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ADAPTING AN IMC FOUNDATION MODEL FOR
PREDICTION OF CLINICAL FEATURES

Kacper Pietrzyk', Agnieszka Sarkowicz', Krzysztof Gogolewski’,

Marcin Mozejko'
* km.pietrzyk@student.uw.edu.pl

' Department of Mathematics, Informatics and Mechanics, University of Warsaw,
Warsaw, Poland

Keywords: Imaging Mass Cytometry; deep learning; foundational models; clinical
prediction; model interpretability

Imaging Mass Cytometry (IMC) provides spatially resolved measurements of over 40
protein markers in a single tissue section, enabling detailed characterization of tissue
architecture and the tumor immune microenvironment. As public IMC resources
increasingly include clinical annotations, an important question is whether
representations learned by large pretrained models can be transferred to clinically
relevant prediction tasks.

We address this question using ImmuVis, a recently introduced foundation model for
IMC trained by self-supervised marker reconstruction on 28 cohorts, 24,405 images
and 265 markers. We adapt the model for clinical classification by replacing the
reconstruction decoder with a hierarchical multiple-instance learning head that
aggregates patch-level information into sample-level predictions. We then compare the
predictive utility of frozen pretrained embeddings against task-specific fine-tuning on
data from 6 IMC panels obtained from 1659 patients from 5 cohorts.

Beyond predictive performance, we investigate interpretability by identifying molecular
markers and spatial regions that contribute most strongly to classification decisions,
and by assessing whether these patterns are consistent with current biological and
medical knowledge. Our study evaluates foundation modeling as a practical starting
point for clinically oriented analysis of IMC cohorts and explores when additional fine-
tuning is needed for downstream use.
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ADVANCING COMPUTATIONAL BIOLOGY WITH DEEP
LEARNING FOR NEXT-GENERATION RNA
THERAPEUTICS

Marcin Magnus'?
mmagnus@fas.harvard.edu

" Harvard University, MCB, Cambridge, MA, USA
2 Centre of New Technologies, University of Warsaw, Warsaw, Poland

Keywords: RNA biology / Deep learning / RNA structure prediction / RNA therapeutics

RNA molecules play central roles in biology and are emerging as powerful therapeutic
agents, yet their structural complexity and dynamic behavior remain poorly understood.
Recent advances in artificial intelligence have transformed protein structure prediction,
but comparable methods for RNA remain underdeveloped due to limited structural data
and the complexity of RNA folding and interactions.

My newly created group at the University of Warsaw aims to establish an
interdisciplinary research program integrating deep learning with high-throughput
experimental RNA biology. The work focuses on three interconnected areas: (i)
understanding RNA—small molecule interactions using SELEX-derived datasets and
generative Al, (ii) developing AlphaFold for RNA, an RNA-specific deep-learning
framework integrating language-model embeddings and experimental probing data for
RNA 3D structure prediction, and (iii) designing context-aware therapeutic mRNAs
through generative modeling.

The group will generate new computational frameworks that integrate experimental
RNA data directly into predictive and generative Al models, enabling improved RNA
structure prediction and RNA design.

By combining computational and experimental approaches within a unified framework,
this research will advance understanding of RNA structure and function while enabling
the development of RNA-targeted therapeutics, RNA-based diagnostics, and next-
generation mMRNA technologies.
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AMELOGENIN — A MODEL BIOMOLECULE FOR
INVESTIGATING PROPERTIES AND PATHWAYS OF
SELF-ASSEMBLING PROTEINS

Julia Cieszko'™, Matgorzata Kotulska'
* julia.cieszko@pwr.edu.pl

" Wroctaw University of Science and Technology, Wybrzeze Stanistawa
Wyspianskiego 27, 50-370 Wroctaw

Keywords: amelogenin, aggregation-prone regions, liquid-liquid phase separation,
amyloids

Some proteins do not have a well-defined structure and instead contain spatially
flexible, intrinsically disordered regions. These regions can drive self-assembly through
aggregation-prone sequences, resulting in the formation of structures such as amyloid
fibrils, amorphous aggregates, or liquid-like condensates formed via phase separation.

Although it is known that intrinsically disordered proteins can adopt multiple aggregate
forms depending on various factors, the underlying mechanisms remain unclear.
Amelogenin provides a potential model, as it forms diverse structures depending
on isoform length, amino acid composition, and proteolytic processing.

