset. Preliminary results obtained from TF activity assessment 

indicate that this high-throughput method could be a valuable tool for studying TF pathway activation 

in the cell subset of interest. Further studies will aim to identify NFAT2 regulated genes and interaction 

partners.  
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2. Cellular and molecular interaction of MAIT cells in mucosal tissues and their 
role in inflammatory bowel disease 

Veronika Bosáková1, 2, Marco De Zuani2, Jan Frič2, 3 

1International Clinical Research Center, St. Anne's University Hospital Brno, Czech Republic 

2Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

3Institute of Hematology and Blood Transfusion, Prague, Czech Republic 

 

Inflammatory bowel disease (IBD) manifests as chronic inflammation and is characterized by a 

deregulated immune response. The identification of the cellular immune players involved represents 

a major approach unraveling the pathogenesis of IBD and may suggest new therapeutic strategies. 

Recently, MAIT cells have been identified as a possible key player in IBD. Activated MAIT cells produce 

cytokines including IL-26, a newly discovered cytokine involved in the pathology of IBD. IL-26 is not 

expressed in mice and therefore its effect on the course of inflammation has not been yet sufficiently 

investigated.  

Our laboratory described a model of intestinal inflammation based on human iPSCs-derived gut 

organoids. I would like to follow up on this research and my main goals are: 1) to create a model of IBD 

using organoids 2) to optimize methods of organoid dissociation and to use it to describe cellular 

subpopulations 3) to use the model to explain the effect of IL-26 on the course of inflammation 4) 

isolate human MAIT cells 5) by in vitro activation of MAIT cells to describe specific molecular pathways 

that may be involved in the pathology of IBD 6) co-cultivation of organoids with MAIT cells and 

description of their interaction.  
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3. The role of microRNA and protein-coding genes in the biology of neural stem 
cells 

Veronika Fedorová1, Kateřina Amruz Černá1, Veronika Pospíšilová1, Jan Raška1, Tomáš Bárta1, Marek 

Mráz2,3, Dáša Bohačiaková1,4 

1Department of Histology and Embryology, Faculty of Medicine, Masaryk University, Kamenice 3 62500 Brno  

2Central European Institute of Technology, Masaryk University, Brno, Czech Republic. 

3University Hospital Brno, Brno, Czech Republic  

4International Clinical Research Center (ICRC), St. Anne’s University Hospital, Brno, Czech Republic. 

 

Small non-coding RNAs (miRNAs) are powerful regulators of gene expression. In human embryonic 

stem cells (hESCs), they have been directly linked to the maintenance of self-renewal and 

differentiation [1]. However, the role of miRNA in these fundamental stem cell properties of neural 

stem cells (NSCs) and their interplay with transcription factors, has not yet been sufficiently described 

despite their importance in development and disease. Therefore, our study aims to characterize the 

role of miRNA and transcription factors in NSCs’ specific phenotype. 

To this date, we have performed miRNA and mRNA sequencing of hESCs, NSCs and differentiating 

neurons, and selected candidate miRNAs with presumably important role in the self-renewal of NSCs. 

We have subsequently generated lentiviral vectors to manipulate their expression. Experiments are 

ongoing to analyze their effect on the self-renewing and differentiation properties of NSCs. Preliminary 

results suggest that one of these candidate miRNA families, miR-17-92, is directly regulated by C-MYC 

in our non-tumorigenic NSCs. Additionally, our data also point to an interesting observation that only 

a small selection of specific seed sequences seem to regulate the stem-cell specific properties, 

irrespectively of stem cell identity. 

 

[1] Card DA, Hebbar PB, Li L, Trotter KW, Komatsu Y, Mishina Y, Archer TK. Oct4/Sox2-regulated miR-302 targets 

cyclin D1 in human embryonic stem cells. Mol. Cell. Biol. 2008 Aug; 28, 6426–6438. doi:10.1128/MCB.00359-08 
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4. Physiological oxygen levels together with FGF2 direct human pluripotent 
stem cells energy metabolism towards epigenetic landscape maintenance 

and enhancement of pluripotency by downregulation of ROS 

Petr Fojtík1,2, Martin Šenfluk1, Kateřina Holomková1, Anton Salykin1, Petr Skládal3, Ondřej Peš4, Jana 

Gregorová4, Kateřina Schrammová1, Miriama Krutá1, Stjepan Uldrijan1, Vladimír Rotrekl1,2  

1Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

2International Clinical Research Center (ICRC) at St. Anne’s University Hospital, Brno, Czech Republic 

3Department of Biochemistry, Faculty of Science, Masaryk University, Brno, Czech Republic 

4Department of Biochemistry, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

 

To this day in vitro cultivation of human pluripotent stem cells (hPSCs) poses challenges as they 

manifest inter- and intra-line variability in their competence to differentiate to a specific cell type. 

Therefore, the ability to increase their differentiation potential is vital for in vitro studies and 

regenerative medicine. Some of the factors that contribute to hPSCs pluripotency are Fibroblast 

growth factor 2 (FGF2), physiological oxygen levels (5% O2) and aerobic glycolysis. 

In this study, we describe that FGF2 activates pyruvate dehydrogenase (PDH) at 5% O2, stimulating the 

TCA cycle and respiration. Our data indicate that Acetyl-CoA produced by activated PDH serves as a 

substrate for histone acetylation and we show that this epigenetic modification results in increased 

expression and protein levels of pluripotency marker Nanog. We further demonstrate that increased 

levels of reactive oxygen species (ROS) inhibit pyruvate dehydrogenase phosphatase 1 (PDP1), leading 

to phosphorylation and deactivation of PDH, and that FGF2 keeps ROS downregulated at 5% O2, 

allowing the activation of PDH and production of Acetyl-CoA for histone acetylation. Targeting these 

processes and modulating hPSCs epigenetics through energy metabolism during in vitro cultivation 

might significantly improve our current cultivation protocols and enhance utility of hPSCs for research 

and medicine. 
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5. Histone variant macroH2A1.1 enhances DNA repair and reprogramming 
efficiency of human iPSCs 

Sebastiano Giallongo1,2, Daniela Řeháková1,3, Fedor Nikulenkov2, Tommaso Biagini4, Oriana Lo Re1, 
Priyanka Raina6, Gabriela Lochmanová7, Zbyněk Zdráhal7,8, Igor Resnick5, Pille Pata9,10, Illar Pata9, Martin 
Mistrík11, João Pedro de Magalhães6, Tommaso Mazza4, Lumír Krejčí1,2,8, Irena Koutná1,3,12, Manlio 
Vinciguerra1,5 

1International Clinical Research Center, St. Anne's University Hospital, Brno, Czech Republic; 

2Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic; 

3Centre for Biomedical Image Analysis, Faculty of Informatics, Masaryk University, Brno, Czech Republic; 

4Laboratory of Bioinformatics, Fondazione IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Italy; 

5Department of Translational Stem Cell Biology, Research Institute of the Medical University of Varna (RIMUV), 
Varna, Bulgaria; 

6Integrative Genomics of Ageing Group, Institute of Ageing and Chronic Disease, University of Liverpool, Liverpool, 
United Kingdom; 

7Central European Institute of Technology, Masaryk University, Brno, Czech Republic; 

8National Centre for Biomolecular Research, Masaryk University, Brno, Czech Republic; 

9Department of Chemistry and Biotechnology, Tallinn University of Technology, 12618 Tallinn, Estonia; 

10IVEX Lab, Akadeemia 15, 12618 Tallinn, Estonia; 

11Laboratory of Genome Integrity, Institute of Molecular and Translational Medicine, Faculty of Medicine and 
Dentistry, Palacky University, Olomouc, Czech Republic; 

12Department of Histology and Embryology, Faculty of Medicine, Masaryk University, Brno, Czech Republic. 

