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FOREWORD

The Annual PhD Conference in Biomedical Sciences brings together PhD students from
different fields, offering a chance to present their research in front of their peers, supervisors,
and the Doctoral Board/Committee. In 2021, the PhD conference was held for the first time
among students of all three specializations following the idea "More people, more science &
more fun!". Therefore, all students in the program actively created a team spirit, facilitating
the exchange of ideas and promoting communication between different departments.

We believe this concept has proved to be very useful and enjoyable for the students and
we would like to build on the success of the last conference this year.

In 2022, the conference will last almost four days, and all PhD students from our PhD
school will actively participate. During the PhD conference, a total of 47 PhD students will
present a poster. In addition to the poster, 33 students will give an oral presentation, 3™ year
students have to pass the doctoral state exam, while 29, 4t and 5t year students present the
progress of their PhD projects.

We believe that all participants will receive valuable feedback on their PhD projects,
have a chance for professional networking, and, most importantly, enjoy their time at our
campus with fellow PhD students, supervisors, and the Doctoral Board/Committee members.

On behalf of the Organizing Committee and Doctoral Board, | wish you a successful and
mainly enjoyable meeting.

Ondrej Slaby
Chair of the Doctoral Board in Biomedical Sciences
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ABSTRACTS OF SPEAKERS

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

Andrej¢inova 1.2, Bosakova V.12,
Bendi¢kova K.1, Hortova Kohoutkova M., Fri¢ J.13

linternational 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

Tight regulation of signaling cascades activated through pattern recognition receptors
(PRRs) is crucial for innate immune cell functions. Efficient immune response followed by
clearance of microbial pathogens requires strictly controlled cooperation of several
transcription factors (TFs) including NF-kB and NFAT. Here | focus to define potential impact
of treatment with calcineurin inhibitors on monocyte responses. Development of new tools
for rapid single cell analysis of TF activation aims to improve diagnostics of acute inflammatory
disorders such as sepsis.

We have analyzed the transcripts regulated by NF-kB and NFAT in stimulated
monocytes. 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 commercial kit for flow cytometry, we have established intracellular
flow cytometry (IC-FC) protocol as a tool for rapid evaluation of TF activity in monocytes.
Preliminary results obtained from TF activity assessment indicate that this high-throughput
method could be a valuable tool for studying TF activation in the cell subset of interest. Using
this method, we identified non-classical monocytes as the major NFAT2-expressing subset.
Further studies aim to identify NFAT2-regulated genes and interaction partners.



2. Modelling cardiovascular progenitor depletion and heart failure in
Duchenne muscular dystrophy

Deborah Beckeroval?, Mathieu Panel3, Martin Pesl*?* Erika Bajusova?, Hana
Dobrovolnd*>, Vladimir Soska*>, Albano C. Meli3, Vladimir Rotrekl-?

IDepartment of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic
2International Clinical Research Center ICRC, St. Anne's University Hospital, Brno, Czech Republic
3PhyMedExp, University of Montpellier, INSERM, CNRS, 34295 Montpellier, France
“First Department of Internal Medicine—Cardioangiology, Faculty of Medicine, Masaryk University,
Brno, Czech Republic
>Department of Clinical Biochemistry, St. Anne's University Hospital, Brno, Czech Republic
¢Second Clinic of Internal Medicine, Masaryk University, Brno, Czech Republic

Duchenne muscular dystrophy (DMD) is a rare, X-linked neuromuscular disorder caused
by mutations of the dystrophin gene resulting in progressive loss of skeletal muscle mass
followed by cardiomyopathy. Current available medical care neither treats the cause nor
improves muscle function. However, clinical trials and evaluations of patients' disease
progress show that earlier intervention is more effective, and research shows that dystrophin
deficiency affects cells from embryonic stage. DMD derived stem cells present higher DNA
damage and impaired differentiation efficacy into beating embryoid bodies. The damage was
previously shown to be caused at least partially by deregulation of nitric oxide synthase (NOS)
and subsequent production of reactive oxygen/nitrogen species. Cardiovascular progenitors
(CPs) are affected by increased DNA damage as well, possibly leading to a change of fate and
their early depletion. DMD CPs are deployed and differentiate earlier, and the rate of
cardiomyocyte death is higher. Initial experiments with NOS inhibitors show that some of the
impairments connected to dystrophin deficiency can be rescued. Therefore, NOS inhibition
could be a future target for pharmacological intervention preventing or delaying the onset of
cardiomyopathy in DMD patients.



3. Investigation of the role of fibroblasts in the morphogenesis of branched
organs

Denisa Belisoval, Alison Kuony?, Ema Grofova?, Jakub Sumbal', Zuzana Koledova*

IDepartment of Histology and Embryology, Faculty of Medicine, Masaryk University, Brno
2Institute for Neurosciences, University of Montpellier, Montpellier

Branching morphogenesis is a developmental process of many organs, which require
large epithelial surfaces created within limited volume to fulfill their functions. Epithelial-
mesenchymal interactions play a crucial role in this process. Fibroblasts, a mesenchymal cell
type, provide crucial signals for epithelial morphogenesis, but their exact roles, both general
and organ-specific, have not been fully elucidated.

In this study we investigate characteristics, distribution and function of Fspl+ and
Colla2+ fibroblast populations in two branched organs: mammary gland and lacrimal gland.

We use genetically engineered mouse models for labeling (Fsp1-Cre;R26-mT/mG and
Col1a2Cre-ERT;R26-mT/mG) and depletion (Fsp1-Cre;R26-DTA and
Col1a2Cre-ERT;R26-DTA) of different fibroblast subpopulations. We analyze mammary and
lacrimal gland tissue at specific developmental stages by histology and immunofluorescent
staining techniques, tissue clearing techniques and state-of-the-art imaging approach.

We found that Fsp1+ and Colla2+ cells are different cell populations and have distinct
morphology and spatial distribution. While Fsp1+ cells are dispersed in stroma and have more
rounded morphology, Colla2+ cells are spindle-shaped and often localize in close contact with
the epithelium. Depletion of Fsp1l+ and Colla2+ cells abrogated epithelial growth, suggesting
important role of Fsp1+ and Colla2+ cells in epithelial morphogenesis.

Acknowledgement: Supported by projects no. MUNI/G/1446/2018 and MUNI/IGA/1311/2021.



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

Veronika Bosdkoval 2, Jan Fri¢%3

lnternational Clinical Research Center, St. Anne's University Hospital Brno, Czech Republic
’Department 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 deregulated immune response. The identification of cellular immune players
involved represents the major approach to unravelling 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 intestinal organoids (10s). Using this model, we aim to help to understand the role of
MAIT cells and IL-26 in the pathology of IBD. We have described the relevancy of I10s to model
IBD using various methods such as immunofluorescent labelling, flow cytometry and RNAseq.
We have shown that MAIT cells can be isolated from human blood and intestinal tissue. Upon
in vitro activation, they produce cytokines and effector molecules including IL-26 and their
response differs depending on the origin of the stimuli. RNAseq and subsequent analysis have
allowed us to describe the effect of IL-26 on healthy and inflamed tissue.



5. Optimisation of EKAREV-NLS mouse strain for investigation of ERK
signaling patterns during mammary gland development

Matea Brezak! and Zuzana Sumbalové Koledova?

IDepartment of Histology and Embryology, Faculty of Medicine, Masaryk University

An extracellular signal-regulated kinase (ERK) is a major signaling hub that mediates
translation of signaling inputs into cellular responses. Its activity is regulated by a number of
protein inhibitors and activators, resulting in distinct spatiotemporal ERK activation in the cells
and tissues. These activation patterns have been linked to specific cell fate decisions, but the
understanding of how these govern collective tissue morphology changes or cancerous
transformation is not known.

Recent advancements in microscopy techniques and the enhancement of fluorescent
protein characteristics have led to improvements in signaling research. Newly developed
biosensor mouse strains enable tracking of kinase activity in vitro and in vivo in real-time,
giving a more detailed insight into the complex nature of signaling pathways.

Here we utilise the EKAREV-NLS strain, that has endogenously expressed FRET-based
reporter for ERK activity detection, to study processes during mammary gland development.
The reporter construct contains potentially toxic fluorescent proteins that negatively affect
mouse growth, life span and mammary gland development. This study investigates the effects
of biosensor construct on EKAREV-NLS mouse mammary gland development and offers
options for rescuing gland development. Further, we validate the biosensor activity under
these conditions and describe ERK activation patterns occurring under growth factor
treatments.

Acknowledgements: This project is funded by MUNI/G/1775/2020 and MUNI/A/1689/2020.



6. Photo-stimulation of retinal organoids reveals light-regulated microRNA
molecules in human retina

Canan Celiker!, Kamila Weissova®?, Katefina Cerna?, Jan Oppelt?, Jana Sebestikova?,
Tomas Bartal?

IDepartment of Histology and Embryology, Faculty of Medicine, Masaryk University, Kamenice 3, 62500
Brno, Czech Republic
2Institute of Animal Physiology and Genetics CAS, Veveri 97, 602 00 Brno, Czech Republic
3Department of Pathology and Laboratory Medicine, Division of Neuropathology, University of
Pennsylvania, Phliladelphia, USA

MicroRNA molecules (miRNAs) act as post-transcriptional gene regulators that are
expressed in a tissue-specific manner. In the retina miRNAs regulate many cellular functions
including the adaptation of the retina to different light intensities, rapid turnover of the
phototransduction cascade and circadian rhythms. Although light-regulated miRNAs have
been recognized as important players, their functions in the retina is not fully understood,
particularly in humans, as it is very challenging to study the miRNAs, because of the lack of
human retinal tissues for experimental procedures.

Here we aimed to investigate light-regulated miRNAs in human retina using retinal
organoid model. We developed a device that is capable to photo-stimulate retinal organoids
using different intensities and different wavelengths of light. We photo-stimulated retinal
organoids using this device and found 50 light-regulated miRNAs that are significantly up- or
down-regulated. Detailed analysis of miRNA expression revealed that these miRNAs have a
rapid turn-over and respond differently to different wavelengths of light. Taken together our
data indicate that retinal organoids represent an elegant model to study light-regulated
miRNAs and open up new avenues for the research on novel light-regulated miRNA targets,
adaptation of human retina to light, and regulation of light-regulated circadian rhythms in
humans.

