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Satellite Event for the jubilee XXV Gliwice Scientific Meetings 

Joint online seminar of the Polish Proteomics Society and the Finnish Proteomics Society:  

Proteomics of Extracellular Vesicles 
November 18, 2021, 14:00 - 20:00 CET 

Chairpersons: Tuula Nyman (Oslo) & Piotr Widłak (Gliwice) 

Maija Puhka (Finnish Institute of Molecular Medicine, University of Helsinki, Helsinki): 

Considerations of factors affecting proteomes in extracellular vesicle isolates: 

preanalytics and beyond. 

Harry Holthofer (University Medical Center Hamburg-Eppendorf Hamburg): Urinary 

extracellular vesicles: from process optimization to applications. 

Marit Inngjerdingen (Institute of Clinical Medicine, Oslo University Hospital, 

Oslo): Dissection of functionally distinct EV subset released from NK cells guided by 

proteomics. 

Raghu Kalluri (The University of Texas MD Anderson Cancer Center, Houston): 
The biology and function of exosomes in cancer. 

Mari Palviainen (University of Helsinki, Helsinki): Ins and outs of extracellular vesicles. 

Susana Garcia-Silva (Spanish National Cancer Research Center - CNIO, Madrid): 

Extracellular vesicles cargo on melanoma’s service and against it. 

Beate Vestad (Research Institute of Internal Medicine, Oslo University Hospital, Oslo): 

Plasma extracellular vesicles in people living with HIV and type 2 diabetes are related to 

microbial translocation and cardiovascular risk. 

Anna Wojakowska (Institute of Bioorganic Chemistry, Poznań): Small extracellular 

vesicles represent different proteomic pattern in response to neoadjuvant radiotherapy in 

rectal cancer patients. 

Monika Pietrowska (MSC National Research Institute of Oncology, Gliwice): Analysis of 

exosomeshuttled proteins using immunocapture approaches followed by high resolution 

mass spectrometry. 

Dmitry Ter-Ovanesyan (Wyss Institute for Biologically Inspired Engineering, Harvard 

University, Boston): Separating EVs from free proteins in biofluids. 

The seminar organizing committee:  

Maciej Lalowski (Helsinki),  

Magdalena Łuczak (Poznań),  

Tuula Nyman (Oslo),  

Monika Pietrowska (Gliwice),  

Theresa Whiteside (Pittsburgh),  

Piotr Widlak (Gliwice)  
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XXV Gliwice Scientific Meetings 
Scientific Program 

Friday, 19
th

 November 2021  

9.00 – 9.15   Opening of the conference   

Welcome address: Krzysztof Składowski (MSC-NRIO, Gliwice)  

9.15 – 10.15 Special session:  

“Professor Mieczysław Chorąży – 70 years of research in tumor biology”  

Rememberance of Prof. Mieczysław Chorąży  

   Announcement of the Laureate of the Prof. Mieczysław Chorąży Scholarship   

    The Mieczysław Chorąży Lecture 2021 –   

Kari Hemminki (Charles University, Pilsen & DKFZ, Heidelberg): Science and society.  

10.15 – 10.30   Coffee Break  

10.30 – 13.00 Session: “Cancer Moonshot – Early Detection of Lung Cancer”    

   Chairpersons – Piotr Widłak & Witold Rzyman   

Witold Rzyman (Medical University of Gdańsk, Gdańsk): Lung cancer screening - where 

we are?  

Luis Montuenga (University of Navarra, Pamplona): The role of molecular markers in the 

lung cancer screening route [online].  

Fabrizio Bianchi (Fondazione IRCCS Casa Sollievo della Sofferenza, San Giovanni 

Rotondo): The small world of microRNAs and their big role in lung cancer [online].  

Piotr Widłak (MSC-NRIO, Gliwice): Serum metabolome profiling in early detection of 

lung cancer.  

Joanna Polańska (Silesian University of Technology, Gliwice): Radiomics of lung cancer.  

Marek Kimmel (Rice University, Houston): Modeling risk of lung cancer: Coordination of 

molecular events and growth characteristics of tumors.  

13.00 – 14.00    Lunch Break / poster viewing  

14.00 – 18.00   Session: “Regulation of Gene Expression and Chromatin” Chairpersons 

– Joanna Rzeszowska & Sergey Razin  

Sergey V. Razin (Lomonosov Moscow State University, Moscow): Order and stochasticity 

in the 3D organization of individual genomes [online].  

Aleksandra Pękowska (Nencki Institute of Experimental Biology, Warszawa): Interplay 

between chromatin architecture and gene expression.  
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Michal Gdula (Adam Mickiewicz University, Poznań): How to shut down a whole 

chromosome? - SmcHD1, epigenetics and 4D genome in X inactivation.  

Gracjan Michlewski (International Institute of Molecular and Cell Biology, Warszawa): 

Regulation of miRNA biogenesis - mechanisms and future therapies.   

Agnieszka Ciesielska (10x Genomics, Stockholm): Scale and resolution. Single-cell  

and spatial transcriptomics - more than marriage from convenience.  

16.00 – 16.15 Coffee Break  

Martin Simard (Université Laval, Quebec): Regulation and modulation of the microRNA 

silencing pathway [online].  

Victor Ambros (University of Massachusetts Medical School, Worcester): Argonaute 

mutations that broadly disrupt microRNA activity in worms and human disease [online].  

Grant McFadden (Arizona State University, Phoenix): Ex vivo oncolytic virotherapy  

with myxoma virus [online].  

19.30 Dinner& Social event  

 

Saturday, 20
th

 November 2021  

9.00 – 10.00  Virtual Poster Session (part 1)/coffee   

Short presentations of selected posters (5 minutes allocated to each presentation)  

Poster Session 1 

Ryszard Smolarczyk Anticancer effect of vascular disrupting agent (CA4P) in combination with STING 

agonist (cGAMP) in murine breast cancer and melanoma therapy 

Marta Gawin Intra-tumor heterogeneity revealed by mass spectrometry imaging is associated with the 

prognosis of breast cancer 

Kinga Pogoda-Mieszczak The usefulness of murine mesenchymal cells as a myxoma virus carrier for the 

planned therapy of murine glioblastoma 

Agnieszka Potęga Glutathione conjugation of the antitumor-active unsymmetrical bisacridine C-2028 in 

human liver subcellular fractions – the major role of glutathione S-transferase M1-1 

Adrianna Rutkowska Analysis of the applicability of antibodies recognizing EGFRvIII in the case of 

primary glioblastoma cell lines 

Mateusz Smolarz Analysis of miRNAs in serum and serum-derived exosomes – putative biomarkers for 

early detection of cancer in participants of lung cancer screening study 

Ali Maruf Trehalose-Releasing Nanogels: A Potential Trehalose Delivery System for Autophagy 

Stimulation 

Joanna Pilch Folic acid-quantum dots platforms for efficient delivery of unsymmetrical bisacridines to 

lung and prostate cancer cells 

Jolanta Kulesza c-Myc protein level affected by unsymmetrical bisacridines plays a role in apoptosis 

induced by these compounds in HCT116 colorectal and H460 lung cancer cells 

Seweryn Gałecki Variants in OPN and CD44 genes may influence recurrence and prognosis in non-small 

cell lung cancer treated with radiotherapy and chemoradiotherapy 

Marcelina Jureczko How fast can be the vincristine removed by white-rot fungi? 
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Marcela Krzempek COVID-19 vaccinations decrease SARS-CoV-2 incidences: single medical Institute 

report 

10.00 – 11.45 Session: “Radiation Biology and Medicine”   

     Chairpersons – Dorota Słonina & Nicolas Foray  

Nicolas Foray (INSERM, Lyon): The radiation-induced nucleoshuttling of the ATM protein 

and its medical applications in radiotherapy and radiology.  

Carmel Mothersill (McMaster University, Hamilton): New non-targeted mechanisms 

identified after low dose radiation exposure.  

Ludwik Dobrzyński (National Centre for Nuclear Research, Świerk): Yonezawa effect and 

its modelling.  

Marek Janiak (Military Institute of Hygiene & Epidemiology, Warszawa): Antineoplastic effects 

of low-dose whole-body exposures to X-rays combined with inactivation of two immune 

checkpoints in mice.  

11.45 – 12.00   Coffee Break   

12.00 – 14.00 Session: “Targeted Drug Delivery and Experimental Therapies”  

     Chairpersons – Wiesław Szeja & Anna Kasprzycka  

Grzegorz Grynkiewicz (Pharmaceutical Research Institute, Warszawa): Sustainable 

chemistry for circular economy [online].  

Andrzej Gamian/Beata Orzechowska (Institute of Immunology and Experimental Therapy, 

Wrocław): Viral vaccine - new challenges [online].  

Tomasz Sarnowski (Institute of Biochemistry and Biophysics, Warszawa): M13 bacteriophage 

and anti-SARS-CoV-2 VHH as a potential therapy against COVID-19 [online].  

Ilona Wandzik (Silesian University of Technology, Gliwice): Micro- and nanosized 

hydrogels for biomedical applications [online].  

Katarzyna Jelonek (Centre of Polymer and Carbon Materials, Zabrze): Biodegradable micelles 

for targeted delivery of anticancer drugs.  

Wiesław Szeja (Silesian University of Technology, Gliwice): Glut-targeting improves the 

properties of drug glycoconjugates in relations to neoplastic cells.  

14.00 – 15.00 Virtual Poster Session (part 2)/coffee  

Short presentations of selected posters (5 minutes allocated to each presentation)  

Poster Session 2 

Marta Kasprzyk Functional dissection of IGH enhancers and enhancer RNAs in B-cell lymphomas 

Paulina Marona The role of MCPIP1 protein in tumor initiation and stemness of normal epithelial cells 

Marta Podralska Identification of irradiation-induced ATM-dependent lncRNAs 

Damian Sojka p53-depletion enhances colon cancer cells' resistance to manumycin A 

Magdalena Surman Ectosomal transfer of αvβ3 and αvβ5 integrins from melanoma cells to recipient 

vascular endothelial cells promotes their migration 
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Agnieszka Gogler-Pigłowska Deficiency of the HSPA2 gene promotes a more differentiated phenotype of 

human epidermal keratinocytes and induces alterations in the organization of the three-dimensional 

reconstructed epidermis 

Paweł Piłat Identification of partners interacting with N4BP1 protein and determination of its cellular 

functions and localization 

Joanna Syrkis Immunohistochemically detected LOX expression is higher in metastases than in primary 

tumors in ovarian cancer 

Wiktoria Płonka The impact of DGCR8 inhibition on microRNA biogenesis in B-cell lymphoma 

Agnieszka Będzińska The dual role of p53 in regulation of interferon signaling pathways 

Patryk Janus The role of HSF1 in the regulation of the transcriptional response to estrogen at the level 

of chromatin organization 

Sybilla Matuszczak Influence of the tumor microenvironment on the effectiveness of radiotherapy of head 

and neck squamous cell carcinomas in vitro 

Łukasz Skoczylas HPV-positive head and neck squamous cell carcinoma cells release exosomes carrying 

HPV peptides 

Weronika Szukała Mcpip1 in skin tumorigenesis 

Weronika Bagrowska Modelling the cytoplasmic domain of the Toll-like receptor and initial studies of 

structure's dynamics 

 

15.30 – 15.45   Presentation of awarded posters and closing remarks  
15.45 –      Lunch  
  

Prize of the Association for the Support of Cancer Research  
for the best poster presentation: 

 

Joanna Pilch, Agata Kowalczyk, Piotr Bujak, Anna M. Nowicka, Ewa Augustin: 

Folic acid-quantum dots platforms for efficient delivery of unsymmetrical 

bisacridines to lung and prostate cancer cells. 

 

Distinctions in the contest for the best poster presentation: 

Joanna Syrkis, Katarzyna Kujawa, Ewa Zembala-Nożyńska, Alexander Cortez, 

Patrycja Jakubowska, Jolanta Kupryjańczyk, Katarzyna Lisowska:  

Immunohistochemically detected LOX expression is higher in metastases than in primary 

tumors in ovarian cancer. 

Seweryn Gałecki, Agnieszka Gdowicz-Kłosok, Monika Giglok, Rafał Suwiński,  

Dorota Butkiewicz:  

Variants in OPN and CD44 genes may influence recurrence and prognosis in non-small cell lung 

cancer treated with radiotherapy and chemoradiotherapy 

.  
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In Memoriam 
Mieczysław Chorąży 

In 1951, Mieczysław Chorąży, a 26-year-old fresh graduate of the 

Medical Academy in Warsaw, received the order to take up employment 

at the then State Cancer Institute in Gliwice. The employment contract 

bears the date of October 15, 1951. The same year, the Institute in 

Gliwice is reorganized and becomes a Branch of the Maria Skłodowska-

Curie Institute of Oncology. Gliwice was not a voluntary choice of 

employment for Mieczysław Chorąży but, as a result of his deliberate 

decision, it became a place where he lived and worked until the end co-

creating the 70-year-long history of the Institute of Oncology. 

Professor Mieczysław Chorąży died on February 20, 2021, and was 

laid to rest with military honors at the Powązki Cemetary in Warsaw. 

Mieczysław Chorąży was born on August 31, 1925 in Janówka, 

Podlasie region of eastern Poland. He was brought up by his loving 

parents. The examples he followed in his youth were his elder brother Janek, a student and activist of the 

Cooperative Movement, as well as his sister-inlaw, Hanna, an activist of the Peasants' Movement (nom de 

guerre "Hanka"). In 1938, after finishing primary school in Piszczac, young Mieczysław enrolled in Biała 

Podlaska gymnasium, but his regular education was interrupted by the outbreak of World War II. From 

1941, he continued his education attending secret classes, first in Łowicz, and then in Warsaw. He 

received his high school diploma in 1944 after graduating from the Adam Mickiewicz Memorial 

underground State Gymnasium and High School. During the German occupation of Poland, he was active 

in clandestine work and took part in the Warsaw Uprising as a soldier (nom de guerre "Grom") of the 

Home Army (his unit, part of the “Baszta” Regiment, fought in the Mokotów district of Warsaw). He was 

wounded twice, following which he was in danger of losing his arm. After the fall of the Uprising, he was 

taken captive by the Germans, and was sent to the POW camp in Skierniewice, and then to the XIA Stalag 

in Altengrabow, Germany. He regained freedom in May 1945. After returning home from captivity in 

October 1945 he started studying at the Medical Faculty of the Medical Academy in Warsaw, from which 

he graduated in 1951. In the meantime, being a former Home Army soldier and insurgent, he faced 

numerous threats and hassles; his Security Service guardians made him a “promise” that his medical 

career would end up with “dressing wounds of lumbermen”. Indeed, the first work order Mieczysław 

Chorąży received was to a hospital in Brzozów (50 km south of Rzeszów), but this was converted later by 

an act of "grace" into a work referral to Gliwice. There, Mieczysław Chorąży met other people, among 

them Henryk Godlewski and Andrzej Vorbrodt, also sent in “for the sins of the Home Army", as he 

jokingly mentioned in his memoirs "From Janówka to the world" [1]. 

Limited manual dexterity resulting from the wounds received during the Warsaw Uprising turned out 

to be a real obstacle to becoming a surgeon. After a short clinical internship, Mieczysław Chorąży directed 

his steps to Professor Kazimierz Dux, then Head of the new Department of Cancer Biology. This 

department had been established a year earlier based on the Cancer Biopathology Department organized 

previously (in 1948) by Dr. Zygmunt Zakrzewski, the prewar Head of the Biology Laboratory at the 

Radium Institute in Warsaw. Under Professor Kazimierz Dux’s supervision, Mieczysław Chorąży, M.D., 

prepared a doctoral dissertation entitled "Nitrogen balance in rats with cancer". He defended his thesis 

before the Scientific Council of the Institute of Oncology in 1958. With Professor Dux having left Gliwice 

to take up work in  

Warsaw three years earlier, the Department of Cancer Biology in Gliwice was led then by Professor 

Henryk Godlewski. After the departure of the latter to Warsaw in 1961 (for a position in the Department 

of Pathology, Polish Academy of Sciences), doctor Mieczysław Chorąży became the acting Head of the 

Department of Cancer Biology of the Institute in Gliwice. 
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   Department of Tumor Biology, 1953 

Mieczysław Chorąży was a scholarship fellow of the Rockefeller Foundation, and this enabled him to 

complete two research internships in the United States of America. His first internship, at McArdle 

Memorial Laboratory for Cancer Research, University of Wisconsin-Madison, took place between 1959 

and 1960. Dr. Chorąży studied there the uptake of exogenous DNA by eukaryotic cells. He continued 

studies on this topic after returning to Gliwice, and the results made up the basis for his habilitation thesis 

entitled "Research on the penetration of deoxyribonucleic acid in Ehrlich exudative cancer cells". He 

received his postdoctoral degree in 1961 from the Medical University of Silesia. Between 1961 and 1963 

he completed a second internship at the Sloan-Kettering Institute for Cancer Research in New York. He 

worked there under the guidance of Professor Dorris Hutchinson and Professor Aaron Bendich, 

developing a method for the isolation of metaphase chromosomes from murine lymphocytic leukemia 

cells. His work "Studies on the isolation of metaphase chromosomes" [2] was later a basis for the 

development of several other, more advanced, methods of metaphase chromosome fractionation. The 

research carried out at that time won him (1962) the award from the Scientific Council of the Minister of 

Health. 

After returning to Gliwice from his 

second internship in the USA, 

Mieczysław Chorąży formally became 

the Head of the Department of Cancer 

Biology (1963). In 1974, the 

Department of Cancer Biology was 

transformed into the Department of 

Molecular Biology (although foreign 

publications continued to appear under 

the old name), and its two laboratories 

became separate departments. The first 

was the Department of Cytochemistry 

and Ultrastructure of Cells, with 

Professor Andrzej Vorbrodt its first 

Head; the other, short-lived, was the 

Department of Oncogenic Viruses, 

headed by Associate Professor Zenon Stęplewski. Mieczysław Chorąży became Associate Professor in 

1970, and Full Professor in 1983. He headed the Department until 1995 when he retired at the age of 70. 

This "retirement" was a pure formality because for the next 26 years he continued working as professor 

emeritus, having been an employee of the newly formed departments headed by his former Ph.D. students: 

first the Department of Molecular Biology headed by Professor Stanisław Szala, and later (from 1999) the 

Department of Cancer Biology headed by Professor Zdzisław Krawczyk. From 2010, Professor 

Mieczysław Chorąży worked at the Center for Translational Research and Molecular Biology of Cancer 

headed by Professor Piotr Widłak. 

During his long life, Mieczysław Chorąży was endowed with many honors. In 1944 he was awarded 

the Cross of Valor and the Silver Cross of Merit with Swords and, in 1997, the Warsaw Uprising Cross. In 

1976 he was decorated with the Knight's Cross, in 1987 with the Officer's Cross, and, in 2002, with the 

Commander's Cross with a Star of the Order of Polonia Restituta. In 2017, he received the Order of the 

White Eagle, the highest Poland’s distinction, from the hands of Andrzej Duda, the President of the 

Republic of Poland. "Nestor of Polish oncology, an outstanding scientist, founder of the Polish school of 

cancer biology, Warsaw insurgent, social activist, teacher, and moral authority" - this is how he has been 

presented on the Science in Poland website on the occasion of receiving the Order of the White Eagle. In 

2018, Professor Chorąży received also the Lux ex Silesia (Light from Silesia), the award granted to people 

who made a lasting contribution to the culture and heritage of Upper Silesia. Finally, in 2019 Professor 

Chorąży was awarded the Medal of the Centenary of Regained Independence. In recognition of his 
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scientific achievements, Mieczysław Chorąży became a corresponding member (1971), and then a real 

member (1986) of the Polish Academy of Sciences. For some time he was a member of the Presidium of 

the Academy. He was the recipient of Doctor Honoris Causa title of the Medical Academy in Białystok 

(2000) and the Medical Academy of Silesia (2007). He belonged to many organizations and scientific 

societies, including the Polish Academy of Arts and Sciences, the American Association for Cancer 

Research, the European Association for Cancer Research, the Polish Biochemical Society, and the Polish 

Cancer Society (of which he was the President between 1974 and 1978). He was an Honorary Member of 

these two latter societies. Professor Chorąży was also a member of the Polish UNESCO Committee. Since 

1973 he was a member of the Central Commission for Scientific Titles and Degrees, and a member (1975-

1985) of the team coordinating the Governmental Program "Combatting neoplastic diseases". Despite all 

of these honors, Mieczysław Chorąży always was a modest man with a healthy distance to his merits and 

achievements. As he said in an interview recorded in 1995 during the "Progress in Tumor Biology" 

scientific conference organized on the occasion of his 70th birthday: "This whole situation makes me a 

little bit embarrassed. I see now that I must have agreed too hastily to celebrate my 70th anniversary. It is 

true that everyone is a bit vain, everyone is pleased that they remember him but, on the other hand, in 

reality, my contribution to what we call science is rather very small". 

 

What kind of scientist was Professor Chorąży? Again, let us refer to an interview from 1995. 

(Question): Which group of scientists would you include yourself? A - pioneer (adventurer, daredevil, 

artist), B - classic (master of craftsmanship, priest of professionalism), C - stimulator (director, postulator, 

organizer), D - compiler (erudite, critic). (Answer): “I think that in the second part of my life when I was 

still young and directly involved in working at the laboratory bench, I would have ended up in category C. 

And before that? Certain thoughts that came to my mind would probably place me in category A. But now 

it seems to me that I paid too little attention in my life to leave behind something that would fall under 

group D, that is writing reviews or textbooks. After all, the role of a scientist is not only about collecting 

and processing knowledge, but also sharing this knowledge with others'’. Professor Chorąży was the 

protagonist of many radio and television broadcasts popularizing science and knowledge about cancer. 

Among Professor Chorąży's numerous initiatives in popularizing knowledge about cancer, special mention 

should be made concerning his textbook "Teaching in schools about malignant neoplasms. A guide for 

teachers" published by the Polish Committee for Cancer Control in Gliwice. He was also the animator of 

the first Science Festival in Silesia (2000). For many years (until 2020), under the auspices of the Polish 

 

Conference “Progress in Tumor Biology”, 1995 



12 
 

Academy of Arts and Sciences he organized and headed public encounters with eminent public figures in 

Gliwice. Mieczysław Chorąży was himself an excellent lecturer, introducing his audience to various 

scientific conundrums (his latest fascinations were systems biology and chaos theory). The last public 

lecture "On the complexity of the phenomenon of life" was delivered by Professor Chorąży on June 11, 

2019, during the "Antoni Horst Memorial Lecture Series" held at the Institute of Human Genetics, Polish 

Academy of Sciences in Poznań. 

Professor Chorąży's research interests were focused on how neoplastic disease arises and how to fight 

it. The research topics dealt with by Chorąży, and later by his research team, evolved along with emerging 

knowledge about the molecular biology of cancer. Initially, these were studies of nitrogen metabolism in a 

rat sarcoma transplant model, which brought him his first publications [3, 4] and the Ph.D. degree. 

Research internships in the USA allowed him to become involved in research on the edge of the then-

emerging molecular biology, especially the role of chromosomes as information carriers during neoplastic 

transformation, the subject that would be at the center of his interests in the following years (research in 

this field was also the subject of his habilitation thesis). Consequently, in the 1970s, research problems 

undertaken by the team led by Professor Chorąży were dominated by issues related to the structure and 

function of DNA. In addition to various "traditional" physicochemical and biochemical tests, his team 

introduced, for the first time in Polish laboratories, innovative methods of cell culture, 

immunohistochemistry, electron microscopy, and, finally, genetic engineering. The passion that 

dominated Professor Chorąży's later interests was how to explain the contribution of genetic changes 

caused by environmental factors to the formation of cancer lesions. Mieczysław Chorąży was one of the 

pioneers in research on environmental mutagenesis and molecular epidemiology [5, 6]. Simultaneously 

with carrying out studies on the influence of environmental pollutants and changes in the structure of the 

genetic material, Professor Chorąży initiated research on the molecular genetics of lung cancer; the team 

led by him demonstrated differences in the spectrum of mutations in the TP53 gene between the 

inhabitants of Upper Silesia and the inhabitants of less polluted regions, as well as the relationship 

between the risk of lung cancer and polymorphisms of DNA repair genes and xenobiotic metabolism [7]. 

Professor Chorąży spoke about the evolution of his research interests (interview from 1995) as follows: 

“The first, extremely absorbing activity, was the study of the nitrogen balance in rats with cancer. A very 

busy and important stage for me was the doctoral thesis research under the supervision of Professor 

Kazimierz Dux. Later, after the spectacular discovery of bacterial transformation, I was fascinated by the 

question of whether, and how, genetic information could be transferred to eukaryotic cells. The first 

question I asked myself concerned the uptake of DNA by cells. Certain parts of my reasoning at that 

moment seem naive now. One of my experiments involved attempts to induce tumors by injecting newborn 

rats with DNA isolated from tumor tissue. With time, a concept emerged that perhaps isolated 

chromosomes would fare better for transformation purposes. It was something that brought me great 

satisfaction because there was a lot of interest in my publishedpapers on the isolation of chromosomes 

and their uptake by cells. Later, fascination with the structure and function of DNA began to dominate. 

We started (together with Professor Stanisław Szala) shifting our research goals towards the organization 

of DNA, including the structure of repeating sequences. Our group then investigated the mechanism of 

action of an acridine derivative which, despite promising clinical observations, did not enter the market, 

unfortunately. Then came oncogenes: one area that above all fascinated me very much was the model of 

the regenerating liver. Still, later, we became interested in the broadly understood etiology of human 

neoplasms. This change of interests was related to difficulties afflicting Polish science in the 1980s. We 

decided to direct the research of our younger colleagues towards environmental mutagenesis and 

carcinogenesis. Today it seems to me that it was the right choice. Maybe it was not a very ambitious issue, 

but this choice allowed the Department to survive. Anyway, I do not know if my colleagues are aware that 

the works pointing to the presence of damage to genetic material in the human population living in a 

contaminated environment met with a genuine interest in the world. On the other hand, these studies, as 

well as the (initiated later) studies of mutations in the p53 gene and genes related to xenobiotic 
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metabolism, are undoubtedly important from the societal point of view. And yet, a man aware of the speed 

of things passing would like to do something useful". 

The publications of Professor Chorąży include over 140 papers, and most of them were written at a 

time when science had not yet had the character of "industrial mass production". It is worth mentioning 

that when he defended his doctoral thesis (1958), Mieczysław Chorąży was the first author of a paper 

published in Nature, one of the most renowned journals [8]. Convicted of the need to broaden the 

knowledge of the Polish medical community about molecular mechanisms of cancer formation, Professors 

Kazimierz Dux and Mieczysław Chorąży published together in 1973 a textbook "Introduction to the 

biology of cancer" [9], which, for quite a long time, was the most important item in Polish scientific 

literature on the subject. The intellectual proficiency of Professor Chorąży has been evidenced by the fact 

that he wrote his last publication in 2017, at the age of 92 [10]. 

Professor Mieczysław Chorąży was the promoter of 18 doctoral theses; his doctoral students were: 

Maria Grabowska (1967), Zofia Więckowska (1969), Stanisław Szala (1970), Małgorzata Hanausek 

(1975), Beatrice Brysch (1976), Zdzisław Krawczyk (1977), Jadwiga Michalska (1977), Joanna 

Rzeszowska (1980), Lidia Sadzińska (1982), Barbara Wągiel (1982), Joanna Sołowska (1987), Grażyna 

Motykiewicz (1988), Jan Wiśniewski (1989), Ewa Kalinowska (1990), Jan Szeliga (1990) ), Piotr Widłak 

(1993), Marek Rusin (1997), Dorota Butkiewicz (1998). Five doctoral students later became full 

professors: Stanisław Szala (1987), Zdzisław Krawczyk (1998), Joanna Rzeszowska (2002), Piotr Widłak 

(2007) and Marek Rusin (2019). However, the group of people who think of themselves as Professor 

Chorąży's "alumni" is much broader, and they include not only the employees of the Department once 

headed by him, but many other people who could have always counted on discussions, help and support. 

Professor Chorąży left his students a lot of freedom in developing their own interests, supported them in 

developing international contacts, obtaining academic degrees and titles, and forming their own research 

teams. Mieczysław Chorąży was undoubtedly the type of boss who created opportunities and conditions 

for development of his employees. This is how student-master relationship was perceived by him: “The 

relationship, especially in the field of natural sciences, cannot be a type of relationship that exists between 

master shoemaker and his apprentice. In biological sciences, methods develop at such a frantic pace that 

the so-called "master" simply cannot keep up with the "kitchen." My idea of the correct "master-

apprentice" relationship is that the "master" should provide very general guidelines, inspire, encourage to 

enter one or another area of research and, above all, create conditions in which all the creative 

intelligence and enthusiasm of a student can blossom and bear fruit (or at least be expressed). I have tried 

to go in that direction and I think I have achieved it, at least partially. And what kind of "students" did I 

have, or was any "investment" successful? I think, as a group, we were lucky in the choice of candidate 

researchers’". 

Work in renowned foreign centers not only strengthened the Professor's fascination with the molecular 

and genetic background of cancer but also drew his attention to the importance of international scientific 

cooperation. Thanks to Professor's diligence, at a time when it was not easy to travel abroad from Poland, 

many employees of the Department had the opportunity to participate in international conferences and 

take short as well as long-term internships in leading research centers abroad, notably in the USA, 

Germany, France, as well as other countries. Several of these people, for reasons understandable to those 

living in that era in Poland, decided not to return home and continue their scientific careers abroad. Taking 

care of maintaining contacts and cooperation, Professor Chorąży was the initiator and organizer of many 

international scientific conferences. Already at the turn of the 1960s and 1970s, international scientific 

meetings, at first irregularly, began to take place in Gliwice. Currently, these meetings are held annually 

since 1997 and are known as the "Gliwice Scientific Meetings" <gsn.io.gliwice.pl>. Professor Chorąży 

was for years a member of the scientific and organizational committees of the Meetings. Also in the early 

1970s, Professor Chorąży joined the activities of an international group of researchers organizing a series 

of conferences now known as The Wilhelm Bernhard Nuclear Workshop. In 1985, he organized the 9th 
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Kazimiera and Mieczysław 

Chorąży, 1995 

conference of this series in Kraków. In 2009 he was the honorary chairman of the scientific committee of 

the 21st Nuclear Workshop conference organized in Ustroń. Also, the conference "Assessment of Cancer 

Hazard in Silesia" organized by Professor Chorąży and his team in 1992 was an important event as it 

brought to Gliwice from around the world-leading researchers working on environmental carcinogenesis. 