Bioinformatic analysis identified a specific sequence within amelogenin that is likely
to govern its self-assembly behavior, while according to the literature, variation
in protein and fragment length determines the formation of either amyloid-like,
amorphous or small circular aggregates.

These findings contribute to a better understanding of how specific sequence features
regulate self-assembly in intrinsically disordered proteins. Investigating the
determinants of these pathways may help clarify general principles of protein
aggregation and improve our knowledge on aggregation-related health outcomes.
Such insights may also support future studies aimed at predicting or modulating
aggregation behavior in biological and biomaterial contexts.
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ANALYsIS OF DIFFicuLT REGIONS IN RNA 3D STRUCTURE
PRrepicTioN BAsSeD oN CASP AND RNA-PuzzLEs

Sergiusz Urbaniak™, Kinga Kaminska', Emilia Bacik', Maciej Kedziora,
Maks Jabtonski', Paulina Htadki', Mikotaj Mtynarczyk', Jan Pielesiak’

* serg.urbaniak@gmail.com

' Faculty of Computing and Telecommunications, Poznan University of Technology,
Piotrowo 3a, 60-965 Poznan, Poland

Keywords: RNA structure prediction, TM-score, non-canonical base pairs, structural
topology

Understanding the tertiary structure of RNA is crucial for determining its biological
function, yet accurate computational prediction remains challenging. Community-
wide competitions such as CASP and RNA-Puzzles provide valuable benchmarks
for evaluating prediction methods.

While previous studies have analyzed isolated modelling challenges, the conclusions
were insufficient to reduce the disparity between predictions and the real structure.
Addressing this gap, our studies focus on identifying recurring patterns in poorly
modeled regions and attempting to better understand the sources of prediction errors
using benchmark data. We assess prediction accuracy using global similarity
measures such as TM-score, examine the role of non-canonical base pairs,
and compare structural topologies using tree-based representations.

Our results show that prediction errors tend to cluster in specific structural motifs,
particularly in regions rich in non-canonical interactions and complex topologies. The
low detection rate across the majority of participants suggests that these motifs
represent systematic challenges for current prediction methodologies.

These findings improve our understanding of the limitations of RNA structure
prediction methods and can support the development of more accurate algorithms.
The combined analysis of tree-based representations, sliding window TM-score, and
non-canonical interactions allows for the effective identification of regions that pose a
challenge in blind prediction contests.
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ANALYSIS OF GuT MicrosioMmE PROTEINS AND THEIR
INTERACTIONS

Emilia Stacherczak'?, Maksymilian Gmur',

Alicja Wojciechowska', Tomasz Koscidtek'?
* emilka.stacherczak@gmail.com

'Sano - Centre for Computational Personalised Medicine,
ul. Czarnowiejska 36, 30-054 Krakow, Poland
2AGH University of Krakow,al. A. Mickiewicza 30, 30-059 Krakéw, Poland

Keywords: microbiome, gut, proteins, protein—protein interactions (PPI),
host-microbiome interactions, secretome

The composition and functions of the human gut microbiome have been linked to a wide
range of health conditions, including digestive diseases, neurodegenerative
disorders, allergies, and inflammation. The host-microbiome communication happens
through various processes, one of which involves microbial secreted proteins that
may interact with human proteins. Analyzing and understanding microbiome’s
secretome would allow us to better understand its functions and contribute to the
development of new treatments. In this project we aimed to obtain a dataset of
secreted microbial proteins from the human gut microbiome. Therefore we conducted a
benchmark of multiple tools for cellular localization prediction. We compared two
approaches - direct prediction of protein sublocalization with DeepLocPro and
BUSCA, and classification based on combined data regarding the presence of signal
peptides and transmembrane regions from SignalP and deep TMHMM. The resulting
dataset is an important resource to test for protein-protein interactions with the host. For
this purpose we tested the performance of RF2-Lite, but the bottleneck turned out to be
the need to generate a high-quality pMSA of cross-species proteins as an input. This
work advances current knowledge by providing carefully examined resources for
studying microbiome proteins and marking the current possibilities and computational
limitations of their analysis.
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APTAMER-BASED BIOSENSOR FOR
DETECTION OF TNF-ALPHA LEVEL IN SWEAT