This study was supported by the Czech Science Foundation (GA21-08182S, GA21-05146S) the Grant Agency of
Masaryk University (GAMU) - MUNI/G/1391/2018



7. CRISPR/Cas9 knockout screening revealed genes involved in CD20
regulation

Lenka Dostalova®?, Aneta Ledererova’3, Helena Pescheloval#, Vaclav Hejret!, Michal
Smida'?
1Central European Institute of Technology (CEITEC), Masaryk University, Brno, Czech Republic
’Department of Biology, Faculty of Medicine, Masaryk University, Brno, Czech Republic
3Department of Internal Medicine Hematology and Oncology, Medical Faculty of Masaryk University and

University Hospital Brno, Czech Republic
“National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Brno, Czech Republic

CD20 is a surface antigen expressed almost exclusively on the surface of B cells. As such,
it is the main target of monoclonal antibodies (mAb) like rituximab which are used as first-line
treatment in the immunotherapy of B-cell malignancies. Unfortunately, malignant B cells
often develop resistance to monoclonal antibodies, which leads to therapy failure and disease
relapse. Several mechanisms responsible for the resistance development have been
described, with the downregulation of CD20 on the surface of the malignant cells being one
of them. Even though anti-CD20 mAbs have been used in the therapy of B-cell malignancies
for more than two decades, the role and regulations of CD20 remain unclear.

We performed CRISPR/Cas9 screening on CD20-low Ramos cells resistant to rituximab,
which were generated in our lab. The screening identified several genes whose disruption led
to the upregulation of CD20 on the surface of cells, and we successfully validated the results
in polyclonal knockout populations. Furthermore, we generated monoclonal knockout cell
lines for identified genes and confirmed CD20 upregulation in these cell lines not only on the
surface but also at the level of total expression in the cells. Experiments are currently ongoing
to identify the molecular mechanisms responsible for the regulation of CD20 through our
identified screening hits.

This project was supported by an internal grant MUNI/A/1330/2021.



8. The role of miRNA and protein-coding genes in human neural
differentiation in vitro.

Veronika Fedorova?, Dasa Bohaciakova?

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

Human neural differentiation is a critical and highly organized process that involves
precise control of differentiation, self-renewal, and cell-fate commitment. When deregulated,
it can lead to the development of severe congenital disorders as well as tumors of the nervous
system. Here, we aimed to study neural differentiation in vitro to identify the key players in
balancing differentiation versus self-renewal of stem cells. We first modeled early human
neural differentiation using human pluripotent stem cells (hPSCs) via the formation of neural
rosettes. Our data show the time-dependent activity of the major signaling pathways during
the switch from pluripotency to neural cell fate and the mechanism by which they form [1].
We further studied miRNA regulation of neural differentiation in vitro since miRNAs are
powerful regulators of gene expression during self-renewal and differentiation. For the first
time, we present a comprehensive miRNA profile of human self-renewing NSCs and point to
numerous miRNAs with yet undescribed roles during in vitro human neural development [2,
submitted]. Lastly, we used our 3D neurodifferentiation cultures and optimized an in vitro
Glioblastoma-Cerebral Organoid (GLICO) model. We show that exposure to the cerebral
organoid microenvironment significantly changes the expression profile of the glioblastoma
cell line [3, under review]. Altogether, our data provide new insights into the regulation of self-
renewal of NSCs and neural differentiation in vitro as well as its pathological display in
glioblastoma multiforme.

[1] Fedorova, V., Vanova, T., Elrefae, L., Pospisil, J., Petrasova, M., Kolajova, V., Hudacova, Z., Baniariova, J., Barak,
M., Peskova, L., Barta, T., Kaucka, M., Killinger, M., Vecera, J., Bernatik, O., Cajanek, L., Hribkova, H., &
Bohaciakova, D. (2019). Differentiation of neural rosettes from human pluripotent stem cells in vitro is
sequentially regulated on a molecular level and accomplished by the mechanism reminiscent of secondary
neurulation. Stem Cell Research, 40, 101563. https://doi.orq/10.1016/j.scr.2019.101563

[2] Fedorova, V., Amruz Cerna, K., Oppelt, J., Pospisilova, V., Barta, T., Mraz, M., Bohaciakova, D. MicroRNA
profiling of self-renewing human neural stem cells reveals novel sets of differentially expressed miRNAs during
neural differentiation in vitro, submitted.

[3] Fedorova, V., Pospisilova, V., Vanova, T. , Amruz Cerna, K., Abafy P., Sedmik, J., Raska, J., Vochyanova, S.,
Benesova, Z., Houserova, J., Valihrach, L., Hodny, Z., Bohaciakova, D., Glioblastoma and Cerebral Organoids:
Development and Analysis of in vitro Model for Glioblastoma Migration, under review.
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9. MinION as a tool for sequencing of variable genome sites of pathogenic
treponemes

Pavla Fedrova?, Eliska Vrbovdl, Petra Pospisilova?, Nikola Tom?, David Smajs?

IDepartment of Biology, Faculty of Medicine, Masaryk University

Genus Treponema includes number of human and animal pathogenic species and
subspecies, e.g., Treponema pallidum subspecies pallidum (TPA) causing syphilis and
Treponema pallidum subspecies pertenue (TPE) causing yaws. Genome similarities among TPA
genomes (99.95%) [1] and TPA and TPE subspecies (99.8%) [2] indicate that small differences
in genome sequence play important role in pathogenicity. Regions that show high sequence
variability between strains, genes containing sequence changes in rabbit syphilis, repetitive
regions and paralogous genes are key for understanding pathogenicity of treponemes and
host immune response. Those regions could be candidates for vaccine development [3].

Specific primers were designed to amplify regions of interest (ROI, n = 36) with unique
200 nt-long tags at the start and at the end of each region. All PCR products of each clinical
sample were equimolarly pooled and barcoded, multiple samples were sequenced together
using long-read sequencing technology (Oxford Nanopore, MinlON). Unique 200 nt tags were
mapped to masked reference genome to identify the read location. De novo assembly with
filtered reads was performed followed by polishing of consensus for each ROI. Clinical samples
of TPA and TPE with different sequence profiles were selected, sequenced and consensus
sequences of ROIs were analyzed.

[1] Smajs D, Norris SJ, Weinstock GM. Genetic diversity in Treponema pallidum: implications for pathogenesis,
evolution and molecular diagnostics of syphilis and yaws. Infect Genet Evol J Mol Epidemiol Evol Genet Infect Dis.
2012;12(2):191-202. doi:10.1016/j.meegid.2011.12.001.

[2] Cejkova D, Zobanikovd 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] Smajs D, Zobanikovd M, Strouhal M, et al. Complete Genome Sequence of Treponema paraluiscuniculi, Strain
Cuniculi A: The Loss of Infectivity to Humans Is Associated with Genome Decay. PLoS ONE. 2011;6(5).
doi:10.1371/journal.pone.0020415.
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10. RADS51 Filament Defects in Cancer-Associated S296L Mutant
Felicity Feiser'3, Karina Zadorozhny?, Paul Hasty*, Lumir Krej¢it-3

1Department of Biology, Faculty of Medicine, Masaryk University, 62500 Brno, Czech Republic
2International Clinical Research Center, St. Anne’s University Hospital, 656 91 Brno, Czech Republic
3National Centre for Biomolecular Research, Masaryk University, 62500 Brno, Czech Republic
“Department of Molecular Medicine/Institute of Biotechnology, The Barshop Institute for Longevity and
Aging Studies, The University of Texas Health Science Center at San Antonio, San Antonio, Texas 78245-3207, USA

RAD51 is involved in double-strand break repair and processing of stalled replication
forks. It forms ATP-dependent filaments on single-stranded DNA that protect it from
nucleolytic degradation at replication forks. It also facilitates pairing with template DNA
strands through the formation of a Displacement Loop (D-loop), which is a critical step in both
homologous recombination and restart of stalled forks. D-Loop defects lead to fork collapse
and defective DSBR, so is unsurprising that RAD51 mutations are found in many types of
cancer. Here we aim to determine the mechanism by which a mutation at $296, which was
found in HNSCC, leads to genomic instability and cancer.

Mouse Embryonic Fibroblasts (MEFs) carrying S296L have increased chromosomal
aberrations. We evaluated fork protection and D-Loop formation as potential causes of these
aberrations, but significant defects were found only in D-Loop activity. Detailed mechanistic
characterization of this process revealed alterations in the nucleoprotein filament, leading to
defects in subsequent strand exchange steps.

Our findings are consistent with defects caused by a high number of stalled replication
forks which failed to restart. We hypothesize that these defects lead to fork collapse, which is
repaired by error-prone pathways rather than HR, leading to the observed chromosomal
aberrations.

12



11. Changes in blood-cerebrospinal fluid barrier integrity as a reaction on
peripheral nerve injury

Klaudia Hasanova?, Karolina Bretova?, Alemeh Zamani?, Lucie Kubi¢kova, Petr Dubovy?,
Marek Joukal’

IAnatomy Department, Masaryk University, Brno, Czech Republic

Peripheral nerve injury can induce inflammatory reactions in remote structures of the
central nervous system (CNS). One possible explanation is that products of Wallerian
degeneration, damage-associated molecular patterns (DAMPs), from the distal part of the
damaged nerve might migrate and spread the neuroinflammatory reactions into CNS through
the blood-cerebrospinal fluid (BCSF) barrier. Changes in the barrier permeability might be
caused by the alternation of tight junctions (TJs) of epithelial cells in the choroid plexus (CP),
leading to disruption of the BCSF barrier. To test the tightness of the BCSF barrier following
nerve injury (sterile chronic constriction injury - sCCl), we intravenously injected the
fluorescent conjugated dextran FluoroEmerald (FE) at different times of circulation with
subsequent analyzes in the CP.