In 1995, on the occasion of his 70th birthday (and formal work retirement), Professor Chorąży and his 

associates organized the conference "Progress in Tumor Biology", during which lectures were presented 

by such eminent researchers as Hilary Koprowski (inventor of the polio vaccine) and Robert Gallo 

(discoverer of HIV). 

In Professor Chorąży's opinion, an important feature of science is its timeless, universal, and 

humanistic character: "For me, the most attractive thing in science is its universal character, 

independence from geographical, social, cultural, linguistic or political differences". His way of being, 

kindness, and selflessness made him friends all over the world. Very often, at various scientific 

conferences, after the "disclosure" of his Gliwice affiliation, unknown persons asked for passing greetings 

to "Ray Chorazy". A necessary clarification here - since the first name Mieczysław is not the easiest to 

pronounce for foreigners, Professor Chorąży used to introduce himself as "Ray", from his middle name 

Raymond. Mieczysław Chorąży believed that the support that he and his team had received during the 

communist era from friends in the USA and Western Europe should be "repaid" in kind and that the form 

of this repayment was to help younger scientists from the former Soviet Union republics to pursue their 

scientific careers. Between 1996 and 2011, Professor Chorąży organized and 

managed a scholarship resource with financial backup originating from the 

National Cancer Institute, NIH (Bethesda), UNESCO, the Mianowski Fund, 

and EACR. During this period, 27 people from Ukraine, Belarus, and 

Lithuania took advantage of these scholarships to cover short-term research 

internships in Poland, and 12 scholarship holders from these countries 

completed long-term internships (2.5 years on average). 

This scholarship activity had a momentum that many foundations would not 

be ashamed of, and its effect was long-term scientific cooperation with 

several research centers in Ukraine and Belarus. 

The research team led by Professor Chorąży was always dominated 

numerically by women (a fact attested on many photographs). Professor 

Chorąży appreciated the effort that women must make to achieve scientific 

success. When asked about the place of women in science, he replied: "I 

think that there is no such thing as gender predisposition to become a 

scientist. On the other hand, undoubtedly, taking into account her role in 

society and family, a woman becomes a scientist at the expense of 

incomparably greater effort. It's just easier for a man”. His beloved wife Kazimiera (1931-2018) known 

to many as “Pani Kasia”, worked as a research technician in the Department and was a huge support to 

him. Professor Chorąży has daughter Iwona  

(born 1955) and son Tomasz (born 1958). As Professor put it: "If we looked on the personal level, I 

must say that my achievements as a scientist were possible only due to the fact that household care and 

raising children were in Kasia's hands. I also owe a lot to my mother, and then to my sister-in-law, who 

enabled me to go to school and then study at the university”. 

Mieczysław Chorąży was with his team not only on business. He was keenly concerned with the 

problems of his co-workers and, whenever possible, he was involved in helping to solve them. Together 

with his wife, he participated in all unofficial and social meetings of his team, such as carnival games, 

trips, birthdays, housewarming parties, and, finally, celebrations of scientific successes. The so-called 

"Mietkołajki" or Majówka Zakładowa, and the photos taken on their occasion document Mieczysław 

Chorąży’s great sense of humor. His apartment was often used as a "guest room" for departmental 
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visitors and was sometimes a gathering place for the entire staff. Apple pie with whipped cream 

prepared by Kasia and served on Mieczysław’s name day parties was a long-awaited event commencing 

New Year. 
 

Department’s retreat, 2016 

Those who had the pleasure of talking to Professor Chorąży are witnesses of his deeply 

humanitarian view on the role of science. It is worth quoting Professor Chorąży's words spoken in 1995, 

which, despite the passage of time, remain valid. "What is science? It seems to me that it is a process in 

which we get to unravel what is unknown, discover what is covered with mystery, gather knowledge 

about man, nature, and the universe. The product of science is knowledge on the basis of which a 

comprehensive image of the material world is built. I think the world is knowable. Except for a delicate 

line beyond which a man falls into arrogance, it seems to me that man can know everything. And yet it 

happens so that when we discover something, new questions arise and each such step widens the 

unknown. It is something very fascinating and we need to be more humble. Where is science going? I do 

not know. It seems to me that as a society we have set ourselves up for such a strange production and 

consumption model. Science is involved in this consumerist development of civilization. It seems to me 

that "science on request", this utilitarianism of science, carries with it a certain danger. At the same 

time, as seen from the other side, the strategic directions of the development of science are not only the 

result of a certain political and economic situation but also the product of what we call the scientific 

community. In any case, in the field of science, there must also be a place for basic research that cannot 

be immediately used in this consumption-production cycle". 

" The role of science in Poland? Although it has a small share in the so-called world science, it has 

a huge social and cultural role to play. Unfortunately, Polish science is constantly exposed to difficult 

situations. Currently, science is not at the forefront of issues of interest to authorities. This 

happens despite, or rather against, formal declarations and assurances about its important role. I do not 

know if it is a matter of a "short blanket" or a more dangerous thing, i.e. misunderstanding of the role of 

science in the development of civilization. I think that, eventually, when enlightened people will be 

decision-makers, the role of science will be understood properly". 

Although it was not spoken aloud, Professor Mieczysław Chorąży undoubtedly believed that the 

mission of the scientist was to serve humanity. Such an approach was sometimes the cause of jokes and 

teasing, but precisely this attitude was the reason why Professor Chorąży was such an Authority for many 

of us. 
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On August 31, 2020, on the Professor's 95th birthday, a miniconference 

was held, attended by many of his friends and acquaintances from Poland’s 

and foreign research centers (unfortunately, due to the COVID-19 

pandemic, Professor Chorąży could only meet many friends online). 

This is how we want to remember him, full of serenity and optimism, 

surrounded by friends. And his words (also from an interview given in 

1995): “Maybe one thing I would like to mention at the end. For me, a very 

important issue is the harmonious development of the group, the matter of 

understanding between colleagues, good interpersonal relations. For many 

years we have been able to follow such a path, there were no elements of 

envy, exuberant ambitions, and tight selfishness. It would be very important 

to me that such an atmosphere would be preserved in the future". 

For this great message, and for the whole 70 years of prolific life spent 

with many of us (and "us" means here four generations of researchers), we 

express gratitude and pay tribute to this Great Man. 

Text by Piotr Widłak in cooperation with Zdzisław Krawczyk, Aleksander Sochanik, and Ronald Hancock 
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[L-1] LUNG CANCER SCREENING – WHERE ARE WE? 

 

Witold Rzyman 

 

Medical University of Gdańsk, Gdańsk 

 

Lung cancer is the most common cancer in Poland and worldwide, and the leading cause 

of cancer-related deaths. Compared to the present day, the annual number of new cases of lung 

cancer will have increased by approximately 50%, by 2030. The overall ratio of mortality to 

incidence totals 0.87 and is among the highest. Despite the ongoing effort including 

implementation of multiple regimes in clinical oncology and thoracic surgery, the poor outcome 

of lung cancer treatment resulting, at best, in average 5-year survival of 11-16%, has remained 

virtually unchanged throughout the last 5 decades. Any preventive action, either primary or 

secondary, tends to be less expensive than treatment of advanced diseases, provided that it is 

appropriately designed and targets a population at risk. In contrast to basic sciences, in which the 

invested resources rarely are related to economic gain, medical prevention always entails the 

economic return. Effective primary and secondary prevention are the only ways to improve these 

fatal statistics. 

 

 In 2016, lung cancer screening using low-dose computed tomography (LDCT) was introduced to 

routine clinical practice in the United States following the publication of the largest randomized 

study, The National Lung Screening Trial that showed 20% mortality reduction in the screening 

group. The implementation of screening programs in Poland and the rest of Europe also seems 

unavoidable since the results NELSON trial showed 26% mortality reduction. In 2020 national 

demonstration lung cancer screening programs have been launched in Poland, Great Britain, 

Croatia and Hungary. Remaining European countries are either in the preparation phase to lung 

cancer screening implementation or awaiting the impulse to undertake such an action. 

 

Although implementation is in the rapid phase of development there are several weaknesses of 

LDCT lung cancer screening that needs to be resolved. Nodule management, risk factors 

adoption to the screening process, application of AI tools for CT image interpretation, application 

of molecular signatures as diagnostic tests are among the most vivid issues in lung cancer 

screening efforts that will be discussed in the presentation. 
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[L-2] THE ROLE OF MOLECULAR MARKERS IN THE LUNG CANCER 

SCREENING ROUTE 

 

Luis Montuenga 

 

CIMA. University of Navarra and CIBERONC,Pamplona, Spain 

In March this year, the US Preventive Services Task Force (USPTF) has updated its former 

recommendations regarding Low Dose CT (LDCT)-based lung cancer screening. The USPTF recommends 

annual screening for lung cancer with low-dose computed tomography (LDCT) in adults aged 50 to 80 

years who have a 20 pack-year smoking history and currently smoke or have quit within the past 15 

years. The initial observational results published by the I-ELCAP consortium and the NLST and NELSON 

randomized trials, together with other smaller trials, have clearly shown the efficacy of this lung cancer 

early detection strategy in high risk individuals.  Nevertheless, there are still limited numbers of lung 

cancer screening programs worldwide, considering the at-risk population.  In Europe only Poland, Croatia 

and some other few regions have implemented population-based LDCT lung cancer screening programs 

and other are currently considering this implementation. The relevant international societies have 

recommended for LDCT screening in high-risk individuals, together with smoking cessation programs. In 

the March 2021 JAMA publication of the USPSTF criteria, there is a final paragraph on research and 

current gaps, two of which are related to molecular biomarkers. My talk will focus on the potential role 

of molecular biomarkers in the different landmarks found in the route of LDCT-based lung cancer 

screening, with special interest in the management of nodules and diagnosed lung cancers. Biomarkers 

may optimize the effectiveness, including cost-effectiveness, of screening at least in three aspects. (a) 

Refining the selection of persons which should be advised to undergo LDCT screening, in order to 

complement the available epidemiological data-based risk models; (b) contributing to the 

characterization of the risk level associated to indeterminate  nodules detected in the LDCT screening 

process; and (c) predicting outcome or response to therapy, once a lung cancer has been diagnosed. A 

fourth potential role of molecular markers being recently proposed is in the prediction of the response 

to chemo- or immuno-prevention strategies in patients with nodules. I will summarize some of examples 

of the available biomarkers, which are undergoing clinical validation in intended to use (screening) 

cohorts. None of the current biomarkers has reached the level of clinical utility validation. I will discuss 

potential designs to reach a rigorous validation for clinical utility. I will also present some examples of 

recently developed biomarkers or new technologies to identify novel molecular markers for early 

detection. I will focus on several recently published technologies, including those based on the deep 

sequencing of circulating DNA, some of which have been designed as tools for pan-cancer detection. I 

will comment of the pros and cons of these novel technical approaches from the different points of view 

(accuracy, affordability, cost-effectiveness, etc.). Finally, I will discuss the potential advances of 

biomarkers in this field in the future. 
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[L-3] THE SMALL WORLD OF MICRORNAS AND THEIR BIG ROLE 

IN LUNG CANCER 

 

Fabrizio Bianchi, PhD  

 

Head of Cancer Biomarkers Unit, IRCCS Casa Sollievo della Sofferenza Foundation, 71013 San Giovanni Rotondo - 

Italy 

Biomarker-driven lung cancer early detection and prognostication nowadays represent 

two of the most promising approaches to reduce the burden of this deadly disease. In the past few 

years, we focused our research on intracellular and circulating microRNAs (small single stranded 

non-coding RNA molecules of 22nt in size) to tackle their potential as lung cancer biomarkers, 

and to study their function in the realm of non-small cell lung cancer (NSCLC). We identified 

modules of miRNAs intertwined with cancer molecular networks which allowed us to identify 

new aggressive lung cancer subtypes and mechanisms of chemoresistance. Furthermore, we 

identified extracellular miRNAs which hallmark the presence of asymptomatic lung tumors. 

Here, I will present most recent data which underline the critical role of miRNAs in lung cancer 

biology as well as their reliability as diagnostic and prognostic biomarkers. 
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[L-4] SERUM METABOLOME PROFILING IN EARLY DETECTION 

OF LUNG CANCER 
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1
MSC National Research Institute of Oncology, Gliwice, Poland 

2
Silesian University of Technologies, Gliwice, Poland 

3
Medical University of Gdańsk, Gdańsk, Poland 

4
IRCCS San Raffaele Scientific Institute, Milan, Italy 

 

Serum metabolome and components of extracellular vesicles (EVs) present in the blood 

are promising sources of molecular biomarkers that could support the early detection of lung 

cancer in screening programs based on low-dose computed tomography. Several panels of 

metabolites present in serum end serum-derived small EVs (exosomes) that differentiate lung 

cancer patients and healthy individuals were reported, yet none of them were validated in the 

population at high risk of developing cancer. Here we analyzed metabolome profiles in 

participants of two lung cancer screening studies: MOLTEST-BIS (Gdańsk, n=369), and SMAC 

(Milan, n=93). Three groups of screening participants were included from each cohort: patients 

with screen-detected lung cancer, individuals with benign pulmonary nodules, and those without 

any lung alterations. Concentrations of about 400 metabolites (lipids, amino acids, and biogenic 

amines) were measured by a mass spectrometry-based approach. We observed a reduced level of 

lipids, in particular cholesteryl esters, in sera of cancer patients. However, despite several 

compounds showing significant differences between cancer patients and healthy controls were 

detected within each study, only a few cancer-related features were common when both studies 

were compared, including reduced levels of LPC(18:0). A large heterogeneity of serum 

metabolomes was observed, both within and between studies, which impaired the accuracy of 

classifiers based on specific metabolites. The average AUC values of three-state classifiers were 

0.60 and 0.51 for the test (MOLTEST) and validation (SMAC) cohorts, respectively. Therefore, a 

hypothetical metabolite-based biomarker for early detection of lung cancer would require 

adjustment to lifestyle-related confounding factors that putatively affect the composition of serum 

metabolome. Moreover, the lipid profiles of the total fraction of small EVs obtained from sera of 

participants of the MOLTEST study were analyzed. A few lipids whose levels were different 

between compared groups were detected, including ceramide Cer(42:1) upregulated in vesicles 

from cancer patients. On the other hand, the contribution of phosphatidylcholines with poly-

unsaturated acyl chains was reduced in vesicles from lung cancer patients. However, high 

heterogeneity of lipid profiles of small EVs was observed, which impaired the performance of 

classification models based on specific compounds (the average AUC value of the three-state 

classifier was 0.58 in the test subset). Hence, the data obtained do not support the concept of 

using the lipidome components of the total mixture of extracellular vesicles present in serum as 

biomarkers for early lung cancer detection. 
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[L-6] MODELING RISK OF LUNG CANCER: COORDINATION 

OF MOLECULAR EVENTS AND GROWTH CHARACTERISTICS 

OF TUMORS 

 

Marek Kimmel  

partments of Statistics and Bioengineering, Rice University, Houston TX 

Lung cancer is a deadly disease still claiming around 200,000 lives per year in the United 

States. This talk summarizes research on quantitative understanding of progression of lung cancer 

which was carried out for past 30 years by a group mainly at Rice University, MD Anderson 

Cancer Center and Baylor College of Medicine. I will first review statistical concepts of 

screening for early detection of cancer. They culminated in a major clinical trial that 

demonstrated, in 2011, the ca. 20% mortality reduction potentially achievable by screening for 

lung cancer using computed tomography. However, earlier than this, mathematical modeling 

predicted a reduction of similar magnitude. This was accomplished by a careful studies of 

incidence and mortality, by researchers from all over the world, which then informed 

mathematical models capable of predicting the long-term effects of public health interventions. 

Building such models involves splitting the natural course of disease into an early phase at 

which the tumor is growing slowly and remains localized, so that removal may lead to cure, and 

later phases with faster growth and local and distant aggression, which might be targeted by 

systemic therapies, but with less certainty of cure. Due to recent progress in DNA sequencing, 

including single-cell sequencing, insights can be gained into the timing of the waves of mutations 

and other genome transformations, which leave trace in the cancer cell genomes. Analysis based 

on probabilistic models of genetics can help estimate the relative rates of evolution of different 

clones and hence the relative durations of phases corresponding to small vs. large and slowly vs. 

fast growing tumors. I will review some of these estimates and discuss their potential importance. 

This work is still in progress. 
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[L-7] ORDER AND STOCHASTICITY IN THE 3D ORGANIZATION 

OF INDIVIDUAL GENOMES 

 

Sergey V. Razin 

Institute of Gene Biology RAS and Lomonosov Moscow State University, Moscow Russia 

It was demonstrated that the eukaryotic chromosomes are separated into the contact 

chromatin domains. These contact domains are believed to be structural-functional blocks of 

genome, which restrict the areas of enhancers action. Indeed, it was shown on several model 

systems that the removal of contact domain boundaries or the creation of new boundaries leads to 

a change in the spectrum of genes activated by an enhancer. At the same time, no similar effects 

were observed in other genome regions. These contradictory results can be caused by a plasticity 

of the 3D genome. Most of the observations concerning the role of 3D genome organization in 

the regulation of transcription were made in experiments performed on cell populations. 

However, it is clear that population Hi-C maps show an average picture of the spatial 

organization of the genome. The spatial organization of the genome in individual cells can differ 

significantly from this average picture. Indeed, using the FISH technique it has been 

demonstrated that the physical distances between the same genomic loci can vary significantly in 

individual cells. From a fundamental and applied point of view, it is extremely important to 

assess the degree of variability in the spatial organization of individual genomes. To this end, we 

have developed experimental approaches for Hi-C analysis of individual cells. Using these 

approaches, the profiles of genome partitioning into contact domains in individual mouse and 

Drosophila cells were analyzed. It turned out that in mouse cells only about 30% of the 

boundaries of the contact domains coincide between cells, whereas in Drosophila cells more than 

40% of the boundaries are constant. Constant boundaries are characterized by a high level of 

transcriptionally active chromatin marks. Polymer simulations demonstrate that chromatin 

folding is best described by the random walk model within contact domains and is most suitably 

approximated by a crumpled globule build of Gaussian blobs at longer distances. The shape of 

contact domains and the path of DNA within a chromosomal territory vary significantly between 

individual cells. We observe prominent cell-to-cell variability in the long-range contacts between 

either active genome loci or between Polycomb-bound regions, suggesting an important 

contribution of stochastic processes to the formation of the Drosophila 3D genome. 

 

This work was supported by Russian Science Foundation (RSF) grant #19-14-00016 
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[L-8] INTERPLAY BETWEEN CHROMATIN ARCHITECTURE 

AND GENE EXPRESSION 

 

Aleksandra Pękowska  

Dioscuri Centre for Chromatin Biology and Epigenomics, Nencki Institute of Experimental Biology, Polish Academy 

of Sciences, Pasteur Street, 02-093 Warsaw, Poland 

 

Topologically Associating Domains (TADs) are megabase-sized genomic intervals of 

preferential genomic contacts. TADs are implicated in the functional interplay between cis-

regulatory elements. The formation of TADs critically relies on the concert action of cohesins 

and CTCF, an eleven zinc finger insulator protein. Cohesins tether sequences to each other while 

CTCF underlies the formation of TAD boundaries by limiting the interactions to regions within 

TADs. The two CTCF-enriched TAD boundaries frequently form a strong interaction reminiscent 

of a loop.  

I will show our previous and current work where we combined high-throughput sequencing 

approaches, including in-situ HiC, and computational tools to address the question of how 

cohesins and CTCF participate in the regulation of genome topology and in the control of gene 

expression. I will present data connecting cellular energy consumption and cohesin action 

on chromatin. In the second part of the talk, I will show the timing of the maturation 

of chromatin structure during the earliest stages of mammalian development. 
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[L-9] HOW TO SHUT DOWN A WHOLE CHROMOSOME? - SMCHD1, 

EPIGENETICS AND 4D GENOME IN X INACTIVATION 

 

Michal Gdula 

 
Adam Mickiewicz University, Poznań 

 

 

X chromosome inactivation is the mechanism that evolved in mammals to equalize levels 

of X-linked gene expression in XX females relative to XY males. Cells of early female embryos 

selectively inactivate a single X chromosome, usually at random, resulting in the formation of a 

stable heterochromatic structure, the Barr body. The inactive X chromosome (Xi), once 

established, is highly stable, and is maintained in somatic cells throughout the lifetime of the 

animal. The inactive X chromosome (Xi) in female mammals adopts an atypical higher-order 

chromatin structure, manifested as a global loss of local topologically associated domains 

(TADs), A/B compartments and formation of two mega-domains. The non-canonical SMC 

family protein, SmcHD1, which is important for gene silencing on Xi, contributes to this unique 

chromosome architecture. Specifically, allelic mapping of the transcriptome and epigenome in 

SmcHD1 mutant cells reveals the appearance of sub-megabase domains defined by gene 

activation, CpG hypermethylation and depletion of Polycomb-mediated H3K27me3. These 

domains, which correlate with sites of SmcHD1 enrichment on Xi in wild-type cells, additionally 

adopt features of active X chromosome higher-order chromosome architecture, including A/B 

compartments and partial restoration of TAD boundaries. Xi chromosome architecture changes 

also occurred following SmcHD1 knockout in a somatic cell model, but in this case, independent 

of Xi gene derepression. SmcHD1 is a key factor in defining the unique chromosome architecture 

of Xi. 
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[L-10] REGULATION OF MIRNA BIOGENESIS – MECHANISMS 

AND FUTURE THERAPIES 

Gracjan Michlewski 

International Institute of Molecular and Cell Biology, Warszawa 

 

MicroRNAs (miRs) regulate gene expression by binding to complementary target mRNAs 

and repressing their translation and/or triggering RNA degradation. Primary miR molecules (pri-

miRs) undergo nuclear and cytoplasmic processing events into precursor (pre-miR) and mature 

miR, respectively. The regulation of microRNA levels is crucial in development, differentiation, 

and numerous diseases. We and others have demonstrated that RNA-binding proteins (RBPs) that 

bind to the pri- and pre-miRs can influence their processing. 

Therapeutic approaches targeting RNA-protein interactions have shown promising effects on 

some diseases that were previously regarded as incurable. Here, I will demonstrate a novel 

fluorescent on-bead screening platform, RNA Pull-Down COnfocal NAnoscanning (RP-CONA), 

used to identify RNA-protein interaction modulators in eukaryotic cell extracts. Using RP-

CONA, we identified several small molecules that disrupt the interaction between HuR, an RBP 

inhibitor of brain-enriched miR-7 maturation, and the conserved terminal loop of pri-miR-7-1. 

Importantly, miR-7's primary target is an mRNA of α-synuclein, which contributes to the 

aetiology of Parkinson's disease (PD). Thus, upregulation of miR-7 and downregulation α-

synuclein should contribute towards alleviating PD. 

In summary, RP-CONA identified a small molecule able to upregulate cellular miR-7 levels and 

downregulate the expression of α-synuclein. This opens up new therapeutic avenues towards 

treatment of PD as well as provides a novel methodology to search for modulators of RNA-

protein interaction. 
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[L-12] REGULATION AND MODULATION OF THE MICRORNA 

SILENCING PATHWAY 

 

Martin Simard 
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The Argonaute proteins are at the core of the gene silencing pathways mediated by 

microRNAs and are essential for development across the animal kingdom. In C. elegans, the 

microRNA-specific Argonautes ALG-1 and ALG-2 regulate multiple processes required for the 

animals' proper developmental timing and viability. These developmental cues can be monitored 

at various stages of their lifespan and represent a unique opportunity to uncover new regulatory 

mechanisms with genetic and molecular approaches. During this talk, I will discuss our recent 

progress in identifying new ways of controlling Argonaute proteins for modulating the 

microRNA-mediated gene silencing in animals. 
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MicroRNAs (miRNA) are small regulatory RNAs that exist in all multicellular 

eukaryotes. Mature miRNAs are bound by Argonaute proteins to form the miRNA induced 

silencing complex (miRISC), which post-transcriptionally regulates target gene expression 

through microRNA-guided base pairing to target mRNAs. Recently, multiple de novo coding 

variants in a human Argonaute gene AGO1 were reported to cause neurodevelopmental disorders 

with intellectual disability (Schalk et al, Piton, Gerard 2020 BioRxiv). Interestingly, most of the 

amino acids altered in the in human AGO-1 mutations are identical between H. Sapiens and C. 

elegans microRNA Argonautes, suggesting that they are associated with evolutionarily conserved 

miRISC functions. To better understand how these amino acid changes in human AGO1 could 

affect miRISC function, we used CRISPR/Cas9 to generate the identical mutations in the C. 

elegans AGO1 homolog, ALG-1. We found that several of these ALG-1 mutations resulted in 

developmental defects in C. elegans that are characteristic of ALG-1 loss-of-function, but with an 

intriguing twist: Aspects of the phenotypes are expressed with a severity greater than that of the 

ALG-1 null mutation, indicating that these particular amino acid changes have antimorphic 

effects on ALG-1. We interpret the antimorphic properties of these mutant ALG-1 proteins to 

indicate that they bind to microRNAs, but are impaired in one or more step in miRISC assembly 

or function, thus sequestering microRNAs in non-functional complexes – and hence deleteriously 

competing with paralogous argonaut proteins (the worm’s ALG-2). To characterize how the ALG-

1 mutations impact post-transcriptional gene regulation by microRNAs, we used 

immunoprecipitation of ALG-1 from worm lysates, followed by small RNA sequencing, and 

found that that each mutant ALG-1 protein displays a characteristic profile of sequestered 

microRNAs. Similarly, ribosome profiling of the worm mutants reveals allele-specific 

disruptions in expression of hundreds of worm genes. We hypothesize that the human AGO-1 

mutations corresponding to those that we modelled in C. elegans ALG-1 could likewise disrupt 

miRISC function globally in human cells through antimorphic deleterious competition with the 

human paralogs of AGO-1, AGO-2, -3, and AGO-4.  We are currently testing these ideas using 

mammalian models. Further, we anticipate that the precise locations and nature of the amino acid 

changes leading to antimorphic Argonaute activity provide a powerful framework for guiding 

structure-function studies of evolutionarily conserved miRISC activities. 
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Oncolysis 

Oncolytic Virotherapy: Current Paradigm 

1- Oncolysis 

2- Anti-tumor immunity 

Oncolytic Virotherapy with Myxoma virus 

- Rabbit-specific poxvirus in nature, but additional tropism for human and mouse cancer cells 

  

- Safe in immuno-competent and immunocompromised murine models. 

 

- Virus naturally disseminates via migratory leukocytes 

 

- Solid human cancer targets include:  

 

 glioblastoma  

 lung carcinoma 

 melanoma  

 pancreatic cancer 

 breast cancer 

 osteosarcoma 

 ovarian cancer, 

 MM and AML  
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[L-15] THE RADIATION-INDUCED NUCLEOSHUTTLING OF THE ATM 

PROTEIN AND ITS MEDICAL APPLICATIONS IN RADIOTHERAPY 

AND RADIOLOGY 

 

Nicolas Foray  
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The evaluation of the radiation-induced (RI) risks is of medical, scientific and societal 

interest. However, despite considerable efforts, there is still neither consensual and unified 

mechanistic models nor predictive assays for describing the three major RI effects, namely 

radiosensitivity, radiosusceptibility and radiodegeneration. The ATM protein is a major stress 

response factor involved in the DNA repair and signaling that appears upstream most of 

pathways involved in the three precited RI effects. The rate of the RI ATM nucleoshuttling 

(RIANS) has been shown to be a good predictor of radiosensitivity at high doses and notably 

after radiotherapy. In the frame of the RIANS model, irradiation triggers the monomerization of 

the cytoplasmic ATM dimers, which allows ATM monomers to diffuse in nucleus. The resulting 

nuclear ATM monomers phosphorylate the H2AX histone, which triggers the recognition of 

DNA double-strand breaks and their repair. The RIANS model has permitted to define three 

subgroups of radiosensitivity and provided relevant explanation for the radiosensitivity of 

syndromes caused by mutated cytoplasmic proteins, especially neurodegenerative diseases. At 

low doses, the RIANS model has provided molecular explanation of the hyper-radiosensitivity to 

low dose, the hormesis and the adaptive response phenomena which leads to a new reading of 

epidemiological data from individuals exposed to ionizing radiation. 
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DOSE RADIATION EXPOSURE 
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This presentation will review our latest understanding of the radiation induced bystander 

effect. There will be a special emphasis on the new UV and acoustic signals whic appear to 

trigger the ownstream events. The production, transmission and repsonse to these signals will be 

discussed with special emphasis on likely uses in radiotherapy and mitigation of effects in 

radiation protection. 
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[L-17] YONEZAWA EFFECT AND ITS MODELLING 
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The Yonezawa Effect (YE) is a good example of the adaptive response in the organisms 

subjected to low priming dose of ionizing radiation followed after some time by the challenging 

dose which is or is close to be fatal. As one shows the priming dose results in prolongation of 

lifetime of mice, it is also seen in the number of e.g. micronuclei appearing in human and mice 

cells. Another side of this effect is a possibility of  performing radiation training which would 

allow patients to better endure high radiotherapeutic doses. The aim of the presentation is to show 

examples of this effect and how it may be modelled. 
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As evidenced by the results of preclinical and clinical investigations, whole-body 

irradiations (WBI) with X-rays at less than 0.1-0.2 Gy per fraction induce remissions of various 

neoplasms without inciting adverse side effects. In the present study a murine model of human 

non-small-cell lung cancer was employed to evaluate for the first time the anti-cancer efficacy of 

WBI combined with blockade of two major immune checkpoints. The results indicate that WBI 

used alone and in conjunction with the inhibition of the function of CTLA-4 and PD-1 markedly 

reduced tumourigenesis in mice implanted by three different routes with syngeneic Lewis lung 

cancer cells and suppressed clonogenic potential of these cells in vitro. Sole application of the 

tested inhibitors did not appear to affect the growth of cancer cells in vivo and in vitro, but when 

both blockers were used concurrently with WBI the anti-neoplastic effect of the latter treatment 

was noticeably enhanced. These results were associated with the relevant changes in the profile 

of immune cells recruited to the growing tumours and the circulating anti- and pro-inflammatory 

cytokines. The obtained results supplemented with mechanistic explanations provided by future 

investigations will help design the effective treatment of lung and other cancers based on 

inactivation of immune checkpoints combined with low-dose radiotherapy. 
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[L-19] SUSTAINABLE CHEMISTRY FOR CIRCULAR ECONOMY 

 

Grynkiewicz Grzegorz 

 
Warsaw Scientific Society 

 

 

European Green Deal (EU Climate Target Plan 2030), which is focused on radical 

reduction of the atmospheric content of greenhouse effect gases (GHG; primarily CO2), requires 

a prompt switch of industrial sectors to sustainable development mode and adapting it to the 

circular economy (CE) principles. Consequently, a pharmaceutical industry that is essential for 

supporting the healthcare system is facing radical changes in the entire supply chain from raw 

materials and intermediates, through active pharmaceutical ingredients (API) and auxiliary 

formulation materials, to packaging. Currently used substances, manufactured from 

petrochemicals based on non-renewable fossils will need to be replaced by new materials 

manufactured with the use of clean energy and feedstock based on renewable carbon resources 

coming from biomass. In order to illustrate the magnitude of dramatic changes which the entire 

chemical sector will face in immediate future to comply with the treaties striving for reduction of 

atmospheric GHG level, we will shortly discuss the concept of biorefineries as industrial facilities 

designed to supply energy and chemicals from renewable feedstock. Lignocellulose biomass 

(LCB), produced by plants through photocatalytic CO2 fixation in ca. 1011 tons/y is composed of 

three organic polymers: cellulose, hemicellulose, and lignin, which are rich in carbon (ca 50%) 

but need quite substantial energy to get deconstructed and converted into low molecular weight 

compounds, which can be used as platform chemicals, fuels, and solvents. Chemical and 

biotechnology processes designed for the transformation of biomass sugar polymers into value-

added products will be discussed in some detail to illustrate trends in the current and future 

pharmaceutical industry. 
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In December 2019, a previously unknown coronavirus that causes atypical pneumonia, 

emerged in the city of Wuhan in China. This virus, named SARS-CoV-2, has reached virtually all 

corners of the world within a few months. According to official information, in November 2021, 

SARS-CoV-2 had caused the deaths of more than 5,000,000. More than 250,000,000 people 

worldwide were confirmed to suffer of SARS-CoV-2 caused COVID-19 disease. Since the 

pandemic's beginning, the whole world has been working on developing vaccines and an 

effective COVID-19 treatment. As the mutation rate of the virus is very high the risk that newly 

emerging variants may become resistant to currently developed vaccines and proposed therapies 

is considerable. 