Nazar Yemelianov'* , Pawet Wyatt', Amelia Stanecka’, Dmitri

Maksimuk', Michat Miller’
*282135@student.pwr.edu.pl

' Department of Biomedical Engineering, Faculty of Fundamental Problems of
Technology, Wroclaw University of Science and Technology

Keywords: TNF-alfa, aptamers, biosensors, IBD

Inflammatory bowel diseases (IBD) are chronic conditions requiring continuous
monitoring due to their relapsing nature. Recent advances in wearable biosensing
enable non-invasive tracking of biochemical markers, offering new possibilities for
patient-centered healthcare.

In this work, we present an aptamer-based electrochemical biosensor designed for
integration into a wearable system for real-time monitoring of TNF-a in sweat. TNF-a
is a key inflammatory cytokine associated with IBD progression and therapeutic
response. Previous studies indicate that sweat TNF-a levels correlate with systemic
inflammation and can differentiate between disease states, supporting its potential as
a non-invasive biomarker.

Building on this premise, our approach focuses on selective aptamer recognition
combined with electrochemical signal transduction in a flexible sensing platform
compatible with continuous monitoring applications. The proposed biosensor enables
selective and sensitive detection of TNF-a within physiologically relevant concentration
ranges observed in inflammatory conditions.

This work contributes to the development of integrated digital health solutions, where
wearable biosensors coupled with mobile applications provide continuous insight into
patient status. Such systems may improve disease management, allow early detection
of exacerbations, and support personalized treatment strategies in IBD.
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ASSESSMENT OF EPIGENETIC AGING IN
NEUROLOGICAL DISORDERS: COMPARISON BETWEEN
CORTICAL AND HORVATH EPIGENETIC CLOCKS

Julia Kwiecinska', Weronika Czop', Anna Krzyworgczka®,

Jadwiga Duda?, Kinga Kocemba-Pilarczyk?
* juliakwiecinska02@gmail.com

'Bioinformatics Students' Scientific Club “In Silico”, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University, Krakow, Poland
2SSG of Epigenetics and Nanotechnology, Jagiellonian University Medical Collage,
Krakow, Poland
3Jagiellonian University Medical College, Faculty of Medicine, Chair of Medical
Biochemistry, Krakow, Poland

Keywords: epigenetic clock, epigenetic aging, neurological disorders, Horvath Clock,
Cortical Clock

Epigenetic age, estimated from DNA methylation patterns, reflects biological aging
beyond chronological time. Its acceleration has been linked to neurological disorders,
potentially capturing processes such as neuroinflammation and cellular dysfunction.
However, findings remain inconsistent, underscoring the need to investigate epigenetic
aging across diverse brain conditions and to compare different epigenetic clocks.

Our motivation was to provide brain tissue-based evidence on epigenetic aging across
neurological disorders, including Alzheimer’'s disease, Parkinson’s disease, multiple
sclerosis, Down syndrome, and epilepsy. Previous findings remain inconsistent, and
studies based on brain tissue are still limited, particularly in epilepsy, where data on
epigenetic age are largely lacking. In addition, the Horvath and Cortical Clocks may
yield divergent estimates, highlighting the need to systematically compare their
performance across neurological conditions.

In Parkinson’s disease, Lewy body disease, and Down syndrome, the cortical clock
indicated increased epigenetic age compared to controls, whereas temporal lobe
epilepsy showed decreased epigenetic age. Results varied depending on the clock
used.

Our results extend previous work on epigenetic aging in neurological disorders by
jointly analyzing multiple brain diseases and comparing different epigenetic clocks in
brain tissue. We show that clock choice can influence biological interpretation,
indicating that epigenetic age estimates are not fully interchangeable.
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ASSESSMENT OF FOLDAMER PEPTIDES STABILITY VIA
CIRCULAR DICHROISM SPECTRA MEASUREMENT

Hanna Jaworska'*, Dominika Gazdziak?, Kornelia Banaszczyk?, Zuzanna
Kubicka?®, Oliwia Polanska3, Monika Szefczyk*