 

Genome integrity maintenance is essential for the generation of induced pluripotent stem cells (iPSC). 
In this respect, increasing DNA damage repair (DDR) could improve the efficiency of iPSC 
reprogramming. However, how DDR is orchestrated during somatic cell reprogramming has not been 
fully understood. We evaluated the splicing isoforms of histone variant macroH2A1, macroH2A1.1 and 
macroH2A1.2, as potential regulators of DDR. MacroH2A1 splicing isoforms were introduced in HepG2 
cells as mtagGFP tagged proteins and isolated using GFP-trap, to pin down putative binding partners. 
Using liquid chromatography tandem mass spectrometry, we identified Poly-ADP Ribose Polymerase 
1 (PARP1) and X-ray cross-complementing protein 1 (XRCC1) as macroH2A1.1 exclusive interacting 
partners. MacroH2A1.1 overexpression as mCerulean3 tagged protein in U2OS-GFP reporter cells 
enhanced prominently Non-Homologous End-joining (NHEJ) DNA repair pathway. MacroH2A1.1 
Knock-out in mouse embryonic fibroblasts (MEFs) increased their basal DNA damage levels. We 
confirmed the exclusive interaction of macroH2A1.1, but not macroH2A1.2, with PARP1/XRCC1 in 
Human Umbilical Vein Endothelial Cells (HUVEC) undergoing cell reprogramming towards iPSCs. 
MacroH2A1.1 overexpression as 6His-tag protein enhanced HUVEC DDR, thus improving iPSCs 
reprogramming. Overall, our results highlight the role of macroH2A1.1 as an epigenetic target to 
improve iPSC genome stability and therapeutic potential. 

 

 



6 
 

6. Characterization of pathogenic Escherichia coli isolates and their possible 
treatment by bacteriocinogenic probiotics 

Hrala M.1, Bosák J.1, Šmajs D.1 

1Department of Biology, Faculty of Medicine, Masaryk University 

 

Pathogenic E. coli causes infections ranging from traveler´s diarrhea to life threatening extraintestinal 

infections. Intestinal colibacterioses spread mainly in children from countries with low hygienic 

standards. Additionally, spreading of pathogenic E. coli in livestock breeding presents worldwide 

problem, which significantly affects the economy of food producers. Pathogenic bacteria evolved 

various abilities to colonize diverse environment in the host with success, e.g. presence of virulence 

factors and also bacteriocinogeny. 

The aim of this study was to characterize pathogenic E. coli from human and livestock. To determine 

what characteristics are important in pathogenicity, the set was compared with characteristics of 

commensal E. coli of the same origin. Presence of virulence factors differed among E. coli isolated from 

various origins and pathologies as well as their bacteriocinogeny, suggesting a possible role of certain 

bacteriocins in pathogenesis. Moreover, part of the pathogenic strains was tested for their 

susceptibility to different types of bacteriocins in order to find most promising combination active 

against certain pathotype. Finally, three commensal E. coli strains with specific bacteriocin production 

were selected based on previous results. Their activity towards pathogenic E. coli causing diarrhea was 

successfully proven in piglet model. 
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7. Morphological and immunohistochemical study of HNSCC focused on 
perineural invasion - a single institutional study with five year follow up 

Hurník P.1,2,3, Štembírek J.4, Ševčíková T.2, Chyrá Z.2, Moldovan-Putnová B.5, Čermáková Z.6, Buchtová 
M.5 

1Institute of Pathology, University Hospital Ostrava, Ostrava, Czech Republic 

2Faculty of Medicine, University of Ostrava, Ostrava, Czech Republic 

3Department of Histology and Embryology, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

4Department of Oral and Maxillofacial Surgery, University Hospital Ostrava, Ostrava, Czech Republic 

5Institute of Animal Physiology and Genetics, Czech Academy of Sciences, Brno, Czech Republic 

6Department of Oncology, University Hospital Ostrava, Ostrava, Czech Republic 

 

Head and neck carcinoma (HNSCC) is a carcinoma with squamous differentiation arising from mucosal 

epithelium. It affects oral cavity, mobile and fixed tongue and oropharynx. It represents the 6th most 

common cancer in the world. 

We retrospectively analyzed 487 patients with HNSCC who underwent curative surgery with bilateral 

cervical block dissection in period 2006-2016. We focused on evaluation of stage, nodal status, PNI, 

BVI and LVI. Moreover, we added new parameters such as the worst pattern of invasion [1], tumor 

budding and lymphocyte infiltration. 

Most of our cases exhibited 4th degree of WPOI (212 cases). PNI was present with an increasing 

frequency of classification WPOI (3:12,9%, 4:26,9% 5:55,6%). Tumor budding correlated with incidence 

of PNI, where 85% of HNSCC with PNI developed HG budding. Brisk (49,5%) and non-brisk (42,9%) 

immune response manifested by TIL correlated with these morphological signs.  

Moreover, we analyzed expression of BerEP4, SOX2, Oct3/4, BDNF, TrkB, Laminin and CD44 in samples 

with perineural invasion. Loss of laminin expression was observed in all affected nerves of our samples. 

In several cases, nuclear positivity of SOX2 was detected. Next, we plan to focus on the association of 

these factors expression pattern to the stage and morphology of PNI. 

 

[1] Brandwein-Gensler M, Teixeira MS, Lewis CM, Lee B, Rolnitzky L, Hille JJ, et al. Oral squamous cell carcinoma: 

histologic risk assessment, but not margin status, is strongly predictive of local disease-free and overall survival. 

Am J Surg Pathol 2005; 29(2):167–178. PMID: 15644773 
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8. Increasing complexity of lung organoids as tissue models 

Václav Chochola1,2, Ivana Aćimović1,2, Barbora Olivová1, Ariel Szklanny3, Anna Golunova4, Vladimír 

Proks4, Hana Kotasová1, Aleš Hampl1,2, Josef Jaroš1,2 

1Department of Histology and Embryology, Faculty of Medicine, Masaryk University, Brno 

 2Cell and Tissue Regeneration, International Clinical Research Center, St. Anne's University Hospital Brno 

3Department of Biomedical Engineering, Technion-Israel Institute of Technology, Haifa, Israel  

4Institute of Macromolecular Chemistry AS CR, Prague 

 

Organoid culture allows in vitro recapitulation of developmental processes of various types of tissue, 

including lung tissue. The majority of current protocols however omits the vasculature, despite its 

importance for the tissue from both functional and developmental perspective. 

Our goal is to create more complex model of lung tissue, where lung epithelium could develop along 

with the vasculature. We perform in vitro vascularization of various hydrogels in 3D, with the ability to 

control the parameters of created endothelial network. We culture organoids consisting of lung 

progenitor cells, in which we specifically focus on branching, as a dominant morphological change 

relevant for lungs. We are able to print complex 2D or 3D structures with cell-laden hydrogels to 

control spatial organization of cells in our co-culture models. 

Here we present the current state of our aim – to combine these three approaches into one tissue 

model. Such model would be especially useful for studying the interaction between the lung epithelium 

and endothelial cells, and their involvement in morphogenetic and developmental process of human 

lungs. 
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9. Utilization of microfludic chip for formation of uniform cerebral organoids 
from pluripotent stem cells 

Mário Kandra2, Josef Jaroš1, 2, Vincent Jongen1, Aleš Hampl1, 2 

1Department of histlogy and embryology, Faculty of Medicine, Masaryk University 

2Cell and tissue Regeneration, The International Clinical Research Centre (FNUSA-ICRC), St. Anne’s University 

Hospital in Brno 

 

Organoids dramatically increased changed the field for creating models with 3D cellular organization 

allowing recapitulating biological properties of human tissues or organs. Weak methodological point 

is initial formation of cell spheroids which suffer from labor-intensive manipulation, continuity of 

medium exchange, as well as non-uniform size of spheroids and final divergence of organoids. 

Microfluidics is very promising platform to overcome these disadvantages. Due to automation, 

microfluidic systems are capable of continual medium flow in spatial and temporal domains, which 

allows to create better controlled microenvironments as well as apply lower amount of medium, 

In this work, we present microfluidic chip for cultivation of biological structures. On the basis of a 

concave microwell-based PDMS multilayer chip, it enables a parallel perfusion culture of large amount 

of cell aggregates. Upon in silico simulations, we optimized chip designs and characterized several 

specific conditions in a microwells including sufficient nutrient exchange in all microwells. We 

characterized cell behaviour of pluripotent stem cells such as proliferation rates, morphology of 

spheroids and differentiation during long-term cultivation in these microfluidic devices. All these 

information we use for creating of microfludic system with automatic perfusion to form and 

cultivativate cerebral organoids.  
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10.  Acceptor splice sites recognition through SRSF1 binding at the intron-exon 
border 

Tatiana Kováčová1,2, Přemysl Souček1,2, Pavla Hujová1,2, Tomáš Freiberger1,2 and Lucie Grodecká 1 

1Molecular Genetics Laboratory, Centre for Cardiovascular Surgery and Transplantation, Brno, Czech Republic 

2Faculty of Medicine, Masaryk University, Brno, Czech Republic 

 

Acceptor splice sites (3'ss) are usually recognized through U2AF heterodimer. Its smaller subunit 

(U2AF35) interacts with sequence at the intron-exon border of the majority of exons and mediates 

contact with the splicing enhancers bound by SR proteins during the spliceosome assembly [1, 2]. In 

addition, previous studies demonstrated that not all 3'ss are dependent on U2AF binding [3]. 