We synthetized de novo using template –free Gibson method, overexpressed and purified 

fragments of SPIKE protein of SARS-CoV-2 virus. Such fragments were used for the 

identification of specific VHH. The VHHs alone and fused with the M13 bacteriophage exhibited 

their functionality in the blocking of coronavirus entry in in vitro tests. Given their properties and 

safety they represent interesting and valuable candidates for establishment of new antiviral 

therapy against SARS-CoV-2 coronavirus and may serve as the basement for therapies against 

other factors with pandemic potential. 

Financial support: Medical Research Agency 2020/ABM/SARS/2. 
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Hydrogels are polymeric materials with high water content formed by crosslinking 

polymer chains. They exhibit a wide range of beneficial properties such as biocompatibility, high 

loading capacity, and sensitivity to environmental stimuli, what makes them especially relevant 

for biomedical engineering applications. The present study is focused on the development and the 

potential use of micro- and nanogels in 3D cell culture and drug delivery systems.  

 

Keywords: hydrogels, trehalose, 3D cell culture, drug delivery, autophagy, biocompatibility 
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Polymeric micelles have been widely studied and developed as drug carrier for targeting 

solid tumors. The micelles have a core-shell structure formed by self-assembly of amphiphilic 

block copolymers, so they can incorporate drugs of poor water solubility in the hydrophobic core, 

while the outer hydrophilic corona provides biocompatibility and prolonged circulation in blood 

by avoiding rapid clearance by the reticuloendothelial system. Compared to surfactant micelles, 

block copolymer-based micelles are characterized by higher stability and larger versatility for 

controlling micellar structure and functionality by choices of polymer composition, architecture, 

molecular weight and monomer chemistry. The most popular polymer forming the outer shell is 

poly(ethylene glycol) (PEG) due to its hydrophilicity and biocompatibility. Poly(lactide) (PLA) is 

one of the most commonly used hydrophobic blocks of the amphiphilic polymers because it is 

biocompatible and biodegradable. 

Among the various aggregates, flexible filomicelles in analogy to filoviruses possess a 

long circulation time and display almost twice higher drug loading capacity as compared to 

spherical micelles due to larger core volume per carrier. Filomicelles were developed from 

poly(lactide)/poly(ethylene glycol) (PLA/PEG). Factors controlling morphology of PLA/PEG 

micelles, paclitaxel encapsulation efficiency and in vitro release process were identified. It was 

shown that the release of paclitaxel is strongly dependent on the degradation of polymer. Also, 

PLA/PEG filomicelles for multidrug delivery were developed. Simultaneous administration of 

two or more pharmacologically active agents with different mechanisms of action is recognized 

as more efficient compared to conventional therapy based on a single therapeutic agent. Crucial 

importance of intermolecular interactions for drug loading and release properties was revealed. 
In the past decade, several strategies, which include specific ligand-decoration of micelles for receptor 

mediated endocytosis (active targeting) have been developed to enhance tumor cell uptake of drug-loaded 

biodegradable micelles. A variety of small molecules such as folic acid and biotin have been used as targeting 

ligands for cancer chemotherapy, because they are readily available, inexpensive, nontoxic, nonimmunogenic and 

easy to modify. Folate targeted filomicelles for delivery of phosphate derivative of betulin were developed and 

characterized. However, due to heterogeneity of tumor cells, targeting efficiency may be enhanced by using different 

types of targeting agents on the same drug delivery system. Therefore, the current study is focused on development 

and characterization of PLA/PEG micelles dual-targeted with folic acid and biotin for co-delivery of docetaxel and 

resveratrol. 

 
Funding: This study was supported by the National Science Centre, Poland, Grant 2019/34/E/NZ7/00010.  
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The development of targeted approaches is the ultimate goal to achieve improvements in disease 

diagnostics and treatment. Facilitative carbohydrate transporters – GLUTs – have received wide 

attention over decades due to their essential role in nutrient uptake and links with various 

metabolic disorders including cancer [1]. GLUT1 has been found to be overexpressed in a variety 

of both solid and hematological malignancies, and became attractive targets for cancer research 

and medicinal chemistry, leading to the development of new approaches to cancer diagnostics 

and for cancer-targeting therapeutics [2,3]. The overall differences in GLUT composition 

between cells in conjunction with higher sugar consumption in cancer cells have provided a 

strong basis to view GLUTs as important therapeutic targets. Accelerated metabolism of glucose 

and high glucose transport in a significant percentage of cancers provided a strategy to improve 

the selectivity of chemotherapy drugs via glycoconjugation [4]. 

The project represents the first attempt to systematically evaluate the anticancer activities of 

novel methotrexate and gemcitabine conjugates in vitro and in vivo. We employed specific 

targeting of GLUT1 by glucose derivatives and investigated methotrexate or gemcitabine drug 

conjugates for their ability to induce cancer-specific cytotoxicity. Several linkages, those 

included amide, triazine, ester, and glycosidic linkages for conjugating glucose and drugs were 

assessed. The cytotoxicity of conjugates was assessed over 24h, 48h, 72h, and significant 

dependence between cancer-selectivity and conjugate structure was observed. The differences 

were found to depend on the type of linkers and functionalization of sugar hydroxyl groups. The 

results indicate that the glycoconjugates exhibit potent anticancer activity against a range of solid 

tumor cell lines with IC50 values significantly lower compared to free drugs. 
 

Acknowledgments: Research supported by the Silesian University of Technology's own scholarship fund in the field 

of research and development, year 2019, grant no. 05/FSW18/0003-05/2019 (AK). 
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The epidermis is a stratified squamous epithelium that is composed primarily of 

keratinocytes. As a dynamic and perpetually renewing tissue, the epidermis is divided into four 

layers according to keratinocyte morphology and position. Keratinocytes migrate from the basal 

layer to the surface of the skin to produce the horny layer during terminal differentiation process. 

This tightly regulated action is controlled in part by factors related to the underlying dermis, but 

also by intrinsic mechanisms that are specific for keratinocytes and can be modulated by 

microenvironment conditions. In this context it is noteworthy that the epidermis represents a type 

of hypoxic tissue. The oxygen concentration around the basal keratinocytes can naturally be as 

low as 0.1%. In such a condition the activation of a transcriptional program involving Hypoxia 

Inducible Factor 1 (HIF-1) occurs. It is believed that HIF-1 through impact on keratinocyte 

differentiation can regulate the formation of a fully stratified epidermis. HIF-1 is also considered 

a key factor in the keratinocyte response to UVB exposure. 
In this study we found that HIF-1α, an oxygen-sensitive subunit of HIF-1, is a binding partner of 

HSPA2 molecular chaperone. HSPA2 is a poorly characterized and differentiation-related member of the 

HSPA (HSP70) family. HSPA2 is encoded by the HIF-1-dependent gene, which is expressed in a cell type 

specific manner in the testis, brain as well as in various multilayered epithelia. Previously, we showed that 

HSPA2 in the epidermis is produced primarily in keratinocytes located in the basal layer and that it can 

play a role in regulating keratinocyte differentiation. In this study, using PLA method we found that HIF-

1α directly interacts with HSPA2 in human epidermis ex vivo, as well as in reconstituted 3D epidermal 

equivalent in vitro. HIF-1α-HSPA2 interactions were more numerous under hypoxic than normoxic 

conditions in keratinocytes grown in standard 2D culture. Co-immunoprecipitation experiments confirmed 

that HIF-1 can bind to HSPA2 in keratinocytes exposed to hypoxia in vitro. Using reporter gene assay we 

also observed that HSPA2 can effect on transactivation activity of HIF-1. We found that under hypoxia 

HIF-1 showed reduced capability to induce the reporter gene expression in keratinocytes deficient in 

HSPA2 due to CRISPR/Cas9-mediated gene knockout. We also observed that HSPA2-defcient 

keratinocytes were more sensitive to UVB, however potential functional link between this effect and 

aberrant activity of HIF-1 remains to be evaluated in subsequent experiments. 

Our results point to the important novel aspects of HSPA2 activity in epidermis as a modulator of 

HIF-1 activity in epidermal keratinocytes. Our study suggests that HSPA2-HIF1α interactions might have 

a significant impact on keratinocyte differentiation program and epidermal homeostasis. 
 

This work was supported by the National Science Centre, Poland, grant no. 2017/25/B/NZ4/01550. 
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Toll-like receptors (TLRs) are transmembrane proteins that are key regulators of the innate 

immune response. TLR receptors trigger a pro-inflammatory immune response by recognizing a 

variety of ligands, e.g. external pathogen-associated (PAMP) and internal damage-associated 

(DAMP) molecular patterns. In humans, ten TLRs have been identified. Each TLR contains three 

structural domains: a leucine-rich repeats (LRRs) motif, transmembrane helix, and cytoplasmic 

Toll/IL-1 receptor (TIR) domain. The LRRs part is responsible for pathogen recognition, whereas 

the TIR domain interacts with the signal transduction adaptor. 

Characteristics of the structure of TLRs and studying their behaviour with the use of in silico 

methods is not trivial. Crystallographic structures of the individual components of TLRs are 

available only for selected members of the TLR family. Moreover, for most TLRs, the 

cytoplasmic domain has not been crystallized, making it difficult to study the signal transduction 

mechanism.   

In our research we used homology modelling to obtain complete structures for the TIR 

domain of the human TLR8. We combined homology modelling with advanced loop 

reconstruction. We obtained two models, which may represent two plausible conformations of 

this domain. Additionally, we used a complete model from the AlphaFold server. Next, we run 

molecular dynamics simulation for each monomer. Based on the initial models, we created 

homodimer structures and then simulated the association to validate the dimerisation mechanism. 

Choosing the right model is very important in order to properly study the molecular 

mechanisms of Toll-like receptors. During simulations of individual monomers, we observed 

differences in potential energies between models and in the flexibility within the regions involved 

in dimerisation and adaptor proteins recognition. In the short time after simulation started 

proceeding we were able to observe proper dimer formation. 

The work was supported by the Ministry of Science and Higher Education, Poland from the budget for science for 

the years 2019-2023, as a research project under the Diamond Grant programme [0141/DIA/2019/48]. 
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Introduction. The p53 protein coded by TP53 is best-known for inhibition of cell cycle and 

activation of apoptosis. However, p53 participates in other biological activities. Interferons are 

cytokines, which regulate both innate and adaptive immunity and play major role in defense 

against viruses and bacteria. Interferons are strong activators of gene expression. Their activity is 

mediated by transcription factors from STAT family. There are three types of interferons, each 

signals through different receptors. The best-studied are interferons α (IFN-α, type I) and 

interferon γ (IFN-γ, type II). Their activity critically depends on STAT1 transcription factor. IFN-

α induces activating phosphorylation of STAT1 and STAT2, which bind to IRF9 protein and, as a 

trimer, activate a set of interferon-regulated genes. IFN-γ induces the activating phosphorylation 

of STAT1, which forms homodimer and activates a different set of genes. These systems have 

negative regulators. One of them is SOCS1 protein, which prevents phosphorylation of STAT1. 

Previously, we found that SOCS1 gene is positively regulated by p53. Thus, consequently, p53 

should be able to modulate the cellular response to interferons. The goal of this work was to test 

how p53 modulates the gene activation induced either by IFN-α or by IFN-γ.  

Methods. We employed lung cancer cell line A549 because it is a model of lung epithelial cells, 

which are frequently infected by respiratory viruses and during infection they are exposed to 

interferons. The p53 was activated by combination of actinomycin D and nutlin-3a (A+N). The 

cells were exposed to IFN-α or to IFN-γ concomitantly with A+N and the expression of genes 

was determined by Western blotting or RT-PCR. Moreover, we used p53-deficient cells (and 

controls) generated by CRISPR/Cas9 technology.  

Results. Activation of p53 by A+N strongly inhibited phosphorylation of STAT1 induced either 

by IFN-α or by IFN-γ, hence, we expected that strong activation of p53 would inhibit activation 

of interferon-regulated genes. However, only minority of tested genes responded in this fashion 

to treatment with A+N and IFN-α, e.g. IFI44. In case of IFN-γ the interplay between its signaling 

and the p53 is more complicated. This interferon stimulates expression of some genes directly 

(first wave) through STAT1 (e.g. IRF1), while the expression of others is stimulated indirectly 

through IRF1 (second wave). Our results indicate that activation of p53 inhibits stimulation of 

IRF1 by IFN-γ but synergizes with this cytokine in activation of genes controlled by IRF1, e.g., 

IFIT1, CASP1.  

Novel aspects. The p53 inhibits phosphorylation of STAT1, however, the consequence of this 

inhibition varies. The p53 inhibits stimulation of a subset of IFN-α-regulated genes. In case of 

IFN-γ, p53 inhibits activation of the first wave of genes, however, it synergizes with this cytokine 

in activation of the second wave. 

Work supported by National Science Center, grant no. 2019/35/O/NZ5/02600. 
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Introduction: Increased oxidative stress can lead to multiple dysfunctions in the organism, 

including cancer. Both too high (hyperoxia) and too low (hypoxia) oxygen concentration can 

accelerate the production of reactive oxygen species (ROS). Normal cells often die in hypoxia, 

but cancer cells are better adapted to reduced oxygen levels. Hypericum perforatum contains 

numerous secondary metabolites with a wide variety of activities, including antioxidant 

hyperforin, hypericin and flavonoids. 

Aim: In our study, we tested the effect of active substances derived from H. perforatum 

growing in natural sites and in vitro regenerants from the same populations on the production of 

ROS in five human melanoma cell lines under normoxia and hypoxia and on the expression of 

heme oxygenase (HO-1) and nuclear erythroid factor 2 (Nrf2). 

Methods: The cell lines were isolated from the primary (WM115) and metastatic (WM266-4) tumor of the same 

patient. WM266-4 cells overexpressing N-acetylglucosaminyltransferase-III (GnT-III, WM266-4 3S), -V (GnT-V, 

WM266-4 5S) and mock-transfected control (WM266-4 IRES) were also included in the study. Donor plants for in 

vivo extracts and in vitro cultures were collected from wild populations occurring in the Krakow meadows. We used 

also a commercial product - Tinctura Hyperici by Herbapol with well-determined content of hyperforin as a 

reference. The cells were incubated in normoxic (21% O2) and hypoxic (0.5% O2) conditions for 24 hours with the 

different concentrations of extracts diluted in RPMI 1640 medium. The antioxidant effect was assessed by the 

colorimetric nitro blue tetrazolium (NBT) test. HO-1 and Nrf2 protein levels were evaluated by Western Blotting 

(WB). 

Results: The obtained results indicate a reduced amount of ROS in samples treated with the 

highest concentrations of commercial extract (0.4 g  0.6 g of hyperforin /100 l medium) in 

comparison to the untreated cells, as well as the highest concentrations of in vivo and in vitro 

extracts (1.5  2.5 l/100 l medium). This effect was maintained both in normoxia and in hypoxia. 

WB analyses revealed the decreasing tendency of HO-1 and Nrf2 protein content in WM266-4, 

WM266-4 IRES, and 3S cell lines with the increasing dose of in vitro cultivated Hypericum 

extract. 

Conclusions: Both commercially available and in-house prepared ethanolic H. perforatum 

extracts may exert anti-oxidant functions by declining ROS production and down-regulation of 

Nrf2 expression in the studied cells. 

Acknowledgments: The study was supported by the BioS Priority Research Area under the Initiative of 

Excellence  Research University program at Jagiellonian University in Krakow (grant No. U1U/P03/DO/13.03). 
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Introduction  

            Neuroblastoma is the most common solid extracranial cancer in children. One of the 

available  treatment methods of minimal residual disease is therapy based on anti-GD2 

ganglioside antibodies (ch14.18/CHO). Previously we found that PHLDA1 (pleckstrin 

homology-like domain family A member 1) is up-regulated in a human neuroblastoma cell line 

IMR-32, treated with anti-GD2 mouse monoclonal antibody 14G2a. Silencing of PHLDA1 in 

IMR-32 human neuroblastoma cell line caused up-regulation of Aurora A kinase and inhibition 

of apoptotic potential of the cells. We aim to unravel molecular networks of PHLDA1 in 

neuroblastoma cells treated with therapeutic antibodies what will broaden our knowledge on 

cellular roles of the protein and might point to new therapeutic targets and expand current 

treatment strategy. 
Methods  
            Stable PHLDA1 inhibition was obtained using shRNA, introduced to IMR-32 cells by lentiviral 

transduction or plasmid transfection. Phenotypic changes of cells were determined using light microscopy. To 

identify receptor tyrosine kinases (RTK) affected by PHLDA1 silencing we performed Phospho-RTK kinase array 

analysis and results were verified by western blot. Additionally, IMR-32 cells were treated with ch14.18/CHO and/or 

EGFR-specific inhibitor, Gefitinib. To evaluate cell viability we measured levels of cellular ATP. 

Results 
            IMR-32 cells with diminished PHLDA1 expression display differentiation-like 

phenotype which is manifested by significant neurite outgrowth compared to control cells. 

Protein array analysis revealed that PHLDA1 silencing up-regulates p-EGFR but down-regulates 

p-IGF-1R. Western blot analysis pointed out that PHLDA1 inhibition affects total protein level of 

IGF-1R, EGFR, calcium/calmodulin-dependent protein kinase type II (CaMKII) but not DDB1- 

and CUL4-associated factor 7 (DCAF7), previously identified PHLDA1 binding partner. 

Treatment of IMR-32 cells with ch14.18/CHO decreases neuroblastoma cell survival in dose-

dependent manner, and when used in combination with the aforementioned EGFR-specific 

inhibitor, potentiates cytotoxicity against IMR-32 cells in vitro. 

Conclusion 
            Our findings expand knowledge of signaling pathways affected by PHLDA1 that 

relate to the cytotoxic impact of the therapeutic anti-GD2 antibodies on neuroblastoma 

investigated by us. We confirmed that PHLDA1 influences not only important tyrosine kinase 

receptors level but also CaMKII, which is one of the most abundant neuronal protein associated 

with cells proliferation, differentiation and synaptic plasticity. We also showed beneficial effect 

of combinatory treatment of neuroblastoma cells using ch14.18/CHO antibodies and the EGFR-

specific inhibitor. We continue our studies aimed at further elucidation of PHLDA1 roles in 

neuroblastoma cells treated with ch14.18/CHO therapeutic antibodies and we plan to test 

cytotoxic effects of ch14.18/CHO treatment in combination with other pharmacological inhibitors 

of receptor tyrosine kinases. 
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Cells maintain redox balance through generation and elimination of reactive oxygen species 

(ROS). Redox balance is disrupted in cancer cells and ROS levels are persistently high in these 

cells. To cope with these elevated levels of ROS, cancer cells have developed particular systems 

to adapt to these adverse conditions through activation of antioxidant pathways and efficient 

neutralization of ROS. The mRNAs for enzymes that are responsible for ROS neutralization can 

be directly targeted by micro RNAs (miRNAs), which are components of RNA-induced silencing 

complexes and play important roles in inhibiting translation of their targeted mRNAs. 

Using microarrays, we compared expression of genes that are connected to pathways engaged 

in ROS neutralization and the responses to exposure of cells to 4Gy of ionizing radiation in 

human cancer cell lines (HCT116, K562 and Me45) originating from different tissues. From 

published studies we identified miRNAs which directly target mRNAs of ROS neutralizing 

enzymes, and for these miRNAs we compared microarray results for control and irradiated cells. 

Ionizing radiation increased the levels of transcripts participating in ROS neutralization. The 

expression of peroxiredoxin and thioredoxin genes increased after irradiation in all cell types, but 

cell-line specific changes were seen for catalase and glutathione peroxidase gene expression, 

which suggests that cancer cells utilize various mechanisms for hydrogen peroxide neutralization 

after exposition to high doses of ionizing radiation [1]. Each cell type has their own specific 

optimal ROS thresholds which allow them to regulate their cellular processes, and these can be 

obtained through adjustment of levels of ROS neutralizing enzymes. Expression of their genes 

can be directly influenced by many miRNAs, thus indirectly influencing ROS levels. Expression 

of miRNAs differs in HCT116, K562 and Me45 cells and ionizing radiation change their levels. 

It is well established that ionizing radiation or hydrogen peroxide changes the levels of miRNAs, 

and therefore we propose that miRNA and ROS mutually regulate each other through creating a 

system of feedback loops in cell responses to oxidative stress.  

[1] Bil P. et al. (2020) Antioxidants 9,701. 

This research was funded by the National Science Centre, Poland, grants number 2019/35/N/ST6/04281 to S.C and 

2015/19/D/NZ1/03443 to I.S-P. 
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Introduction: 

In a normal cell, signals from growth factor receptors cause RAS to attach to GTP. At this 

point, the signal is transduced to other proteins, which finally affect the regulation of, for 

example, cell division. However, the GAP protein causes RAS to rapidly hydrolyze GTP and the 

transduction of the signal that stimulates the cell to divide is interrupted. RAS activity is very 

frequently disrupted in cancer cells in a way that prolongs signal transduction. It is very 

commonly a consequence of a mutation in the gene encoding the RAS protein. Most often, these 

mutations render the mutant insensitive to GAP. As part of the analyzes, molecules that are able 

to induce the GTPase activity of the RAS mutant protein have been developed. These molecules 

represent a completely new class of compounds and can be considered as having therapeutic 

potential for tumors exhibiting the RASG12V mutation. 

Methods: 

The Promega GTPase GLO assay was used to test the GTPase activity of the wild type of 

RAS  RAS WT and the mutant form - RAS G12V. The RAS G12V, RAS WT, and GAP proteins 

were purified by genetic engineering. 

Results: 

Two leader molecules can be considered as compounds restoring RAS G12V GTPase 

activity. 

Conclusions:  

Due to the ability to restore GTPase activity in the mutant RAS protein - RAS G12V, the 

molecules that will evolve from the studied molecules could potentially be used in therapies 

based on the restoration of GTPase functionality of this mutant in tumors. 

This study was sponsored by The National Centre for Research and Development grant no. POIR.01.02.00-00-

0034/15. 
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During wound healing, the formation of new blood vessels plays a major role. 

Neovascularization proceed in a process of angiogenesis and/or neovasculogenesis. Any 

disruption in consecutive stages of neovascularization can lead to chronic wounds or impairment 

of tissue repair. It was reported that adipose tissue-derived stromal cells (ADSCs) accelerate 

blood vessels formation in ischemic tissue and facilitate tissue regeneration. 

The aim of the study was to explain the biological basis of accelerated blood vessels 

formation in ischemic tissue after ADSCs administration. 

Experiments were performed on mouse models of hindlimb ischemia. Mice (C57BL/6NCrl 

strain 8-10 weeks of age) were divided into two groups: the first one represent a group where 

physiological processes of wound healing were observed. The second group received ADSCs 

injected into injured muscle. After 24 hours, 3, 7, 14, 21 days post injury (dpi) mice were 

sacrificed. The obtained muscles were subjected to either immunofluorescent or flow cytometric 

analysis. 

Our research confirmed that recovery of the muscle following femoral artery ligation is 

accelerated when ADSCs are injected into the injury site. The new blood vessels appear faster 

and their density is higher. Our research revealed that ADSCs administration contributed to 

changes in morphology of macrophages infiltrating ischemic tissue. Initially, after ischemia 

induction, macrophages were large with irregular shape, scattered over tissue. Subsequently, they 

became more infiltrating, forming a clusters. At the end of the healing processes they acquired 

the shape of pericytes or cells which stabilize blood vessels. We have also examined bone 

marrow-derived stem/progenitor cells (BMDCs) involvement into neovascularization process in 

ischemic tissue. Notably, their contribution was lower when ADSCs were injected into ischemic 

site. 

We conclude that accelerated ischemic tissue recovery after ADSCs administration might be 

due to influence of spatio-temporal distribution of infiltrating immune cells (macrophages, 

neutrophils and BMDCs), which are involved in each step of vascular formation, promoting 

effective ischemic tissue neovascularization. 

This study was financed by National Science Center grant DEC-2018/02/X/NZ4/02331. 
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Introduction/Rationale: Endometrial cancer (EC) is one of the most common malignant 

neoplasms in women in developed countries and is characterized by a steadily increasing 

incidence. The aim of this study was to evaluate changes in the expression pattern of miRNAs 

potentially regulating expression of the genes related to the histaminergic system in endometrial 

samples and whole blood in women with endometroid endometrial cancer. MiRNAs also regulate 

both suppressor genes as well as oncogenes. Moreover, miRNAs themselves can fulfill such roles 

in the process of carcinogenesis 

Methods: The study group consisted of 30 women with endometroid endometrial cancer 

qualified for hysterectomy (G1 well-differentiated, 15 cases; G2 moderately differentiated, eight 

cases; and G3 poorly differentiated, 7 cases). The control group included  30 women with no 

neoplastic changes during routine gynecological examinations. The molecular analysis consists of 

extraction of the total RNA and next microarray analysis of miRNAs which regulating expression 

of the genes related to the histaminergic system. 

Results: It was observed the strongest relationship between hsa-miR-33a-5p (G1 vs C up; G2 

vs C down; G3 vs C down) and HNMT, hsa-miR-3915  (G1 vs C up; G2 vs C up; G3 vs C up) 

and HRH4, hsa-miR-1-3p  (G1 vs C down ;G2 vs C down ; G3 vs C down) and hsa-miR-575  

(G1 vs C down, G2 vs C down; G3 vs C down) and EDN1 oraz, hsa-miR-27a-5p (G1 vs C up up; 

G2 vs C up; G3 vs C down) and SLC23A2. 

Conclusions/Novel aspect: The conducted molecular analysis showed that miR-33a-5p, 

miR-3915, and miR-1-3p, miR-575, miR-27a-5p  are connected with the histaminergic system in 

the endometroid endometrial cancer and may be treated as supplementary, diagnostic, molecular 

markers. It also seems that these results may be used in the evaluation of the severity of 

endometroid endometrial cancer. 

presenting author: Michał Czerwiński 
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INTRODUCTION. Psoriasis is a chronic, autoimmune skin disease. Research shows 

possible correlation between psoriasis and low level of vitamin D3 in serum. Currently topical 

treatments with antipsoriatic drugs such as methotrexate (MTX) or acitretin (AC) is still 

considered as one of the major ways for treating psoriasis. The aim of our study was to prepare 

nanoparticles based on polymer-drug conjugates of MTX or AC, with encapsulated vitamin D3. 

Well defined star-shaped polymers used in the study possessed five or eight pH- and 

thermoresponsive arms composed of poly(N,N-dimethylaminoethyl methacrylate-co-

hydroxyethyl methacrylate) and one biodegradable polyester arm composed of poly(ɛ-

caprolactone) or poly(D,L-lactide-co-glicolide), respectively. 

METHODS. pH- and thermoresponsiveness of polymeric carriers were investigated by 

determination of their  cloud point temperatures (TCP). Nanoparticles with encapsulated vitamin 

D3 were prepared by nanoprecipitation method. Sizes of nanoparticles were determined by DLS 

measurements using Microtracs Nanotrac Flex . 

RESULTS. Miktoarm stars solutions in PBS possessed TCP values in the range  55.5◦C-

72.3◦C. During heating of some samples the increase of absorbance was observed in range of 

5◦C-20◦C with decrease of absorbance above 20◦C, suggesting partial hydrolysis of ester groups 

in methacrylates and formation of schizophrenic polymers. Hydrodynamic diameters (Dh) of 

miktoarm polymers nanoparticles, after nanoprecipitation ranged between 146 nm and 1826 nm 

(with PDI = 0.04-0.50). In case of polymer-AC conjugates, mean Dh were around 175 nm (PDI = 

0.12-0.18), and for samples with conjugated MTX mean Dh = 47 nm - 1337 nm (PDI = 0.2-2.0). 

Nanoprecipitation of polymeric prodrugs  with vitamin D3 decreased PDI and Dh for 

corresponding bare polymer-drug conjugate samples. Hence, Dh for samples with polymer-AC 

conjugates were around 200 nm, with PDI at level 0.06, and for samples with polymer-MTX 

conjugates Dh = 195 nm - 270 nm, with PDI between 0.03-0.9. 

CONLUSIONS. Nanoparticles of miktoarm polymers and polymer prodrugs with 

encapsulated vitamin D3 were obtained. Based on our previous results, such nanoparticles 

present novel approach for psoriasis treatment, due to their enhanced penetration through skin 

layers and effective delivery of both drug and vitamin D3 during degradation of polymeric 

carrier[1]. However, further analysis of nanopraticles properties, such as shape, encapsulation 

efficiency of vitamin D3 and cytotoxicity tests must be conducted.   
 

This research was funded by the National Science Centre, Poland; grants numbers: Sonata nr  

2016/23/D/ST5/01312. 

References: 
[1]A.Mielanczyk, K.Mrowiec, M.Kupczak, Ł.Mielanczyk, D.Scieglinska, A.Gogler-Piglowska, M.Michalski, A.Gabriel, D.Neugebauer, 

M.Skonieczna; Synthesis and in vitro cytotoxicity evaluation of star-shaped polymethacrylic conjugates with methotrexate or acitretin as potential 

antipsoriatic prodrugs; Eur. J. Pharm., 866, 2020, 1728043 
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Stimulator of interferon genes (STING) is crucial component of innate immune response. 