*276235@student.pwr.edu.p

'Department of Experimental Physics, Faculty of Fundamental Problems
of Technology, Wroctaw University of Science and Technology, Poland
2Faculty of Biotechnology, University of Wroclaw, Poland
3Department of Biomedical Engineering, Faculty of Fundamental Problems
of Technology, Wroctaw University of Science and Technology, Poland
4Department of Bioorganic Chemistry, Faculty of Chemistry, Wroctaw University
of Science and Technology, Poland

Keywords: peptides, non-canonical amino acids, secondary structure, a-helix

Circular dichroism (CD) spectroscopy is a commonly used method for studying
proteins and other chiral molecules. It detects differences in the absorption
of left- and right-circularly polarized light, allowing insight into molecular
conformation.[1]

The purpose of this study was to perform a temperature-dependent analysis
of the secondary structure of foldamer peptides using CD spectroscopy. The work
focused on novel peptide foldamers — synthetic oligomers designed to adopt stable,
well-defined, and predictable conformations. The inclusion of non-canonical amino
acid residues can improve structural control, resistance to proteolysis, and biological
functionality [2].

Two 30-residue foldamers with identical sequences were examined, differing only
in the substitution of leucine with cycloleucine in one variant. CD spectra were collected
at pH levels of 3.0, 7.2 and 9.0, and thermal stability was evaluated over
a temperature range of 4-96°C.

Both foldamers displayed CD spectra typical of a-helical structures, with negative
bands around 207 and 222 nm. Only slight variations in signal intensity were observed
across the tested pH and temperature conditions, indicating that the secondary
structure remained largely intact. These findings suggest a high degree
of conformational stability under different environmental conditions, supporting
potential applications in areas such as drug delivery systems [2].

[1] S. R Martin, et al. (2008) Methods in cell biology vol. 84. doi: 10.1016/S0091-679X(07)84010-6
[2] M. Szefczyk, et al. (2025) J. Mater. Chem. B 13, doi: 10.1039/D5TB00752F
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BACTERIAL PROTEIN TOPOLOGY AS A NOVEL
ANTIBIOTIC TARGET

Alicja Gawron'™, Janina Pawtowska?, Karolina Kurus?
* a.gawron6@student.uw.edu.pl

! Alicja Gawron, Faculty of Mathematics, Informatics and Mechanics, University of Warsaw

2 Janina Pawlowska, Faculty of Mathematics, Informatics and Mechanics, University of
Warsaw

3 Karolina Kurus, Faculty of Mathematics, Informatics and Mechanics, University of Warsaw

Keywords: antibiotic resistance, knotted proteins, TrmD, topological proteomics, drug
discovery

The persistent rise of antimicrobial resistance constitutes a profound challenge to
global public health, exacerbated by a historical reliance on a narrow range of bacterial
targets such as DNA replication and protein synthesis. As conventional antibiotics lose
efficacy, the focus of pharmacological research must shift toward identifying unique
biochemical structures that distinguish bacterial pathogens from their eukaryotic hosts.

This overview examines knotted proteins—rare polypeptides whose backbones form
non-trivial topological entanglements—as a viable yet underexplored class of
therapeutic targets. While these structures pose significant kinetic challenges during
protein folding, their evolutionary conservation across essential bacterial enzymes
suggests they provide indispensable structural stability and catalytic precision. The
primary finding of this synthesis is that the profound structural divergence between
bacterial knotted enzymes, such as TrmD, and their unknotted eukaryotic
counterparts, such as Trm5, facilitates the design of highly selective inhibitors. By
exploiting these topological disparities, researchers can develop agents that disrupt
essential bacterial functions with minimal risk of host toxicity. This topological approach
represents a paradigm shift in drug discovery, offering a robust strategy to overcome
"evolvability" in resistant strains by targeting structurally constrained, essential protein
folds.
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BioINFORMATICS IN CONTEMPORARY MRNA VACCINE
ENGINEERING

Zofia Stankowska'", Bartosz Zajac', Zoja Czakaj'
*z.stankowska@student.uw.edu.pl

' Faculty of Mathematics, Informatics and Mechanics, University of Warsaw

Keywords: mRNA vaccines, artificial intelligence, bioinformatics, lipid nanoparticles