Therefore, additional mechanisms of the 3'ss recognition have been proposed. In this study, we 

analysed hypothesis that some 3'ss may be recognized directly by splicing regulator SRSF1 bound to 

splicing enhancers at the intron-exon border. 

Minigene assay of our model exons and their variants, BRCA2 exon 12 and VARS2 exon 17, indicated 

that the exon recognition better correlated with the predicted SRSF1 binding affinity than to the 3'ss 

quality assessed as predicted 3'ss strength or U2AF35 consensus. The knockdown experiments showed 

that both SRSF1 and U2AF35 were involved in the 3'ss recognition of model exons and, additionally, 

the RNA affinity purification confirmed the SRSF1 binding to our model 3'ss. These results suggested 

that SRSF1 bound to model 3'ss while U2AF35 may or may not bind to the 3'ss sequence. Overall 

understanding of the 3'ss recognition may contribute to determine the detailed mechanism of the 

splicing regulation. 

 

[1] Graveley, B.R.; Hertel, K.J.; Maniatis, T. The role of U2AF35 and U2AF65 in enhancer-dependent splicing. RNA 

2001, 7, 806–818. 

[2] Kralovicova, J.; Knut, M.; Cross, N.C.P.; Vorechovsky, I. Identification of U2AF(35)-dependent exons by RNA-

Seq reveals a link between 3′ splice-site organization and activity of U2AF-related proteins. Nucleic Acids Res. 

2015, 43, 3747–3763, doi:10.1093/nar/gkv194. 

[3] Shao, C.; Yang, B.; Wu, T.; Huang, J.; Tang, P.; Zhou, Y.; Zhou, J.; Qiu, J.; Jiang, L.; Li, H.; et al. Mechanisms for 

U2AF to define 3′ splice sites and regulate alternative splicing in the human genome. Nat. Struct. Mol. Biol. 2014, 

21, 997–1005, doi:10.1038/nsmb.2906. 
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11.  Differentiation of pluripotent stem cells using odontoblasts-specific 
transcription factors  

Josef Lavicky1, Tomas Barta1, Vendula Fridrichova1, Lucie Peskova1, Ales Hampl1, Jan Krivanek1 

1Department of Histology and Embryology, Faculty of Medicine, Masaryk University, Brno, CZ 

 

Teeth are made of three types of tissue: dental pulp, enamel and dentin. Tooth’s morphology, function 

and mechanical properties are determined by dentin, which is the most abundant hard dental tissue. 

While being indispensable, dentin has only a very limited reparative regenerative capacity. Currently, 

there are no widely used dental treatments utilizing native biological mechanisms for facilitating tissue 

regeneration or reparation. Additionally, attempts to obtain odontoblasts – the dentin producing and 

repairing cells in vitro remain generally unsuccessful, likely due to their highly specialized, postmitotic 

phenotype. We designed a novel approach of direct differentiation of pluripotent stem cells into 

odontoblasts by harnessing developmental trajectories constructed using single-cell RNA-seq data 

from mouse continuously growing incisor. Here we show the changes in the expression patterns of 

mouse pluripotent stem in response to overexpression of several, recently described, odontoblast-

specific transcription factors after both short- and long-term exposure using qPCR and 

immunohistochemistry. We anticipate our results to highlight the role of the overexpressed 

transcription factors in odontoblast development (differentiation) and introduce their possible 

utilization in regenerative dentistry. 
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12.  CAR T-cells for neuroblastoma treatment 

Viktor Lukjanov1, 2, Irena Koutná1, 2 

1Department of histology and embryology, Faculty of Medicine, Masaryk University 

2Cell and Tissue Engineering Facility, ICRC, Saint Anne´s faculty hospital 

 

CAR T-cells (Chimeric Antigen Receptors T-cells) are genetically modified T-cells able to target virtually 

any existing protein structure located at any cell within organism. This ability can be utilized in targeting 

the tumor-specific antigens of the cancer cells and in elimination of these cells. Majority of existing 

research focus on the blood cell malignancies (lymphomas, multiple myelomas, etc.), therefore 

application of this technology on the solid tumors is yet to be expanded into clinical practice. 

Disialoganglioside GD2 is an antigen expressed on several types of tumors (neuroblastoma, melanoma) 

with only minor expression in the healthy tissues. These properties and number of potential patients 

makes the GD2 a promising target for the CAR T-cell therapy. Main goal of this research is to establish 

and optimize the production and quality control testing of GD2 specific CAR T-cells under current Good 

Manufacturing Practice (cGMP) rules in clinically clean environment at Cell and Tissue Engineering 

Facility.  
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13.  Temporal changes in the genetic diversity of treponemal strains in Papua 
New Guinea 

 

Monica Medappa
1
, Petra Pospíšilová

1
, Oriol Mitja

2
, Camila Gonzalez-Beiras

2, David Šmajs
1
 

 

1
Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

2
Barcelona Institute for Global Health, Hospital Clínic, University of Barcelona, Barcelona, Spain 

 

Yaws is one of the diseases responsible for afflicting children of Papua New Guinea (PNG) with 

exudative skin ulcers. The WHO-initiated yaws eradication program aims to achieve success by 2030 

[1].  This disease impedes normal child growth and development. The etiological agent of yaws is 

Treponema pallidum subsp. pertenue (TPE). An ulcer with similar clinical features is caused by 

Haemophilus ducreyi (HD). Both pathogens are responsible for most skin ulcers in Papua New 

Guinea. Mass drug administration (MDA) with azithromycin is used to treat both yaws and HD ulcers 

[2].  

Patient samples from Namatanai, PNG were tested for TPE DNA. Additionally, multi-locus sequence 

typing of TP0548, TP0488, and TP0858 genes were used for allelic profiling.  Identification of 

mutations associated with macrolide resistance and detection of HD DNA were performed [1].  

Our results categorized Namatanai samples as allelic profiles J11, S22, and T13 showing a decreased 

molecular diversity of TPE strains over one and a half years after MDA. J11 emerged as the most 

predominant strain over S22 and T13[1]. Single-locus sequence typing of HD was conducted on TPE 

negative samples. While the TPE strains showed reduced genetic diversity, the strain diversity of HD 

in Namatanai after MDA has remained nearly the same. Besides, four known and three novel HD 

genotypes were also detected.  

 

[1] Lucy N. John, Camila G. Beiras, Wendy Houinei, Monica Medappa, Maria Sabok, Reman Kolmau, Eunice 

Jonathan, Edward Maika, James K. Wangi, Petra Pospíšilová, David Šmajs, Dan Ouchi, Iván Galván-Femenía, 

Mathew A Beale, Lorenzo Giacani, Bonaventura Clotet, Eric Q. Mooring, Michael Marks, Marti Vall-Mayans and 

Oriol Mitjà (2021, September 6th). A Trial of Three Rounds of Mass Drug Administration with Azithromycin for 

Yaws. New England Journal of Medicine (in press) 

[2] González-Beiras, C., Kapa, A., Vall-Mayans, M., Paru, R., Gavilán, S., Houinei, W., Bieb, S., Sanz, S., Martins, 

R., & Mitjà, O. (2017). Single-Dose Azithromycin for the Treatment of Haemophilus ducreyi Skin Ulcers in Papua 

New Guinea. Clinical infectious diseases: an official publication of the Infectious Diseases Society of 

America, 65(12), 2085–2090. https://doi.org/10.1093/cid/cix723 
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14.  Exploring ERK3/MAPK6 in breast cancer progression 

Morazzo, S.12; Shin, J.2 

1Department of Biology, Faculty of Medicine, Masaryk University 

2Center for Translational Medicine, International Clinical Research Center, St. Anne’s University Hospital 

 

One of the mitogen activated protein kinases (MAPK) genes that is highly expressed in breast cancer 

is MAPK6(ERK3) [1]. Interesting research is emerging about ERK3 potential in cancer, particularly, in 

breast and lung cancer in which ERK3 shows a pro-invasive role [2,3,4,5,6]. 

This role of ERK3 in cancer progression needs to be further studied, specially its signaling cascade, 

which is poorly understood [7]. The questions we hope to answer are: How is ERK3 involved in cancer 

progression? What is its signaling pathway? Is it a good candidate as therapeutic target? 