Distribution of FE and simultaneous immunohistochemical detection ED2 and ED1
macrophages, antigen-presenting cells (MHC-II), T-cells (OX-52), and dendritic cells (0OX-42)
were analyzed using a fluorescence microscope. In samples from animals with sCCl, FE
particles were found inside cuboidal cells, epiplexal Kolmer cells, and inside ventricular
ependymal cells. A significant increase of the number of FE+ cells was found in CP after 3 and
7 days of CCl and FE circulation for 30min and 5h.

[1] M. Joukal, I. Klusdkovd, P. Soldr, A. Kuklovd, and P. Dubovy, “Cellular reactions of the choroid plexus induced
by peripheral nerve injury,” Neurosci. Lett., vol. 628, pp. 73—77, Aug. 2016, doi: 10.1016/j.neulet.2016.06.019.
[2] P. Soldr, A. Zamani, L. Kubi¢kovd, P. Dubovy, and M. Joukal, “Choroid plexus and the blood—cerebrospinal fluid
barrier in disease,” Fluids Barriers CNS, vol. 17, no. 1, p. 35, May 2020, doi: 10.1186/s12987-020-00196-2.

The study was supported by Specific research - support for student projects MUNI/A/1331/2021.
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12. Virulence and bacteriocinogeny among Escherichia coli causing sepses
in dromedars

Hrala Maté&j%, Bosak Jurajt, Wernery Ulli2, Smajs David?!

IDepartment of Biology, Faculty of Medicine, Masaryk University
2Central veterinary research laboratory, Dubai, United Arab Emirates

Dromedar husbandry belongs to a rapidly developing part of food industry due to high
demand for nutritious milk and meat. However, herd keeping leads to increased spread of
infections among animals. Extraintestinal infections caused by Escherichia coli often cause
deaths of dromedary camel calves. The aim of this study was to characterize these strains in
terms of virulence and bacteriocinogeny.

Altogether, a set of 282 isolates from diseased and 139 isolates from healthy animals
was isolated from dromedary farms in United Arab Emirates. These isolates were
characterized using multiplex PCR for presence of determinants for 37 virulence factors and
38 bacteriocins.

Presence of virulence determinants was found higher in isolates from diseased animals.
Among these isolates, determinants for siderophores, adhesins, hemolysins and genotoxins
were mostly detected. Bacteriocinogeny was also higher in isolates from diseased animals.
The most abundant encoded bacteriocins were colicins M, B, la and microcins L and V. E. coli
isolated from dromedarswas also found to produce rarely detected bacteriocins such as colicin
R and microcin PDI. Moreover, several strains are considered to produce a novel bacteriocin
type, since no already known bacteriocin determinant was detected but these strains still
inhibit indicator strain.

Obtained results may help to better understand pathogenesis of sepsis in dromedars
and to better diagnose colisepticemia among dromedary camel calves.
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13. Searching for new factors involved in RNA tailing and decay
Anna Hrekoval?, Karolina Vavrougkoval, Markéta Necasova?, Stépanka Varacoval

ICEITEC, Masaryk University
2Faculty of Medicine, Masaryk University
3Faculty of Science, Masaryk University

Gene expression in eukaryotes is regulated by diverse mechanisms. The key regulators
include the production and stability of coding and noncoding RNAs. Every primary RNA
transcript has to undergo further processing and modifications, often involving complex
machineries. The second main parameter for RNA metabolism is its stability, which defines
the time frame within which it performs its role.

Nontemplated RNA tailing plays critical roles in RNA processing, specificity as well as
stability. Dysregulation of RNA tailing leads to disease. Here we focus on nontemplated
addition of one or more uridines (oligo(U)) which is mediated by the activity of terminal
uridyltransferases (TUTAses). The target specificity and function of oligoU is established by
TUT associated cofactors. DIS3L2 is a 3’ to 5’ exoribonuclease recognising RNA molecules
uridylated by TUT enzymes and degrading them, establishing the TUT-DIS3L2 surveillance
(TDS) pathway. [1][2] However only scarce number of other factors employed in TDS is known
to this date.

We use proximity labelling miniTurbolD [3] to identify additional cofactors in this
pathway. We use HEK293T cell line with inducible expression of proteins of interest fused with
promiscuous biotin ligase to biotinylate proximal proteins. The biotinylated proteins are
purified with streptavidin and identified by quantitative mass spectrometry.

[1] USTIANENKO, Dmytro, Dominika HROSSOVA, David POTESIL, et al., 2013. Mammalian DIS3L2 exoribonuclease
targets the uridylated precursors of let-7 miRNAs. RNA. 19(12), 1632-1638. ISSN 1355-8382. Available from:
doi:10.1261/rna.040055.113

[2] USTIANENKO, Dmytro, Josef PASULKA, Zuzana FEKETOVA, et al. 2016. TUT-DIS3L2 is a mammalian surveillance
pathway for aberrant structured non-coding RNAs. The EMBO Journal. 35(20), 2179-2191. ISSN 0261-4189.
Available from: doi:10.15252/embj.201694857

[3] BRANON, Tess C, Justin A BOSCH, Ariana D SANCHEZ, et al., 2018. Efficient proximity labeling in living cells and
organisms with TurbolD. Nature Biotechnology. 36(9), 880-887. ISSN 1087-0156. Available from:
doi:10.1038/nbt.4201
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14. "Molecular" resection margins in squamous cell carcinoma of the oral
cavity — report of the first results of the multidisciplinary view.

Pavel Hurnik®23 Jan Stembirek3#>, Zuzana Chyra®, Tereza Sevéikova®, Jana Reznarova®®,
Barbora Putnova3’, Zuzana Cermakova®, Tomas Blazek?, Vladimir Zidlik!, Oldrich Res?, Jifi
Stransky?*, Marcela Buchtova?

1Department of Clinical and Molecular Pathology, University Hospital Ostrava and Faculty of Medicine,
University of Ostrava
2Department of histology and embryology, Faculty of Medicine, Masaryk University Brno
3Institute of Animal Physiology and Genetics, Czech Academy of Sciences, Brno
“Department of Oral and Maxillofacial Surgery, University Hospital Ostrava
>Department of cranifacial surgery, Faculty od Medicine, University od Ostrava
®Department of Haematooncology, University Hospital Ostrava
’Department of Pathological Morphology and Parasitology, University of Veterinary and Pharmaceutical
Sciences Brno, Brno
8Department of Oncology, University Hospital Ostrava

The therapy of squamous cell carcinoma of the oral cavity has significantly intensified in
the last decade. Here, we focused on sensitive mutation analysis of resection margins that
could improve the prediction of relapse and/or sensitivity to specific drugs.

DNA was isolated from 26 patients (tumor, peripheral blood and margins from all
patients, in total 3 samples/patient). We performed Illumina sequencing using a panel of 88
cancer genes. Only non-synonymous variants in tumor/a margin that were reported in the
ClinVar database as “pathogenic”, “likely pathogenic” or “of uncertain significance”, and were
simultaneously not present in the peripheral blood, were selected for further analysis.

In total, we found 21 mutated genes, among them mainly tumor suppressor genes
involved in DNA repair. We detected mutations in DNA isolated from 22/26 tumors, and in
5/26 tumor margins. Gene TP53 was the most commonly mutated gene folloved by BRCA1/2
and CDKN2A. The median tumor load were 2 patogenic mutation per patient on average
(range 0-9). This parameter did not correlate with the presence of histological markers like
perineural invasion probably due to small cohort size. Similarly, we did not observe association
of mutations in resection margins and probability of disease relapse.

The spectrum of the tumor mutations is similar as in other studies with the exception of
mutations in the BRCA genes, which were not found frequently mutated in OSCC (12-19%).
The data in the literature suggest BRCA mutation in OSCC examinated by
imunohystochemistry technique range from 44% (139patients) to 63% (60patients). Variants
identified in our dataset are often introducing stop codons leading to truncated and non-
functional proteins. The potential application of BRCA(PARP) inhibitors for OSCC needs to be
elucidated.

This research was supported by the Institutional support of RVO-FNOs/2021 and AZV/009830/2019 of Ministry
of Health, Czech Republic.
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3D bioprinting allows control over spatial organization of cells in 3D cultures. The printed
hydrogels must possess suitable viscoelastic properties necessary for the printing process, and
moreover, properties specific for in vitro cultivation of individual cell types. Alginate, as natural
polysaccharide hydrogel, is a common material of choice. Without further modifications,
alginate however limits cell behavior such as migration of cells, their proliferation, and
interaction of cells with the matrix and each other.

Modification by adhesive RGDT peptide motif [1] provided adhesion of different cell
types (e.g. human pluripotent stem cells, mesenchymal cells and endothelial cells) and by
optimization of bioink composition, concentration, and crosslinking method, we increased
stability of bioink before and after the printing. We reached high proliferation rate of cells and
allowed the printed spheroids to fuse into bigger structures. Via pre-aggregation of cells
before the bioprinting, we were able to enhance dramatically cell survival in alginate.

In our modified alginate we could see increased growth of stem cells, spreading of
stromal cells within the gel and ultimately, formation of three-dimensional endothelial
networks. Thanks to 3D bioprinting, we are able to build pre-vascularized tissue models, which
include combination of different cell types and hydrogels.

This work was supported by following: Czech Science Foundation (CSF 18-05510S), Grant Agency of Masaryk
University (MUNI/A/1398/2021), Ministry of Health of the CR (NU21-08-00561) and the European Regional
Development Fund - project INBIO (No.CZ.02.1.01/0.0/0.0/16_026/0008451).