Additionally, it appears as promise target for new anti-cancer therapies. The pathway activation 

results in type I interferons and pro-inflammatory cytokines production. One of the first effects 

observed in tumor microenvironment after STING activation is neutrophils infiltration. In tumors, 

neutrophils called Tumor Associated Neutrophils (TANs) constitute heterogeneous population of 

cells. They display diversified functions depending on the tumor microenvironment 

circumstances. According to that, TANs can be divided into N1-like cells (anti-tumor) and N2-

like cells (pro-tumor). 

The aim of the work was to assess neutrophils activation state in the tumor microenvironment 

after intratumoral STING agonist administration in 4T1 breast cancer model. 

The experiments were conducted on 4T1 murine breast cancer model conducted on females 

of  BALB/c mouse strain. 14 days after cancer cells inoculation, STING agonist (23-cGAMP) 

was administered intratumorally in a dose 5 g/mice. To assess time when neutrophils activation 

can be observed, luminol sodium salt solution was administered intraperitoneally. The images of 

mice were taken using IVIS Lumina System in four time points (0h, 6h, 12h, 24h) after PBS- or 

23-cGAMP administration. The number and phenotype of neutrophils were determined by flow 

cytometry analysis in three time points (6h, 12h, 24h). N1-like activated neutrophils were 

characterized as CD11b+Ly6G+ICAM+ cells. 

There was observed luminescence signal around tumors 6h and 12h after 23-cGAMP 

administration. The strongest signal was observed 12h after STING protein activation. There was 

no significant difference in neutrophils (CD11b+Ly6G+) percentage 6h after STING activation 

compared with control. In the next examined time points (12h and 24h) there was observed 

significant decrease in the percentage of neutrophils (CD11b+Ly6G+). However, there was 

observed significant increase in the percentage of N1-like cells (Ly6G+ICAM+) in each of 

examined time points. 

The obtained results indicate that STING protein stimulation leads to neutrophils activation in 

4T1 tumor model. STING activation results in gradual decrease in the percentage of neutrophils 

with simultaneously maintaining the increased percentage of ICAM-positive N1-like neutrophils. 

The work is a result of the research project no. UMO-2019/35/N/NZ5/02506 financed by National Science 

Center. 
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Little is known about the impact of urinary microflora and its effects on side effect after 

radiotherapy (RT). Until recently, any growth of bacteria grown from urine was considered 

invasive. A new look at the issue of the composition and significance of the urinary microbiome 

may bring the use of the mass spectrometry identification method MALDI. This study aims to 

use the MALDI technique to identify the microbiome of urine samples collected from pts treated 

with radiotherapy for prostate cancer. 
We included 52 pts treated for prostate cancer irradiated with radical intent. Blood and urine samples 

were collected before the gold marker implantation, on the day of beginning RT, last day of RT, 1 month 

after RT. It is recommended to collect urine from the midstream, but not always pts do it correctly despite 

being instructed. Therefore, we decided to collect samples from first-void and midstream in 12 pts for 

MALDI, from remaining pts we collect two samples from midstream-void for MALDI and biochemical 

analysis. 

Microorganisms were present in 145/186 urine samples. Using three different culture media the best 

microbial growth was observed on TSA (universal medium) and CLED (differential medium for urine 

specimens)  the largest number of isolates was obtained. We found 33 different species  3 G(-) and 30 

G(+). The most frequently isolated strains were: Staphylococcus haemolyticus (19%), Staphylococcus 

epidermidis (18%), Staphylococcus hominis (16%), Enterococcus faecalis (13%), and Micrococcus luteus 

(10%). 

When comparing the type of urine samples, bacteria were more common in the samples from the first-

void urine than from the midstream one. The absence of bacteria was found in 12.2% of samples from the 

first-void urine and 24.7% from the midstream. Overall, the ratio of the number of detected species per 

number of samples corresponding to the first and middle stream were 1.80 and 1.71%, respectively. The 

differences in the total incidence of species between streams did not present to be significant (p=0.85), but 

the number of bacterial species in the initial stream was generally greater. 

The amount of bacterial species found in urine depended on the treatment. Before gold fiducial 

implantation the total number of detected bacterial species was significantly higher in comparison to the 

end of radiotherapy (p=0.038) indicating that the administered therapy results in depleting the local 

microbiome. One month after radiotherapy an increase in the number of isolated bacteria was observed. 

The number of bacterial species in urine did not correlate with the blood parameters. The presence of 

leukocytes (p=0.013) and proteins (p=0.004) in urine were related to a greater variety of bacteria found in 

urine specimens.  

We obtained a similar spectrum of bacteria from the initial and middle urine streams. We also showed 

that there is a change in bacteria species is affected by the treatment of prostate cancer patients.  

NCN 2020/39/B/NZ7/02733 
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Osteopontin (OPN) is a multifunctional glycoprotein that mediates a variety of processes such 

as cell adhesion, proliferation, migration, angiogenesis, metastasis, apoptosis, and the immune 

response. It promotes cancer progression by binding to cellular receptors such as CD44. CD44-

OPN signaling may be an important factor in the aggressiveness of lung cancer. In many solid 

tumors, elevated serum OPN levels and increased OPN and CD44 tumor expression are markers 

of poor prognosis. High OPN levels may also correlate with radioresistance and chemoresistance. 

Radiotherapy (RT), with or without chemotherapy (CT), remains  part of the standard care in 

advanced lung cancer. In non-small cell lung cancer (NSCLC), large interindividual differences 

in drug and radiation resistance, as well as in recurrence rate are observed. Therefore, it is 

necessary to identify factors that may help predict treatment effects and survival in NSCLC 

patients. Polymorphisms in the OPN and CD44 genes, especially in the promoter and regulatory 

regions, by altering the expression and activity of proteins, may influence disease progression and 

therapy results. In this study, the relationship between functional OPN and CD44 polymorphisms 

and treatment outcome and prognosis was investigated in 307 NSCLC patients receiving RT and 

CHTRT. 

There was no significant effect of the studied variants in the whole group. When patients 

treated with curative intent were analyzed, carriers of CD44 rs187116 A allele had significantly 

longer locoregional recurrence-free survival (LRFS) (p=0.039) than the GG homozygotes. In 

multivariate models, OPN rs11730582 CC genotype was associated with significantly increased 

risk of death (p=0.029). In univariate and multivariate models, the CD44 rs187116 A allele had a 

significant protective effect with respect to LRFS (p=0.033 and p=0.016). The final models 

revealed that the OPN rs11730582 CC genotype was an independent predictor of poor OS, 

whereas the CD44 rs187116 A variant was an independent protective factor against recurrence. 

Our preliminary data demonstrate for the first time that OPN and CD44 genetic variants may 

affect clinical outcome of patients with inoperable NSCLC treated with curative intent. This 

highlights the role of the host-related genetic factors in modulating disease course and treatment 

effects in lung cancer. 

This work was supported by the National Science Centre (NCN), Poland, grant no. 2012/05/B/NZ5/01905 (to 

D.B.). 
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Introduction/Rationale: Intra-tumor heterogeneity (ITH) results from the coexistence of 

genetically distinct cancer cell (sub)populations, their phenotypic plasticity, and the presence of 

heterotypic components of the tumor microenvironment (TME). Here we addressed the potential 

association between phenotypic ITH revealed by mass spectrometry imaging (MSI) and the 

prognosis of breast cancer. 

Methods: Tissue specimens resected from 59 patients treated radically due to the locally 

advanced HER2-positive invasive ductal carcinoma were included in the study. After the on-

tissue trypsin digestion of cellular proteins, peptide maps of all cancer regions (about 380,000 

spectra in total) were segmented by an unsupervised approach to reveal their intrinsic 

heterogeneity. 

 Results: A high degree of similarity between spectra was observed, which indicated the 

relative homogeneity of cancer regions. However, when the number and diversity of the detected 

clusters of spectra were analyzed, differences between patient groups were observed. It is 

noteworthy that a higher degree of heterogeneity was found in tumors from patients who 

remained disease-free during a 5-year follow-up (n = 38) compared to tumors from patients with 

progressive disease (distant metastases detected during the follow up, n = 21). Interestingly, such 

differences were not observed between patients with a different status of regional lymph nodes, 

cancer grade, or expression of estrogen receptor at the time of the primary treatment. 

Subsequently, spectral components with different abundance in cancer regions were detected in 

patients with different outcomes, and their hypothetical identity was established by assignment to 

measured masses of tryptic peptides identified in corresponding tissue lysates. Such 

differentiating components were associated with proteins involved in immune regulation and 

hemostasis. Further, a positive correlation between the level of tumor-infiltrating lymphocytes 

and heterogeneity revealed by MSI was observed.  

Conclusions/Novel aspect: We propose that a higher heterogeneity of tumors with a better 

prognosis could reflect the presence of heterotypic components including infiltrating immune 

cells, that facilitated the response to treatment. 

Funding: This research was funded by the National Science Centre, Poland, grant number 

2016/23/B/NZ4/03901. 
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Introduction: Oncolytic virotherapy is a relatively new approach to anti-cancer therapy, but 

due to its high curative potential resulting from the specificity of action and high effectiveness, as 

well as low level or even lack of side effects, it has quickly become an extremely promising 

strategy in oncology. One lead in searching for novel therapeutic strategies aims at improving the 

existing ones via innovative combinations. Examples of such an approach include a joint curative 

strategy based on the use of oncolytic myxoma recombinant viruses with therapeutic/reporter 

transgenes (MYXV-IL15, vMyx-IL15/tdTr) and a bisanthracycline-type chemotherapeutic agent 

dubbed WP760. The latter has shown high killing selectivity for melanoma cells in vitro and 

reduced side effects, when compared to the standard anthracycline drug i.e. doxorubicin. 

Combinations of novel treatment strategies have emerged as the key to success in destroying 

malignant neoplasms. For this reason, the concept of combining the action of an engineered 

myxoma virus construct and WP760, a novel selective chemotherapeutic seemed very interesting 

and particularly worthy of investigating. 

Aim: Assessment of the effectiveness of the use of the myxoma virus construct (vMyx-

IL15/tdTr) in combination with bisanthracyclineWP760 for destroying melanoma cells in vitro. 

Methods: A genetically modified myxoma virus vMyx-IL15/tdTr, encoding a red fluorescent 

protein (tandem dimer Tomato red, tdTr) and interleukin 15, was used. Cytotoxicity of MYXV-

IL15 for melanoma cell lines (murine B16-F10 and human WM35, WM793B, 451Lu and 

1205Lu) and normal rabbit kidney epithelial cells was determined using MTS viability test. The 

infectiveness of MYXV-IL15 to melanoma lines was determined by analyzing single-step 

replication curves of MYXV-IL15 in melanoma cell cultures. Viability of B16-F10 melanoma 

cells following combination of the chemotherapeutic agent WP760 and MYXV-

IL15administered either simultaneously or with an interval of 24 hours was tested by the MTS 

assay. 

Results: The results confirmed that the examined melanoma cell lines are sensitive and 

permissive for the myxoma virus constructs used. Combination MYXV-IL15 and the 

bisanthracycline chemotherapeutic agent WP760 resulted in lowered survival in vitro of treated 

B16-F10 melanoma cells,as compared to treatment with virus alone or with WP760 alone. This 

result was noted for both simultaneous administration of the virus and the chemotherapeutic, as 

well as for infection followed after 24 hours with WP760. 

Conclusion: Use of MYXV-IL15 myxoma therapeutic construct in combination with 

melanoma-selective agent WP760 is a potential therapeutic strategy for destroying hard-to-reach 

melanoma lesions in vivo. 

  

This study was supported by grant No. UMO-2016/22/M/NZ6/00418 from National Science Center, Poland, to 

JJ-R. 
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The human heat shock protein A2 (HSPA2) was originally described as a testis-specific 

member of the HSPA (HSP70) chaperone family involved in sperm cell differentiation and 

activity. Our recent studies have demonstrated that HSPA2 is also synthesized in human somatic 

tissues in a cell- and tissue-type specific manner. Among others, we have observed 

overrepresentation of the HSPA2 protein in stratified and pseudostratified epithelia. In the 

epidermis, a multilayered cornified epithelium, we have found HSPA2 in keratinocytes 

constituting the basal layer, but not in the fraction of stem cells. In searching for a functional 

significance of HSPA2 expression in epidermis we have established human epidermal 

keratinocyte HaCaT line with selective inhibition of the HSPA2 gene expression, using two 

genetic methods: the viral-mediated shRNA-induced knockdown and CRISPR/Cas9-mediated 

genome editing. The shRNA-mediated silencing of HSPA2 expression resulted in reduced cell 

adhesion to the selected ECM components and caused a decrease in cell colony forming ability in 

monolayer culture in vitro. In turn, CRISPR/Cas9-mediated knockout of the HSPA2 gene had no 

effects on cell adhesion but resulted in reduction of their clonogenic potential. Importantly, both 

HSPA2 knockdown- and HSPA2 knockout-cells formed epidermal equivalents showing similar 

alterations in spatial organization. Moreover, histological and immunophenotypic analysis of 

epidermal differentiation markers revealed that deficit in HSPA2 promoted a more mature 

phenotype of the 3D epidermal constructs. These dependences were observed irrespectively of 

the technique of the HSPA2 gene targeting. Our results indicate that HSPA2 is essential for the 

ability to restore epidermal structure by HaCaT keratinocytes in vitro. 

In the study we attempted to search for molecular mechanisms that rely on HSPA2 and are 

related to keratinocytes ability to form fully-developed epidermis. For this purpose, using 

RNAseq technique we analyzed HSPA2-dependent changes in global transcriptome in epidermal 

equivalents derived from HSPA2-deficient HaCaT cells. We examined two models of HSPA2 

deficiency, namely lentiviral-mediated knockdown and CRISPR/Cas9-mediated knockout. 

Preliminary bioinformatics analysis revealed a list of differentially expressed genes and signaling 

pathways sensitive to HSPA2 deficit. Among identified pathways were those related to 

keratinization process, apoptosis regulation, inflammatory response and WNT signaling . The 

results provide further guidelines for more in-depth verification of HSPA2 significance for 

human epidermis physiology.  
This work was supported by the National Science Centre, Poland, grant no. 2017/25/B/NZ4/01550. 
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Introduction Oral squamous cell carcinoma (OSCC) and oropharyngeal squamous cell 

carcinoma (OPSCC) are subgroups of head and neck squamous cell carcinoma. E2F 

Transcription Factor 2 (E2F2) could contribute to cancer development, because it plays a critical 

role in many cellular processes, including the cell cycle, proliferation, differentiation, DNA 

damage response, and cell death. In the study, we assessed the associations of five E2F2 

polymorphisms (rs6667575, rs3218121, rs3218211, rs3218148, and rs3218203) with OSCC and 

OPSCC and effect on the TNM staging and grading. 

Methods The study included 94 primary tumour samples following surgical resection from 

patients, whereas the control group consisted of 99 healthy individuals. Genomic DNA was 

extracted from each tumour sample (20 mg) by DNeasy Blood  Tissue Kits (Qiagen, Hilden, 

Germany) according to the manufacturers instructions, after tissue homogenization in a FastPrep-

24 instrument using Lysing Matrix A tubes (MP Biomedicals, Solon, CA, USA). In the control 

group, the DNA was extracted from swabs taken from oral mucous membranes using a Swab-

Extract DNA Purification Kit (EURx, Gdansk, Poland), according to the manufacturers 

instructions. The qualitative and quantitative analysis of all isolated DNA was performed by 

spectrophotometry in a Biochrom WPA Biowave DNA UV/Vis Spectrophotometer (Biochrom, 

Cambridge, UK). Genotyping was conducted with a QuantStudio 5 RealTime PCR System 

(Applied Biosystems, Foster City, CA, USA).  DNA samples were genotyped by employing the 5 

nuclease assay for allelic discrimination. 

Results and Conclusion Our results suggested that the most significant difference between 

the control group and the cancer group was the A/G heterozygote for rs3218121. Samples 

containing this genotype were mostly found in the control group. In our samples, rs6667575, 

rs3218121, rs3218211, and rs3218148 polymorphisms may affect the course of OSCC and 

OPSCC, while rs3218203 was not associated with OSCC and OPSCC. However, further studies 

are warranted to confirm our findings. 

This work was supported by the Ministry of Science and Higher Education (KNW-2-005/N/8/N). 
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Introduction Clear cell renal cell carcinoma (ccRCC) is the most common pathological type and the 

main cause of death in renal cancer patients. With a 5-year survival rate of 10%, metastatic ccRCC is a 

fatal disease, highlighting the need to understand the cellular and molecular mechanisms in primary 

lesions that are predictive of relapse, both as biomarkers and as potential targets of the intervention.  Due 

to the very high mortality rate of metastatic ccRCC, there is a need to understand the molecular 

mechanisms regulating disease development as well as to identify the biomarkers that indicate disease 

relapse and development. 

Our group has already showed that during the development of ccRCC, the level of Monocyte 

Chemoattractant Protein-1 Induced Protein (MCPIP1) decreased together with the alteration of the WNT 

pathway. The loss of MCPIP1 RNase activity led to the upregulation of miRNA-519a-3p, -519b-3p, and -

520c-3p, which inhibited the expression of Wnt pathway inhibitors. Moreover, we observed a decrease in 

the expression of the genes characteristic for the epithelial phenotype and an increase in the expression of 

genes associated with the mesenchymal phenotype. However, there are many unknown pathways altered 

during progression. 

Method In this study, we analyzed data from microarrays analysis of whole transcriptome and Next 

Generation Sequencing of miRNA. We evaluated the variable expression at different stages of disease 

development, crucial for ccRCC progression. The selected genes were analyzed using NOD-SCID mice 

injected subcutaneously as a suspension of Caki-1 cells with stable overexpression and mutant form of the 

MCPIP1. 

Results We identified specific miRNAs that change in the ccRCC line. Our results indicate that in 

ccRCC cells deficient in RNase activity, levels of miR-517a-3p, -517b-3p, -520c-3p, -517c-3p, -181a-2-

3p, and -4484 are elevated compared to MCPIP1 overexpressing cells, which may be related to the 

development of ccRCC. These miRNAs regulate the expression of genes, which may be of key 

importance in the development of ccRCC.  Based on microarray analysis of tissues from patients, our 

study suggests that the RNase activity of MCPIP1 is crucial in the several processes regulating tumor cell 

migration, morphology and proliferation leading in the consequence to local invasion and finally 

metastasis. 

Novel aspect Our current results indicate the importance of MCPIP1 as a suppressor of tumor 

development and progression. We show that MCPIP1 is crucial in the regulation of cell fate and controls 

the acquisition of the mesenchymal phenotype and the activation of -catenin. Detailed analysis of the 

miRNAs could identify novel therapeutic targets critical to the progression of ccRCC. The results can be 

used in trials aimed at preventing tumor progression and developing resistance to ccRCC therapy. In our 

research we plan to identify ccRCC-specific molecular targets that regulate tumor progression and 

developed resistance to therapy. 
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Phytocannabinoids isolated from Cannabis Sativa L. act as exogenous ligands of the 

endocannabinoid system (ECS). ECS plays a relevant role in the organism physiology showing 

an effect on overall health, including the part of the natural immune system. Their function relies 

on the expression and direct interaction with G-protein-coupled membrane cannabinoid receptors. 

The function of phytocannabinoids is extended to other purposes, including the ability to 

modulate the activity of receptors not included in ECS, like GPR55 or TRPV1. Cannabidiol 

(CBD) and cannabigerol (CBG) indicate a non-psychotropic activity, and cannabinol (CBN) has 

a weak psychotropic effect. Therefore, those compounds are considered to have more clinical 

uses compared to psychoactive tetrahydrocannabinol (THC). 

Recent therapeutic applications of CBD, CBG, and CBN have shown an anti-tumor activity, 

but their role in cancer pathophysiology is not completely clear. Each cannabinoid influences the 

intracellular pathways in its own manner. In this regard, there is still lack of information about 

their properties on various tumor cells. 

Our research aims at determining the survival ability of neoplastic cells after their treatment 

with the selected phytocannabinoids (CBD, CBG, CBN) and at identifying possible apoptotic 

pathways. The study was performed on the human immortalized keratinocyte cell line (HaCaT), 

primary melanoma cells from the vertical growth phase (WM115) and the lymph node melanoma 

metastasis (WM266-4). 

Our data revealed that the micromolar doses of phytocannabinoids exert potential in vitro 

anti-metastatic activity by inhibiting cellular metabolism more selectively against the metastatic 

melanoma cells (WM266-4) than for the primary melanoma cells (WM115) and keratinocytes 

(HaCaT). To understand the mechanisms underlying this effect, different cell features were 

studied, including: mitochondrial dehydrogenase activity (MTT), esterase activity (FDA), lactate 

dehydrogenase activity (LDH), influence on the reactive oxygen species (ROS) levels, the 

number of cells (CV) and the visualization of apoptotic-necrotic cells (AO/PI). To identify by 

which apoptotic pathway (extrinsic/intrinsic) do the phytocannabinoids influence the cells, the 

appropriate Caspase-8 and Caspase-9 assays were implemented. These data provide evidence to 

further support the potential of micromolar concentrations of phytocannabinoids as agents for use 

in the combined anti-tumor therapy. 

This study was financially supported by the Rectors grant for Student Research Groups, POB BIB Research 

Center (Excellence Initiative  Research University program) no. 1820/118/Z16/2021 (FITO-CAN). 

Phytocannabinoids were isolated with the support from the Intersolar Cannabis company.. 
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Poly (ADP-ribose) polymerase (PARP) inhibitors treatment has been successfully used in 

patients with ovarian cancer with a BRCA1/2 mutation. Olaparib was the first FDA approved 

PARP inhibitor for the treatment of BRCAMUT high-grade serous ovarian cancers (HGSOCs). 

Unfortunately, olaparib monotherapy is often insufficient, especially for the treatment of BRCA 

wild type (BRCAWT) ovarian cancer, although it may increase the dependence on other DNA 

repair pathways, to maintain genome stability. Activation of DNA repair pathways may include 

the stimulation of ataxia telangiectasia and Rad-3 related protein (ATR) and checkpoint kinase 1 

(CHK1), which prevent further damage. Because of that, simultaneous targeting PARP and DNA 

repair checkpoint proteins may represent an alternative strategy for BRCAWT ovarian cancer 

treatment. The objective of the study was to evaluate the effect of ATR inhibitor (AZD6738, 

ATRi), CHK1 inhibitor (MK8776, CHK1i) and their combination with olaparib in the 

homologous recombination (HR) proficient, BRCAWT, p53MUT  OV-90, ovarian cancer cell 

line. Cell survival and chromatin condensation were assessed up to 48 h after the treatment. 

Micronuclei (MN) formation was evaluated after 24 h, based on the doubling time of the OV-90 

cell line. ATRi + PARPi combination was the most cytotoxic, as assessed by MTT assay. An 

increase in apoptotic cell fraction was observed after combined treatment, as based on chromatin 

condensation measurement. Statistically significant differences in the number of MN were 

observed after ATRi or combined treatment of PARPi + ATRi or PARPi + CHK1i. The study 

confirmed that combination treatment with PARPi and ATRi or CHK1i has a high cytotoxic and 

genotoxic effect on ovarian cancer cells, on the path of synthetic lethality. 

This research was funded by the National Science Centre, Poland, project grant number: Sonata Bis 

2019/34/E/NZ7/00056. 
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Introduction Treatment of metastatic breast cancer is mostly based on systemic therapy, 

while the exact role of radiotherapy is uncertain. During SBRT fewer fractions are used, shorter 

and faster treatment is more convenient for patients, moreover higher doses are potentially more 

effective. There is a greater emphasis not only on the effects of oncological treatment but also on 

the quality of life after the treatment is finished. In this context, radiotherapy may be important in 

the management of patients with metastatic breast cancer ameliorate clinical outcomes with 

limited toxicity. 

We aimed to assess the effect of stereotactic body radiotherapy (SBRT) on survival, 

oncological outcomes, in patients with one to five oligometastatic lesions, and the potential delay 

to subsequent systemic therapy introduction or change (ST). 

Methods Out of 247 metastatic breast cancer patients undergoing SBRT (1-5fx, df4Gy), 

treated between 2014 and 2020, 69 patients with oligometastatic disease with total dose  24 Gy 

were included in our single-institution study. Survival analysis was performed using the Kaplan-

Meier method with log-rank test being used for evaluation of significance. 

Results Majority of patients had single metastatic foci (57%), 2 (28%), 3 (10%), 4 (4%), 5 

(1%). The most common site of metastases was bone 61%, remaining included lung 19% liver 

19%, lymph nodes 1%.  Total dose ranged from 24 to 60 Gy, usually delivered in 3 fractions 89% 

(1-5 fx). Systemic therapy before SBRT was applied 88% of the patients within this group 

hormonal therapy 74%, chemotherapy 30%, targeted therapy 17%. Also 83% got systemic 

therapy during SBRT mostly hormonal therapy 73%, chemotherapy 7%, targeted therapy 12%.  

Median follow-up was 28 months (range 2-68), with 67% of patients being alive at the time of 

analysis. Median time from primary treatment to SBRT was 2.7 years (range 9 mts - 18 years). 

Median time to further systemic therapy after SBRT was 13 months (1.3-55.5). The 1-, 3-, and 5-

year OS were 94%, 64%, 62%, respectively. There was a trend that patients with bone metastases 

had better LC (p=0.09) and OS (p=0.08). In majority of patients as the first site of failure further 

distant metastases outside the irradiated volume was found. 1y LC was 84%, 3y was 75%, there 

were no LC after 25 mts. 1 year MFS was 60%, 3y was 30%, all first dissemination after SBRT 

had place before 27 mts. 1y, 3y, 5y FFST (freedom from ST) after SBRT were 76%, 39%, and 

18%. Majority of patients got ST at the time of disease progression, median time to ST was 1.3 

mts, but there were also patients with up to 42 mts FFST after progression. Those who did not get 

ST at the time of progression were treated with radiotherapy up to 13 courses. 

Conclusions The use of radical radiation therapy to metastatic sites in oligometastatic breast 

cancer patients can be considered a valuable option and recommended to the appropriate 

candidates.  
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The work deals with the possible influence of extremely low-frequency electromagnetic fields 

(ELF-EMFs) on Saccharomyces cerevisiae cells. The number of experimental studies dealing 

with non-ionizing EMF interactions with biological objects at various levels have grown rapidly 

and questions regarding the topic of its possible health risks are even more frequent and still full 

of uncertainty [1].   

Even though the biological effect of ELF-EMFs was observed, the mechanism remains 

unclear. The goal of the work is to verify change of growth dynamics of exposed samples by 

application of time-varying magnetic field following the conditions valid for one of the possible 

prediction mechanisms to prognosticate biological response from exposure to  

ELF-MF called the ion parametric resonance (IPR) theory [2]. This theory is focused on targeting 

calcium Ca
2+

 cations bound in certain locations on cellular membranes of eukaryotic cells.   

Experiments were performed in pairs and samples were cultivated for eight hours in two coils 

inside the incubator. The exposed samples were irradiated by ELF-EMF source represented by 

the coil situated within the incubator and another coil served as a control one. The results proof 

the frequency dependent selective biological response to externally applied time-varying ELF-

EMF based on IPR model, needed to target specific ions, which evoke reaction of samples 

exposed to ELF-EMF and thus confirm that occurred biological effect could be predictable and 

could find its use in medicine.  

References: 
[1] R. Radil, J. Barabas, P. Kamencay, M. Bajtos and K. Hargasova, "Targeting Ca2+ and K+ Ions Using LF EMF to Induce Proliferation Response 
of S. Cerevisiae," 2019 12th International Conference on Measurement, 2019, pp. 119-122, doi: 

10.23919/MEASUREMENT47340.2019.8780087. 

[2] Blanchard JP, Blackman CF. Clarification and application of an ion parametric resonance model for magnetic field interactions with biological 

systems. Bioelectromagnetics. 1994;15(3):217-38. doi: 10.1002/bem.2250150306. Erratum in: Bioelectromagnetics 1994;15(5):493. PMID: 

8074738. 
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Introduction: The growth, invasion and metastasis of cancer cells depend upon bidirectional 

cell-cell communication within a complex tumor microenvironment. Such communication 

involves the secretion of extracellular vesicles, including exosomes. Exosome biogenesis is a 

multistep process that engages several proteins including Rab GTPases. Members of Rab family 

are associated with vesicle trafficking, which makes them an interesting target to focus on while 

studying the role of extracellular vesicles. Rab27a is one of the key regulators of exosome 

secretion, therefore its functioning may be correlated with cancer progression. Rab27a 

overexpression was reported in melanoma patient-derived samples and associated with reduced 

survival.  For that reason silencing Rab27 genes may reduce exosome production and release. 

Methods: We applied the CRISPR/Cas9 technology to knockout Rab27a in the A375 

melanoma cell line. We used a ribonucleoprotein transfection strategy to deliver Cas9 and three 

single guide RNAs that were targeting different exons to improve the likelihood of obtaining the 

desired mutations. 

Results: We obtained Cas9 mediated cleavage in the targeted site, which we verified using the 

T7 endonuclease I assay. A monoclonal cell line was isolated by limiting dilution cloning. After 

screening over 80 clones successful loss of Rab27a protein was confirmed by Western blotting in 

two clones. Sanger sequencing showed the formation of insertion-deletion mutations at the 

targeted site. These results prove the effective gene editing. 

Conclusion: We are now in a position to study the effects of Rab27a knockout in melanoma 

cells focusing on possible changes in exosome secretion as well as cancer cell biology. Moreover, 

we plan to  knock out another protein participating in exosome biogenesis. 

Presented research was supported by National Science Centre program OPUS18 no. 2019/35/B/NZ7/03256. 
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Heat Shock Transcription Factor 1 (HSF1) is an evolutionarily conserved transcription factor 

activated primarily in response to proteotoxic stress. It was recently linked to estrogen (E2) 

signaling through estrogen receptor  (ER) and MAPK signaling. Here, to further investigate the 

cooperation of HSF1 and ER in estrogen signaling, we created a novel experimental model based 

on HSF1-deficient (HSF1) ER-positive breast cancer MCF7 cells in which HSF1 was stably 

inactivated using the DNA-free CRISPR/Cas9 method. 