We started by determining certain growth factors that can phosphorylate ERK3 and examined its 

endogenous expression as well as its half-life across different breast cancer cell lines. Then we 

determined how ERK3 might affect the classical signaling cascade of epidermal growth factor (EGF)/ 

receptor tyrosine kinase/MAPK or non-classical signaling cascades, such as transforming growth factor 

(TGFβ). We further studied ERK3 by using functional assays to determine its role in proliferation and 

migration. Next, we will further explore its signaling cascade by use of immunoprecipitation and mass 

spectrometry. Also to explore other possible phenotype changes, in actin polymerization and focal 

adhesions, as well as using spheroids to study invasion capabilities in 3D models.  

 

[1] Protein Atlas https://www.proteinatlas.org/ENSG00000069956-MAPK6/pathology 

[2] Al-Mahdi R, Babteen N, Thillai K, Holt M, Johansen B, Wetting HL, Seternes O, Wells CM. A novel role for 

atypical MAPK kinase ERK3 in regulating breast cancer cell morphology and migration. (2015) Cell Adhesion & 

Migration, 9:6, 483-494, DOI: 10.1080/19336918.2015.1112485 

[3] Bogucka K., Pompaiah M., Marini F., Binder H., Harms G., Kaulich M., Klein M., Michel C., Radsak M., Rosigkeit 

S., Grimminger P., Schild H., Rajalingam K. ERK3/MAPK6 controls IL-8 production and chemotaxis. (2020) eLife; 

9:e52511. DOI: 10.7554/eLife.52511 

[4] Long W, Foulds CE, Qin J, Liu J, Ding C, Lonard DM, Solis LM, Wistuba II, Qin J, Tsai SY, Tsai MJ, O'Malley BW. 

ERK3 signals through SRC-3 coactivator to promote human lung cancer cell invasion. (2012). J Clin 

Invest.;122(5):1869-80. doi: 10.1172/JCI61492. 

[5] Bogucka, K., Marini, F., Rosigkeit, S. et al. ERK3/MAPK6 is required for KRAS-mediated NSCLC tumorigenesis. 

(2021). Cancer Gene Ther 28, 359–374. Doi:10.1038/s41417-020-00245-w 

[6] Elkhadragy L, Alsaran H, Morel M, Long W. Activation loop phosphorylation of ERK3 is important for its kinase 

activity and ability to promote lung cancer cell invasiveness. J Biol Chem. 2018 Oct 19;293(42):16193-16205. doi: 

10.1074/jbc.RA118.003699 

[7] Butti R, Das S, Gunasekaran VP, Yadav AS, KumarD, Kundu GC. Receptor tyrosine kinases (RTKs) in breast 

cancer: signaling, therapeutic implications and challenges. (2018) Mol Cancer.; 17: 34. 10.1186/s12943-018-

0797-x. 
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15.  Vascularization of the wrist and dorsal capsulotomy 
Pronator quadratus muscle free flap – vascular pedicles of the radial artery 

Musilová Z.1,2, Joukal M.1 

1Department of Anatomy, Faculty of Medicine, Masaryk University Brno, Czech Republic 

2Department of Surgery, Hospital Ivančice, Czech Republic 

 

The radial-based dorsal capsulotomy is commonly used surgical approach to the radiocarpal joint when 

the incision is made along the radiocarpal (RCL) and the intercarpal ligaments (ICL). The radial forearm 

flap is used for the reconstruction of the wide variety soft-tissue surgical defects and can include 

pronator quadratus muscle (PQM) flap and its vascular pedicles of the radial artery. The aim of the 

study was to provide detail description of arteries supplying dorsal portion of the radiocarpal joint 

capsule in relation to incisions and anatomical location of arterial branches of the radial artery 

perfusing PQM. 

The anatomical study was based upon analysis of fresh cadaver upper extremities. The radial, anterior 

interosseous and ulnar arteries were cannulated and injected by colored silicon rubber followed by 

macroscopical and microscopical dissection. 

The dorsal portion of the wrist joint capsule is vascularized from the radial dorsal carpal branch, 

supplying branches run upwards and across the ICL. Based on these results we suggest the 

capsulotomy with incisions respecting the position of the radial branches crossing the ICL. The most 

constant and widest radial vascular branches of the PQM are mostly localized in distal radial quarter 

of the muscle. The PQM flap should be harvested and raised from the distal radial pedicels. 
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The primary cilium plays key regulatory functions in many cellular processes, either by spatial 

compartmentalization of the signaling molecules, or precise fine-tuning of their action. This is 

highlighted by the growing list of pathologies that are now being classified under the umbrella term of 

ciliopathies. Ciliopathies are often systemic disorders, and commonly present with symptoms that 

include developmental disorders of the skeleton, congenital heart defects, renal malformations, 

cognitive disorders and obesity. Several membrane receptors and their downstream effectors have 

been shown to reside in the primary cilium. In our study, we focused on 38 members of the receptor 

tyrosine kinase (RTK) family, and 24 of their pathology-associated variants, and assessed their 

interaction with primary cilia. We found that a considerable number of RTKs localize to the ciliary 

compartment, while noting differences between wild-type and disease-associated variants. Our data 

show importance of the ciliary RTK localization for a precise regulation of its signaling. These findings 

expand our understanding of the RTK signaling and the primary cilium compartment in development 

and disease.  
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Primary cilium is a microtubule-based organelle protruding outside of the cell, transducing 

extracellular cues and regulate cell signaling. Proper function of cilia is important in development as 

well as homeostasis of the tissues. Ciliogenesis and maintenance of the cilia is a dynamic and complex 

processes, and loss-of-function of the critical regulators produces signaling defects that manifest in a 

pleotropic group of disorders collectively termed ciliopathies1. 

CILK1 (Ciliogeneis associated kinase 1), an RCK (ros cross-hybridizing kinases) family member, is an 

evolutionarily conserved and ubiquitously expressed serine/threonine kinase that functions in 

development of multiple tissues. CILK1 has been shown to regulate cilia formation, architecture and 

signaling. Loss of CILK1 activity leads to ciliopathies such as short rib-polydactyly syndrome and 

endocrine-cerebro-osteodysplasia due to deregulation of ciliary structure and signaling2-4.  

In this study, we used microinjection of small amounts of active CILK1 to challenge primary cilia at the 

physiological level of CILK1 expression. We also implemented a conditional knockdown system to study 

the effects of CILK1 downregulation, and the molecular mechanism of CILK1 action. Understanding 

these mechanisms would allow for better therapeutic options for the ciliopathy patients. 

 

[1] Reiter, J., Leroux, M. Genes and molecular pathways underpinning ciliopathies. Nat Rev Mol Cell 

Biol 18, 533–547 (2017). https://doi.org/10.1038/nrm.2017.60 

[2] Lahiry P, Wang J, Robinson JF, et al. A multiplex human syndrome implicates a key role for intestinal cell 

kinase in development of central nervous, skeletal, and endocrine systems [published correction appears in Am J 

Hum Genet. 2009 Jun;84(6):822]. Am J Hum Genet. 2009;84(2):134-147. doi:10.1016/j.ajhg.2008.12.017 

[3] Oud, M.M., Bonnard, C., Mans, D.A. et al. A novel ICK mutation causes ciliary disruption and lethal 

endocrine-cerebro-osteodysplasia syndrome. Cilia 5, 8 (2016). https://doi.org/10.1186/s13630-016-0029-1 

[4] Paige Taylor S, Kunova Bosakova M, Varecha M, et al. An inactivating mutation in intestinal cell kinase, ICK, 

impairs hedgehog signalling and causes short rib-polydactyly syndrome. Hum Mol Genet. 2016;25(18):3998-

4011. doi:10.1093/hmg/ddw240 
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The cellular behavior is controlled by cell interactions with surrounding microenvironment, which is 

composed from interactions with neighboring cells, extracellular matrix, and soluble factors. Several 

artificial culture systems were developed to understand those interactions. Generally, at macroscale, 

culture surface is based on random biomolecules distribution or at microscale, adhesive proteins are 

distributed to micro sized spots. However, cell interactions naturally occur within very small, nanoscale 

distances, which needs to be addressed. Recently several technologies allowing precise 

nanopatterning have been proposed.  

We optimized electron beam lithography, that allowed us to control nanodistribution of biomolecules. 

