
 

 

 

 



 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

Augustas Pivoriūnas leads an active group of scientists and PhD students and his research interests focus 

primarily on extracellular vesicles (EVs) derived from different types of adult stem cells and their applications 

in basic research and cell-based therapies. In recent years he studies neuroprotective effects of EVs derived 

from human dental pulp stem cells (DPSCs) using in vitro and in vivo models of neurodegenerative diseases. 

His group was among the first to demonstrate that EVs can rescue human dopaminergic neurons from 6-

hydroxydopamine (6-OHDA)-induced apoptosis in vitro (Cytotherapy. 2015 Jul;17(7):932-9). More recently, 

his group together with partners from the University of Latvia demonstrated for the first time that intranasal 

administration of EVs derived from the DPSCs can effectively suppress 6-OHDA-induced gait impairments and 

normalize tyrosine hydroxylase expression in the striatum and in the substantia nigra of experimental rats 

(Stem Cells Transl Med. 2019 May;8(5):490-499).

During the lecture I will introduce the audience into the rapidly expanding field of extracellular vesicles (EVs). 

Then some hot topics, such as problem of heterogeneity of EVs, lack of appropriate markers, problem of 

quantification and therapeutic dosage will be discussed. During the second part of the seminar I will present 

and discuss our recent data about neuroprotective properties of EVs using in vitro and in vivo models of 

Parkinson’s disease.   
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the genetic distinctiveness of the 

Lithuanian population. Finally, 

we identified several candidate genes

 



 

Human amniotic fluid stem cells (AFSCs) are considered as a rather novel alternative source of stem cells with 
potential applications in cell therapy and regenerative medicine. Amniotic fluid containing AFSCs is obtained 
during amniocentesis procedure which is considered to be safe for both the fetus and the mother. AFSCs are 
of fetal origin and display high proliferation capacity as well as differentiation potential to cell lineages from 
all three germ layers. The goal of this study was to characterize AFSCs isolated from both healthy and fetus-
affected gestations and to evaluate and compare the differentiation potential of stem cells.  AFSCs were 
obtained from amniocentesis samples using two-stage isolation protocol and expanded in monolayer culture. 
Cells were characterized and were positive for mesenchymal markers (CD44, CD90, CD105) and expressed 
genes associated with pluripotency (Oct4, Sox2, Nanog, Rex1). Under appropriate conditions AFSCs 
differentiated towards adipogenic, osteogenic, neurogenic and myogenic lineages, as determined by 
morphological changes and expression of lineage-specific genes.  Differentiation processes were also 
characterized epigenetically and were linked to distinctive expression of miR-17, miR-21, miR-34a and mirR-
146a, decreased levels of acetylated H4 and H3K9, tri-methylated H3K4 and H3K9 and upregulated levels of 
H3K27me3. The levels of HDAC1, DNMT1 and PRC1/2 proteins (BMI1/SUZ12) were reduced as well in all 
differentiations. There were no significant differences in the expression levels of investigated epigenetic 
marks between undifferentiated AFSCs derived from normal and fetus-affected gestations and between 
those differentiated towards adipogenic, osteogenic, neurogenic and myogenic lineages. The expressional 
changes of histone marks and miRNAs that occurred during differentiation indicate subtle epigenetic 
regulation, yet more detailed studies in epigenetic mechanisms are required for a better understanding of 
AFSCs differentiation in fetus-diseased conditions and their usage in therapeutic application and prenatal 
disease research. 