Messenger RNA (mMRNA) vaccines are an alternative to traditional vaccines by utilizing
the host’'s own cells to produce antigens. Rapidly developed during the COVID-19
pandemic, they have demonstrated high efficacy and a strong safety profile. Their
high programmability combined with the potential for fast and low-cost manufacturing
makes them a promising tool for personalized medicine. In this poster, we aim to
explore the prospective application of artificial intelligence and bioinformatic tools in
optimisation of mRNA vaccine design process. The main methods discussed
include, but are not limited to, NetMHCpan-4.2 for epitope identification,
LinearDesign for mRNA sequence design and machine learning models for
predicting key characteristics of lipid nanoparticles (LNPs). These computational
methods, along with emerging biotechnological advancements, pave the way for a
future where mRNA vaccines are the cornerstone of personalized medicine.

10
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BRAIN ATLAS REGISTRATION ACCURACY IN STROKE:
REVIEW OF IMPLICATIONS FOR PARCELLATION CHOICE

Agata Leszczak'™
* agata.leszczak@student.uj.edu.pl

' Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University,
Krakow, Poland

Keywords: stroke, brain parcellation, functional connectivity, review

Resting-state functional connectivity (FC) analysis relies on brain parcellation atlases
to define network nodes. Anatomical atlases (e.g., AAL) use structural landmarks,
while functional atlases (e.g., Schaefer) derive from connectivity gradients. In stroke,
structural lesions disrupt brain anatomy, yet their impact on different atlas modalities
remains insufficiently characterized.

Standard spatial normalization pipelines (ANTs, SPM) can produce inaccuracies in
stroke imaging, as hypointense lesions induce warping artifacts that displace atlas
boundaries. Although lesion masking mitigates errors, research comparing anatomical
versus functional parcellations' topological robustness remains scarce.

Since functional boundaries reflect connectivity patterns rather than anatomical
landmarks, they may offer greater resilience to structural deformations.

Literature reveals anatomical parcellations are frequently displaced in perilesional
territories due to registration errors. While lesion masking partially addresses this,
direct comparisons of AAL versus Schaefer frameworks in stroke cohorts are notably
absent.

Consequently, stroke connectomics findings may be influenced by atlas choice,
particularly when lesion-atlas interactions are not explicitly addressed. Optimizing atlas
selection is vital for the development of reliable biomarkers for patient recovery. This
review underscores that validating functional atlases is a necessary step toward more
accurate and reproducible clinical brain research.
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Accurate skeletonization of vascular structures is essential for quantitative medical
image analysis, enabling reduction of vessels to one-pixel-wide centerlines while
preserving topology. Reliable centerline extraction is particularly important in
morphometric and hemodynamic studies of cerebral vasculature.

Initial qualitative assessment identified the Zhang—Suen and Lee algorithms as
providing smoother and more continuous vessel representations than alternative
methods. Binary masks from ICA (n = 526) and DCA (n = 134) datasets were
preprocessed and pruned to remove short branches and reduce spurious bifurcations.
Evaluation included the Jaccard index, modified Walsh metrics, and normalized
branch-point counts.

Both algorithms achieved similar global accuracy; however, the Lee method
consistently generated fewer artificial branch points, producing cleaner vascular
topologies.

The results demonstrate that branch-point normalization and pruning are essential for
reliable assessment of skeletonization methods and may improve downstream
vascular morphology and flow analyses.

Financing: Project-Based Learning (Excellence Initiative — Research University Program), in accordance with
Regulations No. 54/2020 and 55/2020 of the Rector of the Silesian University of Technology dated March 13, 2020
and ABM grant 2023/ABM/02/00017-00 (AS, KPM, SS).
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MicroRNAs (miRNAs) are key post-transcriptional regulators that influence gene
expression and play an important role in diverse biological processes and diseases.
Computational analysis of miRNA—gene interactions and their associated pathways
has become essential for interpreting high-throughput biological data.

Despite the availability of multiple enrichment tools, there is a lack of lightweight, user-
friendly applications specifically focused on miRNA—gene—pathway relationships
without domain-specific bias. To address this gap, we developed CATNAP, a
bioinformatics application for miRNA enrichment analysis implemented in the R
programming language using the Shiny framework. The tool enables users to analyze
genes regulated by selected miRNAs with customizable parameters, including
prediction score thresholds and pathway size. Data are retrieved from a locally stored
miRDB database and processed using established packages such as clusterProfiler
and KEGGREST, with results presented as interactive tables and visualizations.