[1] Golunova, A., Velychkivska, N., Miksovskd, Z., Chochola, V., Jaros, J., Hampl, A., Pop-Georgievski, O., Proks, V.,
2021. Direct and Indirect Biomimetic Peptide Modification of Alginate: Efficiency, Side Reactions, and Cell
Response. International Journal of Molecular Sciences 22, 5731. https://doi.org/10.3390/ijms22115731.
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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, there were only two TPE whole genome sequences from samples isolated from
non-human primates [1]. One of the strains was found to be highly similar to the human
infecting strains [2]. To analyze the similarity between the strains of human and non-human
primate origin, we determined whole genome sequences of eight different samples and 13
draft genomes, obtained from four different species from four different areas in Tanzania [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 genome
differences were found, suggesting that the non-human primate populations serve
as a reservoir of TPE. We also compared all 22 Tanzanian genomes among themselves. Out of
231 possible combinations of genome-to-genome comparisons, 4 comparisons revealed an
unexpectedly high genetic degree of genetic similarity between different NHP species
supporting the inter-species transmission of TPE among NHPs.

[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/10.1038/5s41426-018-0156-4

[2] Zobanikovd 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. While organoids make for excellent models to study organ
development and disease, a variety of challenges remain. Most, if not all, organoids suffer for
labor-intensive cultivation protocols as well as heterogeneity between organoids. Most
organoids also suffer from tissue specific drawbacks, for example, retinal organoids poor
photoreceptor maturation and retinal ganglion cell degradation in long term culture [1].

Microfluidic platforms have the potential to help overcome some of these challenges by
allowing for automation and precise control of the organoid microenvironment. Previous work
has shown the clear advantages of utilizing microfluidic devices for the maturation of retinal
organoids, by decreasing oxidative stress as well as workload [2]. Nonetheless, this approach
still requires the manual transfer of previously formed organoids to the microfluidic device. In
this work we therefore aimed to create a microfluidic device that is capable of both organoid
formation as well as maturation without requiring direct handling of the organoids. We
formed retinal organoids over 120 days within continuous medium perfusion and compared
them to organoids grown in static conditions by analysis of morphology, proliferation and cell
differentiation.

[1] Capowski EE, Samimi K, Mayerl SJ et al. Reproducibility and staging of 3D human retinal organoids across
multiple pluripotent stem cell lines. Development,2019, 146 (1): dev171686. Doi: 10.1242/dev.171686

[2] Xue Y, Seiler MJ, Tang WC, et al. Retinal organoids on-a-chip: a micro-millifluidic bioreactor for long-term
organoid maintenance. Lab Chip, 2021,21, 3361-3377. Doi: 10.1039/D1LC00011J
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Cerebral organoids are three-dimensionally formed by pluripotent stem cells with multi-
layered organization that partially recapitulate brain development. Despite of potential of
organoid models, the recent protocols for generation of organoids are limited mainly in initial
formation of organoids, their non-uniform size, labor-intensive manipulation, and continuity
of medium exchange leading to final divergence of individual organoids. Microfluidic system
is promising platform to overcome these disadvantages. Due to automation, microfluidic is
capable of continual medium flow, which allows to create fully controllable
microenvironments.

In this work, we present microfluidic system including microwell-based chips allowing
formation of hPSCs and further differentiation towards cerebral organoids. Upon in silico
simulations, we optimized several chip designs supporting effective nutrient exchange around
organoids. We also simulated organoid production of lactate and diffusion in microfluidic chip,
where dynamic exchange of medium provides decrease concentration of lactate around
organoids. Our designs of multilayer chip enable to create uniform aggregates, differentiate
them to cerebral organoids and influence their quality by flow control. Overall, we create a
device which allows to produce uniform population of 3D organoids in closed system and
simplify manipulation for 3D cultivation.

Acknowledgement:

This work was supported by the European Regional Development Fund (project INBIO
CZ.02.1.01/0.0/0.0/16_026/0008451), Internal ~ Grant Agency of Masaryk University  (project
MUNI/IGA/1297/2021 and MUNI/A/1398/2021), Brno city municipality (Brno Ph.D. Talent Scholarship).
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Tooth morphology and function are mainly determined by dentin — the most abundant
hard dental tissue. Dentin is produced by odontoblasts which are also responsible for its
maintenance and make this hard tissue sensitive to external stimuli (e.g., carries, changes in
temperature). While indispensable for the function of teeth, dentin has only limited reparative
capacity. Currently, there are no widely used dental treatments for facilitating dentin
regeneration or reparation that use innate biological mechanisms. Furthermore, attempts to
obtain odontoblasts in vitro remain generally unsuccessful, likely due to their highly
specialized, postmitotic phenotype.

To address this issue, we have designed a novel approach to enable direct differentiation
of pluripotent stem cells into odontoblasts by harnessing the knowledge about their
developmental trajectories constructed using single-cell RNA-seq data from the continuously
growing mouse incisor.

Here we show a controlled differentiation of pluripotent stem cells into odontoblast-like
cells utilizing overexpression of selected, odontoblast-specific transcription factors. Our
results show upregulated expression of late odontoblast markers (DSPP, DMP1) associated
with the overexpression of the selected genes. This suggests that the chosen transcription
factors are important regulators of the odontoblast-like phenotype.

We anticipate our results to highlight the role of the selected transcription factors in
odontoblast development (differentiation) and introduce their possible utilization in
regenerative dentistry.
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Current research shows that exosomal long non-coding RNAs (IncRNAs) are associated
with cancer development. As IncRNAs are often tissue specific, their quantification in
exosomes is proposed as a non-invasive method for early detection of colorectal cancer (CRC)
[1,2].

Exosomes were isolated by gel chromatography from 150 pl of serum of CRC patients
and healthy donors. Their quality and quantity were confirmed by electron microscopy and
DLS analysis; protein markers were detected by Western blot. After RNA isolation, cDNA
libraries were prepared and sequenced using NextSeq 550.

Sequencing data confirmed the presence of both protein-coding (50%) and non-coding
RNAs, which consisted mainly of IncRNAs (28.2%), pseudogenes (15.2%) and other RNA types
(6.5%). Results also showed significantly altered levels of some IncRNAs that could distinguish
samples from CRC patients and healthy controls. Using GSEA analysis, we observed
significantly enriched classes of genes related to DNA repair or cell cycle regulation.

Our preliminary data suggest that IncRNAs represent a significant fraction of the RNA
present in exosomes and their distinct levels can separate CRC patients from healthy controls.
The analysis of enriched genes also showed a significant representation of IncRNAs involved
in cell cycle regulation and DNA repair, suggesting their possible involvement in
cancerogenesis.

[1] Fang Y, Fullwood MJ. Roles, functions, and mechanisms of long non-coding RNAs in cancer. Genomics,
Proteomics Bioinforma 2016; 14(1): 42—54. doi: 10.1016/j.gpb.2015.09.006.

[2] Derrien T, Johnson R, Bussotti G et al. The GENCODE v7 catalog of human long noncoding RNAs: analysis of
their gene structure, evolution, and expression. Genome Res 2012; 22(9): 1775-1789. doi: 10.1101/
gr.132159.111.
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Yaws is a neglected tropical diseases (NTD) being the focus of WHO’s current NTD
roadmap aimed at eradication of the disease by 2030. The etiological agent of yaws,
Treponema pallidum subsp. pertenue (TPE) causes infections that are manifested as skin
lesions in the lower limbs before disseminating into the blood?!. During the TPE analyses of
1080 suspected yaws samples acquired from Papua New Guinea (PNG), it was observed that
33.8% (n=365) of the skin ulcers were positive for Haemophilus ducreyi (HD) and 23.5%
(n=255) were positive for TPE. In addition, TPE and HD coinfections were detected in 7.6%
(n=83) of the total samples analysed. Since HD causes similar clinical manifestations as that of
yaws, it is commonly misdiagnosed as yaws ulcers. This misdiagnosis can potentially hinder
the monitoring and control of yaws eradication program; thus, molecular detection of TPE
appears to be required.

Subtype analyses of HD were performed to ascertain if the circulating strains in
Namatanai, PNG, corroborate with the HD results from a previous study conducted in Lihir,
PNG 2. The suspected yaws samples showed the presence of seven genotypes circulating in
Namatanai. From the seven genotypes, four genotypes were identified in previous studies,
namely, 1.3, 1.4, 1.5, and II.3. In this study we detected three new genotypes exclusive to
Namatanai, namely, 1.9, 1.10, and 1.11.

[1] John, L. N., Beiras, C. G., Houinei, W., Medappa, M., Sabok, M., Kolmau, R., Jonathan, E., Maika, E., Wangi, J.
K., Pospisilovd, P., Smajs, D., Ouchi, D., Galvdn-Femenia, ., Beale, M. A., Giacani, L., Clotet, B., Mooring, E. Q.,
Marks, M., Vall-Mayans, M., & Mitja, O. (2022). Trial of three rounds of mass azithromycin administration for
yaws eradication. New England Journal of Medicine, 386(1), 47-56. https://doi.org/10.1056/nejmoa2109449
[2] Grant, J. C., Gonzdlez-Beiras, C., Amick, K. M., Fortney, K. R., Gangaiah, D., Humphreys, T. L., Mitja, O.,
Abecasis, A., & Spinola, S. M. (2018). Multiple class | and class Il haemophilus ducreyi strains cause cutaneous
ulcers in children on an Endemic Island. Clinical Infectious Diseases. https://doi.org/10.1093/cid/ciy343
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Extracellular-regulated kinase 3 (ERK3) is overexpressed in breast cancer (BC) and
strongly correlates with poor patient survival [1]. However, the mechanisms by which ERK3
contributes to BC remain unknown. Therefore, this study aims to elucidate the role of ERK3 in
breast cancer progression. We used BT549 and MDA-MB231 cell lines transfected with siRNA
to knockdown ERK3 expression, followed by a variety of biochemical and functional assays.
Our results show that ERK3 promotes migration in the wound healing assay while it has no
effect in the transwell migration assay. Additionally, ERK3 reduces cell adhesion to different
extracellular matrix (ECM) substrates, such as collagen IV, a key basal membrane protein; and
reduces the expression of key transcription factors involved in epithelial-to-mesenchymal
transition (EMT), i.e. SNAIL and SLUG. These findings suggest that ERK3 exclusively regulates
collective cell migration, which is the main form of BC migration and invasion [2]. Finally, the
downregulation of EMT suggests that the cells undergo mesenchymal-to-epithelial (MET)
transition, a process necessary for secondary organ colonization [2,3]. In conclusion, our
model shows that ERK3 plays a role in collective BC migration and metastasis by regulating cell
motion, adhesion to the basal membrane and MET.