We successfully achieved three different densities of lines within hexagonal nanopatterns, i.e., 1000, 

500 and 250 nm. Recombinant tyrosine kinase receptor EphA2 was tagged with HaloTag molecule and 

specifically immobilized towards those nanopatterns. Our results showed for the first time the 

interactions of human pluripotent stem cells with nanodistributed EphA2. Further, we proved that the 

cells are sensitive to nanodistribution, while they express variability in formation of ephrinA1 ligand 

cluster. Finally, we demonstrate, that such a type of biomaterial may help to understand cellular 

signaling mechanism at nanosclae level. 
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G-quadruplexes (G4Q) are one of alternative DNA secondary structures which can be formed in human 

cells. Although high-throughput sequencing identified more than 700,000 potential G4Q forming 

sequences, biological functions of these structures are still not uncovered [1]. They are generally 

believed to be involved in regulation of replication, transcription and telomere maintenance. Once 

formed quadruplex is extremely stable, thus can block replication fork progression [2]. Not only 

quadruplexes but also other endo- as well as exogenous factors may obstruct replication, thus cells 

developed several mechanisms to deal with it. RAD51 protein is well described as a key protein of 

homologous recombination used to repair DNA double-strand breaks, however, it has recently been 

shown to participate in protection and even restart of stalled replication fork, a process implicated in 

genome instability associated various diseases [3]. This work identified RAD51 interaction with G4 and 

is focusing on characterization of the biological role of this interaction. 

 

[1] Chambers VS., Marsico G., Boutell JM., Di Antonio M., Smith GP., Balasubramanian S. High-throughput 

sequencing of DNA G-quadruplex structures in the human genome. Nat Biotechnol. (2015) 33: 877. 

[2] Kruisselbrink E., Guryev V., Brouwer K., Pontier DB., Cuppen E., Tijsterman M. Mutagenic capacity of 

endogenous G4 DNA underlies genome instability in FANCJ-defective C. elegans. Curr Biol. (2008) 12: 900-905 

[3] Kolinjivadi AM., Sannino V., de Antoni A., Técher H., Baldi G., Costanzo V. Moonlighting at replication forks - a 

new life for homologous recombination proteins BRCA1, BRCA2 and RAD51. FEBS Lett. (2017) 591: 1083-1100. 

 

 

 

 

 

 

 

 

 

 

 



20 
 

20.  Xeno- and feeder-free derivation of two sibling lines of human embryonic 
stem cells  

Tereza Souralova1,2, Zuzana Holubcova1,3, Drahomira Kyjovska3, Ales Hampl1, Irena Koutna1,2 

1Department of Histology and Embryology, Faculty of Medicine, Masaryk University, Brno, Czech Republic 

2Cell and Tissue Engineering Facility, International Clinical Research Center, St. Anne‘s University Hospital, Brno, 

Czech Republic  

3Reprofit International, Clinic of Reproductive Medicine, Brno, Czech Republic 

 

Human embryonic stem cells (hESCs) represent an unlimited source of cells for the differentiation into 

the derivates that are suitable for a variety of biomedical applications (e.g. cell therapies, disease 

modeling, and drug testing). Nevertheless, allogeneic background (e.g. mouse embryonic fibroblasts) 

and undefined culture conditions (e.g. fetal bovine serum) are limitations of current derivation 

protocols of hESCs. Therefore, here we present the derivation of the two sex-discordant sibling hESC 

lines, MUNIe008-A and MUNIe009-A, using the mechanical biopsy of vitrified-thawed embryos 

(surplus for fertility treatment) under xeno- and feeder-free conditions. The presented approach is 

applicable for the derivation of high-quality clinical-grade hESC lines for a variety of clinical 

applications. 

Supported by Ministry of Health of the Czech Republic, grant nr. NV18-08-00412. All rights reserved. 

Funds by the Faculty of Medicine MU - MUNI/A/1689/2020. Supported by the European Regional 

Development Fund - Project MAGNET (No. CZ.02.1.01/0.0/0.0/15_003/0000492). Tereza Souralova is 

Brno Ph.D. Talent Scholarship Holder – Funded by the Brno City Municipality. 
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The eIF4F eukaryotic translation initiation complex has been reported as the nexus of melanoma 

resistance to drugs targeting BRAF and MEK kinases. Furthermore, simultaneous inhibition of BRAF 

and eIF4F synergized in killing cancer cells [1]. 

Our research focusing on the crosstalk between the AMPK and ERK pathways showed that AMPK 

activity modulates ERK signaling in BRAFV600E- and NRAS-mutant melanoma cells [2]. We also observed 

that eIF4F inhibition induces AMPK activation in melanoma cells. Therefore, we decided to characterize 

the link between AMPK, ERK, and eIF4F signaling by performing proteomic analysis of changes in 

BRAFV600E- and NRAS-mutant melanoma cells in response to MEK and eIF4F inhibition. Interestingly, 

among targets downregulated after eIF4F inhibition, we found known AMPK regulators: MO25, an 

essential part of the main AMPK-activating complex (LKB1-STRAD-MO25), and PP2Aα, an AMPK-

inhibiting phosphatase. 

RNA interference-mediated knockdown of LKB1 revealed LKB1-independent AMPK activation in 

melanoma cells upon eIF4F inhibition. Moreover, we confirmed LKB1-independent activation of AMPK 

upon eIF4F inhibition also in LKB1-deficient BRAFV600E-mutant melanoma cells. Furthermore, PP2Aα 

downregulation seems to play an essential role in AMPK activation after eIF4F inhibition, as RNAi-

mediated knockdown of PP2Aα and a selective small-molecule PP2A inhibitor, okadaic acid, both 

potently increased AMPK activity in melanoma cells. 

Recent studies reported the existence of negative feedback between ERK and LKB1 in BRAFV600E-mutant 

melanoma cells. ERK and its downstream target RSK phosphorylate LKB1, compromising its ability to 

activate AMPK [3]. However, our findings demonstrate that eIF4F and PP2A can control AMPK activity 

in BRAFV600E-mutant melanoma cells in an LKB1-independent manner.  

 

[1] Boussemart L, Malka-Mahieu H, Girault I, et al. eIF4F is a nexus of resistance to anti-BRAF and anti-MEK cancer 

therapies. Nature 2014; 513(7516):105-109. doi: 10.1038/nature13572  

 [2] Verlande A, Krafčíková M, Potěšil D, et al. Metabolic stress regulates ERK activity by controlling KSR‐RAF 

heterodimerization. EMBO Rep. 2017;19(2):320-336. doi:10.15252/embr.201744524  

[3] Zheng B, Jeong JH, Asara JM, et al. Oncogenic B-RAF Negatively Regulates the Tumor Suppressor LKB1 to 

Promote Melanoma Cell Proliferation. Mol Cell. 2009;33(2):237-247. doi:10.1016/j.molcel.2008.12.026 
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. 

Bejel is a nonvenereal neglected disease caused by Treponema pallidum subsp. endemicum. This 

disease affects usually children between 2–15 years old. The primary chancre appears in oral area, 

often remaining undetected [1]. Until now, only two whole genomes sequences of this bacterium are 

available [2, 3]. Although it is mostly present in hot dry climate, several cases were found out of these 

areas, e.g., in Japan [4], France [5] or Cuba [6], in some cases due to disease import from endemic 

areas. The main aim of this work was to sequence and analyze four Cuban bejel samples, where there 

was no evidence of the import of the disease.  

Genomes were obtained by pool segment genome sequencing and direct sequencing, resulting in 

broad genome coverage of 100%, 81.69%, 52.61% and 21.13%, respectively. Analysis of these samples 

revealed a non-clonal character of the genomes, with nucleotide variability ranging between 0.2-10.3 

nucleotides substitutions per 100 kbp. Changes among genomes affected 27 genes. Analysis of finished 

genome also showed recombination events between tprC and tprI, in TP0488 as well as in the 

intergenic region between TP0127-129. 