 

 



 

Alzheimer’s disease (AD) is the most common age-related neurodegenerative disorder worldwide, with an 

estimated ~20 % lifetime risk in 65-year-old individuals. The brain changes may begin 20 years before the 

symptoms of AD arise. Among various hypothesis of AD onset, over the last decade “blood-brain barrier (BBB) 

breakdown” attracts intense attention of scientist. BBB is a highly selective layer of unique brain 

microvascular endothelium surrounded by other resident cells. Crosstalk between endothelial and astroglial 

cells play the key role in supporting physiological BBB function. Despite direct interaction between cells, an 

important role play extracellular vesicles (EVs), which are phospholipid bilayer enclosed particles carrying 

biologically active molecules between cells in autocrine, paracrine and even endocrine way. In my 

presentation I will introduce our newest results obtained using an in vitro model of BBB. Co-culturing human 

endothelial cells with wild type (WT) or three AD-related mutations (APPswe/Tau-P301L/ PS1-M146V) 

carrying mouse astrocytes, we revealed that diseased astroglial cells could weaken barrier function. We 

showed impaired transendothelial electrical resistance (TEER) and reduced tight junction proteins expression 

of BBB endothelial cells co-cultured together with diseased astrocytes. Next, we investigated EVs secreted 

by WT- and AD-astrocytes and its effect on BBB. Results showed also strong positive effect of WT-astrocyte-

secreted EVs on TEER of endothelial cells. In contrast, AD-astrocyte-secreted EVs reduced tight junction 

expression and increased inflammation-related intracellular signaling within endothelial cells. Altogether 

these findings suggest novel role of astrocyte-derived EVs in healthy and AD effected BBB. 

 

 



 

5-hydroxymethylcytosine (5hmC), the oxidative product of 5-methylcytosine (5mC) mediated by ten-eleven 

translocation enzymes, is found in many mammalian tissues and cell types, although with diverse levels of 

abundance contrary to 5mC. Emerging evidence reveal that 5hmC serves as not only an active DNA 

demethylation intermediate but also as a stable epigenetic DNA modification linked to various biological 

processes, including development and pathogenesis. Different technologies have been developed to profile 

5hmC genome-wide, with the most prominent being bisulfite-based approaches, which are able to reach a 

single-base resolution. However, these methods cause a significant DNA loss due to degradation, limiting 

their application in analysis of precious clinical DNA samples, and require deep whole-genome sequencing, 

thus are very expensive. 

We developed a bisulfite-free cost-effective approach for 5hmC profiling at a single-nucleotide resolution, 

named hmTOP-seq (5hmC-specific tethered oligonucleotide-primed sequencing), which is based on the 

direct sequence readout primed at covalently labeled 5hmC sites from an in situ tethered DNA 

oligonucleotide. Firstly, hmTOP-seq was validated on a small model bacteriophage genome indicating 

quantitative, single-base resolution detection of 5hmC. Next, we attempted to assess the new approach on 

mammalian genomic DNA and verified its ability to profile 5hmC in mouse embryonic stem cell (mESC) DNA. 

Our method employs T4 phage β-glucosyltransferase, which has no sequence specificity, thus hmTOP-seq 

allowed 5hmC identification in non-CG context in mESC DNA. As our approach targets both DNA strands 

individually, it has a capacity to detect subtle differences in the strand-specific CG hydroxymethylation. 

hmTOP-seq analysis determined the association between 5hmC levels at the coding strand of gene bodies 

and gene expression. Also, we were able to assess the strand-specific 5hmC distribution around the exon-

intron junctions. Altogether, hmTOP-seq is a valuable cost-effective high-resolution technique for 

characterization of epigenetic 5hmC profiles. 

 

 



 

 