[1]Cai Q, Zhou W, Wang W, Dong B, Han D, Shen T, Creighton CJ, Moore DD, Yang F. MAPK6-AKT signaling
promotes tumor growth and resistance to mTOR kinase blockade. Sci Adv. 2021 Nov 12;7(46):eabi6439. doi:
10.1126/sciadv.abi6439.

[2] Yang Y, Zheng H, Zhan Y, Fan S. An emerging tumor invasion mechanism about the collective cell migration.
Am J Transl Res. 2019 Sep 15;11(9):5301-5312. PMID: 31632511

[3] Gunasinghe NP, Wells A, Thompson EW, Hugo HJ. Mesenchymal-epithelial transition (MET) as a mechanism
for metastatic colonisation in breast cancer. Cancer Metastasis Rev. 2012 Dec;31(3-4):469-78. doi:
10.1007/510555-012-9377-5.
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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.

25



24. Aninduced pluripotent stem cell-based model to study the
mechanobiology of myocardial fibrosis

Francesco Niro*?, Soraia Fernandes?, Jorge Oliver-De La Cruz!, Marco Cassani!, Daniel
Pereira De Sousa'?Stefania Pagliarit, Vladimir Vinarsky'?, Marco Rasponi®#, Paola Occhetta®#,
Giulio Pompilio®, Elena Sommariva®, Davide Rovina®, Zbynék Zdrahal®, David Potesil®, Ece
Ergirl, Ferran Lozano Juan3®#, Giancarlo Fortel?

linternational Clinical Research Center (ICRC), St Anne's University Hospital Brno
’Department of Biomedical Science, Faculty of Medicine, Masaryk University
3Department of Electronics, Information and Bioengineering, Politecnico di Milano, Milano, Italy
4BiomimX S.r.l., Via Giovanni Durando 38/A, 20158 Milano, Italy
*Centro Cardiologico Monzino-IRCCS, Unit of Vascular Biology and Regenerative Medicine, Milan, Italy.
SCentral European Institute of Technology, Masaryk University, Brno, Czech Republic.

Cardiac fibrosis onsets following chronic insults applied to the myocardium, and it is
characterized by the abnormal accumulation of extracellular matrix (ECM). The differentiation
of cardiac fibroblasts (cFbs) into myofibroblasts drives pathological ECM remodelling, which
compromises cardiomyocytes (CMs) homeostasis and eventually leads to heart failure [1].
Here, we adopted bioengineering tools and induced pluripotent stem cells (iPSCs) to
investigate how fibrotic ECM affects CMs properties.

We derived cFbs from iPSCs (iPSCs-cFbs) and optimized a protocol to induce their
differentiation into myofibroblasts based on the fine tuning of TGF-beta signalling. Next, we
established a decellularization procedure which allowed us to obtain fibrotic ECM (dECM).
Through this strategy, we succeeded in analyzing the pathological changes occurring during
the deposition of diseased ECM by activated cFbs. Then, we generated iPSCs-CMs and cultured
them either on healthy or fibrotic dECM and further validated our model by using
cardiomyocytes differentiated from iPSCs derived from Duchenne muscular dystrophy (DMD)
cardiopathic patients [2].

We finally established a 3D in vitro culture system, which entails the co-culture of
isogenic iPSCs-CMs and -cFbs and better reproduces the cellular complexity and functionality
of the human heart. This system represents a powerful tool for personalized medicine
applications [3].

By capitalizing on this approach, we might be able to recapitulate the accumulation of
fibrotic tissue occurring during heart disease and investigate the contribution of pathological
ECM to the progression of heart failure.

[1] Frangogiannis, N.G., J Clin Invest.127(5), 1600-1612 (2017)
[2] Rovina, D., et al., Int J Mol Sci. 21(19), 6997 (2020)
[3] Olivera, M. C., Lozano, F., et al., Biophys. Rev.13(5):717-727 (2021)

Authors information: Francesco Niro, MSc francesco.niro@fnusa.cz
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The primary cilium acts as a signaling center of most mammalian cells. It’s involved in
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 associated with the primary cilia. These diseases
commonly present symptoms that include developmental disorders of the bone, congenital
heart defects, renal malformations, cognitive disorders, obesity, and multiple types of cancer.
Receptor tyrosine kinases (RTKs) are key regulators of critical cellular processes, such as
proliferation and differentiation, cell survival, cell migration and cell-cycle control. Numerous
diseases result from genetic changes or abnormalities in the RTKs’ regulation, activity or
distribution. A handful of these mutations are linked to cancers, severe bone, metabolic and
developmental disorders. Out of 58 existing members of the RTK family, only a small number
of receptors has been associated with the primary cilium. The evidence connecting other RTKs
with primary ciliumis lacking, despite its high potential in addressing many human
pathologies. In the current study, we set to address and expand the current understanding on
the relationship between RTKs and primary cilium. We identified a considerable number of
RTKs localize to the ciliary compartment, while noting differences between wild-type and
disease-associated variants. Our data highlights the importance of 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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Cardiac fibrosis, one of the primary reasons of end-stage heart failure, is a pathological
process mediated by cardiac fibroblasts (cFbs). It is determined by the maladaptive
remodeling of the heart extracellular matrix (ECM), resulting in its excessive deposition and
stiffening. Despite its role in most cardiac dysfunctions, effective therapies against fibrosis are
currently not available. Yes-associated protein (YAP), a mechanosensitive protein, mediates
cardiac fibroblast activation and consequently the resulting cardiac fibrosis, providing a
possible target for therapy.

To study YAP involvement in cardiac fibrosis progression, CRISPR YAP WT and KO
pluripotent stem cells (PSCs) were differentiated into cFbs. YAP KO PSCs showed an impaired
capability to differentiate into cFbs demonstrated by the lower expression of cardiac markers
(NKX2.5 and GATAA4). This was further confirmed by RNASeq which revealed more similar
profiles between WT cFbs and primary cFbs than the YAP KO cFbs. Also, the latter can be
activated by expressing typical myofibroblast markers (a-SMA and FAP) but show impaired
functionality demonstrated by the hindered capability of YAP KO cFbs to contract collagen gels
compared to the WT counterpart.

These observations show that YAP has a role in cFbs differentiation and activation, but
further mechanistic dissection is needed to fully understand its involvement.
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Primary cilium is a microtubule-based organelle protruding outside of the cell,
transducing extracellular cues and regulate cell signalling. 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
signalling defects that manifest in a pleotropic group of disorders collectively termed as
ciliopathies?.

CILK1 (Ciliogenesis associated kinase 1), an RCK (ros cross-hybridizing kinases) family
member, is an evolutionarily conserved and ubiquitously expressed serine/threonine kinase
that functions in multiple organ development. CILK1 has been shown to regulate cilia
formation, architecture and signalling. Loss of CILK1 activity leads to ciliopathies such as short
rib-polydactyly syndrome and endocrine-cerebro-osteodysplasia due to deregulation of ciliary
structure and signaling®*. 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 determine the effects of endogenous CILK1
downregulation, in order to identify the molecular mechanism of CILK1 action. We also
identified IFT-B complex proteins being phosphorylated by CILK1 in vitro, significance of which
is to be determined in the future. Understanding these mechanisms would allow for better
therapeutic options for the ciliopathy patients.

[1] Reiter JF, Leroux MR. Genes and molecular pathways underpinning ciliopathies. Nat Rev Mol Cell Biol.
2017;18(9):533-547. doi: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). doi: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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G-quadruplexes (G4Q) are one of the alternative DNA secondary structures formed in
human cells on guanine-rich regions. High-throughput sequencing identified more than
700,000 potential G4Q forming sequences indicating the importance of G4Q in controlling
some biological processes [1]. They are generally believed to regulate replication,
transcription and telomere maintenance. On the other hand, once formed, quadruplex is
highly stable and thus can pose an obstacle for replication fork progression [2]. Not only
guadruplexes but other endo- and exogenous factors may also obstruct replication. Therefore,
cells developed several mechanisms to deal with it. RAD51 protein is well described as a key
protein of homologous recombination, one of the pathways used to repair DNA double-strand
breaks. However, it has recently been shown to participate in the protection and restart of
stalled replication forks [3]. This work identified RAD51 interaction with G4 and focused on
the biochemical characterization of the formed complex and its biological role.

[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.
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Human embryonic stem cells (hESCs) are increasingly involved in clinical trials as they
can be a gamechanger for treatment of many human diseases. To achieve the therapeutic
effect, the quality of hESCs has to be taken into account, therefore current good
manufacturing practice (cGMP) has to be implemented in the transport of embryos, derivation
of inner cell mass to xeno-free, feeder-free and defined hESC culture and freezing. In-depth
characterization of hESC lines focused on safety, pluripotency, differentiation potential and
genetic background has to complement this process.

We established cGMP defined xeno-free and feeder-free system for the derivation,
culture, and banking of clinical-grade hESC lines with use of laminin 521 and cGMP defined
xeno-free Nutristem medium. We developed quality control testing with criteria concerning
sterility, safety, and characterization that ensures the clinical-grade quality of hESC lines.
Characterization of hESC involves the evaluation of pluripotency and differentiation potential.
Sterility testing is accompanied by endotoxin level establishment, mycoplasma detection, and
environmental screening. Safety testing involves, apart from karyotype establishment, the
sequencing panel CZECANCA for the cancer predisposition evaluation that provides important
information for future use of hESC lines in cell therapies. We successfully validated established
procedures on three clinical-grade hESC lines MUCG01, MUCG02 and MUCGO03 that are
suitable for cell therapy according to current good manufacturing practice.

This project was evaluated as excellent in terms of the results and meeting the project
objectives by the Ministry of Health of the Czech Republic.