 

[1] Giacani L, Lukehart SA. The Endemic Treponematoses. Clin Microbiol Rev. 2014;27: 89–115. 

doi:10.1128/CMR.00070-13  

 [2] Staudová B, Strouhal M, Zobaníková M, Cejková D, Fulton LL, Chen L, et al. Whole genome sequence of the 

Treponema pallidum subsp. endemicum strain Bosnia A: the genome is related to yaws treponemes but contains 

few loci similar to syphilis treponemes. PLoS Negl Trop Dis. 2014;8: e3261. doi:10.1371/journal.pntd.0003261 

[3] Mikalová L, Janečková K, Nováková M, Strouhal M, Čejková D, Harper KN, et al. Whole genome sequence of 

the Treponema pallidum subsp. endemicum strain Iraq B: A subpopulation of bejel treponemes contains full-

length tprF and tprG genes similar to those present in T. p. subsp. pertenue strains. PLoS ONE. 2020;15: e0230926. 

doi:10.1371/journal.pone.0230926 

[4] Kawahata T, Kojima Y, Furubayashi K, Shinohara K, Shimizu T, Komano J, et al. Bejel, a Nonvenereal 

Treponematosis, among Men Who Have Sex with Men, Japan. Emerg Infect Dis. 2019;25: 1581–1583. 

doi:10.3201/eid2508.181690 

[5] Mikalová L, Strouhal M, Oppelt J, Grange PA, Janier M, Benhaddou N, et al. Human Treponema pallidum 11q/j 

isolate belongs to subsp. endemicum but contains two loci with a sequence in TP0548 and TP0488 similar to 

subsp. pertenue and subsp. pallidum, respectively. PLoS Negl Trop Dis. 2017;11: e0005434–e0005434. 

doi:10.1371/journal.pntd.0005434 

[6] Noda AA, Grillová L, Lienhard R, Blanco O, Rodríguez I, Šmajs D. Bejel in Cuba: molecular identification of 

Treponema pallidum subsp. endemicum in patients diagnosed with venereal syphilis. Clinical Microbiology and 

Infection. 2018;24: 1210.e1-1210.e5. doi:10.1016/j.cmi.2018.02.006 
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Calcineurin (CN) - Nuclear factor of activated T-cells (NFAT) inhibitors are commonly used 

immunosuppressive drugs, but they frequently leave patients vulnerable to fungal infections. 

Pentraxin-3 (PTX‑3), soluble pattern recognition receptor (PRR), recognizes and binds fungal conidia, 

which allows clearing the infection. We have previously shown that the expression of PTX-3 in mouse 

dendritic cells and neutrophils and in human monocytes is co-regulated by CN-NFAT[1–4]. The role of 

CN-NFAT pathway in human neutrophils remains elusive. The main aim of my PhD project is to dissect 

the activity of the NFAT signalling cascade in human neutrophil upon activation with different PRR 

ligands.   

We have isolated human neutrophils and assessed their purity by flow cytometry as 

CD66b+CD16+CD15+ cells. We have analysed mRNA expression of the main members of CN-NFAT 

pathway including Toll-like receptors, C-type lectin receptors, signal transductors, Calcineurin subunits 

and members of NFAT family. Moreover, we have evaluated effects of CN-NFAT inhibitors on 

neutrophil response induced by PRR ligands. Presented data show, that NFAT pathway is involved in 

response to PRRs by human neutrophils, and that CN-NFAT inhibitors impair PTX-3 production after 

neutrophil activation. Thus, we hypothesize, that the NFAT pathway is important in the regulation of 

neutrophils response to pathogen. 

 

[1] Bendickova K, Tidu F, Fric J. Calcineurin-NFAT signalling in myeloid leucocytes: new prospects and pitfalls in 
immunosuppressive therapy. EMBO Mol Med. 2017;9(8):990–9.  

[2]Bendíčková K, Tidu F, De Zuani M, Kohoutková MH, Andrejčinová I, Pompeiano A, et al. Calcineurin inhibitors 
reduce NFAT-dependent expression of antifungal pentraxin-3 by human monocytes. J Leukoc Biol. 
2020;107(3):497–508.  

[3] Fric J, Zelante T, Wong AYW, Mertes A, Yu H-B, Ricciardi-Castagnoli P. NFAT control of innate immunity. 
Blood. 16. srpen 2012;120(7):1380–9.  

[4] Zelante T, Frič J. The Use of Cre/loxP Inducible Mouse Models to Dissect the Specific Roles of Calcineurin 
Signaling in Myeloid Cells. Methods Mol Biol. 2019;1929:223–31.  
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24. Fibroblasts are mechanical actuators in the process of mammary 

epithelial branching morphogenesis. 

Denisa Belisová1, Anas Rabata1, Jakub Sumbal1, Zuzana Koledová1 
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Fibroblasts constitute the most prevalent cell type in the tumor mass of breast cancer, the most 

common life-threatening cancer disease among woman. Their contribution to the tumor growth, 

progression and metastasis is well documented. However, the distinct mechanisms how fibroblasts 

regulate normal development and homeostasis of the mammary gland are just being explored. Recent 

in vitro study from our laboratory revealed that mammary stromal fibroblasts induce mammary 

epithelial folding by exerting mechanical forces on the epithelium [unpublished]. To test if this 

mechanism acts also in living tissue, we are using genetically engineered mouse models for targeting 

fibroblasts in vivo. Here we show that fibroblast depletion and fibroblasts-specific loss of mechanical 

force-generating machinery lead to impaired phenotype of mammary gland. These results suggest that 

fibroblasts and their mechanical properties are essential for proper mammary epithelial branching 

morphogenesis. 

 

Acknowledgements: This project is funded by MUNI/G/1446/2018 and MUNI/IGA/1550/2020. 
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Currently, breast cancer is the most common cancer in women and the second leading cause of cancer-

associated death. Both development and cancerous transformation of mammary epithelium are 

governed by the same molecular interactions and signalling pathways. ERK signalling is well established 

as crucial for the development and homeostasis maintenance of various tissues, and its dysregulation 

has been linked to cancer progression. Besides oscillations in frequency and duration of ERK signalling 

at the single-cell, changes in these variables are also observable at the tissue level. Recent advances in 

bioimaging methods and the development of FRET-based biosensor mouse strains have enabled 

detailed spatiotemporal examination of protein dynamics in live cells. In this project, we utilise 

EKAREV-NLS biosensor mouse strain, developed for monitoring ERK activity, to connect characteristic 

activation patterns with distinct morphological and functional outcomes. To achieve this, we will 

perform confocal and light-sheet time-lapse microscopy of physiologically relevant 3D mammary 

epithelial organoids under different conditions. Further, selected time points will be analysed for 

relevant gene and protein expression patterns. Ultimately, our results will contribute to a better 

understanding of molecular mechanisms behind ERK-mediated changes in morphology and function 

of normal and cancerous mammary epithelium. 

Acknowledgements: This project is funded by MUNI/G/1446/2018 and MUNI/A/1689/2020. 
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Retinal development is not only controlled by morphogens via cell to cell communication and by 

signalling pathways, but interestingly also by responses to light uniquely participating in shaping this 

tissue. However, the signalling pathways underlying these responses are largely unknown and our 

preliminary data has provided the evidence that light may influence differentiation programs. The aim 

of this project is to use human pluripotent stem cells-derived retinal organoids as a model to closely 

investigate photo-induced effect on retinal differentiation. 

To address the general proposition of the project, we propose the following strategy: I) To photo-

stimulate retinal organoids at different developmental stage with different wavelengths of light and 

assess the impact of this treatment on differentiation and functional outcomes. II) To assess the whole 

transcriptome and select candidate pathways and genes involved in photo-induced response. III) To 

perform functional studies on candidate components, to describe molecular mechanisms that underlie 

this process. 

The proposed strategy combines the innovative approach of merging two different scientific fields: 

physics and stem cell biology, allowing to study photo-induced effects on retinal development from a 

uniquely different perspective. 
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CD20 molecule is used as the main target of monoclonal antibodies (mAbs) like rituximab (RTX) in the 

immunotherapy of B-cell malignancies. However, malignant B cells tend to downregulate CD20 on their 

surface, leading to mAbs resistance and therapy failure [1]. Unfortunately, mechanisms underlying this 

phenomenon remain largely unknown. We aim to identify genes that regulate surface expression of 

CD20 and thus can potentially enhance anti-CD20 mAbs efficiency. 

We performed CRISPR/Cas9 screening on rituximab-resistant Ramos cells with downregulated CD20 

on their surface. RTX-resistant cells were infected with a genome-wide CRISPR knockout library to 

obtain a population of cells with single-gene knockouts. After 3-week cultivation, the top 5% of cells 

that have mostly upregulated CD20 were sorted out. Using NGS and bioinformatical tool MAGeCK, we 

identified gRNAs that were significantly enriched in the sorted population. Several top hits were 

selected and isogenic knockout cell lines were prepared using new gRNA targeting each gene. The 

effect of genes depletion on CD20 expression was assessed by flow cytometry and qPCR.  