CATNAP provides a fast and focused approach to identifying biologically relevant
pathways associated with miRNAs, offering results comparable to existing platforms
while maintaining simplicity and flexibility

By emphasizing usability and specificity, the application supports efficient exploratory

analysis and may facilitate broader adoption of miRNA-based functional studies in
bioinformatics research.
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Advances in computational technologies have significantly improved medical
diagnostics by enabling efficient processing of complex data. This progress has
facilitated the development of deep learning methods for coronary vessel analysis in
angiographic images.

Three architectures (U-Net, Attention U-Net, and two-branch U-Net) were evaluated
for coronary vessel segmentation. Experiments were conducted on the ICA dataset
(616 images) and the DCA1 dataset (134 images), with and without data
augmentation. Focal loss was applied to address class imbalance. Training was
performed on ICA and on a combined ICA+DCA1 set. Generalization was assessed
by testing ICA-trained models on DCA1. Performance was measured using Dice,
clDice, loU, precision, and recall with K-fold cross-validation. Additionally, preliminary
attempts were made to extend the approach to multiclass segmentation using the
ARCADE dataset.

Based on K-fold cross-validation and evaluation on the independent DCA1 dataset,
the classical U-Net with data augmentation proved to be the most effective model
overall. Attention U-Net and two-branch U-Net also achieved good and stable results.
Data augmentation improved training and reduced overfitting.

Accurate vessel segmentation supports analysis of vascular structure and improves
diagnostic workflows through automation and objectivity.

Financing: Project-Based Learning (Excellence Initiative — Research University Program), in accordance with
Regulations No. 54/2020 and 55/2020 of the Rector of the Silesian University of Technology dated March 13, 2020
and ABM grant 2023/ABM/02/00017-00 (AS, KPM, SS).
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The vastness of chemical space makes purely experimental drug discovery highly
inefficient. Computational approaches - particularly de novo molecular design
enhanced by recent advances in deep learning - address this by generating novel
ligands with specific target properties. However, the rapid and reliable evaluation of
these de novo ligands remains challenging due to a lack of benchmark data. Because
a promising drug candidate must bind to its receptor with sufficient affinity, a validation
framework for generated ligands could incorporate molecular docking.

A major limitation of conventional docking is its reliance on empirical scoring functions.
These functions often struggle to accurately predict binding affinity, as their
performance can vary significantly across different test sets. For newly designed
ligands that diverge from known chemical spaces, a robust, system-independent
scoring approach is critical. This suggests that a more physically grounded estimation
of interaction energy is required to reliably assess de novo molecules.

Overall, the objective of this work is to build an automated workflow that facilitates the
comparison of different scoring functions used in docking simulations. Integrating
generative ligand design with molecular docking that utilizes reliable scoring methods
will ultimately enhance the identification of promising drug candidates and advance
future developments in structure-based drug design.
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Thousands of transplantable organs are discarded annually because static cold storage
cannot maintain viability or provide real-time functional assessment during transport.
Normothermic machine perfusion (NMP) addresses this by maintaining tissue under
warm, oxygenated flow. Normothermic ex vivo perfusion of porcine organs has become
a critical validation step in xenotransplantation workflows following recent landmark pig-
to-human kidney and heart transplants procedures.

Published open-source NMP systems still require budgets of approximately
$48,000-66,000 budgets and clinical-grade blood products. This work presents our
approach to an NMP-inspired system: a student-built prototype developed by SKN
SzczURek at the University of Rzeszéw to reproduce selected features of normothermic
perfusion using flexible manufacturing, modular construction, connectivity, telemetry, and
practical affordance. The experimental scope is limited to ex vivo perfusion physiology on
post-slaughter biological material and prototype validation; no live-animal experiments
are included.

The main outcome is a connected, modular prototype concept that provides a feasible
educational baseline for controlled ex vivo perfusion studies outside clinical NMP
infrastructure.By releasing hardware, firmware, and software as open-source materials,
our device may help academic groups test perfusion protocols, evaluate haemoglobin-
based oxygen carriers (HBOCs), and train students in bioengineering. Future work will
extend monitoring and adapt the system for cardiac, renal, and pancreatic preparations,
with the longer-term goal of contributing to preclinical perfusion research in settings
where commercial NMP systems such as the TransMedics OCS remain financially
inaccessible.
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Hemophilia is a complex congenital bleeding disorder that requires precise, lifelong
therapeutic management. Recent medical advancements have significantly extended
the life expectancy of patients, leading to an aging population that increasingly faces
age-related comorbidities and the challenges of polypharmacy.