This research was supported by the Ministry of Health of the Czech Republic, grant nr. NU22-08-00629 (all rights
reserved). Supported by the European Regional Development Fund - Project MAGNET (No.
C€Z.02.1.01/0.0/0.0/15_003/0000492). This research was supported by funds from the Faculty of Medicine,
Masaryk University - MUNI/A/1398/2021 and MH CZ — DRO (FNBr, 65269705). Tereza Souralova is a Brno Ph.D.
Talent Scholarship holder and is funded by the Brno City Municipality.

31



30. elF4F controls AMPK activity in BRAFV®®E-mutant melanoma cells

Natdlia Vadovi¢ovd*' 2, Barbora Val¢ikoval 2, Katefina KoZzdoriova® 2, David Poté&sil?,
Zbynék Zdrahal®, Stjepan Uldrijan® 2

1Department of Biology, Faculty of Medicine, Masaryk University, Brno
2International Clinical Research Center, St. Anne’s University Hospital, Brno
3CEITEC MU, Masaryk University, Brno

Oncogenic mutations in the RAS-RAF-MEK-ERK signaling pathway are common drivers
of metastatic melanoma. Patients usually respond to BRAF/MEK inhibitors, but resistance to
treatment often emerges.

The elF4F eukaryotic translation initiation complex plays an important role in melanoma
resistance to drugs targeting BRAF and MEK kinases [1]. Therefore, we decided to characterize
the crosstalk between the ERK and elF4F signaling pathways in melanoma in a proteomic
screen. It revealed several AMP-dependent protein kinase (AMPK) regulators as potential
common targets of ERK and elF4F. In the subsequent experiments, we concentrated on MO25,
part of an AMPK-activating complex (LKB1-STRAD-MO025), and PP2Aa, an AMPK-inhibiting
phosphatase.

RNA interference revealed LKB1-independent AMPK activation in melanoma cells upon
elF4F inhibition. This was later confirmed in LKB1-deficient BRAFV®°%E-mutant melanoma cells.
Furthermore, PP2Aa downregulation seems to play an essential role in AMPK activation, as
RNAi-mediated knockdown of PP2Aa and a small-molecule PP2A inhibitor, okadaic acid, both
potently promoted AMPK activity.

Previous studies reported negative feedback between ERK and LKB1 in BRAFV600E.
mutant melanoma cells. Both ERK and its target RSK phosphorylated LKB1, compromising its
ability to activate AMPK [2]. However, our findings show the existence of a non-canonical,
LKB1-independent control of AMPK activity in BRAFV6%-mutant melanoma cells, mediated by
elF4F and PP2A.

[1] Boussemart L, Malka-Mahieu H, Girault |, et al. elF4F is a nexus of resistance to anti-BRAF and anti-MEK cancer
therapies. Nature 2014; 513(7516):105-109. doi: 10.1038/nature13572

[2] 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

This work was supported by the European Regional Development Fund - Project ENOCH (No.

Cz7.02.1.01/0.0/0.0/16_019/0000868) and  Masaryk  University  grants  MUNI/A/1418/2021 and
MUNI/IGA/1113/2021.
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Astrocytes are specialized glial cells that when exposed to inflammatory factors go through a
process known as reactive astrogliosis. Reactive astrocytes are a neuropathological feature of
Alzheimer's disease (AD) [1]. The etiology of AD is often explained by the accumulation of B-amyloid
peptides, a proteolytic product of the amyloid precursor protein (APP) [2]. However, inflammation also
plays a prominent role in the development of AD [3]. How reactive astrocytes participate in the
pathogenesis of AD remains poorly understood. To elucidate the role of astrocytes in the pathogenesis
of AD we exploited different in vitro and in vivo models to investigate the role of Amyloid Precursor
protein in setting the immune response of astrocytes. Our results show that overexpression of APP in
human cortical astrocytes induces reactive phenotype, similar to astrocytes found in brains of AD
patients. These reactive astrocytes produce significantly increased levels of INF-y in comparison with
control astrocytes. Similar positive correlation between APP levels and INF-y is found also in astrocytes
from AD transgenic and traumatic brain injury mice models. Our data indicate that astrocytes are
activated by high levels of APP, which promotes production and secretion of interferons and
recapitulates salient features of astrocytes in AD.

[1] Carter SF, Herholz K., Rosa-Neto P., Pellerin L., Nordberg A., Zimmer ER. Astrocyte Biomarkers in Alzheimer’s
Disease. Trends in Molecular Medicine. Volume 25, Issue 2,2019.https://doi.org/10.1016/j.molmed.2018.11.006.
[2] Hampel, H., Hardy, J., Blennow, K. et al. The Amyloid-8 Pathway in Alzheimer’s Disease. Mol Psychiatry 26,
5481-5503 (2021). https://doi.orq/10.1038/s41380-021-01249-0

[3] Shi Y, Holtzman DM. Interplay between innate immunity and Alzheimer disease: APOE and TREM2 in the
spotlight. Nat Rev Immunol. 2018 Dec;18(12):759-772. doi: 10.1038/s41577-018-0051-1. PMID: 30140051;
PMCID: PM(C6425488
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Syphilis is a multistage venereal disease caused by Treponema pallidum subsp. pallidum.
There are about 5,6 million new cases worldwide annually?, with a few hundred of them in
the Czech Republic (e. g., 612 in 2019, and 870 in 2020, respectively)?.

The aim of this study was to map circulating strains in the Czech population and how
they differ over time. Besides determining allelic profile of TPA strain, macrolide resistance in
the samples was examined. Clinical samples were collected from Brno and Prague by
collaborating laboratories during 18-year period. DNA isolated from this material was used for
nested PCR of 4 loci, 3 typing loci (TPO136, TP0548, TP0O705) and macrolide resistance locus
23S. Loci were sequenced by Sanger sequencing.

In total, there were 1186 samples examined from 1015 patients. From all samples, 582
were PCR positive (437 swabs, 138 whole blood, and 4 others), and 604 were PCR negative
(262 swabs, 330 whole blood, and 12 others). Out of 582 PCR-positive samples, 454 were
typeable, with more than 50% fully-typed samples containing over 25 allelic profiles, while
previous report3 from 2018 showed 16 different fully-typed allelic profiles. From 360 samples
positives for 23S rDNA, 260 had mutation encoding macrolide resistance.

[1] Peeling RW, Mabey D, Kamb ML, Chen XS, Radolf JD, Benzaken AS. Syphilis. Nat Rev Dis Primers. 2017;3:
17073. pmid:29022569

[2] Emailovd komunikace, MUDr. Hana Zdékouckd, SZU

[3] Vrbovd E, Grillova L, Mikalovd L, PospiSilovd P, Strnadel R, Dastychovd E, Kojanovd M, Kreidlova M, Variousovad
D, Rob F, Prochdzka P, Krchridkovd A, Vaski V, Woznicovd V, Dvordkovd Heroldovd M, Kuklovad I, Zdkouckd H,
Smajs D. MLST typing of Treponema pallidum subsp. pallidum in the Czech Republic during 2004-2017: Clinical
isolates belonged to 25 allelic profiles and harbored 8 novel allelic variants. PLoS One. 2019 May
31;14(5):e0217611. doi: 10.1371/journal.pone.0217611. PMID: 31150464, PMCID: PMC6544256.

34
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Calcineurin (CN) - Nuclear factor of activated T-cells (NFAT) inhibitors are commonly
used immunosuppressants to inhibit adaptive immunity, but they frequently leave patients
vulnerable to opportunistic infections. CN-NFAT signalling is not exclusively used by T-cells,
but surprisingly, many other immune cells are undesirably affected. This fact is highly
important for understanding the adverse effects of CN-NFAT inhibitors therapy. The exact
impacts on human neutrophils' function after NFAT inhibition remain elusive.

We evaluated the effects of CN-NFAT inhibitors on neutrophil response induced by
heat-killed Candida albicans, Aspergillus fumigatus, and other pattern recognition receptors
(PRRs) ligands. We performed RNA sequencing to see global changes in gene expression. We
also used gPCR analysis of selected genes and ELISA to understand the kinetics of NFAT-
controlled functions.

We showed that after PRRs activation, neutrophils significantly increase the expression
of molecules involved in inflammation control. Their expression is inhibited using CN-NFAT
inhibitors, as specifically shown in the expression of the inflammation-mediating molecule
Cyclooxygenase-2 and in the production of chemokines CLL-2 and CCL-3. We will monitor the
possible inhibition of neutrophils' chemotactic ability by migration assay with monocytes.

These results show neutrophils as crucial influencers of immune response to pathogens
and reveal that their ability to express modulatory molecules is highly influenced by NFAT
inhibitors.
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34. Spatiotemporal visualization of tooth mineralization uncovered new
features in mouse dental development
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Teeth are one of the major mineralized tissues in vertebrates, they are formed from
specialized cell types —odontoblasts - able to produce a hard calcified matrix rich in phosphate
and carbonate minerals [1]. Rodents, such as mouse, have evolved a continuously growing
incisor able to regenerate as an adaptation to their highly specific dietary habit [2]. In contrast,
their molars exhibit limited regenerative properties in the same way as human dentition. For
this reason, mouse model is an attractive model in regenerative dentistry to identify possible
pathways leading to a natural restore of the tooth. Although these are actively investigated
topics, the exact mechanisms controlling the dynamics of dental development and pace of
growth remain mostly not understood [3].

Here, we characterized how mandibular and maxillary incisors grow in natural
conditions according to the age and sex of the animal. Moreover, we studied this model in the
damage context connecting this regenerative effect with the potential role of mechanosensing
in vivo and in silico. Finally, we also explored the dynamics of calcification and growth in the
molars, focusing on the crown shaping and elongation of the roots into the jawbone during
early development.

[1] Arana-Chavez VE, Massa LF. Odontoblasts: the cells forming and maintaining dentine. Int J Biochem Cell Biol.
2004 Aug;36(8):1367-73. Doi: 10.1016/j.biocel.2004.01.006. PMID: 15147714.