Thorough validation and investigation of underlying molecular mechanisms will follow, as they are 

crucial to use these genes to modulate the expression of CD20 and thus potentially improve the 

efficacy of anti-CD20 mAbs.   

 

[1] Davis TA, Czerwinski DK, Levy R. Therapy of B-cell lymphoma with anti-CD20 antibodies can result in the loss 

of CD20 antigen expression. Clin Cancer Res. 1999 Mar;5(3):611-5. 
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Syphilis and yaws are diseases caused by two different subspecies of bacteria Treponema pallidum. 

Unlike the worldwide prevalent sexually transmitted syphilis, yaws is transmitted by skin to skin 

contact in humid tropical areas. Treponema pallidum was not successfully cultivated until 2018 [1]. 

Therefore, vast majority of information about these spirochetes comes mostly from genomic studies. 

Learning the differences in genetic information between these two subspecies of T. pallidum is crucial 

for understanding the differences in pathogenicity. These regions represent genes, that showed high 

sequence variability in other studies, paralogous genes and repetitive regions. This diversity could be 

the cause of different pathogenicity and could be involved in host immune system evasion [2, 3]. These 

regions are hard to sequence with traditional sequencing approaches (Sanger, Illumina) and are usually 

missing in draft genome studies. 

In this pilot experiment, thirty-six different genes for three strains of Treponema pallidum (2 syphilis, 

1 yaws), with known genome sequence, were sequenced using long-read sequencing technology 

(Oxford Nanopore, MinION). Different bioinformatic tools and approaches were tested to eliminate 

errors and produce consensus of specific sequences. Majority of errors were indels and over half of all 

errors were located in homopolymer regions.  

 

[1] Edmondson DG, Hu B, Norris SJ. Long-Term In Vitro Culture of the Syphilis Spirochete Treponema pallidum 

subsp. pallidum. mBio. 2018;9(3). doi:10.1128/mBio.01153-18. 

[2] Cejková D, Zobaníková M, Chen L, et al. Whole genome sequences of three Treponema pallidum ssp. pertenue 

strains: yaws and syphilis treponemes differ in less than 0.2% of the genome sequence. PLoS Negl Trop Dis. 

2012;6(1):e1471. doi:10.1371/journal.pntd.0001471. 

[3] Maděránková D, Mikalová L, Strouhal M, et al. Identification of positively selected genes in human pathogenic 

treponemes: Syphilis-, yaws-, and bejel-causing strains differ in sets of genes showing adaptive evolution. PLoS 

Negl Trop Dis. 2019;13(6):e0007463. doi:10.1371/journal.pntd.0007463. 
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The gene regulation is in eukaryotes regulated at several levels. One of the key mechanisms is mRNA 

stability. Human cells encode several types of exoribonucleases of which the XRN1 and exosome are 

the most prominent factors that degrade mRNAs. Whereas XRN1 is a 5’ to 3’ exoribonuclease acting 

as a monomer, the exosome is a multimeric protein complex with 3’ to 5’ exoribonucleolytic activity. 

The catalytic subunits are the DIS3 proteins DIS3, DIS3L and RRP6. However, mammalian cells encode 

other 3’ to 5’ exoribonucleases such as DIS3L2 or ERI1 that preferentially target oligouridylated 

aberrant RNAs. Defects in RNA degradation have been linked to several human diseases such as 

Perlman syndrome or neurodegenerative disorders, for example pontocerebellar hypoplasia. 

In this project we focused on yet another 3’ to 5’ exoribonuclease called ISG20L2. ISG20L2 was shown 

to be involved in the maturation of 5,8 S rRNA [1]. We aim to investigate the detailed molecular 

mechanisms how 3’ to 5’ exoribonuclease ISG20L2 recognizes and process target RNAs. For this we 

assay its nucleolytic activity in vitro on different RNA substrates. These studies aim to explain how 

ISG20L2 participates in cellular RNA homeostasis and how defects in its function contribute to the 

disease development. 

 

[1] Couté Y., Kindbeiter K., Belin S., Dieckmann R., Duret L., Bezin L., Sanchez J.-C., Diaz J.-J. Mol Cell Proteomics. 

2008 Mar 7(3):546-559, doi: 10.1074/mcp.M700510-MCP200 
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Treponema pallidum subsp. pertenue (TPE) is the causative agent of yaws disease, endemic in tropical 

regions of Africa, Asia and Pacific. While this disease mainly affects human children, this bacterium 

also causes infection in wild non-human primate populations in Africa [1]. Previously, the only whole 

genome sequence coming from a non-human primate was strain Fribourg Blanc, isolated from a 

baboon. This strain was found to be highly similar to the human infecting strains [2]. Since then, one 

other strain of non-human origin has been sequenced (LMNP-1) [1]. To analyze the similarity between 

the strains of human and non-human primate origin, we determined whole genome sequences of eight 

different samples obtained from two different species (Papio anubis and Chlorocebus pygerythrus) 

from four different areas in Tanzania (Lake Manyara NP, Serengeti NP, Ruaha NP, Ngorongoro 

Conservation Area) [3]. These samples were selected from available set of samples based on genetic 

diversity. Non-human strains were compared to the strains of human origin and no consistent 

differences were found, suggesting that the non-human primate populations serve as a reservoir of 

TPE.  

 

[1] Knauf S, et al., Nonhuman primates across sub-Saharan Africa are infected with the yaws bacterium 

Treponema pallidum subsp. pertenue. Emerg. microbes & infect. 2018 Sep;7:1, 1-4, 

https://doi.org/10.1038/s41426-018-0156-4 

[2] Zobaníková M, et al., Whole Genome Sequence of the Treponema Fribourg-Blanc: Unspecified Simian Isolate 

Is Highly Similar to the Yaws Subspecies. PLoS Negl Trop Dis 2013 Apr;7(4): e2172. 

https://doi.org/10.1371/journal.pntd.0002172  

[3] Chuma IS, et al., Widespread Treponema pallidum Infection in Nonhuman Primates, Tanzania. Emerg Infect 

Dis. 2018 Jun;24(6):1002-1009. https://doi.org/10.3201/eid2406.180037 
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Organoids are self-organizing stem-cell derived 3D constructs that mimic in vivo structure and function. 

Since the development of the first retinal organoids roughly one decade ago, methods for retinal 

organoid cultivation have been modified to give rise to all major cell types of the neuroretina, including 

mature photoreceptors. However, several challenges remain, such as heterogeneity between 

organoids, poor photoreceptor maturation and the degradation of retinal ganglion cells in long time 

cultures. Microfluidic platforms have the potential to help overcome some of these by allowing for 

automation and precise control of the microenvironment. For this work we designed microfluidic 

device for the differentiation of human pluripotent stem cells towards the retinal organoids. We 

induced uniform organoids during 20 days within continuous medium perfusion and compared them 

with organoids grown in static conditions by analysis of morphology, proliferation and cell 

differentiation. Even though there are significant differences between these methodological 

approaches, the results are comparable. 
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Following nerve injury, damage-associated molecular patterns (DAMPs) are released into the blood 

circulation. DAMPs might migrate through the blood-cerebrospinal fluid barrier (BCSF-B) and trigger 

toll-like receptors (TLRs) in the choroid plexus, which can potentially result in the immune reaction in 

the central nervous system. To study this mechanism an in-vitro model of choroid plexus (Z310 cells) 

was used and the proinflammatory reaction of choroidal epithelial cells in response to DAMPs was 

examined. 

In-vitro experiments were provided on Z310 cells, which are primary choroidal epithelial cell culture 

established from rat choroid plexus tissue. Z310 cells were incubated with the pattern recognition 

receptors (PRRs) agonists, such as LPS (lipopolysaccharide), N-Formylated Peptide (fMLP), and CpG 

oligodeoxynucleotides (CPG ODN) for 24 hours. Cells were then used for immunocytochemistry and 

western blot analyses of expression of TLR4, TLR9, and cytokines IL-6, IL1-β, TNF-α. 

Following fMLP agonist treatment we found upregulation of FPR2 expression in cytoplasm and of TNF-

α on the cell membrane of Z310 cells. The expression of cytokines TNF-α was upregulated, following 

activation of PRRs via DAMPs. After tissue injury, DAMPs can migrate through BSCF-B and they have 

the ability to increase the pro-inflammatory profiling of the choroidal epithelial cells. 