Chinese hamster ovary (CHO) cells are very often used for mammalian protein expression in 
biotechnology. DNA transfection into eukaryotic cells could be performed by using biological, 
chemical or physical methods. Yet, due to its simplicity, one of the physical methods, such as micro-
millisecond electroporation, is applied more often than the others. However, electroporation is an 
electric pulse dependent phenomenon, thus the efficiency of the methodology is highly dependent 
on the applied protocol. In this study, we present a new modality of high frequency (1 MHz) 
nanosecond range electro-transfection protocols. Green fluorescent protein (GFP) encoding 
plasmids were used to evaluate transfection efficiency by flow cytometry and cell viability by 
alamarBlue assay. The cell vitality and percentage of transfected cells were tested using various 
parameters: DNA concentration (0.0125-8 mg/ml), cell numbers (0.108-0.218 x106) per well of 48 
well plate, electroporation buffer composition (8 different buffers were tested) and incubation time 
(0-60 minutes) in electroporation buffers before dilution with growth media. We found out that the 
best transfection conditions are: DNA concentration (1 mg/ml), cell numbers (0.162x106 cells per 
well) and incubation time (10 min), which has shown both, the best transfection efficiency and cell 
viability. Afterwards, various high-frequency (1 MHz) electroporation pulse parameter 
combinations of electric field (2-15 kV/cm), duration (300-700 ns) and number of pulses (n=100-
1000 pulses) were tested for electro-transfection. As a result, 2 kV/cm x 700 ns and 5 kV/cm x 300 
ns with pulse number of n=250 have shown more than 20% higher transfection efficiency and 30-
50% better cell viability than standard 1.5 kV/cm x 100 μs procedure. Consequently, nanosecond 
electroporation could find further biotechnological applications, especially for transient 
transfections in vitro or future in vivo drug delivery, where high-efficiency rates are indispensable. 
  



 

As humanity continues to increase in population size, so does the demand for various products and 
services. Meeting these demands creates both a larger environmental impact, as well as higher 
economic costs. Innovation in industrial processes is one of the ways to reduce both cost and impact 
to the environment. Microbial lipolytic enzymes (lipases and carboxylesterases) are biocatalysts that 
can catalyze both the hydrolysis and synthesis of fatty acid esters and can be presented as attractive 
innovative tools for various industries. These enzymes are active in organic solvents, do not require 
cofactors, are regio- and stereo- selective, can hydrolyse a wide spectrum of lipidic substrates. 
Lipases and carboxylesterases are applied for the production of biofuel, disposal of waste, 
manufacturing of detergents and emulsifiers, in leather, paper and pharmaceutical industries. 
Lipolytic enzymes produced by Geobacillus bacteria are a possible source of such enzymes, with 
attractive properties like high thermoactivity and thermostability. Our studies presented protein 
engineering experiments to improve activity, kinetic and physicochemical characteristics of 
Geobacillus lipolytic enzymes to create new attractive biocatalysts and for deeper insight into 
structure - function relationships of these enzymes. New lipolytic enzymes created using site 
directed mutagenesis, protein fusion, and DNA-shuffling/random mutagenesis strategies will be 
discussed. 
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CRISPR-Cas is a diverse prokaryotic defense system that provides adaptive immunity against foreign 

nucleic acids. Bacteriophages develop different approaches to evade CRISPR-Cas protection in an 

evolutionary bacterial-phage arms race. One of the strategies is phage-encoded small proteins, named anti-

CRISPR proteins (Acr), that inhibit CRISPR-Cas protection and enable phage evasion. To evaluate the effect of 

anti-CRISPR on I-F type CRISPR-Cas from  D7S-1 bacteria (Aa-

CRISPR-Cas), proteins from ten previously identified Acr families (AcrIF1-10) were tested. Employing in vivo 

experiments we show that proteins of AcrIF6 and AcrIF9 families inhibit type I-F Aa-CRISPR-Cas system. Then 

we purified AcrIF6 and AcrIF9 proteins to assay their action in vitro. We demonstrate that both AcrIF6 and 

AcrIF9 interact with type I-F CRISPR-Cas interference complex, called Cascade, which binds target DNA and 

triggers its degradation by an accessory protein – Cas2/3 helicase/nuclease. AcrIF6 interaction with the 

Cascade prevents its binding to target DNA, while AcrIF9 somehow changes the Cascade-DNA interaction. 

More detailed mechanisms remain to be disclosed.  

Rheumatoid arthritis (RA) is a chronic, inflammatory, autoimmune multi-factorial disease that 

adversely affects the quality of life. Multiple environmental and genetic factors have been associated with 

increased risk for RA. Early diagnosis and therapeutic intervention or treatment can prevent severe disease 

manifestations in patients suffering from this autoimmune disease. MicroRNAs (miRNAs) are present in 



 

human plasma and known as a potential non-invasive biomarker for RA detection. The use of appropriate 

predictive biomarkers may improve the efficiency of RA therapy.  