[2] Krivanek J, Soldatov RA, Kastriti ME, Chontorotzea T, Herdina AN, Petersen J, Szarowska B, Landova M,
Matejova VK, Holla LI, Kuchler U, Zdrilic IV, Vijaykumar A, Balic A, Marangoni P, Klein OD, Neves VCM, Yianni V,
Sharpe PT, Harkany T, Metscher BD, Bajénoff M, Mina M, Fried K, Kharchenko PV, Adameyko I. Dental cell type
atlas reveals stem and differentiated cell types in mouse and human teeth. Nat Commun. 2020 Sep 23;11(1):4816.
Doi: 10.1038/541467-020-18512-7. PMID: 32968047; PMCID: PMC7511944.

[3] Otsu K, Ida-Yonemochi H, Ikezaki S, Ema M, Hitomi J, Ohshima H, Harada H. Oxygen regulates epithelial stem
cell proliferation via RhoA-actomyosin-YAP/TAZ signal in mouse incisor. Development. 2021 Feb
15;148(4):dev194787. Doi: 10.1242/dev.194787. PMID: 33472844.
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Chimeric antigen receptor T cells (CAR-T cells) are genetically engineered T lymphocytes
that will target, recognize and kill the malignant cells in a specific and effective manner.
Despite their precisive mode of action, CAR-T cells still possess certain limitations, often
leading to a relapsed disease state.

Our mouse model demonstrated a certain fraction of recurring tumors. Their closer
analysis revealed that these relapsed cells had lost CD19 expression. With the help of
epigenetic library screening, we identified two main groups of drugs that have a role in CD19
downregulation in relapsed state. These act as DNA methylation&Aurora kinase inhibitors.
Bisulfate sequencing results further confirmed the hypermethylation at the CD19 promoter.
However, we also showed that the change in the methylation at the CD19 promoter is a site
specific but not global. Furthermore, using DNA demethylation agent azacytidine we managed
to restore CD19 levels in vitro and also to prevent its loss in recurrent mouse model in vivo.

Our findings showed how the epigenetic landscape down-regulates the CD19
expression, which often leads to antigen escape in relapsed conditions. It also opened a
possibility to use a combinational approach (by targeting epigenetic regulators) to enhance
CART-cell activity by preventing/restoring CD19 antigen escape.

Support & Funding: This work has received funding from Czech Science Foundation, project no. 22-35273S.
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The dental pulp is a highly vascularized and innervated connective tissue hosting cells
with capacity for regeneration. Dental pulp derived stem cells (DPSCs) are able to differentiate
into several types of dental but also non-dental cells. As such, they provide a promising source
for treatment strategies and offer an accessible system to investigate mesenchymal stem cells
(MSCs). So far, the majority of DPSCs research has been performed in vitro and based on the
data a set of positive and negative DPSCs markers was established.

To follow expression of these molecules in the developmental context of the dental pulp
in vivo, postnatal stages of the dental pulp formation were examined by customized PCR Array
along with in situ analysis based on immunohistochemistry. The key trio of markers coded by
Nt5e, Thyl, Eng genes was in focus in the mouse first molar tooth.

The expression of these markers was divergent during the investigated period. Markers
displayed specific patterns of expression overlapping particularly in the sub-odontoblastic
where the vascular and neural network is located. Additionally, the results show dynamics in
the expression of DPSCs/MSCs markers in vivo, which reflects their natural tissue environment
and supplements the in vitro based knowledge.
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The therapy of malignant melanoma usually targets the hyperactivated ERK signaling
pathway, especially BRAF and MEK kinases. However, patients treated with ERK pathway
inhibitors commonly develop resistance to these compounds within several months.
Therefore, it is necessary to identify new ways to target the ERK signaling in melanoma
therapeutically.

Our team recently identified new molecular mechanisms by which the metabolic stress
sensor AMPK could significantly affect ERK signaling pathway activity in melanoma despite the
presence of NRAS and BRAF oncogenic mutations, leading to the suppression of melanoma
cell growth (1).

In melanoma cells, we also found conditions leading to partial disruption of the
lysosomal complex Ragulator, whose subunit LAMTOR1/p18 can participate in AMPK
activation. Partial delocalization of LAMTOR1/p18 from the Ragulator complex diminishes
AMPK activation in response to metabolic stress. The essential role of this Ragulator subunit
for AMPK activation in melanoma was also verified using RNA interference targeting LAMTOR1
gene expression.

Our results indicate the importance of the lysosomal Ragulator complex for AMPK kinase
activation in response to metabolic stress and suggest another potential therapeutic target in
melanoma cells. We further plan to study dynamic interactions between LAMTOR1/p18 and
AMPK under metabolic stress using proximity ligation assay and immunoprecipitations.

(1)Verlande et al. 2018. Metabolic stress regulates ERK activity by controlling KSR-RAF heterodimerization. EMBO
Rep. 19: 320-336.

This work was supported by the European Regional Development Fund (ENOCH project;

CZ.02.1.01/0.0/0.0/16_019/0000868), and the Masaryk University grants (Specific Research project;
MUNI/A/1418/2021, and IGA MU project; MUNI/IGA/1113/2021).
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Reversible RNA modifications have emerged as key players in the complex
transcriptional changes that underlie timely transitions in cellular states during early
embryonic development. One of the prevalent internal mRNA modifications, N6-
methyladenosine (m6A), is known to crucially drive this transition by degrading pluripotency-
associated transcripts and stabilizing lineage-specific transcripts [1]. However, the functions
of another widely reported and a closely related modification, N6-2’-O-dimethyladenosine
(m6Am), remain unclear.

Preliminary results from our lab indicated this abundant mRNA mark m6Am is regulated
during the differentiation of induced pluripotent stem cells (iPSCs) towards ectodermal
lineage. This is for instance represented by increased expression on the responsible
methyltransferase PCIF1 (writer). Furthermore, depletion of the m6Am demethylase FTO
(eraser) leads to increased levels of m6Am. The preliminary results also indicated that
depletion of either the m6Am writer or eraser display aberrations in the pluripotency and
differentiation. Collectively, our results suggest a relevance of m6Am pathway in neuronal
differentiation.

[1] Geula, Shay, et al. "m6A mRNA methylation facilitates resolution of naive pluripotency toward differentiation."
Science 347.6225 (2015): 1002-1006.
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Diabetes mellitus (DM) is one of the most common and serious chronic disease, causing
life threatening, disabling and costly complications, and reducing life expectancy. The
prevalence of DM in the last year is estimated to 573 million adults worldwide. The total
number of DM is predicted to rise to 783 million by 2045. Over 90% of DM is classified as type
2 DM [1]. Chronic hyperglycaemia seen in badly compensated patients causes tissue damage
and vascular injury called macro- and microangiopathy. The best-known organ-target
complications are ischemic heart disease, angiopathy with “diabetic foot syndrome”, diabetic
kidney disease, neuropathy and retinopathy. Another important, but not so well known
complication, is diabetic encephalopathy (DE). DE is characterized by electrophysiological and
neuroradiological changes, clinically expressed by cognitive impairment, psychiatric and
motor disorders [2].

Our research is focused on morphological and functional changes in blood-brain and
blood-cerebrospinal fluid barriers in animal model of DM. Especially, major interests of
investigation are expression of selected pro-inflammatory and anti-inflammatory cytokines,
their cellular distribution and description of changes in vessels supplying the choroid plexus.

[1] SUN, H., P. SAEEDI, S. KARURANGA, M. PINKEPANK, et al. IDF Diabetes Atlas: Global, regional and country-
level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Research and Clinical Practice.
2022, 183. ISSN 0168-8227. D0OI:10.1016/j.diabres.2021.109119

[2] DONG, M., M. REN, Ch. LI, X. ZHANG, et al. Analysis of Metabolic Alterations Related to Pathogenic Process of
Diabetic  Encephalopathy Rats. Frontiers in Cellular Neuroscience. 2019, 12. ISSN 1662-5102.
DOI:10.3389/fncel.2018.00527
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Recent advances in Venetoclax-based regimens have proven useful in the treatment of
acute myeloid leukemia (AML) for patients deemed unfit for standard chemotherapy
regimens. However, drug resistance remains a critical issue highlighting the need to find
alternative compounds which may be able to overcome this resistance.

As a model of resistance, we are in the process of generating venetoclax-resistant AML
cell lines for HL-60, OCI-AML3, MV4-11 and MOLM-13 which has been completed. Using a
library consisting of 859 drugs approved by FDA or EMA for various indications, we performed
a primary drug screen on our MOLM-13 venetoclax-resistant cell line which revealed some top
hits validated through 10-point dose-response curves. We plan to expand this to our other
Venetoclax-resistant AML cell lines. To understand the biological mechanisms responsible for
Venetoclax-associated resistance, we intend on performing a genome-wide knockout screen.
This is to identify depleted genes using the Brunello CRISPR library in these resistant AML cell
lines and primary AML cells. We optimized the transduction conditions in primary AML cells.
We tested a variety of different viral titres and also, the addition of BX795, reported to
increase transduction efficiency. Using lentivirus expressing a GFP reporter, we were able to
successfully determine via FACs optimal conditions for our infection of primary cells.

This project was partly supported by grants MUNI/A/1330/2021 and project NICR (EU program EXCELES, No.
LX22NPO5102).

Contact: Yusuf.Lodhi@ceitec.muni.cz
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Ovarian surface epithelium (OSE) represents a superficial layer of cubic cells covering
the ovaries. OSE is constantly exposed to numerous stress factors, actively participating in
ovulatory cycle and regularly undergoing wound and repair cycles. Understanding the
background of morphological changes of OSE cells and their response to stress induced during
aging or incessant ovulation may clarify histopathological background of ovarian dysfunction,
infertility, and cancer.

The endoplasmic reticulum (ER) is an essential cellular organelle responsible for protein
synthesis, posttranslational modifications, membrane biosynthesis, and Ca** management. ER
is also an important signaling hub integrating various forms of stress and organizing the
signaling response. ER stress can be triggered by a variety of factors and has been
demonstrated to play a role in many pathologies.