The RNA-seq analyses showed that 3,715 and 2,969 genes significantly changed the 

expression in HSF1+ and HSF1 cells after E2 stimulation, respectively. Among genes up- or 

down-regulated in both cell variants, approximately 68% or 81%, respectively, responded less 

effectively in HSF1 cells than HSF1+ cells (e.g. genes involved in the G2/M checkpoint and 

signaling pathways related to proliferation and migration). Interestingly, the weaker response to 

E2 in HSF1 cells (measured as a fold change E2 vs Ctr) was partially related to the higher basal 

expression of ER-dependent genes, which suggests the potential role of HSF1 in the suppression 

of these genes. This was consistent with the observation from the ChIP experiment in which a 

more efficient binding of ER in unstimulated cells was observed in the absence of HSF1. 

Global analyses of ER and HSF1 chromatin binding patterns in E2-treated wild-type MCF7 

cells combined with previously published ChIA-PET results allowed us to identify over 700 

genes that could be co-regulated by both transcription factors. For these genes, in-depth 

bioinformatic analysis of ER and HSF1 binding sites was conducted for the presence of binding 

motifs (ERE and HSE, respectively), which allowed us to distinguish three modes of ER/HSF1 

cooperation: canonical binding, cobinding, and possible tethering. In the last mode, it is also 

possible that ER and HSF1 bound to chromatin in different sites can interact leading to the 

formation of a chromatin loop. Moreover, various binding patterns were found in the regulatory 

region annotated to one gene. Further analyzes of the spatial organization of chromatin by 

chromosome conformation capture (3C) technique confirmed the role of HSF1 in the formation 

of ER-mediated chromatin loops while the proximity ligation assay (PLA) showed interactions 

between ER and HSF1 after E2 treatment. 

Our results show the pleiotropic nature of HSF1, which, in addition to the regulation of HSP 

genes, may potentially constitute an additional tethering factor for ER and influence the 

organization of the chromatin loops created during estrogen signaling. 
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Introduction 
Polymer-based drug delivery systems for localized therapy have been extensively 

investigated over the last several decades among which implantable delivery vehicles can be 

mentioned. New strategies are being explored to obtain flexible, drug-eluting materials. The 

convenient method for obtaining soft materials is electrospinning. Nonwovens obtained during 

electrospinning possess high porosity and a large specific surface area and thus high loading 

capacity. This study aimed to develop biodegradable paclitaxel-loaded patches using 

electrospinning technique as soft, flexible and bioresorbable drug-eluting implants intended for 

postoperative, localized, anticancer therapy. 

Methods 
The poly(glycolide-ɛ-caprolactone) and poly(D,L-lactide-co-glycolide) were synthesized in 

the Centre of Polymer and Carbon Materials of the Polish Academy of Sciences. Obtained 

copolymers were mixed with paclitaxel (PTX) and then electrospun. Patches with 0.5 cm 

diameter were cut and sterilized with electron beam (25kGy). The patches were first tested in 

vitro using nuclear magnetic resonance spectroscopy, gel permeation chromatography, 

differential scanning calorimetry, scanning electron microscopy, high-pressure liquid 

chromatography. In the second stage, mice with developed tumors (6070 mm3, n= 5 per group) 

were treated with PTX-loaded patches or empty patches which were implanted directly into the 

tumor site  (in the Center for Translational Research and Molecular Biology of Cancer, Maria 

Skłodowska-Curie National Research Institute of Oncology). Tumor growth was monitored. 

Additionally, another group of mice with well-developed tumors (6070 mm3, n = 5 per group) 

were treated with PTX-loaded patches and with contact radiotherapy (brachytherapy). 

Brachytherapy was used at 3 doses of 2 Gy. 

Results 
Soft, flexible nonwoven materials loaded with the chemotherapeutic drug- paclitaxel intended 

for local anticancer therapy were obtained. The in vitro drug release and the degradation process 

of the PTX-loaded patches were characterized in details and on the basis of obtained results the 

best material was chosen for the in vivo study. The effect of the PTX-loaded patches on the tumor 

growth inhibition was investigated using mouse model of breast cancer. The growth of the tumors 

was slowed down in comparison with drug-free patches. PTX-loaded patches were also combined 

with brachytherapy. Such a combination was even more effective than either therapy alone. 
Acknowledgements: The work is the result of the research project No. 2020/04/X/NZ7/00016 funded by the 

National Science Centre. 
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Anticancer drugs, which are not effectively removed by wastewater treatment plants, may 

constitute an environmental hazard. Therefore, research into the elimination of cytostatics from 

water constitutes a necessity. Technologies based on white-rot fungi are worth particular attention 

in this respect. 

The main aim of the project was to asses the applicability of five white-rot fungi in the 

removal of cytostatic drug – vincristine, from the environment. Selected organisms were: Fomes 

fomentarius (CB13), Hypholoma fasciculare (CB15), Phyllotopsis nidulans (CB14), Pleurotus 

ostreatus (BWPH), and Trametes versicolor (CB8). The test was conducted in 100 ml liquid 

organic medium and the mycelium were pre-cultivated for a week before adding the drug (at a 

concentration of 10 mg/l). The removal capacity was measured at regular intervals up to 21 days 

of incubation using Ultra-Performance Liquid Chromatography combined with Mass 

Spectrometry preceded with Solid Phase Extraction. All individual tests, and abiotic controls, 

were conducted in triplicate. 

The results showed that biodegradation process of vincristine was fast. After two days, 

four fungi removed approximately 90% of the drug in the samples. Only P. niulans (CB14) 

showed no biodegradation ability. Such promising experiment results open up space for further 

research into the application of fungi in the elimination of pharmaceuticals from the environment. 
 

The research was supported by National Science Centre, project: “Research on white-rot fungi ability to remove 

cytostatic drugs on an example of: bleomycin and vincristine” (UMO-2020/37/N/ST8/01077). 
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Introduction Block copolymers of polylactide (PLA) and polyethylene glycol (PEG) - 

PLA/PEG  are commonly used for preparation of micelles. Biodegradable micelles may be 

applied for effective solubilization and delivery of hydrophobic anticancer drugs. However, the 

properties of micelles may be dependent on the kind of PLA, because poly(L,L-lactide) (PLLA) 

is a crystalline and poly(D,L-lactide) (PDLA) is an amorphous polymer. Additionally, the 

targeting moieties attached to the PEG may influence the characteristics of the nanoparticles. 

Therefore, the aim of the study was to analyze the effect of stereochemical form of PLA on 

morphology, size, drugs encapsulation efficiency and drugs release from micelles targeted with 

folic acid and biotin. 

Methods  Four kinds of micelles were obtained by co-solvent evaporation method: PLLA-

PEG functionalized with folic acid and biotin, PDLA-PEG functionalized with folic acid and 

biotin, non-functionalized PLLA-PEG and non-functionalized PDLA-PEG. The micelles were 

co-loaded with docetaxel (DTX) and resveratrol (RES). The size of micelles was measured by 

means of the dynamic light scattering (DLS). Morphology was observed using transmission 

electron microscopy (TEM). The high-performance liquid chromatography (HPLC) was used for 

quantitative analysis of drug. 

Results The TEM analysis revealed that all kinds of micelles characterized spherical shape. 

The size of PLLA/PEG micelles was higher compared to the PDLA/PEG micelles. Comparison 

of drug loading properties revealed that the encapsulation efficiency (EE) was higher in 

PLLA/PEG micelles. Moreover, the EE of DTX and RES was similar in PLLA/PEG micelles. In 

the case of PDLA/PEG micelles the EE of RES was higher than EE of DTX. In vitro analysis 

revealed that RES was released with similar rate from all kinds of micelles. The release of DTX 

was much slower in comparison to RES and the slowest release of DTX was observed from 

PLLA-PEG micelles. 

Conclusions The influence of stereochemical form of PLA on the size of micelles, 

encapsulation efficiency and drug release was observed. This finding may be used for tailoring of 

properties of micellar drug delivery systems functionalized with folic acid and biotin and co-

loaded with docetaxel and resveratrol. 

Funding: This study was supported by the National Science Centre, Poland, Grant 2019/34/E/NZ7/00010.  
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Melanoma, which originates from melanocytes, after entering the metastatic stage causes the 

highest mortality among skin malignant tumors resulting from the lack of effective therapy due to 

common resistance to the applied drugs [1]. In the view of increasing worldwide prevalence the 

intensive search for successful therapy pattern is undertaken with the use of combined strategy. 

This includes the combination of recognized anti-cancer drugs with compounds acting on various 

vital cellular signaling pathways, particularly on the energy metabolism. In melanoma, the 

mutation of the proto-oncogene B-Raf cytoplasmic serinethreonine kinase (BRAF) gene is the 

most common (over 50% of patients), which is why most of the applied drugs are directed at 

inhibiting that signaling pathway. For the optimization of the choice of possible compounds, we 

performed the modified SynGeNet drug combination prediction study [2]. Experimental 

validation of effective combinations was done by monitoring the interaction of specific lectins 

with cellular surface glycans typical for various stages of melanoma progression in real-time 

experiments using quartz crystal microbalance with the dissipation monitoring [3]. Evaluation of 

the modification of the glycosylation process of metastatic melanoma cells as result of the 

applied combination of compounds could reveal potential usability in malignant melanoma 

treatment. 

This work was financially supported by BIOTECHMED-1 project granted by the Warsaw University of 

Technology under the program Excellence Initiative: Research University (ID-UB). 

 References: 
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[2] Regan-Fendt, K. E. et al. (2019). Npj Systems Biology and Applications, 5(1), 6. 

[3] Sobiepanek et al. (2017) Biosensors and Bioelectronics, 93:274-281 
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Characteristic feature of B-cell non-Hodgkin lymphomas (NHL) are recurrent translocations 

juxtaposing an oncogene (e.g. MYC, BCL2) with  immunoglobulin heavy chain (IGH) enhancers: 

E and 3regulatory regions (3RR1, 3RR2). Survival and proliferation of many B-cell lymphomas 

depend on the expression of the translocated oncogene. The function of IGH enhancers in B-cell 

maturation is well established, while the precise mechanisms of their involvement in oncogene 

expression and lymphomagenesis are yet to be determined. Enhancer RNA (eRNA) transcription 

is a feature of active enhancers. This class of non-coding RNAs plays a role in transcriptional 

regulation by recruitment and trapping of transcription factors, chromatin remodelers or RNA Pol 

II. Our goal is to identify functional elements in the IGH enhancers and eRNAs transcribed from 

those enhancers that are essential for oncogene expression and B-cell lymphoma cell growth. 

Our tiling CRISPR interference screen in NHL cell lines with sgRNA library densely 

covering the IGH enhancers revealed three 500-700 bp regions, one in the E and two in the 3RR 

enhancers, whose targeting profoundly inhibited NHL cells growth. In parallel, we performed 

chromatin-enriched RNA-Seq in lymphoma and normal B cells, which confirmed transcription 

from CRISPRi-essential enhancer regions. Moreover, eRNA expression was validated in a large 

panel of NHL cell lines and in patient-derived samples.  So far, subsequent validation of sgRNAs 

targeting the identified essential enhancer regions confirmed their inhibitory effect on eRNA and 

c-MYC expression in lymphoma cells. Functional studies of the eRNAs are ongoing. 

Funding: Foundation for Polish Science grant no. POIR.04.04.00-00-5EC2/18-00. 
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The presented study focuses on the prevalence of pathogenic microorganisms in dairy 

products specifically in the raw milk of farms and domestic cattle. The consumption rate of dairy 

products are increasing day by day among people of all ages i.e., infant, young and old due its 

main nutrient content. Apart from huge nutritious value of milk it also poses sever threats 

towards the people consume it. There are many pathogenic microorganisms which utilized 

various nutrient present in milk as a media for their growth. The growth of such pathogenic 

microorganisms leads to foodborne illnesses like food poisoning. The various pathogen 

commonly found in raw milk from are tick-borne encephalitis virus Campylobacter, Brucella 

melitensis, Mycobacterium bovis, Salmonella, and Shiga Toxin-producing E. coli (STEC). In this 

study various type of pathogenic microorganisms along with their microtoxin are found including 

Salmonella spp, Escherichia coli observed in 65% milk samples, Salmonella 66% Proteus spp 

69%, Bacillus subtilis 60%, Klebsiella pneumonia 64%, Enterococcus faecalis 54%, 

Staphylococcus aureus 70%, Streptococci 68%, Yersinia pestis 66% were detected. 

All these pathogens cause severe problems in those who consumed. It contains beneficial 

normal flora which improve the immunity and avoid diseases. As it has all basic and essential 

component therefore it provides best growth media for the growth of pathogenic microorganism. 

Current study is focus on the occurrence of pathogen microorganisms in raw milk from farms and 

domestic cattle. Such microorganisms used raw milk as media for their growth and nutrition as 

milk have all basic components (vitamins, fats, protein, mineral). 

This study is carried out to provide information to veterinarians regarding selection of proper 

treatment strategies to prevent contamination of milk with life threatening pathogenic organisms. 
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Introduction NF1 mutations, including deletions of this gene, occur in various cancers and 

are also the cause of neurofibromatosis type I (von Recklinghausens disease). It is estimated that 

von Recklinghausens disease affects at least 1 out of 5,000 (five thousand) people. Half of the 

cases are due to inheritance, and half of the mutations occur in early embryonic development. In 

addition, the NF1 mutations appear during carcinogenesis without being related to the inheritance 

of these mutations. Examples of neoplasms with the NF1 mutations are: gliomas, sarcomas, 

breast cancers, endocrine tumors such as pheochromocytoma, melanomas, acute myeloid 

leukemias, ovarian cancers, and prostate cancers. Currently, there is no therapy aimed at 

replacing the GAP protein with small molecules. As part of the analyzes, molecules that are able 

to induce the GTPase activity of the RASWT protein have been developed. 

Methods The GTPase-Glo Assay (Promega) was used to test GTPase activity of RASWT. 

The RASWT and GAP proteins were purified via methods of genetic engineering. 

Results Derivatives of leading molecule are probably able to induce RASWT GTPase 

activity in the absence of GAP protein. 

Conclusions The analyzed molecules can be considered as replacing the product of NF1 gene 

in cells, and thus they may be precursors of compounds with therapeutic potential for patients 

with neoplasms exhibiting the NF1 gene mutation. 

 This study was sponsored by the national centre for research and development grant no. Poir.01.02.00-00-

0034/15.  
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During the Covid-19 pandemic, wearing personal face masks has become a routine activity 

for people around the world. The main role of such masks should be protecting healthy people 

from different types of infections and helping the sick ones, to limit the widespread of viruses and 

bacteria. Therefore, the filtering abilities of commonly used personal masks were experimentally 

tested using the methodology developed by our team. This method uses polystyrene nanospheres 

coupled with a luminescent dye FITC, which was supposed to be a phantom of a real virus. For 

this purpose, a system for testing the filtration efficiency of masks was built, consisting of an 

aerosol generator in which nanospheres were suspended. The aerosol was then passed through the 

test mask, and then through the Andersen cascade impactor, where fluorescent nanoparticles were 

collected, through which qualitative results were obtained. As the analyzed materials, the hand-

made masks made of cotton fabrics and different types of protective masks commonly available 

in retail and medical trade (eg. surgical, FFP2, FFP3) were chosen. In addition, specially prepared 

materials using nanofibers with metal admixtures were tested. These materials were applied to 

generally available masks as an additional protective layer increasing the filtering capacity of the 

mask. This method allows leading researches in a safe way without using potentially pathogenic 

organisms. 

  

This work was financially supported by Pro-quality grant 32/007/RGC20/0027. 
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Introduction The impact of selected environmental and synthetic pollutants on human health 

is considered through the air and dermal contact, especially together with pathogen infections in 

the pandemic Covid-19 period. In environmental samples, we collected pollutants, including fine 

dust (2.5 m particle diameter) and added nano-plastic, for testing on model experimental setup for 

3D human skin cell culture, initially developed in previous projects (students PBL 5th and 6th 

editions). 

Aim The aim is to analyses environmental pollution and studies of penetration mechanisms 

with a particular focus on fine dust fraction (PM1 and PM2.5) and bioactive compounds in an 

experimental 3D dermal cell culture system. 

Materials and Methods The collection of outdoor samples was performed using quartz 

microfibre filters (QM-A Whatman, diameter 47 mm) attached to Atmoservice PNS-15 aspirators 

(produced in Poland under the license of the low-volume sampler LVS 3.1, Comde-Derenda 

GmbH, Germany) with flow rates of 2.3 m3/h. In vitro studies were conducted by a live 

microscopic observation using JuliBr (NanoEntek; transit channel, magnification 100 x), and the 

cytotoxicity was evaluated for synthetic nano-particles (diameter of 100 nm) by 3-(4,5-dimethyl-

2-thiazyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Promega) viability assay. 

Results and Conclusions Seasonally collected environmental pollutants showed impacts on 

human normal and cancer cell lines (ATTC, BEAS-2B, and A549) in cyto- and genotoxicity 

assays. Exposure of epithelial lung cells to factors contained in environmental dust decreased 

their viability and induced damage to the genetic material [1]. The possibility of penetration of 

micro- and nano-pollutants through human skin was investigated using in vitro 3D culture, which 

showed that pollutants penetrate intracellularly through endocytosis, similarly to pathogens [2], 

inducing damage and leading to cell death. 
 Acknowledgments The studies were co-financed by the European Union from the European Social Fund in the 

framework of the project The Silesian University of Technology as a Center of Modern Education based on research 

and innovation POWR.03.05.00-00-Z098/17; students PBL 7th edition; and 02/040/SDU/10-21-01 (M.S). 
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Introduction. Since the outbreak of COVID-19 in December 2019, it has brought significant 

harm and challenges to over 200 countries around the world. The fast increasing number of cases 

highlighted the urgent development of COVID-19 vaccine. At the end of December 2020, the 

FDA granted approval for the PfizerBioNTech and for the Moderna vaccines. In Poland COVID-

19 vaccinations with both these vaccines started in January 2021. The purpose of this study was 

to assess if vaccination has any effect in terms of COVID-19 incidence in the Maria Sklodowska-

Curie National Research Institute of Oncology Gliwice Branch (NIO-PIB) employee population 

against the epidemiological situation in Poland and Silesia. 

Methods. The study was focused on two pandemic periods that correspond to two 

consecutive waves of COVID-19 in Poland: one in fall 2020 (pre-vaccination) and one in spring 

2021 (post-vaccination). Data comprised of the reported daily number of COVID-19 cases at 

NIO-PIB (internal data) and in Poland/Silesia (sources: https://ourworldindata.org/coronavirus-

source-data, https://koronawirusunas.pl/), as well as the data on the number of vaccinated 

employees. Due to big disproportion among populations (NIO-PIB workers n=1800, Poland 

n38M, Silesia n4.5M) both the number of cases and the incidence rates were compared (using 

The Chi-square test or Wilcoxon rank sum test). Also linear regression was used to make 

predictions about what the situation would be in the NIO-PIB without reaching the vaccination 

threshold 70%. 

Results. Analyzing the differences of COVID-19 incidence rates in I vs II wave we found 

significance difference in case of NIO-PIB (p0.001) and as well in case of Silesia rates (p=0.002) 

but no difference on country level of analysis. When assessing the difference on level of number 

of cases we found significance difference in all three comparisons (NIO-PIB: p0.001, Silesia: 

p0.001, Poland: p0.001). Surprisingly we found that only in case of NIO-PIB in II wave vs I we 

had 78% decrease in COVID-19 incidence (OR=0.22). On the contrary in Poland and Silesia 

weve observed increase in COVID-19 cases (respectively OR=1.23, OR=1.49). Analysis of 

prediction with assumption on how II wave would look like at NIO-PIB without any vaccination 

in comparison to actual data showed that with no vaccination we might have 5.39 times more 

COVID-19 incidence (OR=5.390, p0.001). 

Conclusions. COVID-19 vaccines were developed in an exceptionally short time, which 

aroused a lot of skepticism. Simultaneously after the vaccination campaign in NIO-PIB a large 

decrease in COVID-19 incidence among employees was observed. Despite the limitations of 

simplifying and basing the calculations only on the reported incidence, ignoring other factors that 

affect the dynamics of the pandemic, there is a clear improvement in the NIO-PIB situation in 

post-vaccination wave compared to the pre-vaccination one. The observed effect is most likely 

related to COVID-19 vaccination.  
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Unsymmetrical bisacridines (UAs) are new antitumor compounds patented in Europe (EP 

3070078 B1) and in the USA (US 10202349 B2). In their structure they contain previously 

synthesized in our Department drugs: C-1311 and C-1748. Importantly, UAs exhibit different 

properties than their monomer components. They do not intercalate to dsDNA, but interact with 

quadruplex DNA. G-quadruplex structures are present in promoter regions of oncogenes, such as: 

MYC, KIT, RAS genes, BCL2, VEGF and in telomeric repeats. 

The aim of the presented studies was to evaluate whether UAs can affect the expression and 

protein level of c-Myc in living cells and what is the consequence for the cellular response 

induced by UAs treatment. 

The effects of four UAs: C-2028, C-2041, C-2045 and C-2053 on human colorectal HCT116 

and lung H460 cancer cells were examined. MTT assay showed that all compounds exhibited 

high cytotoxicity against studied cancer cells. The concentrations of UAs corresponding to IC90 

doses ranged from 0.04 to 0.4 M and were similar for both cell lines. Real-time PCR was used to 

establish the mRNA level of MYC gene, while Western blot was applied for analysis of c-Myc 

protein level. In HCT116 cells UAs treatment resulted in increase in the mRNA amount of MYC, 

but the protein level did not change compared to control. On the other hand in H460 cells slight 

decrease in expression of MYC was observed after UAs exposure. What most important, in lung 

cancer cells bisacridines caused complete inhibition of c-Myc protein level after 72 h of 

incubation. The analysis of cell cycle progression in HCT116 and H460 cells exposed to UAs 

revealed some changes in the distribution of cells in each of the phases. The most profound 

alterations after treatment with compounds were transient accumulation of cells in S phase of the 

cycle in H460 cells and appearance of the sub-G1 fraction in both HCT116 and H460 cells. 

Number of cells with degraded DNA increased during the time of treatment and was the highest 

for C-2041-HCT116 treated cells and C-2045- and C-2053-H460 treated cells. HCT116 and 

H460 cells exposed to UAs underwent apoptosis what was confirmed by observation of nucleus 

morphology, determination of changes in asymmetry and permeability of the cell membrane, 

analysis of presence of active caspase-3, cleaved PARP and changes in mitochondrial 

transmembrane potential. Importantly, the apoptosis was induced by UAs earlier and to a greater 

extent in H460 (especially in cells exposed to C-2045 and C-2053) compared to HCT116 cells 

(except C-2041). Necrosis was observed only in a small percentage of HCT116 and H460 cells. 

Concluding, strong c-Myc inhibition by UAs in H460 cells seems to contribute to induction of 

apoptosis in these cells and the most effective compounds were C-2045 and C-2053. 

These studies were supported by the National Science Center, Poland, No. UMO‑ 2016/23/B/NZ7/03324.  



88 
 

[36] THE ROLE OF MCPIP1 IN CHANGE THE PHENOTYPE OF LIVER CELLS  

Oliwia Kwapisz
1
, Judyta Górka

1
, Maciej Głuc

1
, Jerzy Kotlinowski

1
, Jolanta Jura

1
,  

Katarzyna Miękus
1
 

 
1
 Department of General Biochemistry, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian 

University, Kraków, Poland 

 

MCPIP1 (Monocyte Chemoatractant Protein-Induced Protein 1) protein, coded by ZC3H12A 

gene, is one of the negative regulator of inflammatory response. The MCPIP1 protein is 

composed of several domains, including the zinc finger domain CCCH and the PIN domain with 

RNase activity. As a result of RNase activity MCPIP1 protein regulates levels of many 

transcripts, including pro-inflammatory cytokines: IL -1β and IL-6 as well as  several miRNAs 

level important in tumor growth and metastasis. 

The MCPIP1 protein plays an important protective role in the development and progression 

of breast cancer and clear cell renal cell carcinoma. Our results indicate the participation of 

MCPIP1 protein in the regulation of tumor proliferation, survival and metastasis. Decrease in the 

level of MCPIP1 protein triggers a surge in cell mobility and the growth in level of mesenchymal 

markers, such as: vimentin and β-catenin. Furthermore, our last research showed that the level of 

MCPIP1 protein may have an impact on the induction of the epithelial-mesenchymal transition 

(EMT) in the liver. 

In ongoing research, we used an unique mouse model with knockout of the Zc3h12a gene, 

which leads to the depletion of MCPIP1 in the hepatocytes. To examine the role of MCPIP1 in 

the change of liver phenotype, we analyzed the livers of 42 weeks old mice using RT-PCR, 

Western blot and immunohistochemical staining methods. 

Our studies have shown differences between the liver phenotype of wild-type mice and mice 

with the depletion of MCPIP1 protein. Knockout of the Zc3h12a gene in mouse livers increases 

the level of transcription factors responsible for the development of the mesenchymal phenotype 

e.g. Snail. In addition, we observed an increase in the level of β -catenin and structural proteins 

such as fibronectin or N-cadherin. Interestingly, knockout of the Zc3h12a leads to an increase in 

the level of intracellular cleavage fragments (CTF) of N-cadherin. It’s worth stressing that CTFs 

may participate in the regulation of the expression of certain genes, like metalloproteinase 

MMP9. 

Our research indicates that the MCPIP1 protein plays an important role in development of 

EMT in the liver. Depletion of MCPIP1 might be an important factor leading to the development 

of liver cancer. In addition, our results indicate that MCPIP1 may regulate level of CTFs of N-

cadherin which can fulfil important functions other than being just the structural protein. 

Funding: This work was supported by research grants from the National Science Centre No. 

2017/26/E/NZ5/00691 and MNS 2/2021. 
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Introduction Acute lymphoblastic leukemia (ALL) is the most common cancer in children. 

T-cell acute lymphoblastic leukemia (T-ALL) is an aggressive subtype of ALL, arising from T 

lymphocyte precursors. miRNAs are non-coding RNAs, contributing to leukemogenesis by their 

involvement in key cellular functions such as proliferation, apoptosis and signaling. We 

previously found in miRNA transcriptome analysis that hsa-miR-625-5p is overexpressed in T-

ALL patients, thus is a potential oncomiR in T-ALL. 

Methods T-ALL JURKAT cells (with high endogenous miR-625-5p level) were transduced 

for stable inhibition of this miRNA. To evaluate the influence of miR inhibition on growth of T-

ALL cells, we used flow cytometry GFP competition assay and CCK8 proliferation assay. To 

identify the genes mediating the impact of miR-625-5p on cell growth, we subjected JURKAT 

cells upon miR inhibition to Ago2-RIP-seq. We used Magna RIP magnetic beads coated with 

anti-AGO2 antibody to immunoprecipitate RNA bound to RISC complexes. Ago2-IP and total 

RNA fractions were sequenced (polyA RNA-seq, 150 bp reads, 60M paired end reads/sample, 

Illumina NovaSeq 6000). Transcripts depleted in Ago2-IP fraction upon miR inhibition were 

screened for the presence of miR-625-5p binding sites. 

Results Inhibition of miR-625-5p decreased the growth of JURKAT cells. In RIP-seq 

analysis we identified 1530 transcripts depleted in RISCs (by at least 20%) upon miR-625-5p 

inhibition, 384 of these genes having at least one putative 3UTR binding site for this miRNA, 

thus being direct targets of miR-625-5p. Over-representation analysis (OVR) performed for these 

direct miR-625-5p targets showed high overlap with processes revealed by OVR of differentially 

expressed genes (DEGs) between JURKAT cells upon miR-625-5p inhibition and control cells, 

including processes known to be implicated in T-ALL (e.g. PI3K-Akt, NOTCH and MAPK 

signaling). Moreover, OVR for DEGs revealed processes, such as cell death, negative regulation 

of lymphocyte apoptotic process, negative regulation of thymocyte apoptotic process, indicating 

that miR-625-5p affects apoptosis of T-ALL cells. 

Among transcripts depleted in RIP-seq, with predicted 3UTR binding sites for miR-625-5p, 

we found genes previously reported to have pro-apoptotic activity (TP53AIP1, IER3, HRK, 

STK17A). Silencing of these genes by overexpressed miR-625-5p may contribute the decreased 

of apoptosis and to growth advantage of T-ALL cells. 

To further confirm that miR-625-5p affects growth of T-ALL cells via regulation of 

apoptosis, we performed apoptotic assay of JURKAT cells and showed that inhibition of this 

miRNA increased apoptotic events, in line with our hypothesis on oncogenic potential of miR-

625-5p. 

Conclusions. miR-625-5p is a novel putative oncogenic miRNA in T-ALL which may 

regulate apoptosis by silencing pro-apoptotic genes TP53AIP1, IER3, HRK, and STK17A. 

Supported by grants: 2017/25/N/NZ2/01132 and 2014/15/B/NZ2/03394 (National Science Centre, Poland). 
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Introduction: Currently, the basis for the application of appropriate oncological treatment is 

histopathological examination. It requires the collection of a tissue sample that is difficult to 

access and strains the patient. Hence the need to find a readily available tissue equivalent. The 

purpose of this study was to evaluate diagnostic estimates of total circulating DNA (cfDNA) in 

cancer. 

Methods: Systematic search was performed in Medline and PubMed Central databases. All 

statistical analyses were performed using R version 4.0. Statistical significance was set at p  0.05. 

Pooled sensitivity, specificity, diagnostics odds ratio (DOR) and their 95% confidence interval 

were calculated with mada and meta packages. I2 test was used to evaluate the heterogeneity. 

Results: Finally, 62 articles were included in the analysis, in which the concentration of 

cfDNA in 5699 cancer patients and 3323 controls was examined. The calculated pooled 

sensitivity, specificity and diagnostic odds ratio (DOR) was 0.798 [95% CI 0.764-0.832] and 

0.864 [95% CI 0.816-0.888], 20.913 [95% CI 16.184-28.803] respectively. The funnel plot 

showed the asymmetry (p0.001) with publication bias and study heterogeneity as a possible 

causes (pooled sensitivity 93%, pooled specificity 89%, DOR 82%). In order to find the sources 

of heterogeneity, we performed subgroup analyzes for tumors of various localizations, cfDNA 

detection methods, plasma / serum as a source material. In some of these subgroups we managed 

to obtain a symmetrical funnel plot, but in all analyzes the sample heterogeneity was always 

higher than 80%. To explain the problem better, we compared the raw cfDNA concentration data 

from the analyzed articles. The median value of the cfDNA concentration was 1277.5 ng / ml for 

the control group and 2712.5 ng / ml for the cancer group, and these values were different by 

Mann-Whitney U test (p = 0.03). However, these values do not fully reflect the actual situation, 

an overlapping range of values was found in the control and cancer group (0-968 ng / ml for the 

control group and 0-33 250 ng / ml for the cancer group). The analysis of the sources of 

heterogeneity again showed that in the previously mentioned subgroups the range of the obtained 

values was equally large. While in the case of the cancer group, the influence of tumor 

localization, histological type and disease stage on the cfDNA concentration cannot be ruled out, 

the large dispersion of cfDNA values in the healthy (control) population indicates the influence 

of pre-analytical and analytical conditions on the obtained values. 