The aim of this study is to highlight the findings on miRNAs expression, compare it between 

healthy individuals and RA patients and to discuss their potential as biomarkers for diagnostic purposes. 

In this study, we used quantitative PCR (qPCR) to evaluate miRNA expression levels of three 
miRNAs (miR-22, miR-27b, miR-155) in 42 RA patients samples and 43 healthy controls. We detected 
statistically significant differences in gene expression of two miRNAs (miR-22 (p=0.0309) and miR-155 
(p=0.0197)) between healthy individuals and those that develop RA indicating a potential biomarker role for 

at-risk individuals. In addition, our results showed statistically significant differences of miR-22 (p 0.0304) 

and miR-27b (p 0.0058) between patients who had biological therapy and who did not. 
In conclusion, miR-22 and miR-155 could be used as a potential diagnostic biomarker of 

Rheumatoid Arthritis.  
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Nudix hydrolase superfamily 

These proteins have been categorized as 
“housecleaning enzymes” which carry out the hydrolysis of many different nucleoside diphosphates linked 
to an x moiety. The substrates of Nudix enzymes usually are cell signaling molecules, metabolic intermediates 
and potentially toxic compounds the concentration of which need to be modulated during the cell cycle. 
Recently it was shown that E. coli Nudix hydrolase NudC facilitates RNA degradation by hydrolysing its newly 
found 5’-end modification, nicotinamide adenine dinucleotide (NAD), resulting in the release of nicotinamide 
mononucleotide and 5'-monophosphorylated RNA. What is more, enzyme prefers NAD-capped RNA over 
NAD+ or NADH as the cleavage of 5’-NAD-RNA is carried out more efficiently. Knowing that other members 
of Nudix superfamily carry out their functions while interacting with additional proteins we raised the 
hypothesis that NudC may also form a protein complex while removing the 5’-NAD cap. Combining methods 
of protein purification under mild conditions, mass spectrometry as well as bacterial adenylate cyclase two-
hybrid system, we were indeed able to find the NudC interaction partner. Northern blot and functional 
analysis of 5’-NAD modified and unmodified RNA molecules revealed the possible effects of proteins on both 
types of RNA substrates. Collectively these findings not only strengthened the hypothesis that both proteins 
function together but also revealed NudC function reaching beyond regulation of only 5’-NAD modified RNAs. 
We hope that these results will broaden our knowledge on the mechanism behind RNA degradation in 
bacteria. 



 



 



 

 



 



 

Protein aggregation into highly structured, beta-sheet rich fibrils is associated with multiple 

neurodegenerative diseases, affecting millions of people worldwide [1]. The screening for anti-amyloid 

compounds has led to many different molecules entering clinical trials with an extremely low success rate. 

Tea extracts are known for their beneficial effects on health and several compounds have been shown to 

possess anti-amyloid properties [2]. The effect of these molecules is usually determined in neutral pH, 

without considering the fact that compounds undergo oxidation at neutral or higher pH.  

In this research we compare the inhibition effect of gallic acid and its oxidation products (GAO) on insulin 

amyloid formation. The gallic acid does not affect the insulin aggregation while GAO increases the 



 

aggregation lag time. Furthermore, the global fitting of the kinetic data suggests that GAO affects the 

aggregation nucleation state.  

[1] Tooba NazShamsi, Athar T, Parveen R, Fatima S. A review on protein misfolding, aggregation and 

strategies to prevent related ailments. International Journal of Biological Macromolecules. 2017;105(1):993-
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In conclusion, our study identified frequency of BRAF and NRAS mutations in melanoma patients. We 

also determined that the association between lymph node metastasis and risk factors, such as the 

presence of the BRAF mutations in primary tumour sample in these patients, requires further 

investigation. 



 



 

 



 



 