Here we study the morphological changes of OSE evoked by ER stress. Our findings can
help to clarify key aspects of carcinogenesis, regeneration, or functions. In addition, the
identification of biologically relevant links between the ER molecular machinery and ovarian
biology can extend the portfolio of molecular targets for the treatment in the female
reproductive system.

Study was supported by Masaryk University (MUNI/11/ACC/3/2022, MUNI/A/1398/2021, Junior Researcher
project of LM ROZV /28 / LF / 2020, and MUNI/A/1421/2021).
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Human pluripotent stem cells are an important research tool and show great promise in
drug screening and regenerative medicine. Maintaining their pluripotency and differentiating
them into somatic cell types in vitro are essential elements for successful research work.
Increasing evidence implicates metabolic pathways as key regulators of cell fate and function.
Stem cells rely heavily on aerobic glycolysis as their energy source, but throughout
differentiation the balance shifts more towards Krebs cycle and oxidative phospholyration.
This metabolic switch seems to be one of key elements in differentiation priming, yet the exact
mechanism how it drives specification of all three germ layers (endoderm, mesoderm,
ectoderm) remains unclear. The aim of my PhD project is to dissect the metabolic pathways
that drive stem cell fate determination.

To achieve this, various regulators of metabolic pathways will be administered to stem
cells spontaneously differentiating in the form of embryoid bodies. Suitable working
concentrations as well as time points for sample collection are being optimised. To assess the
effect of the regulators on cell fate determination, we will analyse expression of specific
markers for each germ layer. Ultimately, our results will contribute to better understanding of
molecular mechanisms behind stem cell fate decision.
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After fertilisation, the single cell (zygote) undergoes successive rounds of cell divisions,
which are highly prone to errors. The ability to correctly handle genetic information is thus
pivotal for the early development and establishment of a healthy pregnancy. Intriguingly,
mitotic errors are common in human embryos but are rarely seen in mice. Unlike in mice,
human sperm not only transmit genetic information from the father but also carries the non-
membranous organelle — centrosome. We hypothesize that successful embryo development
in non-rodent mammals is dependent on the ability to integrate the sperm-derived
centrosome.

Here we developed the live-cell imaging setup for the visualization of centrosomes in
bovine fertilized eggs. By injecting mRNA coding fluorescently labelled centrosomal protein
152 (CEP152) we investigated the temporal and spatial organization of sperm-derived
centrosome. CEP152 became localized to the base of the sperm tail approximately 7 hours
after fertilization. This is in line with the recently reported onset of S-phase in the one-cell
embryo and suggests that the same molecular machinery could regulate centrosome
duplication in embryonic and somatic cells.

This study is supported by funds from the Ministry of Education, Youth and Sports of the CR
(CZ.02.2.69/0.0/0.0/19_073/0016943 “Interni grantovd agentura Masarykovy university”).
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Cellular behavior and cell fate are controlled not only by intrinsic processes but can be
modulated also by extracellular environment. Interactions with environment usually occur at
nanoscale level and therefore it is complicated to evaluate their impact. To elucidate in more
details, influence of surrounding environment in vitro, we have to be able to prepare suitable
biomaterials with controlled nano-distribution of selected molecules in precise and
reproducible manner. The main challenges are obtaining the nanoscopic features, high
demand on biocompatibility, and finally, the necessity for transparent properties of prepared
biomaterial, allowing subsequent super-resolution microscopy analysis. Recent progress in
nanotechnology allows for mimicking of the microenvironment by the patterned distribution
of biomolecules at the nanoscale level, particularly by using highly promising electron-beam
lithography (EBL). Although this nanopatterning technique can generate nanostructures of
good quality and resolution, it has been used, thus far, for the preparation of nanomaterials
without a biological agent, and mostly non-transparent, leaving its potential in biological
applications unfulfilled. Here, we performed the EBL on conventional cell culture material
coated with a transparent electron-conductive indium tin oxide layer, resulting in complex
nanopatterns, further biofunctionalized via novel HaloTag recombinant protein. This
biocompatible system allowed us to nanoprobe the cell interactions toward a specific region.
We prove successful cellular localization by scanning electron microscopy and by super-
resolution (SIM) microscopy. Furthermore, we suggest, that such a universal system can be
effectively used for probing biological samples for the corelative-microscopy technique and
may provide an understanding of cellular signaling mechanisms at a single-molecule level.

We acknowledge the core facility CELLIM supported by MEYS CR (LM2018129 Czech-Biolmaging). This work
was  supported by  the  European  Regional  Development  Fund—project  INBIO  (No.
CZ.02.1.01/0.0/0.0/16_026/0008451).
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The elF4F translation initiation complex has a critical role in cancer. The complex
enhanced activity was identified as a nexus of drug resistance and a promising therapeutic
target in melanoma [1,2]. However, the spectrum of available elF4F inhibitors is limited, and
none of them is in clinical use [3]. One of the reasons could lie in the relative complexity of
techniques used to identify such inhibitors [4]. Here we report a unique cell-based reporter
system suitable for the high-throughput identification of novel elF4F inhibitors in small-
molecule compound libraries.

We identified several elF4F-regulated pathways controlling melanoma cell proliferation
in a proteomic screen. Then we used a promoter of one of the elF4F-controlled genes to build
a reporter system, responding to elF4F inhibition by changes in luciferase expression in a dose-
dependent manner. Subsequently, we validated the system in a panel of cancer and non-
cancer cell lines, determining the impact of elF4F inhibition on luciferase activity.

Our technique is not only highly specific and suitable for high-throughput screening; it
also overcomes several limitations of the current state-of-the-art elF4F inhibitor screening
assays, e.g., the proximity ligation assay. It is sensitive, less cost-intensive, significantly faster,
and does not require expensive fluorescent microscopy/image analysis equipment.

[1] Pelletier J, et al. Targeting the elF4F translation initiation complex: a critical nexus for cancer development.
Cancer Res. 2015 Jan 15,;75(2):250-63. doi: 10.1158/0008-5472.CAN-14-2789.

[2] Boussemart L et al. elF4F is a nexus of resistance to anti-BRAF and anti-MEK cancer therapies. Nature. 2014
Sep 4;513(7516):105-9. doi: 10.1038/nature13572.

[3] Naineni SK et al. A comparative study of small molecules targeting elF4A. RNA. 2020 May;26(5):541-549. doi:
10.1261/rna.072884.119.

[4] Shen S et al. In situ detection of the elFAF translation initiation complex in mammalian cells and tissues. STAR
Protoc. 2021 Jun 23;2(3):100621. doi: 10.1016/j.xpro.2021.100621.

This research was supported by the European Regional Development Fund - Project ENOCH (No.
C€z7.02.1.01/0.0/0.0/16_019/0000868), Masaryk University grants No MUNI/11/ACC/2/2022,
MUNI/IGA/1108/2021, and MUNI/A/1418/2021, and project Brno Ph.D. talent.

47



46. Spatial mapping of stromal microenvironment during mammary
branching morphogenesis

Jakub Sumbal¥?3, Silvia Fre?, Zuzana Sumbalova Koledova®*

IDepartment of Histology and Embryology, Faculty of Medicine, Masaryk University, Kamenice 3,
Brno, 625 00, Czech Republic
2Institut Curie, Laboratory of Genetics and Developmental Biology, INSERM U934, CNRS UMR3215,
Paris, France
3Sorbonne Université, Collége Doctoral, F-75005 Paris, France

Branching morphogenesis is a conserved set of cellular processes that ensures high
relative surface-to-volume ratio. In several organs, including mammary gland, the pivotal role
of stromal microenvironment for epithelial morphogenesis has been demonstrated. In my
project | started with the hypothesis, that actively proliferating part of developing mammary
gland, the terminal end bud (TEB) is surrounded by specialized set of stromal fibroblasts, that
support its growth and invasion through surrounding matrix. To entertain this hypothesis, we
performed microdissection of “active” part of mammary gland, containing TEBs and
“quiescent” part of mammary gland, containing ducts, followed by single cell RNA sequencing.
By unsupervised cluster analysis and integration with published datasets, | have demonstrated
existence of specialized peri-TEB fibroblasts, specified in both time and space. Furthermore, |
spatially mapped the cluster identified by sequencing by combination of
immunohistochemistry and in situ mRNA hybridization. Finally | present preliminary results on
lineage tracing of the peri-TEB fibroblasts and in vitro insight into cell signaling pathways that
specify the peri-TEB phenotype. Our data shed light on fibroblasts heterogeneity during
morphogenesis and homeostasis that will help to understand involvement of these cells in
both developmental and pathological processes, such as cancer or fibrosis.
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Egg quality is a limiting factor of female fertility. Complex structural and biochemical
changes in the cytoplasmic compartment are necessary to confer the female gamete the
capacity to undergo successful fertilization and sustain embryonic development.

Transmission electron microscopy is traditionally used to inspect the ultrastructure of
female gametes. However, two-dimensional micrographs contain only fragmentary
information about the spatial organization of the complex oocyte cytoplasm. We employed
Focused lon Beam Scanning Electron Microscopy (FIB-SEM) which provided an unprecedented
view of ooplasmic architecture. By comparing samples fixed at three developmental stages,
we mapped out how human oocyte cytoplasm reorganizes during meiotic maturation in vitro.
The image data obtained showed that the major reorganization of cytoplasm occurs before
the first polar body extrusion. The organelles initially concentrated around the prophase
nucleus were repositioned toward the periphery and evenly distributed throughout the
ooplasm. The most prominent feature was the formation of heterologous complexes
composed of the endoplasmic reticulum and multiple mitochondria with primitive
morphology. The quantitative analysis of reconstructed 3D images revealed that the most
abundant organelles, the mitochondria, occupy ~ 4.26 % of the maturing oocyte cytoplasm. In
conclusion, this work enhances our knowledge of human oocyte morphology and cytoplasmic
maturation.
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