Conclusions: Despite the promising high values of the sensitivity and specificity of the 

cfDNA test, the lack of standards for isolation, detection and reporting of test results causes a 

large dispersion of the results, and consequently the impossibility of its clinical application. 
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Introduction Despite many years of searching for effective therapies, tumors are still one of 

the most common causes of death in the world. Developing new treatment strategies is extremely 

difficult due to the problem of identifying cancer stem cells (CSCs) which are responsible for 

tumor initiation and progression. The inflammatory response is a key element in tumor 

development. The MCPIP1 protein (Monocyte Chemotactic Protein-1 Induced Protein) is 

involved in the negative regulation of inflammation due to its RNase activity, which allows 

mRNA degradation of pro-inflammatory cytokines. A growing number of publications suggest 

that the MCPIP1 protein may influence the development of cancer by direct or indirect regulation 

of factors involved in the processes of angiogenesis, proliferation and cell death. 

Aim The main aim of our research is to study the importance of MCPIP1 for the presence of 

CSCs markers, factors involved in tumor initiation as well as acquirement of stemness features. 

Moreover, we investigate whether MCPIP1 level or activity will change phenotype of normal 

cells into cancerous. 

Materials and methods To examine the effect of MCPIP1 in normal epithelial cell line 

TCMK-1 we used two different viral vectors. To stably inhibit MCPIP1, cells were transduced 

with lentiviral vectors (shCtrl, shMCPIP1). For stable overexpression MCPIP1, TetON system 

was used (pLIX PURO and mutant form pLIX D141N). We analyzed cells proliferation and 

clonogenicity, as well as the levels of CSCs markers by western blot and qPCR. Next, cells were 

injected subcutaneously into NOD-SCID mice to check if low level or mutation of MCPIP1 will 

induce tumor growth in vivo. Mice blood was analyzed for the presence of circulating tumor cells 

(CTCs) with flow cytometry. 

 Results We have shown that the low level of MCPIP1 or mutation in PIN domain increases 

the proliferation and clonogenicity of TCMK-1 cells compared to control. Moreover, cells with 

decreased level of MCPIP1 protein or with the D141N mutation are characterized by higher 

levels of the c-Met receptor, CD44 and c-Myc phosphorylation, which are among the markers of 

CSCs. In addition, low level of MCPIP1 results in increased expression of the major marker of 

mesenchymal cells vimentin and transcription factors Twist and Snail involved in epithelial-to-

mesenchymal transition. The obtained results suggest that the loss of the MCPIP1 protein causes 

the acquisition of the characteristics of neoplastic cells. Next, we checked whether MCPIP1 low 

level in normal cells predisposes them to proliferate when administered to mice. We found that, 

D141N mutation caused the growth of large tumors with higher number of CTCs, while the 

control cells injected into mice developed only local fibrosis. 

Conclusions We believe that the MCPIP1 protein may be a marker of tumor initiation and 

play a key role in neoplastic transformation by regulating the changes in cell phenotype and 

levels of CSCs markers. 
This study was supported by grants founded by National Science Center no. 2017/25/N/NZ5/03014, 

2017/26/E/NZ5/00691 and MNS 15/2021.  
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Introduction Autophagy is a fundamental process in cells that plays a critical role in 

maintaining intracellular check-and-balance mechanisms. The dysfunction of autophagy has been 

linked to various human diseases, e.g., neurodegenerative diseases. Most studies indicate that a 

relatively high concentration of trehalose is needed to induce autophagy. The poor 

pharmacokinetics profile of trehalose might be the main issue, which is linked to its high 

hydrophilic nature, affecting poor penetration into cell membranes and rapid excretion from the 

body. In addition, the presence of intestinal trehalase, an enzyme that can hydrolyze trehalose, 

impedes its oral absorption. Therefore, there is a need for seeking effective trehalose delivery that 

can overcome biological barriers and deliver trehalose to the targeted tissues. 

Aims This study aimed to fabricate trehalose-rich nanogels that are stable in serum-

containing media, have a moderate positive surface charge to provide electrostatic interactions 

with negatively charged membranes for brain targeting, has low cytotoxicity, and can sustainably 

release trehalose at physiologically relevant condition to induce autophagy. 

Methods A series of trehalose-rich nanogels have been successfully synthesized via free 

radical polymerization (FRP) in reverse miniemulsion with the use of Span 80 as surfactant and 

lithium phenyl (2,4,6-trimethylbenzoyl) phosphinate (LAP) as photo-initiator. The designed 

strategy toward trehalose-rich nanogels is based on covalent incorporation of 6-O-acryloyl-

trehalose within polymer network, from which trehalose could be released at pH  7.0 by the 

cleavage of ester bond which is boosted by 1 and 2 acrylamide-type comonomers. The actual 

conjugated trehalose was assessed enzymatically by measuring the amount of glucose produced 

after enzymatic degradation of trehalose by trehalase. The colloidal stability of nanogels was 

tested in various media (water, PBS (pH 7.4), 5% dextrose-in-saline solution (D5NS), DMEM + 

10% FBS, RPMI + 10% FBS, and low serum primary cell media). Cytotoxicity study and cellular 

uptake were tested in primary human umbilical vein endothelial cells (HUVECs). 

Results We successfully fabricated trehalose-rich nanogels with high trehalose content (50% 

w/w). Nanogels could sustainably release trehalose at physiological conditions. Interestingly, the 

increased trehalose feeding could improve the stability of nanogels in serum-containing media. 

Ultimately, stable nanogels were non-toxic to primary HUVECs up to 1 mg/mL and were 

efficiently uptaken during short incubation. 

Conclusions Trehalose-rich nanogels showed splendid properties, specifically high colloidal 

stability in serum-containing media, high cytocompatibility, and the ability to sustainably release 

trehalose at physiologically relevant conditions, which make them potentially applicable as 

trehalose delivery vehicles for autophagy stimulation.  
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Interactions between cells in the tumor microenvironment have a significant impact on the 

effectiveness of cancer treatment. The tumor microenvironment consists of cancer cells, 

fibroblasts, endothelial cells, stromal mesenchymal cells and immune cells. Cells other than 

cancer cells in the head and neck squamous cell carcinomas (HNSCC) may account for up to 

80%. HNSCC is the sixth most common cancer. After treatment, about 50% of local recurrence is 

observed after 3 years. Therefore, more research into new therapies is needed. 

 

The aim of the study is to investigate the impact of radiotherapy on the co-culture model of 

cancer cells with normal cells present in the tumor microenvironment. 

 

We examined two HNSCC cell lines: FaDu (hypopharyngeal carcinoma cells), A253 

(salivary gland squamous carcinoma cells) and two normal cell lines: HUVEC and Wi38. Cells 

were placed in 24- or 48-well plates and were irradiated with single-dose: 2 Gy or 10 Gy. Photon 

radiation X 6 MV, with a beam power of 400 MU/min, was used. Plates with cells were placed in 

a phantom, at a depth of 10 cm. Studies were carried out on monocultures and co-culture with 

cancer cells and normal cells. Immediately after irradiation the number of DNA double-strand 

breaks (DSB) was determined using anti-H2AX antibody by flow cytometry. Three days later, 

cell proliferation and radiosensitivity were analyzed using the MTS assay. Apoptosis and cell 

death were determined using Annexin V/7-AAD staining and caspase-3 staining. Also one day 

after radiation, cells migration was analyzed using wound-healing assay. 

Co-culture with FaDu cells and HUVEC reduced the number of DSB compared to the FaDu 

monoculture after irradiation with a dose of 2 or 10 Gy. Co-culture with FaDu cells and HUVEC 

slightly reduced cancer cell radiosensitivity after 10 Gy radiation. Co-culture with either A253 or 

FaDu cells and HUVEC cells or A253 cells and Wi38 fibroblasts highly increased the percentage 

of cells in early phase of apoptosis after 10 Gy radiation compared to cancer cells monocultures. 

The area of caspase-3 positive cells decreased in all co-cultures groups compared to cancer cells 

monocultures after 10 Gy irradiation. In co-culture with either A253 or FaDu cells and Wi38 

fibroblasts faster cell migration was observed after 2 Gy radiation during the first 6 hours of the 

test compared to cancer cells monocultures. The opposite effect was observed in co-culture with 

A253 or FaDu cells and HUVEC after irradiation with the dose of 10 Gy. 

Co-culture of head and neck squamous cell carcinomas with endothelial cells and fibroblasts 

increased the percentage of cells in the early phase of apoptosis. Simultaneously, decreased the 

percentage of cells in the end stage of apoptosis. Radiosensitivity of HNSCC requires further 

research, especially in co-cultures with other cells present in the tumor microenvironment. 

  
This study was financed by National Science Center, Poland, grant DEC-2020/04/X/NZ3/00991. 
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INTRODUCTION: Approaches directed towards the hypoxic tumor environment may be a 

considerable promise in improved clinical outcomes of solid tumors radiotherapy. One of them 

concerns the application of radiosensitizers, such as nitroimidazoles, to enhance the killing of 

tumor cells by radiation while exerting a lesser effect on normal cells. Among all nitroimidazoles, 

only nimorazole has been clinically tested and is used in Denmark with encouraging results. This 

study aimed to obtain the drug delivery system (DDS) in the form of a bioresorbable nonwoven 

wafer for the controlled release of nimorazole as a proposal for the future local treatment of solid 

tumors. 

MATERIALS AND METHODS: The aliphatic polyester and polyester carbonate were 

synthesized from L-lactide, glycolide, -caprolactone, and trimethylene carbonate and used in 

electrospinning to obtain layer-by-layer nonwoven wafers. DDSs differed in terms of fibre 

structure that contained nimorazole  monolithic or core-shell fibres and the surface that was 

covered by electrospray or uncovered. The wafers were tested using nuclear magnetic resonance 

spectroscopy, gel permeation chromatography, differential scanning calorimetry, and scanning 

electron microscopy. The amount of released nimorazole was evaluated with the use of high-

pressure liquid chromatography. 

RESULTS: Two types of bioresorbable polymers were investigated as nimorazole delivery 

systems: poly(L-lactide-co-glycolide-co-trimethylene carbonate) (PLAGATMC) and poly(L-

lactide-co--caprolactone) (PLACap). The high values of encapsulation efficiency revealed that a 

significant amount of nimorazole has been incorporated into the fibres, regardless fibre structure. 

In the case of uncovered DDSs that contained monolithic fibres, almost all of the nimorazole 

contents were eluted after 6 and 9 weeks from PLAGATMC and PLACap, respectively. The 

wafers composed of core-shell fibres were covered to prevent the fast release of nimorazole. A 

three-phase release profile of the drug was observed for PLAGATMC. 

CONCLUSIONS: The use of core-shell fibres and the covered surface of polymeric 

nonwovens seems to be the best choice for obtaining controlled delivery systems of nimorazole 

with a delayed and prolonged release profile. Such drug-loaded wafers may be implanted into a 

tumor resection cavity or directly into the tumor tissue (in case of unresectable cancers), as a 

postoperative therapy combined with radiation. Poly(L-lactide-co-glycolide-co-trimethylene 

carbonate) has great potential in this regard. 

  

Acknowledgments: This work was supported by the National Science Centre, Poland (project No. 

2018/02/X/NZ7/00487). 
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Potentially active compounds should be tested on cell lines in vitro prior to their use in drugs 

or cosmetics. Obtaining accurate concentrations often requires dissolving them in appropriate 

organic solvents. However, the organic solvents themselves can also affect the cell properties by 

inducing cytotoxic effect or altering their proliferation, migration or total protein amount, that 

could interfere the results of the experiments. 

In our study the most frequently used organic solvents were represented by ethanol and 

methanol (protic solvents), acetone and dimethyl sulfoxide (aprotic solvents), 1,4-dioxane and 

toluene (non-polar solvents). Their influence on cell cytotoxicity, proliferation, migration and 

total protein amount was examined in a simple biological model  a monoculture of the 

immortalized human keratinocyte cell line (HaCaT). Biological tests like the metabolic activity 

assay (MTT) and the crystal violet staining (CV) were performed for the range of concentrations 

0.1-5% (v/v). The proliferation assay (BrdU), the wound healing assay and the determination of 

total proteins in cells were examined for the one pre-selected concentration of these solvents: 1% 

(v/v). Moreover, some tests were also performed using various culture media (like Dulbeccos 

Modified Eagle Medium and Minimum Essential Medium), or medium with decreasing 

concentrations of the Fetal Bovine Serum (0-10% v/v, FBS) to show differences in the selected 

cell features. 

The results show an increasing dose-dependence of the solvents on the studied HaCaT cells, 

where the highest doses of the examined solvents have the adverse effect (in most cases). A slight 

dependency related with the polarity index of the applied organic solvents and belonging to the 

proper solvent group is also noticeable. The results also presents that the cell reaction to the 

solvent is dependent on the cell growth media composition. 

In conclusion, these data confirm that a proper selection of type and dose of the organic 

solvents for the dissolution of the active substance is a crucial step to obtain reliable results. 

This study was financially supported by the National Science Center, PRELUDIUM 14 project no. 

2017/27/N/ST4/01389. 
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Introduction/Rationale: Tumor necrosis factor (TNF-α) is a pleiotropic cytokine involved in a 

wide range of processes within the tumor microenvironment. The aim of this study was to 

evaluate changes in the expression of TNF-α and its receptors, TNFRI and TNFRII, in 

endometrial cancer compared to control. 

Methods: The study involved 30 women diagnosed with endometrioid endometrial cancer 

(study group) and 30 women without neoplastic changes (control group) were qualified for the 

study. The study group was further divided according to the endometrial cancer grade: G1, 15 

cases; G2, 8 cases; G3, 7 cases. The expression profile of TNF-, TNFRI and TNFRII was 

determined by microarrays and then validated by qRT-PCR. Changes in the concentration profile 

of TNF-α, TNFRI and TNFRII proteins were also evaluated using the enzyme immunoassay test 

ELISA. 

Results: The analysis revealed TNF-α and TNFRII overexpression regardless of the 

endometrial cancer grade, both at the gene and protein levels. In the case of TNFRI, there was a 

significant increase in its expression with the exception of G3 cancer, while the concentration of 

this protein increased with the progression of endometrial cancer. 

Conclusions/Novel aspect: The observed overexpression of TNF-α, TNFRI and TNFRII may 

indicate their participation in the initiation of endometrial cancer and activation of signaling 

pathways targeted at the survival of tumor cells, which further promotes tumor progression. 

presenting author  Robert Nowakowski 
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Glioblastoma multiforme (GBM) is one of the most aggressive and difficult to treat cancers. 

GBM is the most common cancer among primary tumours of the brain and central nervous 

system. Currently the prognosis of diagnosed patients with this type of cancer is up to a several 

months. Only small percentage of patients survive longer than 2 years with standard treatment 

consisting of surgical resection, radio- and chemotherapy. Hence, recent research in medicinal 

chemistry and medicine has focused on finding new effective compounds to combat GBM, as 

well as new therapeutic approaches. Our group has recently been exploring the use of 

styrylquinazolines and thiosemicarbazones (TSC) as effective and selective compounds for the 

treatment of GBM. Here, we present the antiproliferative activity of the tested derivatives against 

three glioblastoma cell lines:  T98G, U87 and U251 that differ in their molecular landscape. The 

data obtained show that the highest antiproliferative activity was recorded for the quinoline TSC 

derivative, where the IC50 was 34 nM against U251 cells. This cell line also proved to be the 

most sensitive to the tested compounds. 

In addition, we decided to investigate the possibility of using the tested derivatives in 

combination therapy with noscapine and temozolomide on U251 cell line. Our preliminary results 

are promising, and some of the tested combinations of compounds appear to work better together 

than in monotherapy. In further studies, we also plan to investigate more deeply the mechanism 

of action of selected compounds, including the cell cycle inhibition and apoptosis induction. 

  

The reported studies are financial supported by the Polish National Center for Science (NCN, grant no 

2019/35/B/NZ5/04208). 
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Skin consists of three layers (epidermis, dermis and the subcutaneous tissue), where each 

layer is built by various cells. Due to its large surface, this organ is exposed to contact with the 

variety of external factors. The main cell types present in the epidermis are keratinocytes (90% of 

cells) and melanocytes (production of melanin), whereas dermis is built mostly by fibroblasts 

(secretion of many growth factors) and mast cells (immune cells). Traditionally, cells are grown 

as a monolayer (2D models). However, this model does not fully reflect the cell behavior in our 

organism. In the human body different cell types interact with each other and also with the 

extracellular matrix (ECM), like fibronectin, collagen or laminin. The three-dimensional (3D) 

cell culture is a more relevant model with a typical organ microarchitecture and 

microenvironmental signaling, but the usage of scaffolds makes it difficult to apply for various 

viability assays. At the moment, there is no ideal and cheap skin substitute that could be widely 

used for basic research. Thus, easier intermediate models are cell spheroids, which can be applied 

in the in vitro research to imitate better the natural environment of a living organism. 

The aim of our research is to create multi-cell spheroids, which can be utilized in numerous 

analyzes, including checking the cytotoxicity of active medical ingredients, as well as tests of the 

cosmetics and individual cosmetic ingredients effectiveness. Our spheroids were created thanks 

to the hanging drop method with the use of keratinocytes and fibroblasts. The conditions were 

optimized according to the following parameters: density of cells, droplet size, incubation time, 

spheroids collection method and addition of ECM proteins (concentration and type). We 

determined the best conditions to growth the single-cell spheroids by means of the morphometric 

analysis with the optical microscope, live-dead cell visualization with the fluorescent microscope 

and metabolic activity analysis of cell spheroids. The multi-cell spheroids of keratinocytes and 

fibroblasts were also prepared. Before the creation of these spheroids, each cell type was stained 

with an appropriate fluorescent tracer, which allows their differentiation in the spheroid under the 

microscope. 

To sum up, our approach led to the precise and effective creation of stable spheroids of the 

desired size. The procedure was optimized to be relatively easy, cheap, reproducible and possible 

to implement in most laboratories (no special equipment is mandatory). 

This study was financially supported by the Rectors grant for Student Research Groups (no. 

1820/116/Z16/2021) (SKIN-ART) and the BIOTECHMED-2 start project (no. 1820/2/ZO1/POB4/2021) provided by 

the Warsaw University of Technology under the program Excellence Initiative: Research University, POB BIB 

Research Center. 
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Nanotechnology-based drug delivery provides a promising area for improving the efficacy of 

cancer treatments. Nanoparticles (NPs), thanks to their unique properties, can be modified e.g. by 

conjugation with proteins or enzymes. Chemotherapeutics can be delivered with engineered NPs 

targeting surface proteins, which are overexpressed on the membrane of cancer cells. One of the 

most intensely studied classes of protein in drug delivery is the folic acid receptor, which has a 

high affinity for folic acid (FA) [1]. C-2028 is the representative of a new class of antitumor 

agents - unsymmetrical bisacridines (UAs), patented in Europe and the USA. These compounds, 

synthesized in our laboratory, are highly active against many experimental cellular and tumor 

models, including lung, colon, pancreatic, and prostate [2,3]. Here, we investigated the influence 

of using folic acid (FA) as a linker between quantum dots (QDs) and C-2028 (QDs-CD-FA-C-

2028 conjugates) on cytotoxicity, cellular uptake, and mechanism of internalization in human 

lung H460 and prostate Du-145 and LNCaP cancer cells as well as in normal MRC-5 cells. 

The cytotoxicity against tested cells was assessed by the MTT assay after 72 h of incubation. 

The cellular uptake and mechanism of internalization (using endocytosis inhibitors) following 

treatment with mentioned above compounds were performed using Confocal Laser Scanning 

Microscope (CLSM). 

Conjugation of C-2028 with QDs or QDs-FA did not significantly change the cytotoxic 

activity of this compound. CLSM images indicated that the use of FA as a linker between C-2028 

and QDs (QDs-CD-FA-C-2028 conjugates) significantly increased the amount of delivered 

compound (C-2028) to the cells, especially in the case of cancer Du-145 and H460 cells. The 

internalization of QDgreenCD-FA-C-2028 to cells of all lines was highly energy-dependent and 

was taken up by three endocytosis pathways: CME (clathrin-mediated endocytosis), CavME 

(caveolae-mediated endocytosis), and MP (macropinocytosis). However, the level of these 

endocytosis pathways was different depending on cell lines. 

Summing up, conjugation of C-2028 with QDs-CD-FA did not change the cytotoxic activity 

of this compound. However, the amount of delivered compound to the cells significantly 

increased, especially in the case of Du-145 and H460 cells. QDgreenCD-FA-C-2028 was taken 

up by the cooperation of three endocytosis pathways: CME, CavME, and MP in all of the studied 

cell lines. 
References 
1.     Yu, Y.; Wang, J.; Kaul, S.C. et al. Front. Oncol. 2019, 9, 602. 

2.     Paluszkiewicz, E.; Horowska, B.; Borowa-Mazgaj, B. et al. Eur. J. Med. Chem. 2020, 204, 112599. 

3.      Pilch, J.; Matysiak-Brynda, E.; Kowalczyk, A. et al. ACS Appl. Mater. Interfaces 2020, 12, 1727-17289. 
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The critical limb ischemia is an advanced stage of a peripheral artery disease in which 

stenosis and occlusion of the arteries occur. One of the treatment method for this disease is 

therapeutic angiogenesis with the use of growth factors or cells that secrete proangiogenic factors 

which stimulate new blood vessels formation. Recently the most promising cells in the treatment 

of critical limb ischemia are mesenchymal stromal cells (MSCs). MSCs have been used to treat 

critical limb ischemia in preclinical and clinical trials but still, there is little known about their 

optimal delivery strategy. 

The aim of the present work was to compare three different routes of human adipose derived 

stromal cells (ADSCs) administration in a murine model of hindlimb ischemia. 

Unilateral femoral artery ligation was performed on males of  C57BL/6NCrl mouse strain. 

ADSCs were administered (1) into gastrocnemius muscles, (2) intravenous and (3) contralateral 

(into contralateral limb, where unilateral femoral artery ligation was absent). Gastrocnemius 

muscles were excised, fixed in liquid nitrogen and stained using immunofluorescent antibodies. 

Microscopic observations were performed using a confocal microscope. 

Immunofluorescent assessment of the gastrocnemius muscles extracted 14 days post injury 

(dpi) showed that after intramuscular administration of ADSCs twice more new blood vessels 

were observed compared to intravenous and contralateral administration groups. Arterioles 

diameter on the 7th dpi was significantly increased in the intramuscular group and control groups 

compared to the intravenous and the contralateral groups. On the 7th dpi also more muscle fibers 

and the greater muscle regeneration were observed when ADSCs were injected intramuscular 

into ischemic limb compared to control and others ADSCs groups. The highest area occupied by 

macrophages was observed in the group where ADSCs were administered intramuscular both on 

the 7th and the 14th days post injury. 

Our results revealed that muscle regeneration, angiogenesis, arteriogenesis and proangiogenic 

M2 macrophage infiltration in murine model of hindlimb ischemia differ depending on ADSCs 

administration route. We demonstrate that intramuscular route (directly into ischemic limb) of 

ADSCs administration is more efficient in functional recovery after critical limb ischemia than 

intravenous or contralateral route. 

This study was financed by National Science Center, Poland, by Grant UMO-2018/29/N/NZ4/01689. 

  



101 
 

[49] IDENTIFICATION OF PARTNERS INTERACTING WITH N4BP1 PROTEIN 

AND DETERMINATION OF ITS CELLULAR FUNCTIONS AND LOCALIZATION 

Paweł Piłat
1
, Mateusz Wilamowski

1
, Jolanta Jura

1
 

 
1
 Department of General Biochemistry, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian 

University, Cracow, Poland 

 

Introduction: Nedd4 Binding Protein 1 (N4BP1) consists of NYN (N4BP1, YacP-like 

Nuclease domain) domain with ribonucleolitic activity, that shares common protein fold with PIN 

(PilT N-terminus) domain found in Regnase-1,  K-homology domain (KH domain), responsible 

for interaction with RNA, and so-called CoCUN (Cousin of CUBAN) domain, that binds 

ubiquitin residues. Studies proved that N4BP1 is an essential factor in many important cellular 

processes, such as immunological response, signal transduction to NFB transcription factor and 

degradation of viral mRNA species. 

The aim of this study was to find optimal conditions for immunoprecipitation of N4BP1 

complexes, identification of N4BP1 binding partners and determination of cellular localization of 

this protein in cells as well as its role. 

 Methods: For the purpose of this project a numerous plasmids coding different variants of 

N4BP1 including IgG1-Fc-tagged (IgG1 heavy chain fragment) and sfGFP-tagged variants were 

generated. These vectors were then used for the transfection of HEK293 cells in order to produce 

high amounts of tagged versions of N4BP1 that were pivotal for immunoprecipitation. After 

immunoprecipitation of N4BP1 complexes, the samples were analyzed using mass spectrometry 

in order to identify proteins interacting with N4BP1. The sfGFP-tagged variant of N4BP1 was 

also used to determinate the cellular localization of overexpressed N4BP1 using fluorescence 

microscopy. 

Results: Immunoprecipitation of N4BP1 complexes followed by mass spectrometry showed  

numerous proteins interacting with N4BP1, although these interactions still require a Western 

Blot validation. Obtained data also allowed us to distinguish few non-coding RNA species that 

may be a part of N4BP1-based protein complexes. We have also shown, that N4BP1-sfGFP 

preferentially localizes in granular structures in cytoplasm. The amount of such granular 

structures increased after stimulation of cells with sodium arsenite to mimic cellular stress 

conditions. These results suggest the role of N4BP1 in processes taking place in cytoplasmic 

granules e.g. stress granules and processing bodies (P-bodies). 

Conclusions: In summary, all of our observations shed a new light on the role of N4BP1 in 

cellular processes. Identified novel targets of N4BP1 suggest that this protein may be an 

important factor in sustaining a genomic integrity via the regulation of non-coding RNAs levels. 
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MicroRNAs are a class of small, non-coding RNAs that inhibit gene expression at the post-

transcriptional level. Differential miRNA profile is often observed in many types of cancer 

including B-cell lymphoma. miRNA biogenesis consists of several regulated steps including 

transcription of miRNA genes to long primary miRNA transcripts (pri-miRNAs) that are 

processed by Drosha-DGCR8 complex to precursor miRNAs (pre-miRNAs) and exported to the 

cytoplasm to be processed by Dicer to mature miRNAs. In this study, we aim to determine the 

effect of DGCR8 inhibition on miRNA biogenesis. We used two short hairpin RNAs, shDGCR8-

1 and shDGCR8-2, in lentiviral vectors to inhibit DGCR8 expression in Hodgkin lymphoma 

L1236 cells and Burkitt lymphoma ST486 cells. We showed that the levels of both DGCR8 

transcript and DGCR8 protein were significantly decreased upon shDGCR8-1 and shDGCR8-2 

compared to levels upon scrambled negative control (SCR). Interestingly, DGCR8 inhibition 

caused death of L1236 cells as the percentage of living cells determined by flow cytometry 

decreased 3 folds for shDGCR8-1 and 1,5 fold for shDGCR8-2 within 10 days. Moreover, 

DGCR8 inhibition prevented biogenesis of several miRNAs, including miR-155 and miR-19b. 

The levels of mature miR-155 and miR-19b decreased, whereas the levels of the pri-miR-155 and 

pri-miR-17~92 (pri-miR-19b) increased upon shDGCR8 compared to SCR introduction to L1236 

cells. Interestingly, not all miRNAs were equally affected by DGCR8 inhibition, since the levels 

of both miR-146a and pri-miR-146a were not altered compared to SCR. Further studies that 

involve analysis of additional miRNAs and pri-miRNAs are ongoing. 

Funding: National Science Center, Poland, grant no. 2015/19/D/NZ1/03443 
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DNA damage response (DDR) is a complex process, essential for cell survival. Especially 

deleterious type of DNA damage are DNA double-strand breaks (DSB), which can lead to 

genomic instability and malignant transformation if not repaired correctly. The central player in 

DSB detection and repair is the ATM kinase which orchestrates the action of several downstream 

factors. Despite substantial knowledge of DNA repair processes, still several aspects of DNA 

damage detection and signaling are not fully understood. Recent studies have suggested that long 

non-coding RNAs (lncRNAs) are involved in DDR.  

Here, we aimed to verify the hypothesis that ATM-dependent lncRNAs are essential players 

involved in the DDR.DNA damage was induced by ionizing radiation (IR) in immortalized 

lymphoblastoid cell lines (LCLs) derived from 4 patients with ataxia-telangiectasia (AT) and 4 

healthy donors. Cells were collected 1h and 8h after IR to allow identification of lncRNAs 

involved in the early and late response to DNA damage. A strand-specific RNA sequencing 

approach was applied to identify IR-induced lncRNAs and mRNAs. The induction and dynamics 

of selected lncRNAs were verified by RT-qPCR at several time-points after IR on a larger cohort. 

To further prove that ATM is involved in regulation of selected lncRNAs we utilized a specific 

ATM inhibitor (KU-60019). Functional analysis were performed on cells from healthy donors 

with knockdown of selected lncRNAs.7 mRNAs and 10 lncRNAs were significantly induced 1h 

after IR in healthy donors, whereas none in AT patients. 447 mRNAs and 149 lncRNAs were 

induced 8h after IR in the control group, while only 100 mRNAs and 3 lncRNAs in AT patients. 

The overlap between the control and AT patient groups was limited (19% and 6% for mRNAs 

and lncRNAs, respectively). Among IR-induced mRNAs, we found several genes with well-

known functions in DDR, such as CDKN1A, BBC3, and GADD45A. Gene Set Enrichment 

Analysis revealed delayed induction of key DDR pathways in AT patients compared to controls. 

Based on Transcription Factor ChIP-seq ENCODE data, we found 71 TFs with binding sites 

within 1kb from differentially expressed lncRNAs. The majority of TFs are involved in pathways 

connected with DNA repair, p53, and cell cycle regulation, which supports the involvement of 

lncRNAs in DNA damage response. RT-qPCR validation confirmed the ATM-dependent 

induction of 10 selected lncRNAs. Inhibition of ATM with KU-60019 proved that those 

lncRNAs are dependent on ATM.  Some of the detected lncRNAs are localized next to protein-

coding genes involved in DDR. We observed that induction of lncRNAs after IR preceded 

changes in expression of adjacent genes. This indicates that IR-induced lncRNAs may regulate 

the transcription of nearby genes. The primary study indicated that detected lncRNAs play 

essential role in DDR. 