The study was supported by MUNI/A/1520/2020 
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It is estimated that colorectal cancer (CRC) accounts for 8 % of all detected cancers. It is also the third 

most common cause of cancer-related deaths [1]. Despite the improved detection, a considerable 

number of the CRC patients suffer from poor prognosis [2]. Therefore, non-invasive, and clinically 

validated biomarkers that can detect cancer at an early stage are needed. This gap could be filled by 

long non-coding RNAs (lncRNAs) that are enveloped in exosomes circulating in blood. 

 Exosomes were isolated from human blood serum collected from CRC patients. Long ncRNAs were 

preamplified and then quantified by qRT-PCR.  

We successfully detected cancer specific lncRNAs in exosomes that were isolated from CRC patient 

blood sera. ZFAS1, MALAT1, NEAT1 were detected both in exosomes and colonic tissue, HOTAIR and 

CRNDE-h were found only in the tissue.  

We focused on the detection of cancer-specific lncRNAs in exosomes isolated from CRC patient serum 

samples and compared it to their expression in CRC tissue and adjacent normal mucosa. Some lncRNAs 

present in CRC tissue were also found in circulating exosomes. Our data show that exosomal lncRNAs 

can be detected even in low amount of patient samples and could potentially be used in the clinical 

application. 

 

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68(1):7-30. 

doi:10.3322/caac.21442 

[2] Yang Y, Yan X, Li X, Ma Y, Goel A. Long non-coding RNAs in colorectal cancer: Novel oncogenic mechanisms 

and promising clinical applications. Cancer Lett. 2021;504(February):67-80. doi:10.1016/j.canlet.2021.01.009 
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Cardiac fibrosis is a consequence of chronic insults to the myocardium, characterized by abnormal 

accumulation of extracellular matrix (ECM). Cardiac fibroblasts (cFbs) transdifferentiated into 

myofibroblasts are the main responsible of pathological ECM remodeling [1], which compromises 

heart function and leads to heart failure. The ECM protein Fibronectin (FN) is critical during the early 

stages of fibrosis, but the role of its splicing isoforms, expressed during wound healing, containing an 

extra-domain A (ED-A) and/or extra-domain B (ED-B), is not fully understood [2]. To investigate the 

splicing events in cardiac disease, we derived cFbs from induced pluripotent stem cells (iPSCs-cFbs) 

and optimized a TGF𝛽-induced model of cardiac fibrosis. TGF𝛽 treatment increased the expression of 

FN containing extra domains, as detected by qPCR and immunostaining of decellularized matrices. 

Results were confirmed by comparing cFbs isolated from heart failure patients to healthy counterparts.  

To better reproduce the cellular complexity and functionality of the human heart, we established a 

scaffold-free 3D in vitro culture system, which entails the co-culture of isogenic iPSCs-cardiomyocytes 

and cFbs.  

3D organoids might be able to recapitulate the accumulation of fibrotic tissue occurring during heart 

disease and investigate the contribution of fibronectin isoforms to the establishment of the pathology. 

 

[1] Frangogiannis, N.G., The extracellular matrix in myocardial injury, repair, and remodeling. J Clin Invest, 2017. 

127(5): 1600-1612 

[2] Pattern, J. and Wang, K., Fibronectin in development and wound healing. Adv. Drug Deliv. Rev., 2021. 170: 
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Cardiac arrhythmias are cardiac rhythm abnormalities with incidence from 1,5% to 6,5% in adults and 

causing about 10% of sudden cardiac deaths [1]. Apart from arising from various conductive defects 

leading to various cardiomyopathies, arrhythmias can be also induced by drugs with arrhythmogenic 

effects such as caffeine and its derivatives used in clinical practice. 

Beating embryoid bodies (EBs) were differentiated from human pluripotent stem cells (hIPSC) by 

previously established protocol [2]. Such EBs consist of various types of cardiomyocytes and other 

supporting cell types forming functional beating syncytium which enables formation of conductive 

communication between EBs in close proximity in vitro. Here we demonstrate that such novel system 

of two EBs seeded in close proximity monitored by live imaging in time by means of fluorescence of 

calcium indicator Fluo-8 AM can serve as novel stem cell based model to study arrhythmogenic effects 

of drugs such as caffeine. 

In this work we therefore introduce a novel stem cell-based model allowing for monitoring a complex 

interaction of individual EBs in presence of arrhythmogenic drugs. When patient specific hIPSCs are 

used to generate the model the disease-associated arrhythmogenic effect can be studied and effective 

drugs can be screened for using such model. 

 

[1] Khurshid S., Choi S. H., Weng L.-C., Wang E. Y., Trinquart L., Benjamin E. J., Ellinor P. T. and Lubitz S. A. 

Frequency of Cardiac Rhythm Abnormalities in a Half Million Adults, Circulation: Arrhythmia and 

Electrophysiology, 2018, Vol.7, Issue7, doi: 11:e006273. 

[2] Jelinkova S., Vilotic A., Pribyl J., Aimond F., Salykin A., Acimovic I., Pesl M., Caluori, G., Klimovic S., Urban T., 

Dobrovolna H., Soska V., Skladal P., Lacampagne A., Dvorak P., Meli A. C. and Rotrekl V. DMD Pluripotent Stem 

Cell Derived Cardiac Cells Recapitulate in vitro Human Cardiac Pathophysiology, Frontiers in Bioengineering and 

Biotechnology, 2020, 8, 535, doi: 10.3389/fbioe.2020.00535. 
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Cardiovascular disease is the leading cause of death worldwide, being ischemic heart disease and 

endomyocardial fibrosis the primary reasons of end-stage heart failure (HF). Cardiac fibrosis is the 

pathological process mediated by cardiac fibroblasts (cFbs) [1] and determined by the maladaptive 

remodelling of the heart extracellular matrix (ECM). Although it underlies most of cardiac disfunctions, 

effective therapies for its inhibition or reversion are currently not available. Long non-coding RNAs 

(lncRNAs) are potent transcriptional regulators which might be involved in the cardiac fibrotic process 

and - therefore - have emerged as viable prognosis makers and therapeutical targets [2]. To investigate 

the role of lncRNAs during fibrotic progression, we differentiated induced pluripotent stem cells 

(hiPSCs) into cFbs (hiPSC-cFbs) and exposed them to a TGFb-induced fibrotic assay. Following the 

fibrotic trigger, a subset of fibrosis-related lncRNAs was found dysregulated. A similar trend was 

observed in primary cultures of cFbs derived from HF patients as compared to the same cells obtained 

from healthy donors. To better model cardiac fibrosis progression, iPS-cFbs were co-cultured with 

isogenic hiPSCs-derived cardiomyocytes (iPS-CMs) to generate patient-specific three-dimensional 

cardiac organoids. This model will be further exploited to test the role of individual lncRNAs by altering 

their expression through GapmeRs. 

 

[1] Hinderer, S. and K. Schenke-Layland, Cardiac fibrosis – A short review of causes and therapeutic strategies. 
Advanced Drug Delivery Reviews, 2019. 146: p. 77-82. 

[2] Chen, C., et al., The roles of long noncoding RNAs in myocardial pathophysiology. Bioscience reports, 2019. 
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Alzheimer's disease (AD) is a neurodegenerative disorder affecting brain neurons and causing cognitive 

impairment. Alterations in the SORL1 gene are associated with AD, as the compromised function of 

SORLA (protein coded by the SORL1 gene) increases Amyloid-β levels [1,2]. However, it is currently 

unknown which SORL1 variants are risk-increasing and which are benign. 

We introduced the SORL1 Y1816C knock-in (KI) mutation and two SORL1 knock-out (KO) mutations 

into human induced pluripotent stem cells, which were differentiated into cortical neurons, neural 

rosettes, and 3D cerebral organoids. We then analyzed the effects of the mutations on pluripotency, 

neurodifferentiation, and AD-associated cell pathologies. Our results show that the SORL1 Y1816C 

mutant behaves similarly to the SORL1 KO. Both KI and KO mutants show enlarged endosomes, 

formation of cysts during early cerebral organoid neurodevelopment, and downregulation of NMDA 

receptor. We did not observe significant differences in Amyloid precursor protein (APP) levels in either 

mutant. In the near future, we plan to study changes in Amyloid-β secretion and electrophysiological 

changes of the NMDA receptor. Altogether, our data thus far describe for the first time the phenotype 

of SORL1 Y1816C mutant and point to several interesting phenomena that might be leading to the 

development of AD. 

 

[1] Rogaeva E, Meng Y, Lee JH, et al. The neuronal sortilin-related receptor SORL1 is genetically associated with 

Alzheimer's disease. Nat Genet. 2007;39(2):168-177. doi:10.1038/ng1943 
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