In conclusion, we identified lncRNAs induced in response to DNA damage in an ATM-

dependent manner. 
 

Funding: National Science Centre, Poland, project no. 2017/27/B/NZ1/00877. 
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Introduction: Glioma (glioblastoma) is a malignant tumor with a high remission rate owing 

to the presence of the so-called brain tumor initiating cells (BTIC). Due to lesion localization it is 

very difficult to treat. A promising therapeutic perspective in the development of novel targeted 

anti-cancer therapies is offered by oncolytic viruses (OV) which possess great potential to treat 

malignancies due to their dual anti-cancer effects - oncolytic and immune-stimulating. To 

enhance virus-mediated apoptosis of BTIC we used a recombinant myxoma construct Myx-

M011L-KO which bears M011L gene knockout. Systemic drug administration appears a justified 

approach in the treatment of metastatic tumors such as glioma. Since effective systemic delivery 

of OV benefits from the use of protective carriers which can secure against premature destruction 

of the therapeutic cargo  in this study we examined mesenchymal stem cells derived from mouse 

adipose tissue (mADSCs) as a prospective carrier for myxoma therapeutic viral construct in the 

planned treatment of experimental murine glioma. 

Methods: mADSCs were isolated from mouse subcutaneous adipose tissue, and their 

phenotype was confirmed by flow cytometry. We evaluated M011L knockout virus (vMyx-

M011L-KO) versus wild-type MYXV (vMyx-WT) in terms of infectiveness and single-step 

growth curve in mouse (GL-261) as well as human (LN18 and U-251MG) glioma cell lines as 

well as mADSCs carrier cells. Cytotoxicity of both myxoma virus variants towards the cell lines 

studied was determined using MTS viability test. 

Results and conclusion: We confirmed correct morphology and immunophenotype of the 

isolated murine ADSCs. In the course of in vitro experiments, permissiveness was demonstrated 

for the cell lines examined infected with either the therapeutic myxoma construct vMyx-M011-

KO or vMyx-WT. Both used myxoma viruses killed, to a large extent, GL-261 murine glioma 

cells and, to a lesser degree, the human glioma LN-18 and U-251 MG cell lines. Unfortunately, 

lack of robust viral replication, as well as the low survival rate of infected murine ADSC cells 

eliminates them as a potential carrier of the targeted therapeutic construct. In the planned therapy 

of murine experimental glioblastoma we will replace mADSCs with weakly immunogenic 

adipose-derived or bone marrow-derived human mesenchymal stem cells (ADSCs and BM-

MSCs, respectively). 

Acknowledgements: This study was supported by grant No. UMO-2016/22/M/NZ6/00418 from the National 

Science Centre, Poland, to JJ-R. 
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Introduction: Unsymmetrical bisacridine derivatives (UAs) are a novel class of antitumor-

active agents of extraordinary structures, patented in Europe (EP 3070078A1) and the USA (US 

10202349B2), that may be useful in the treatment of tumors that are usually resistant to therapy 

[1]. Glutathione S-transferases (GSTs) participate, through direct detoxification, in the 

development of tumor cell resistance against chemotherapeutic agents as their increased 

expression has been found in various types of tumors [2]. Thus, the affinity determination of a 

specific GST to a potential antitumor drug may reduce the phenomenon of drug resistance of 

neoplastic cells to the extent that allows effective therapy. 

Objective: This work aimed to estimate the selectivity of various human GSTs towards a 

representative UA, compound C‑ 2028. 

Methods: To determine GST-mediated GSH conjugation of C-2028, in vitro experiments 

were conducted with human liver subcellular fractions (microsomes and cytosol) as well as using 

three selected recombinant human GST isoforms (i.e., hGSTA1-1, hGSTM1-1, and hGSTP1-1). 

The chemical structures of the generated metabolites were identified by liquid 

chromatography/mass spectrometry. 

Results: We demonstrated that C-2028 was extensively metabolized to one GSH 

monoconjugate mainly by hGSTM1-1  a GST isoform implicated in colorectal and breast tumors 

[3-4]. Metabolite formation rate was linear with respect to both time (up to 120 min) and enzyme 

concentration (0.01  0.1 mg/mL) while changing the pH of the reaction buffer from 6.5 to 7.4 had 

no effect on the progress of the reaction. No GSH S-conjugates were observed when using human 

liver microsomes and cytosol. 

Conclusions: Our results indicated the importance of GSH conjugation of the compound in 

tumor cells exhibiting the high GSTM1-1 activity level. In a clinical aspect, this may strongly 

affect the patients drug bioavailability. On the other hand, GST-mediated depletion of cellular 

GSH may increase tumor cell exposure to the putative reactive products of the UA metabolic 

transformations. Consequently, future works should include detailed measurements of the 

biological activity of the obtained GSH species in cellular detoxification pathways. (project Mini-

grant R/D subsidy 2021, Faculty of Chemistry, Gdańsk University of Technology). 

[1]    Paluszkiewicz E. et al. Eur. J. Med. Chem. 204 (2020) 112599. 
[2]    Di Pietro G. et al. Expert Opin. Drug. Metab. Toxicol. 6 (2010) 153-170. 

[3]    Economopoulos K.P. et al. Eur. J. Cancer. 46 (2010) 1617-1631. 

[4]    Chirilă D.N. et al. Chirurgia (Bucur) 109 (2014) 626-633 
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Long noncoding RNAs (lncRNAs) are defined as RNAs longer than 200 nucleotides that are 

not translated into proteins. However, several lncRNAs were shown to encode for peptides with a 

biologically significant functions. LncRNA deregulation is related to the pathogenesis of 

lymphomas. LINC00116 is a lncRNA shown to be upregulated in B-cell lymphoma compared to 

normal B-cells. Recently, LINC00116 was shown to encode a peptide called Mitoregulin that was 

localized in the inner mitochondrial membrane. In this study, we focus on the function of 

LINC00116 and Mitoregulin in Hodgkin lymphoma KHM2 cells. Therefore, we inhibited 

LINC00116 using two short hairpin RNA, shRNA-1 and shRNA-2 in lentiviral vectors. We 

showed that both LINC00116 levels and Mitoregulin protein levels were decreased upon shRNA-

1 and shRNA-2 compared to negative (NT) and scrambled (SCR) controls. Additionally, we 

analyzed cell cycle distribution and reactive oxygen species (ROS) production by flow 

cytometry, yet we did not observe any significant changes upon shRNA-1 and shRNA-2. In 

conclusion,  we showed that Mitoregulin protein is expressed from LINC00116 in KMH2 cells. 

Further functional studies needed to determine LINC00116 and Mitoregulin functions in 

lymphoma are now ongoing. 

Funding: National Science Center, Poland, grant no. 2015/19/D/NZ1/03443. 
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Introduction Glioblastoma (GB) is considered one of the most deadly tumors. The median 

survival of patients with GB is 12-14 months from diagnosis and despite the subsequent years of 

research, the life expectancy of patients does not extend.  Amplification of the epidermal growth 

factor receptor (EGFR) is detected in approximately 50% of GB patients. Overexpression or 

amplification of EGFR in 35-60% of cases is accompanied by expression of a mutant oncogenic 

receptor, termed EGFRvIII. Due to its presence only in neoplastic cells, EGFRvIII seems to be an 

ideal target in anti-cancer targeted therapy. One of such therapies is CAR-T. In order to classify 

GB patients to anti-EGFRvIII therapy and to monitor its effects, patients stratification should be 

unquestionable. In our research, we verified  whether EGFRvIII specific L8A4 antibody can 

serve such diagnostic tool, especially in immunohistopathological examination. GB cells with 

and without expression of this gene confirmed with other methods were analyzed. 

Methods Analyzes were performed on primary glioblastoma cell cultures that were derived 

from 20 tissue samples obtained from patients during neurosurgical resection and corresponding 

formalin-fixed and paraffin-embedded tissue (FFPE) sections. Real-time reverse transcription 

PCR and MLPA analyzes were performed to evaluate EGFRvIII mRNA gene expression and 

gene copy number, respectively. The L8A4 antibody detecting EGFRvIII protein was used during 

immunocytochemical and immunohistochemical analyzes. 

Results Tissue sections from 20 patients were selected for the study, EGFRvIII expression 

was found during the real-time PCR analysis in a total of 13 sections (high EGFRvIII expression 

detected in 6 and low EGFRvIII expression detected in 7 sections), which was also confirmed at 

DNA level in the MLPA analysis. Further, immunocytochemical analysis of both cells with 

confirmed real-time PCR expression of EGFRvIII and negative for expression of this gene, 

indicated that the L8A4 antibody bound to cells with expression of EGFRvIII confirmed in real-

time PCR. Finally, during immunohistochemical analysis, non-specific binding of L8A4 antibody 

to EGFR negative sections was observed, which was a false positive result. On the basis of the 

analysis, it would be impossible to determine whether the cells in the analyzed preparations 

express EGFRvIII. 

Conclusions Study indicated discrepancies in EGFRvIII detection in samples derived from 

the same patient, depending on the selected method of analysis. EGFRvIII is a specific antigen of 

GB cells, but its analysis with the use of antibodies still remains questionable. Despite the 

existence of commercially available antibodies capable of detecting EGFRvIII, the specificity of 

these scientific/diagnostic tools is yet not sufficient. Also analysis of previously published data 

with the use of this antibody suggested nonspecific results. 

This study was supported by Medical University of Lodz grant no. 503/0-154-01/503-01-001-19-00 as well as 

National Science Center grant no. UMO-2019/35/B/NZ3/03577.  
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Background. Human papillomavirus (HPV) is an etiologic factor in head and neck squamous 

cell carcinoma (HNSCC). In comparison to HPV(-) tumors, HPV(+) tumors respond favorably to 

therapy, mediate more effective anti-tumor immune responses, and ultimately have better 

prognosis. We previously demonstrated that HNSCC cell lines release small extracellular vesicles 

(sEVs), which are also referred to as tumor-derived exosomes (TEX). TEX carry tumor-

associated antigens (TAAs) as well as various immunoinhibitory and immunostimulatory 

proteins and modulate anti-tumor immune responses in vitro and in vivo in orthotopic oral 

carcinoma mouse models. TEX from HPV(+) or HPV(-) cancers are characterized by distinct 

mRNA and miRNA cargo components and only TEX from HPV(+) HNSCC cells carry 

oncogenic proteins and mRNA encoding the E6/E7 transcripts. 

We hypothesized that TEX from HPV(+) or HPV(-) HNSCC cells show a distinct modulation 

of anti-tumor immune responses, which is in part mediated by the presence of viral antigens in 

HPV(+) TEX. 
Methods. TEX were isolated from supernatants of HPV(+) cell lines (UMSCC-2 and UMSCC-47) or HPV(-) 

cell lines (PCI-13 and PCI-30) by size exclusion chromatography (SEC). Vesicles recovered in fraction #4 were 

characterized as sEVs according to the ISEV criteria. sEVs underwent proteomic analysis using a modified FASP 

protocol [1,2]. Each sample was divided into two peptide fractions eluted at pH 5 and 2, and analyzed individually 

using UltiMate 3000 RSLC nano-LC System connected to Q Exactive Orbitrap mass spectrometer. Data analysis of 

human sEV proteins identified numerous differences in the proteome of HPV(+) vs. HPV(-) TEX [3]. The raw data 

was examined for the presence of viral peptides. For this propose, protein identification was performed using Swiss-

Prot viral database with a precision tolerance 10 ppm for peptide masses and 0.02 Da for fragment ion masses. 

Results. The sEV proteome of TEX produced by HPV(+) HNSCC cells contained three viral 

peptides (IKGFEFPHPFPMKPDNTPQFQLTDQSWKSFFER, EIANAAKAIK, VEGDTLADR) 

deriving from three different HPV proteins: Minor capsid protein L2, Probable protein E5 and 

Replication protein E1. Interestingly, recent reports indicate that E2/E5 viral proteins and not 

E7/E6 are immunogenic and induce antigen-specific T cell responses in HPV(+) individuals. 

Conclusions. For the first time HPV proteins have been detected in TEX produced by 

HPV(+) tumor cells. The presence of immunogenic viral proteins in TEX together with TAAs 

suggests that TEX may mediate anti-viral and anti-tumor immune responses in HPV(+) HNSCC 

patients. 
References 

1) Wiśniewski JR et al. J Proteome Res.2009;8:5674. 

2) Gawin M et al. Mol Cell Endocrinol. 2018;472:68. 

3) Ludwig S  et al. Oncommunology. 2019;8(7):1593808. 

This research has been financed from Preludium Bis grant, NCN Poland, grant no. UMO-

2020/39/O/NZ4/02838. 
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Tumor blood vessel formation is a key process for tumor expansion. Hence, targeting tumor 

blood vessels seems to be an effective solution in anti-cancer therapy. One of the strategies 

targeting tumor blood vessels is the use of vascular disrupting agents, such as combretastatin A4 

phosphate (CA4P). CA4P by depolymerization of tubulin in endothelial cells induces cell 

apoptosis which leads to blood vessels destruction, and following tumor core necrosis. However, 

after a short period of time, tumor re-growth from remaining viable tumor cells is observed. 

Therefore, in order to reduce tumor volume and prevent its re-growth, it seems to be necessary to 

combine vascular disruptive agents with other anti-cancer agents. Thus the combination of CA4P 

with one of the most prominent immunostimulatory agent  STING agonist (23-cGAMP) seems to 

be rationale. Binding of the 23-cGAMP molecule to the STING protein results in type I IFN 

production and strong antitumor immune response. The aim of the work was to check the 

effectiveness of the CA4P and 23-cGAMP combination therapy and to study the role of immune 

cells in achieving the therapeutic effect. 

Experiments were conducted on 4T1 murine breast cancer and B16-F10 melanoma models. In 

the study, CA4P (vascular disrupting agents) was combined with 23-cGAMP (STING agonist)  

23-cGAMP was administered one day prior to CA4P administration. CA4P was administered 

intraperitoneally in a dose 50 mg/kg mice body weight. 23-cGAMP was administered 

intratumorally in a dose 5 g/mice. 

Tumor growth inhibition was observed after combination therapy. The highest number of 

CD8 cytotoxic T lymphocytes was observed in tumors after 23-cGAMP monotherapy and in 

combination therapy. However, no difference was observed between these groups. The highest 

number of natural killer cells (NK) was observed in tumors after combination therapy. 

Additionally, there was observed decrease in tumor blood vessel after CA4P monotherapy. We 

have also observed the changes in M1 and M2 macrophages populations after conducted 

therapies. 

The proposed therapeutic strategy where CA4P was combined with 23-cGAMP has a greater 

effect than either alone. 

The work is a result of the research projects no. UMO-2018/31/B/NZ5/01825 financed by National Science 

Center, Poland. 

 

 

 



110 
 

[58] ANALYSIS OF MIRNAS IN SERUM AND SERUM-DERIVED EXOSOMES – 

PUTATIVE BIOMARKERS FOR EARLY DETECTION OF CANCER IN PARTICIPANTS 

OF LUNG CANCER SCREENING STUDY 

Mateusz Smolarz
1
, Joanna Żyła

2
, Joanna Polańska

2
, Witold Rzyman

3
, Piotr Widłak

1
 

 
1
 Maria Sklodowska-Curie National Research Institute of Oncology, Gliwice Branch, Gliwice, Poland 

2
 Department of Data Science and Engineering, Silesian University of Technology, Gliwice, Poland 

3
 Medical University of Gdańsk, Gdańsk, Poland 

 

Introduction Circulating microRNA is a promising source of molecular biomarkers that 

could support the early detection of lung cancer in screening programs based on low-dose 

computed tomography. Although several miRNA signatures of lung cancer were proposed based 

either on the whole serum or serum-derived exosomes, a direct comparison of both specimens 

collected from high-risk smokers was not performed yet. The study aimed to assess the level of 

12 selected miRNAs present in previously proposed lung cancer signatures in the whole serum 

and serum-derived exosomes from participants of lung cancer screening. 

Methods Exosomes were isolated using mini-size exclusion chromatography (mini-SEC) 

from the serum of participants of the MOLTEST-BIS screening study organized by the Medical 

University of Gdańsk in 2016-2018; exosomes were characterized and confirmed by Western 

blot, dynamic light scattering, and transmission electron microscopy. Three groups of participants 

were included: with no changes in the lung, with benign lung nodules, and with lung cancer. The 

level of 12 miRNA species (namely: hsa-miR-103a-3p, hsa-miR-122-5p, hsa-miR-142-5p, hsa-

miR-144-3p, hsa-miR-148a-3p, hsa-miR-148b-3p, hsa-miR-15b-5p, hsa-miR-21-5p, hsa-miR-

23a-3p, hsa-miR-23b-3p, hsa-miR-30c-5p, hsa-miR-425-5p) was analyzed by quantitative RT-

PCR using the miRCURY LNA approach in the whole serum and serum-derived exosomes. 

Results The level of two oncomirs, miR-21-5p and miR-30-5p, correlated with the stage of 

cancer in a group of patients. However, no significant differences in the level of analyzed miRNA 

species were detected in exosomes among three compared groups of screening participants 

(n=3x50). Moreover, hypothetical differences between patients with screen-detected cancer 

(n=36) and individuals with no lung nodules (n=49) were compared using RNA purified from the 

whole serum and serum-derived exosomes. Some differences between groups (small effect size) 

were observed in the case of miR-23b-3p, miR-122-5p, and miR-142-5p. However, only miR-

23b-3p showed a similar pattern of changes in both types of specimens (slightly reduced level in 

cancer patients). 

Conclusions In the material collected from participants of the lung cancer screening study, no 

significant differences between participants with no malignancy and patients with screen-detected 

cancer were observed if miRNA species present in previously proposed signatures of lung cancer 

were analyzed in either whole serum specimens or serum-derived exosomes. This suggested that 

miRNA panels based on clinically-diagnosed lung cancers (compared to a generally healthy 

population) should be re-evaluated when aimed to be used in the context of lung cancer 

screening. Also, we failed to reveal any advantage of using exosome miRNA instead of total 

serum miRNA as a biomarker of early lung cancer. 

Funding: This research was funded by the National Science Centre, Poland, Grant 2017/27/B/NZ7/01833. 
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Manumycin A (MA) is a well-tolerated natural antibiotic synthesized by Streptomyces 

parvulus showing pleiotropic anticancer effects in various preclinical in vitro and in vivo models. 

Previously MA was well-known as a selective and competitive inhibitor of Ras 

farnesyltransferase, however available evidence shows that MA has much wider pleiotropic 

effect on the activity of other transcription factors. In our previous study, we have shown that 

MA induces HSF1 phosphorylation in lung and breast cancer cells and its anticancer effects can 

be counteracted by heat shock proteins belonging to the HSPA (HSP70) family. Manumycin 

polyketides, as a molecular glue can induce interactions between proteins that typically do not 

interact, it was found that one of them is p53. MA can also affect the cell cycle distribution. 

Bearing in mind that cell-cycle arrest is one of the most prominent outcomes of p53 activation we 

decided to evaluate the potential influence of p53 on the response of cancer cells to MA. 

We found that MA caused cell type-specific alterations in the total levels of p53. MA 

treatment resulted in overproduction of wild-type p53 in A549 and MCF7 cell lines but not of 

p53 mutant in NCI-H23 cells. Therefore, we decided to study if MA treatment efficiency depends 

on the levels of p53wt in cancer cells. 

To evaluate the influence of wild-type p53 on cells response to MA we used three cancer cell 

lines: A549 (lung), HCT116, and RKO (colon). Using RNAi-mediated technology we stably 

downregulated the TP53 gene expression in A549 cells. Using MTS assay we found that p53 

knockdown did not change the sensitivity of A549 cells to MA. Our other models were colon 

cancer cell lines, namely HCT 116 p53-/- with deleted TP53 gene or RKO E6 cells that 

overexpress E6 oncoprotein (this modification results in p53 degradation). Results of the MTS 

assay indicate that p53-deficient colon cancer cells were more resistant to MA than parental cell 

lines expressing wild-type p53. 

Our results suggest that MA may activate the p53wt-dependent pathways, nevertheless the 

final outcome is cell type-dependent, e.g. depletion of p53 in p53wt colon (HCT116, RKO) but 

not lung (A549) cancer cells can abolish the anticancer effect of MA. 

  

This research was funded by the National Science Centre, Poland, grant number 2016/21/N/NZ5/01917. 
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Cancer, as a disease, has an enormous impact on society all over the world. Therefore, its 

development is the subject of numerous scientific studies. Understanding this issue has a great 

influence on the optimization of the treatment process. Unfortunately, extracorporeal research 

involves the cultivation of tumor cells under completely different conditions than in the hosts 

organism. Hence, the aim is to provide a near-real cell culture environment, which is one that can 

be ensured by a microreactor. Its main premise was the use of a hydropneumatic system to 

control the microcircuit by manipulating the channels supplying fluids to the reaction chamber. 

The functional principle of this solution was to produce a microchip. The first channel was used 

for liquid flow. Its regulation was possible owing to the overpressure created by the air channel. 

In our project, a microchip created from a PDMS gel was used as part of the environment for cell 

growth. Carefully prepared HELA tumor cells with fluorescently labelled histone H2B were 

introduced into the system to assess their cell cycle length and to record monitoring of the 

movements of individual daughter cells. Cells from the research sample were treated with 

doxorubicin. During the experiment observations were made using a fluorescence microscope 

with automatic image acquisition software. The resulting images were analysed using an 

algorithm which was created in Matlab. 
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Introduction: Epidermal growth factor receptor (EGFR) is considered as an important 

therapeutic target in glioblastoma (GB). EGFRvIII mutation accompanies half of the EGFR 

amplified glioblastomas and occurs in 28% of GB patients. Although EGFRvIII undergoes 

amplification, it may not result in increased protein or mRNA expression but may be associated 

with the fact that extrachromosomal amplicons possibly enable flexible regulation of gene 

expression. One of the hypotheses states that EGFRvIII gradually leads to epigenetic 

reprogramming of cells. Since CAR-T therapy may have a great chance to be effective in patients 

with EGFRvIII positive tumors, it is especially important to investigate the biology of this 

mutated protein. To answer the question how EGFRvIII may contribute to epigenetic 

reprogramming of cancer cells, profiling of DNA methylation should be conducted. Here, we 

studied GB methylation (DNA methylation level and expression of selected genes encoding 

demethylase and methyltransferase enzymes) in DK-MG glioblastoma sublines. Analyses were 

conducted on a model of four DK-MG sublines, significantly differing in EGFRvIII expression 

(very high, high, low, and very low) from extrachromosomal amplicons as well as aggressive 

cancer phenotype or lack thereof. Importantly, the introduction of EGFRvIII cDNA with genetic 

engineering method into DK-MG low subline did not regain an aggressive phenotype of DK-MG 

high cells, which further emphasizes the need to study the mechanism of EGFRvIII action. 

Methods: To investigate the biology of EGFRvIII mutated protein, the methylation-specific 

PCR (MSP) and real-time MSP were applied. A methylation curve was used to estimate the 

percentage of methylation in MSP and real-time MSP. Expression of mRNAs encoding selected 

demethylases and methyltransferases as well as EGFRvIII were analyzed by qPCR. 

Results: We found complete methylation of promoter region CpG islands of the RASSF1A, 

RUNX, and MGMT genes and no detectable methylation in the PTEN, VHL, RB1, GATA6, 

CASP8, and TIMP3 genes. Interestingly, we observed partial methylation of the EGFR and 

CD133 gene promoters. These results correlated to some extent with the expression of EGFRvIII 

in analyzed sublines, with the lowest methylation in DK-MG high cell line. The data presented in 

the demethylases/methyltransferases expression studies do not clearly illustrate whether they play 

a crucial role in the methylation states controlling EGFRvIII expression status. 

Conclusions: Here, we demonstrate that the cancer-specific DNA hypermethylation in the 

promoter of CD133 and EGFR genes may occur in EGFRvIII-positive glioblastoma. Since the 

difference in the DNA methylation of these genes between individual DK-MG sublines (differing 

in aggressive phenotype) was demonstrated, methylation may partially be responsible for flexible 

regulation of these genes expression. 
 

This study was supported by the Medical University of Lodz grant No. 503/0-154-01/503-01-001-19-00.  
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Introduction/Rationale Tumor-derived ectosomes enhance proangiogenic phenotype of 

endothelial cells, what might be mediated by intercellular transfer of v3 and v5 integrins via 

ectosomes. The aim of this research was to evaluate whether v3 and v5 integrin-bearing 

ectosomes released by melanoma cells could act a potential proangiogenic factor during cancer 

progression. 

Methods Ectosomes were isolated from conditioned media from primary WM115 and 

metastatic WM266-4 melanoma cell cultures. Media was concentrated by low-vacuum filtration 

dialysis (1000 kDa cut-off membrane) followed by differential centrifugation at 18 000 x g to 

obtain ectosome pellet. Melanoma cells and isolated ectosomes were analysed for v3 and v5 

integrin expression by Western Blot. Furthermore, 60 g of WM115- or WM266-4-derived 

ectosomal protein was added to confluent HUVEC cells. After 18 of incubation changes in total 

and surface expression of v3 and v5 integrins in HUVECs were assessed by Western Blot and 

flow cytometry. Finally, migratory properties of HUVECs were analyzed in wound healing assay 

after incubation with ectosomes with or without the presence of anti-v3 and anti-v5 integrin 

antibodies or RGD motif-containing peptides that blocked activation of v3 integrin (Echistatin) or 

both v3 and v5 integrins (Cilengitide). 

Results: Western Blot revealed higher expression of v3 integrin in WM266-4 cells and 

WM266-4-derived ectosomes versus WM115 cells and WM115-derived ectosomes, whereas v5 

integrin expression was higher in WM115 cells and WM115-derived ectosomes. Both total and 

surface expression of v3 integrin was increased in HUVECs after incubation with WM266-4-

derived ectosomes but not with WM115-derived ectosomes. An increase in total v5 integrin 

expression was observed only after incubation with WM115-derived ectosomes, while the 

surface expression of this receptor remained unchanged despite HUVECs being treated with 

ectosomes. In wound healing assay incubation of HUVECs with WM115- or WM266-4-derived 

ectosomes caused 1,6 and 2,3-fold increase of the wound closure rate, respectively. However, 

migration of HUVECs was significantly reduced (approx. 20-35%) when Cilengitide, Echistatin, 

anti-v3 or anti-v5 integrin antibodies were used for incubation in addition to ectosomes. It 

suggests that v3 and v5 integrins transferred by ectosomes can act synergistically with v3 and v5 

integrins expressed by HUVECs. 

Conclusions/Novel aspect: Melanoma cells are able to propagate migratory phenotype of 

HUVECs by transferring v3 and v5 integrins via ectosomes. Functional effect exerted by 

ectosomal integrins on recipient endothelial cells points to their clinical relevance in development 

of novel, integrin-targeted antiangiogenic therapies for melanoma. 
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Introduction/ Background*:  In our previous microarray study we identified a set of genes 

(multigene signature) related to different survival of patients with high-grade serous ovarian 

cancer (HG-SOC) [1]. One of the genes from this signature was LOX, coding for lysyl oxidase. 

LOX is engaged in the cross-linking of the extracellular matrix proteins. Various studies have 

indicated that LOX may act as either an oncogene or a tumor suppressor, depending on the type 

of tissue/tumor. As our previous study indicated that higher LOX mRNA level was negatively 

correlated with survival of ovarian cancer patients, we aimed to check whether LOX level 

determined by immunohistochemistry shows the same dependency and could be useful in clinical 

practice. 

Methodology:  Two commercially available anti-LOX antibodies (ab174316-Abcam, NB-

2530-Novus Biologicals) were validated by western blotting, using protein extracts from eight 

ovarian cancer cell lines and recombinant LOX protein as a control (NBP-59887-Novus 

Biologicals). Then, immunohistochemical analysis was performed (tissue samples of HG-SOC) 

and on tissue arrays containing spectrum of different FIGO stages, histological types, etc. (US 

Biomax). The results were analyzed using Statistica (version-13.1, StatSoft Poland). 

Result(s)*:  Only one antibody (ab174316-Abcam) was positively validated as specific 

toward LOX and it was used for further analysis. However, Kaplan-Meier analysis showed no 

correlation between LOX protein level and the patients survival time. Further analysis revealed 

that LOX level was correlated with primary/metastatic tumor difference: higher stromal LOX 

expression occurred eight times more often in metastatic than in primary tumors. When LOX 

expression was assessed in cancer cells, there was no such correlation. In addition, detailed 

inspection of tissue slides revealed that LOX is strongly expressed  in nerve ganglions in normal 

ovary and tumor adjacent normal tissue.   

Conclusion*:  Although our previous observations indicated that higher LOX mRNA level 

was related to shorter survival of ovarian cancer patients, protein level of LOX does not 

demonstrate prognostic value in the analyzed group of patients with HG-SOC. However, we 

observed significantly higher LOX expression in the stroma of metastases compared to that of 

primary tumors. This observation is consistent with the assumption that LOX is associated with a 

more aggressive tumor phenotype. Intense staining of ganglions with anti-LOX antibody can 

have diagnostic value and will be further investigated. 
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Introduction: Skin cancer is the most frequent form of malignancy. There are three major 

types of skin cancers: basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and 

melanoma, of which the first two are grouped together as non-melanoma skin cancers. Actinic 

Keratosis (AK) is the most common precursor of SCC. MCPIP1, encoded by the Zc3h12a gene, 

possesses a PIN domain that has RNase properties and regulates stability of transcripts coding for 

inflammatory cytokines (e.g. IL-6, IL-12p40) and transcription factors (e.g. c-Rel, C/EBP). 

MCPIP1 functions as an essential regulator of inflammation, but also plays a critical role in cell 

differentiation, proliferation and cancer development. Importantly, MCPIP1 localizes 

predominantly in the differentiated suprabasal layers in normal human epidermis. Our recent 

study showed that keratinocyte-specific Mcpip1-deficient (Mcpip1eKO) mice develop 

spontaneous skin pathology and systemic inflammation. 

Methods: We analysed distribution of MCPIP1 in skin biopsies of patients with actinic 

keratoses (AKs) and SCCs by immunohistological staining. To deepen our knowledge on the role 

of MCPIP1 in skin pathophysiology, we utilized a well characterised DMBA/TPA approach to 

induce skin carcinogenesis in mice with keratinocyte- and myeloid-specific ablation of Mcpip1. 

Then, in order to characterize the phenotype of the obtained tumors, we performed histological 

and immunostaining studies, NGS analysis and real-time PCR. 

Results:  Our immunohistological analysis showed that while in AK the expression of 

MCPIP1 was high, in fully developed SCC the overall expression was low and mostly limited to 

keratin pearls, the most characteristic feature of invasive SCC tumors. Next, our in vivo studies 

showed that keratinocyte-specific Mcpip1-deficient (Mcpip1eKO) mice developed tumors faster 

and then with increased quantity, compared to the control mice. At the histological level, we 

observed more aggressive tumors. This was indicated by abundant keratinization, infiltration of 

tumors cells into dermis and the presence of keratin pearls. This was also correlated with 

enhanced expression level of genes encoding squamous cell carcinoma antigens. On the other 

hand, our preliminary studies showed than none of mice with myeloid-specific Mcpip1 

deficiency (Mcpip1mKO) developed SCC-like tumors. However, those mice developed 

numerous melanocytic nevus, indicating the possible early onset of melanoma development. 

Conclusions: Based on our data, we hypothesize that MCPIP1 functions as a significant 

factor in the development and progression of both non-melanoma and melanoma skin cancer. 
Acknowledgements: This study was supported by the National Science Centre grant number 
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Introduction: Despite rigorous therapeutic regimens patients with glioblastoma (GBM) 

eventually relapse. Recently, immune checkpoint inhibitors (ICPIs) targeting programmed cell 

death 1 receptor (PD-1) and its ligand (PD-L1) have been approved for the treatment of multiple 

tumour types. Regrettably, for GBM patients only modest and unpredictable responses have been 

reported so far. This is most likely due to a relatively immune-depleted (cold) GBM 

microenvironment characterised by high level of immunosuppressive cytokines which inhibit T 

cells activity. There are still no reliable biomarkers to accurately predict ICPIs therapy response; 

and the PD-L1 expression in tumours is mostly evaluated via immunohistochemistry (IHC) using 

a snapshot of tissue dissected post-operatively or during biopsy. Therefore, we radiolabelled 

atezolizumab, the anti-PD-L1 mAb, with zirconium-89 to quantify dynamic changes in PD-

L1 expression which might help to select patients for the treatment with ICPIs. 
Methods: Atezolizumab was radiolabelled with 89Zr (t1/2 = 78.4 h), and desferrioxamine 

(DFO) was used as the chelator for the radiometal. Since atezolizumab cross-reacts with murine 

PD-L1, the pharmacokinetics studies performed on mice are considered representative of the 

clinical setting. 89Zr-DFO-Atezolizumab was prepared in house following a method published 

by Vosjan et al. in 2010 (1). The PD-L1 expression level was measured by flow cytometry (FC). 

The specificity assay of the radioimmunoconjugate binding was performed using murine (BL6-

NPE-GFP) and human (U87-MGvIII, U87-MG) GBM cell lines (4oC, 1 h) w/o stimulation with 

IFN. Mice bearing BL6-NPE-GFP brain tumours were injected with 89Zr-DFO-Atezoizumab 

(co-injection: 10 g labelled + 210 g non-radiolabelled atezolizumab) and imaged 72 h post-

injection. 

Results: The 89Zr-DFO-Atezolizumab was obtained with a 98% radiochemical purity and 

specific activity of 10-2 MBq/g (2.7*10-4 mCi/g). All studied cell lines demonstrated specific, 

but relatively low radioimmunoconjugate binding. The measured cell-associated radioactivity 

was in agreement with the PD-L1 expression level measured by FC. There was a marked increase 

in 89Zr-DFO-atezolizumab binding after 24 h treatment with proinflammatory cytokine IFN. Pre-

incubating the cells with 100-fold molar excess of non-radiolabelled atezolizumab significantly 

reduced the radiotracer binding. PET/CT images showed preferential and focal accumulation of 

the radiotracer in the tumour mass 72 h post-injection. 

Conclusion: Our data shows that 89Zr-DFO-Atezolizumab targets with high specificity PD-

L1 positive human and murine GBMs providing real time information about the protein 

expression level. 
Funding: ABM 2019/ABM/01/00062, The Institute of Cancer Research (London, UK) 
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The significant development of organic chemistry and chemoinformatics have contributed 

considerably to the introduction of many new drugs in pharmacy and medicine. As a matter of 

fact, the amides and thioamides are the group of drugs that are widely implemented in the 

pharmacotherapy due to their antibacterial, antifungal or anticancer properties. Hence, a novel set 

of amides and thioamides of ethyl esters and methyl amino acids was synthesised and analysed as 

well. On the whole, the amino acids can be valuable precursors to generate compounds with 

potential/desired biological activity; therefore some amino acids were selected as the substrates 

for producing hydrochlorides of methyl and ethyl esters. The obtained subproducts were 

subsequently applied in the generation of the amides of the chosen amino acids as well as in the 

final synthesis of thioamides [1]. 

Moreover, the generated amides and thioamides of methyl and ethyl esters of the selected 

amino acids were tested in vitro on murine melanoma tumor line. The widely known cell culture 

methods, including incubation and passage of cells and measurements of the degree of 

cytotoxicity of formulation were employed (the Alamar Blue assay). Evaluation of tumor cell 

survival was performed as a function of concentration and length of exposure to the tested 

formulations. Fluorescence signals were recorded at excitation wavelength at 560 nm and 

emission wavelength at 590 nm. 

The Alamar Blue assay is an important redox indicator that is usually engaged in order to 

evaluate metabolic function and cellular health, apoptosis, cell cycle function and control. 

Resazurin is the active substance, which is stable in culture medium and water-soluble. The dye 

acts as an intermediate electron acceptor in the electron transport chain without interference of 

the normal transfer of electrons. Thus, the dye indicator changes from the oxidized, non-

fluorescent, blue state to the reduced, fluorescent, pink state. The observed transition allows to 

measure quantitatively (by colorimetric and fluorometric readings) or qualitatively (by a visible 

change of color) the presence or absence of viable cells [2]. 

The Alamar Blue assay ensures precise time-course measurements due to its high sensitivity 

and linearity. What is more, the test is non-radioactive, non-toxic, safe for the user and eco-

friendly to the environment; therefore it can be used with different cell models. Unfortunately, in 

vitro bioassays may not approach effectively highly in vivo effects, hence, the further 

development of other multiple parameters is needed [3]. 

The expected, positive findings of the feasible studies in destroying melanoma cells would 

provide basis for further investigations on more effective melanoma treatment, a type of cancer 

that is resistant to chemotherapy so far. 
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Introduction: Class G antibodies (IgG) are the most abundant glycoproteins in human blood 

serum, whose structure, half-life and effector functions are modulated by the attachment of 

various sugar forms called N-glycans. The composition of the IgG glycome is influenced by both 

genes and environmental factors, making it reliable biomarker of overall human health. 

Regulation of IgG N-glycosylation is a part of homeostasis but also can be a reflection of its 

disruption. Changes in IgG N-oligosaccharide patterns have been implicated in remission and 

disease progression, representing both predisposition and functional mechanisms involved in 

illness pathogenesis, including autoimmunity. One of the most common autoimmune diseases is 

Hashimoto thyroiditis (HT), which is the most frequent cause of hypothyroidism. 

The aim of our study was to evaluate changes in IgG N-glycosylation in donors with the 

elevated autoantibody (anti-thyroglobulin, anti-Tg and/or anti-thyroid peroxidase, anty-TPO) 

levels without symptoms of hypothyroidism (n=35), and patients with HT during L-thyroxine 

therapy (n=38) (study groups) compared to healthy donors (control group; n=41). 

Methods: IgG was isolated from human blood serum by affinity chromatography with 

protein G. IgG N-glycans were then released by digestion with PNGase F (N-glycosidase F), 

fluorescently labeled with 2-aminobenzamide (2-AB), and analyzed by ultraperformance liquid 

chromatography combined with mass spectrometry (UPLC-MS). The resulting chromatograms 

were integrated into 25 peaks to which glycans were assigned based on the glucose unit values 

(GU) and mass-to-charge ratio (m/z) of the detected ions, using the Waters UNIFI scientific 

information system. Statistical analysis was performed using the Kruskal-Wallis test in Origin 

2021b software (Origin Lab). Statistically significant differences between groups were 

determined at p0.05. 

Results: The study showed a statistically significant increase in the amount of the two-

antennary complex-type N-glycans mono- and disialylated with a bisecting N-acetylglucosamine 

(GlcNAc), and core fucose on IgG from HT patients compared to the donors showing the 

elevated levels of anti-Tg and/or anti-TPO without hypothyroidism and healthy donors. 

Conclusions: IgG N-glycosylation is essential for antibody function in inflammatory 

reactions aimed at elimination of pathogens or own antigens in autoimmune processes. We have 

shown that the structure of IgG sugars is altered in Hashimotos disease indicating that the process 

of IgG glycosylation may have an important role in the development of thyroid autoimmunity. 

Our results may be important to better understand the pathology of HT Further studies are needed 

to explore the role of the altered N-glycan structures in IgG activity in HT inflammation. 

Acknowledgments: This study was supported by the National Science Center (grant No. UMO-
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      Breast cancer is the most frequent malignancy in women worldwide. Four clinically 

relevant molecular types are characterized based on the expression of estrogen receptors (ER), 

progesterone receptors (PR), and ERBB2 (HER2). Among them, ER-positive (ER+) luminal 

adenocarcinoma constitutes the majority of breast cancer cases. They are firstly treated with anti-

hormonal therapy using selective estrogen receptor modulators (SERMs), such as tamoxifen. 

More recent therapeutic options of ER+ breast cancers include inhibitors of CDK4/6, among 

them palbociclib. 

     We found that 17-estradiol (E2) stimulates activation of Heat Shock Factor 1 (HSF1), a well-

known regulator of the stress response, in ER+ breast cancer cells via MAPK signaling. 

Activated HSF1 cooperates with ER in the regulation of estrogen action and supports the E2-

induced cell proliferation and migration. As there are premises that high levels of HSF1 may be 

associated with resistance of estrogen-dependent breast cancers to hormonal therapies based on 

antiestrogens, we decided to investigate the influence of HSF1 on the response of ER+ breast 

cancer cells (MCF7 and T47D) to this kind of therapy. We treated cells, either HSF1-proficient 

(HSF1+) or HSF1-deficient (HSF1), with 4-hydroxytamoxifen (4-OHT), either alone or in 

combination with E2. We found that treatment of HSF1+ cells with 4-OHT resulted in slightly 

enhanced proliferation, which may be a consequence of ER activation (estimated by ER 

phosphorylation at Ser118). Nevertheless, 4-OHT inhibited E2-stimulated cell proliferation of 

HSF1+ and HSF1 cells. Then, we tested whether HSF1 loss enhances the anti-proliferative effect 

of palbociclib. We found that MCF7 cells were more sensitive to this compound than T47D cells. 

IC50 of  palbociclib was more than two-fold lower in HSF1 than in HSF1+ MCF7 cells, while 

the difference between HSF1+ and HSF1 was insignificant in T47D cells. Palbociclib also 

inhibited E2-stimulated cell proliferation, yet it was slightly more effective in the absence of 

HSF1 only in MCF7 cells. These results suggest that ER-positive breast tumors with low HSF1 

expression may be more sensitive to treatment with 4-OHT and palbociclib than cases with high 

HSF1 levels, but this is also dependent on other stronger factors, e.g. p53 mutation. 
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Introduction: Fluoroquinolones (FQs) are a broad-spectrum class of synthetic antibiotics 

used to treat common infections. FQs are derivatives of topoisomerase inhibitors used as 

chemotherapeutics. Many serious adverse effects of FQs similar to those observed after 

chemotherapy have been reported, and finally classified by the FDA as fluoroquinolone-

associated disability (FQAD.) The etiology of FQAD syndrome is not fully understood, but it is 

associated with impaired mitochondrial and genomic DNA maintenance. FQAD patients 

struggle, among others, with damage to connective tissue, tendons, as well as drowsiness, 

dizziness, liver or pancreatic dysfunctions and arrhythmias. 

Methods: In this study, we attempted to isolate epithelial cells from the urine of a patient 

diagnosed with FQAD and, in parallel, from a healthy donor. Cells were isolated according to the 

protocol described previously (Zhou T et al., 2012). Subsequently, the cells were reprogrammed 

towards induced pluripotent stem cells (iPSc) with episomal plasmids (Epi5 Episomal iPSC 

Reprogramming Kit, Life Technologies), 400 ng of each: pCE-hOct3/4, pCE-hSK pCE-hUL, 

pCE-mp53DD, pCXB-EBNA1 and 1 g of pCE-mCherry-miR302/367, as described by Drozd et 

al, 2015. IPS cells were differentiated into induced neural stem cells (iNSc) with the use of PSC 

Neural Induction Medium Kit, according to the manufacturers protocol. For the 

immunocytochemical analyzes, cells were seeded on Geltrex-coated glass coverslips and then 

fixed in 4% paraformaldehyde in PBS for 20 min (iPSc) or 15 min (iNSc), and permeabilized 

with 0.25% (iPSc) or 0.1% (iNSc) Triton X-100 in PBS for 10 minutes at room temperature. 

Next, preparation was performed as already described (Drozd et al, 2015). INSc from a healthy 

donor and FQAD patient were used to determine the IC50 of selected fluoroquinolones  

moxifloxacin and ciprofloxacin. The viability of cells was evaluated by the MTS assay. 

Results: The obtained iPS cell lines were characterized by the presence of pluripotency 

markers (Oct3/4, SOX2, TRA-1-60, TRA-1-81). IPSc differentiated into iNSc expressed SOX2 

and Nestin. The IC50 for selected antibiotics was significantly lower for FQAD patient iNSc than 

for healthy donor iNSc. 

Conclusions: The results suggest that FQs display dose and time-dependent cytotoxic 

activities in vitro, and FQAD patient-derived cells are more susceptible to their side effects. The 

development of an appropriate in vitro experimental model for the FQAD study will enable the 

broadening of knowledge in this field. An established iPS cell line provides an opportunity to 

analyze FQs impact on cell biology. Moreover, due to organ damage, i.e. liver, kidneys or the 

nervous system, iPS cells and derivatives may also become a potential therapeutic tool for FQAD 

patients. The use of iPSc technology for patients recovering from chemotherapy should be 

considered in general.   
Acknowledgments: This study was supported by the Fluoroquinolone Toxicity Study, NFP.  
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Introduction. Hormone-dependent malignancies include ovary, cervical, breast, testis, 

prostate, and uterine tumors. Hormones, being involved in multitude signal transduction 

pathways, highly impact various cellular processes such as apoptosis, proliferation, cell cycle or 

cytoskeleton organization. Currently, with a steadily high rate of cancer mortalities, there is a 

need for novel biomarkers which would help to efficiently estimate patients condition and 

prognostication. 

Aim of the study. The purpose of our research was to investigate cell cycle and cytoskeleton-

related signaling pathways in cancers dependent on hormone homeostasis via in silico analyses to 

find novel potential biomarkers and evaluate their efficacy in predicting patients clinical 

prognosis and survival. 

Materials and methods. The gene expression data of patients suffering from cancers of 

interest was acquired from The Cancer Genome Atlas. Initial analysis of 54 gene sets implicated 

in pathways related to cell cycle and cytoskeleton organization from MSig database allowed to 

specify differentially expressed genes among chosen tumors. Subsequently, impact of the 

potential gene biomarkers on patients disease free survival was assessed via Gene Expression 

Profiling Interactive Analysis 2 (GEPIA2). Lastly, beanplots visualizing cell cycle and 

cytoskeleton-related risk signatures in regard of the gene expression were generated using a 

BoxPlotR webtool. 

Results. Significant differences in gene expression patterns were identified and presented on 

heatmaps enabling formation of a subset containing top hub gene and close interactors for each 

cancer type. Obtained subsets of genes were found to be bearing a prognostic potential in certain 

cancers included in the analysis. Majority of these possible biomarkers exhibited a noticeable 

negative impact on patients survival, though some of them appear to reduce the hazard ratio. 

Also, particular gene expression seems to co-depend on the prognostic signature associated with 

cell cycle and cytoskeleton regulation, such as various TNR levels influencing the expression of 

signature genes in Uterine Carcinosarcoma (UCS), or GTF2A1 level impacting certain cell cycle- 

and cytoskeleton-related genes in Ovarian Serous Cystadenocarcinoma (OV). 

Conclusions. To conclude, our preliminary in silico analyses indicate that COL6A3, TNR, 

GTF2A1, and NKX3-1, along with certain interacting neighbors may be a potential biomarkers in 

malignancies dependent on hormones. Additionally, selected genes were associated with 

regulation of cell cycle and/or cytoskeleton. They were also found to have influence on specific 

clinical features of the patient such as cancer type, cancer stage, or histological type. 
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Introduction. The highest prevalence of mutations of KRAS protein is observed among 

patients with pancreatic, colorectal and lung cancer. To maintain homeostasis, KRAS occurs in 

an active state when bound to the GTP and an inactive state when bound to the GDP. Mutations 

that alter KRAS protein structure lead to the decline of GTPase activity, therefore KRAS stucks 

on its active state constantly. KRAS G12V and KRAS G12D are observed to have the highest 

prevalence in regard to codon 12. In terms of the localization of alterations, both mutations are 

supposed to impair GTPase activity and further cellular processes similarly. In this study in vitro 

testing model was used to express three analyzed KRAS proteins (wild-type, G12V and G12D) 

for further analysis. 

Materials and methods. To obtain cell lines with the expression of analyzed proteins, a 

special plasmid with KRAS wild-type sequence was used to prepare two other plasmids for 

KRAS G12V and KRAS G12V. Using designed plasmids, lentiviral vectors were prepared and 

used in the transfection of CHO-S and U-87 MG cells. U-87 MG cells were used as a model for 

the assessment of the effectiveness of designed plasmids by means of immunofluorescent signal 

standing for the presence of KRAS proteins. CHO-S cells were used as an expression model of 

KRAS proteins. Proteins of interest were isolated from the cell cultures and tested for their 

GTPase activity. 

Results. Sequencing of the plasmids indicated that constructs were properly designed and 

prepared. Immunostaining of U-87 MG cells 9 days after transfection showed the presence of the 

protein of interest and therefore positive result of transfection procedure. Further isolation of the 

KRAS proteins from CHO-S cell culture let to confirm the presence of recombinant protein. 

Analyzing GTPase activity, wild type of KRAS showed the lowest luminescence in case of 

presence and absence of GAPs when compared to KRAS G12V and KRAS G12D. Both analyzed 

mutants were observed to have comparable luminescent signals, stimulated with GAPs or not. 

Conclusions. Transfected CHO-S cells seem to be an effective in vitro model for expressing 

recombinant KRAS proteins and for their further analysis. In regard to the results, KRAS G12V 

and KRAS G12D possess significantly lower intrinsic and GAP-stimulated GTPase activity than 

KRAS wild-type. Both analyzed mutants seem to be insensitive to the addition of GTPase 

stimulating proteins. 

This study was sponsored by The National Centre for Research and Development grant no. POIR.01.02.00-00-

0034/15. 
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Terpyridines and their derivatives are often explored during anticancer studies because of 

their cytotoxic properties. Thanks to the presence of three aromatic rings in their molecules, these 

compounds possess an ability to chelate metal ions. Addition of the central metal atom increases 

activity of the molecule, however, high anticancer activity of free ligands was also reported. The 

mechanism of action of terpyridines is based on DNA intercalation, generation of reactive 

oxygen species (ROS) and increase in oxidative stress levels, to which cancer cells are 

particularly susceptible. Here we present the activity of the new terpyridine complexes studied on 

the several cancer cell lines. The results indicate great antiproliferative properties, therefore we 

investigated tests with cell cycle analysis on two cancer cell lines: human lung adenocarcinoma 

(PC-9) and human glioblastoma (U-251). An ability of the compounds to induce apoptosis was 

additionally investigated. Results of cell cycle analysis indicated that inhibition occurred at the 

G0/G1 phase. Number of apoptotic cells significantly increases in higher concentrations of tested 

compounds. This initial studies are promising in the context of more in depth analysis. 
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Introduction. Glioblastoma multiforme (GBM) is a particularly malignant type of cancer 

which exhibits almost complete resistance to currently available therapies (surgery, 

chemotherapy, radiotherapy, and even immunotherapy). The large-conductance voltage- and 

Ca2+-activated K+ channels in GMB cells (gBK) play important physiological roles i.e., they 

regulate cell growth and extensive migration. However, the complete molecular picture of this 

phenomena remains unclear. Most of reports in literature summarize the single-channel 

characteristics of gBK channels, but the question of their possible cooperativity has been never 

analyzed in literature hitherto. 

Methods. The single- and multichannel (2-4) patch-clamp recordings on U-87 MG cells were 

obtained using operational amplifier (Axopatch 200B, Axon Instruments) and converter 

(Clampex 11, Axon Instruments). The signals were sampled at 5 kHz and lowpass filtered with a 

corner frequency of 1 kHz. Symmetrical solution was used in our experiments, which included 

130 mM potassium gluconate, 5 mM KCl, 10 mM HEPES, 2 mM MgCl2, 20 M EGTA, and 

CaCl2 at two different concentrations 20 M and 200 M. The membrane potential (Um) was fixed 

at -60 mV and +60 mV. For each combination of number of channels, Um and [Ca2+], 3-6 

independent traces were recorded, for which we performed the kinetic analysis. 

Results. Open state probability increases with the number of gBK channels present (and 

active) in analyzed membrane patch. The effects of cooperation are more evident at high Ca2+ 

concentration (over 150 M) in comparison to low Ca2+ regime, and when the channels are 

voltage-activated. The presence of clusters of cooperative gBK channels shift the typical 

activation curve towards more negative potentials. The cooperation of the gBK channels results 

in relative shortening the dwell-times of closed states for each successive channel that cooperates 

within the gBK channel cluster. 

Conclusions/Novel aspect. Our results suggest that the gBK channels exhibit strongly 

enhancing cooperation which is Ca2+-and voltage-dependent.  We are convinced that the 

cooperation of BK channels is possible due their overexpression in GBM cells and their spatial 

proximity (10 nm) which allows the channels to directly interact and gate in a cooperative 

manner. This leads us to another question about the mechanism of such a collective behavior, 

what is going to be the next step in our research and considerations. Moreover, the collective 

behavior ought to deeply affect the physiological meaning of gBK channels (the cooperativity 

can result in persistent channel firing). The possibility of its regulation can indicate a new 

direction in GBM-related research. 
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Introduction: Several reasons for conflicting results concerning prognostic potential of 

Nanog expression in squamous cell carcinomas of oropharynx can be identified. One of them 

may be related to differences in immunohistochemical staining procedure, particularly in scoring 

systems and cut-off points used to distinguish tumors with Nanog overexpression or its lack. 

Therefore, the aim of the present study was to compare prognostic potential of Nanog expression 

analysed by three immunohistochemical scores in the group of 63 squamous cell carcinomas 

(SCC) of oropharynx. 

Methods: Immunohistochemical assessment of Nanog expression was performed on formalin 

fixed and paraffin-embedded sections. Primary rabbit monoclonal antibody (Cat. No 3579, Cell 

Signalling Technology) and BrightVision system (Immunologic, Duiven, Netherlands) as a 

visualization system were used. To distinguish lack of overexpression or overexpression three 

scoring system were applied: (1) semiquantitative score (SQS), (2) immunoreactive score ((IRS) 

and (3) histological score ((HS). SQS include three categories of staining intensity: (1) lack of 

positive cytoplasamatic staining, (2) week or moderate cytoplasamatic staining in tumours areas 

and (3) strong cytoplasmatic staining in tumours areas. IRS is a result of multiplication of 

percentage of positive stained cells (five categories: 0 - 0%, 1 - 25%, 2  2550%, 3  50-75%, 4 - 

75%) and staining intensity (three categories, similar like in SQS), giving a range from 0 to 12. 

HS was calculated according to the formula:  H-score = (1percentage of weakly positive cells) + 

(2percentage of moderately positive cells) + (3percentage of strongly positive cells), giving a 

range from 0 to 300. For all three scores, the cut-off points for Nanog overexpression, allowing 

for optimal separation of overall (OS) and disease free survival (DFS) curves, were search by 

minimal P-value method. 

Results: In semiquantitative score, the best separation of OS and DFS curves was obtain by 

cut-off point: lack of staining vs week/moderate/strong staining, although statistical significance 

was not reach (OS: HR = 1.016, P = 0.081, DFS: HR = 6.876, P = 0.061). The cut-off points for 

IRS and HS were, respectively: 1 (OS: HR = 6.977, P = 0.014, DFS: HR = 6.002, P = 0.019) and 

50 (OS: HR = 6.977, P = 0.014, DFS: HR = 6.002, P = 0.019). The cut-off points found for these 

two scores allow to identify the same subgroups of patients with lack of Nanog expression 

(11.1%) and its overexpression (88.9%). All patients with tumors characterized by lack of Nanog 

overexpression identifying by IRS and HS survived 5 years without evidence of cancer 

progression. In multivariate analysis Nanog expression analysed by IRS and HS was independent 

prognostic factor for OS (HR = 10.195, P = 0.024). 

Conclusion: Immunohistochemical score using to distinguish Nanog overexpression or its 

lack has influence on prognostic potential of this biomarker. 
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Ovarian cancer is one of the most lethal gynaecological malignancies worldwide. Novel therapies 

target DNA repair mechanisms. DNA damage like DNA single-strand breaks (SSB) and double-

strand breaks (DSB) can activate ATR/CHK1 pathway. Firstly, ataxia telangiectasia and Rad3-

related protein (ATR) binds its regulatory partner ATRIP and then the ATR-ATRIP complex is 

recruited to single-stranded DNA coated by replication protein A (RPA). Next ATR 

phosphorylates checkpoint kinase 1 (CHK1) which may lead to cell cycle arrest and enable DNA 

repair. Moreover, CHK1 phosphorylates BRCA2 and RAD51 proteins which are involved in 

homologous recombination repair. Poly(ADP-ribose) polymerase (PARP) is involved in many 

intracellular processes including repair of SSB. PARP inhibition impairs this process which leads 

to SBB accumulation and DSB formation. Olaparib is the first PARP inhibitor (PARPi) approved 

for ovarian cancer treatment. This drug is effective primarily in patients with the BRCA1/2 

mutation. The presence of effective DNA repair mechanisms may correlate with decreased 

sensitivity to PARPi in tumor cells. Therefore, it is suggested that concurrent inhibition of PARP 

and ATR or CHK1 can exhibit synergistic effect and induce increased cell death as a result of 

synthetic lethality. 
The aim of the study was to determine changes in expression of proteins targeted by small-

molecule inhibitors olaparib (AZD2281, PARPi), ceralasertib (ATR inhibitor, ATRi) and MK-8776 

(CHK1 inhibitor, CHK1i) in BRCA2MUT PEO1 ovarian cancer cell line. We quantitatively evaluated the 

expression level of  PARP1, ATR and CHK1 and phosphorylated forms of ATR and CHK1 by the 

western blot analysis after 48 hours of incubation with single-agents inhibitors or their combinations. 

Cleaved PARP1, which is a characteristic of programmed cell death changes, was also investigated. 

Preliminary studies showed that monotherapy with PARPi or its combinations with ATRi/CHK1i 

led to upregulation of PARP1. Inhibition of PARP or CHK1 and its concurrent blockage activated the 

ATR/CHK1 pathway by the simultaneous phosphorylation of ATR and CHK1. Interestingly, the 

combination of PARPi and ATRi increased the level of phosphorylated ATR but decreased the 

phosphorylation of CHK1. Combined therapy with PARPi and ATRIi/CHK1i considerably increased the 

level of cleaved PARP1 in comparison with monotherapies suggesting that a combination of inhibitors 

may induce increased programmed cell death in ovarian cancer cells. 

Studies demonstrated that the combination of olaparib with ATRi/CHK1i activated ATR/CHK1 

pathway for genome stability and presumably increased programmed cell death more effectively 

than monotherapies in BRCA2MUT PEO1 cell line. 

 

Funding: This research was funded by the Polish National Science Centr, Poland (Project grant number: Sonata Bis 

2019/34/E/NZ7/00056). 
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Ovarian cancer is one of the most lethal gynecologic malignancies worldwide and overall the 

fifth leading cause of cancer-related deaths. It is also the seventh most common cancer. Statistics 

for Poland are similar. BRCA1/2 mutation is carried in up to 13% of all ovarian cancer cases. 

Most patients with BRCA mutation develop high-grade serous ovarian cancer (HGSOC). BRCA 

gene inactivation occurs in 40-50% of HGSOC cases. The majority of patients are diagnosed at 

an advanced stage (III/IV). HGSOC 5-year survival rate ranges between 35 and 40%. The initial, 

standard-of-care, adjuvant chemotherapy is a platinum drug, such as cisplatin or carboplatin, 

combined with a taxane. However, patients show different sensitivity to chemotherapy, which 

can be the result of BRCA1/2 mutation. If a patient carries a BRCA gene mutation, the DNA 

repair process is disturbed, which leads to apoptosis and better results of chemotherapy. The 

majority of the patients respond to first-line chemotherapy, but 80% of them will develop cancer 

recurrence. DNA repair disruption may increase the induction of cancer cells apoptosis. Poly 

(ADP-ribose) polymerase (PARP) repairs single-strand DNA breaks (SSB). PARP inhibitor 

(PARPi) impairs this process and leads to double-strand DNA breaks (DSB). It induces apoptosis 

in BRCA1/2MUT cancer cells, as a consequence of synthetic lethality. However, resistance to 

olaparib often occurs, which can be the result of homologous recombination (HR) restoration. 

DNA damage activates ataxia telangiectasia and Rad3 related protein (ATR) and checkpoint 

kinase 1 (CHK1) – DNA checkpoint proteins. It leads to cell cycle arrest which enables DNA 

repair. Therefore, inhibition of ATR or CHK1 can promote apoptosis as the result of synthetic 

lethality. 

The aim of the study was to determine if olaparib (AZD2281, PARPi), AZD6738 (ATR 

inhibitor, ATRi), MK8776 (CHK1 inhibitor, CHK1i), and their combination induce apoptosis in 

BRCAWT ovarian cancer cell lines (SKOV-3; OV-90 p53MUT) and BRCAMUT cells (PEO-1). 

After 48 h of incubation with compounds at the concentration of 4 μM, apoptosis induction was 

assessed with propidium iodide and Hoechst 33258 staining. PARPi, ATRi and CHK1i 

monotherapy induced apoptosis in all cell lines, however, ATRi was the most effective. 

Combinations of inhibitors were more potent than monotherapy. The effect of apoptosis 

induction was the most significant in the PEO-1 cell line, however, OV-90 and SKOV-3 were 

sensitive to tested compounds. 

Studies suggest that combined action of PARPi with ATRi or CHK1i may be more effective than 

monotherapy in apoptosis induction of ovarian cancer cells independently from BRCA status. 

 
 This research was funded by the National Science Centre, Poland, project grant number: Sonata Bis 2019/ 34/ E/ 

NZ7/ 00056. 
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