Existing digital tools for checking drug-drug interactions (DDI) provide generic
pharmacological data but fail to account for the unique physiological risks and
specific contraindications inherent to hemophilia. This study aims to address this
safety gap by developing a specialized digital support tool that integrates global
pharmacological databases with a custom-built rule engine tailored to the specific
needs of patients with bleeding disorders.

The developed tool successfully identifies high-risk interactions specific to
hemophilia, which are frequently overlooked by general-purpose platforms, by
overlaying a specialized hematological logic engine onto standardized drug APIs.

This application enhances personalized treatment, patient autonomy and provides
decision support for non-specialist clinicians. Furthermore, the modular architecture
of this tool establishes a scalable framework for improving medication and
pharmaceutical safety across various other rare disease domains where specialized
pharmacological guidance is currently lacking.
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During their development, each T lymphocyte independently generates a unique receptor
sequence through recombination of V, D, and J gene segments. Because this process occurs
across a large population of T lymphocytes, it creates a highly diverse set of receptors that
together form the T-cell receptor (TCR) repertoire, which changes dynamically depending on
the patient’'s immune response state.

Because TCR repertoires change in response to infection and other immune-related
conditions, their analysis has potential diagnostic value. In this work, repertoire features were
represented as similarity networks constructed based on distances between receptors, with
the aim of identifying an algorithm capable of preserving repertoire properties while enabling
distinction between healthy and diseased individuals.

A heuristic approach was developed to identify a combination of network construction
algorithms and parameters that generated clearly distinguishable similarity networks for
healthy individuals and individuals with COVID-19, achieving an average inter-network
distance of 0.7.

These results demonstrate that similarity networks can preserve diagnostically relevant
repertoire features and support disease classification. The proposed vector-based network
representation also shows potential for method standardization. Future work will extend the
approach to other immune-related diseases and develop more advanced methods for
network comparison.

18



@ BioMeeting

EFFECT OF IONIZING RADIATION ON THE HALF-LIFE OF
APOPTOSIS-INVOLVED SELECTED PROTEINS IN
HCT116 CELLS

Anna Wiszkony'*, Daria Katuzynska?
*aw308135@student.polsl.pl

' Faculty of Automatic Control, Electronics and Computer Science, Silesian University
of Technology, Gliwice, Poland
2 Department of Optoelectronics, Silesian University of Technology, Gliwice, Poland

Keywords: data analysis, image analysis, proteins, half-life, cell culture, signaling
pathways

lonizing radiation induces DNA damage and activates the DNA damage response
(DDR), leading to alterations in the levels and stability of proteins involved in cell cycle
control, DNA repair, and apoptosis.

The tumor suppressor p53 and its downstream effectors, p21 and PTEN, are key
regulators of the genotoxic stress response; however, the effects of ionizing radiation
on their stability remain incompletely understood. This study aimed to determine the
half-lives of these proteins in HCT 116 human colorectal cancer cells under control
conditions and after irradiation. Protein stability was assessed using a cycloheximide
chase assay combined with Western blot analysis and quantitative signal intensity
analysis.

lonizing radiation differentially modulates protein stability, leading to a prolonged half-
life of p21 while maintaining a short half-life of p53 and high stability of PTEN.

These findings demonstrate selective regulation of protein stability in response
to genotoxic stress. Improved understanding of these mechanisms may support the
development of targeted therapeutic strategies and enhance the effectiveness
of radiation-based cancer treatments.
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Genomic analysis plays a critical role in modern biology and medicine, giving insights
into disease mechanisms, inheritance, and individual risk profiles. As sequencing
technologies become faster and more affordable, their application is quickly
expanding beyond research into clinical and commercial settings.

This work examines the ethical implications of genomic analysis through a critical
review of documented cases and theoretical frameworks, with particular attention to
privacy risks, informed consent, and the potential for genetic discrimination. We
analyze how misinterpretation or oversimplification of genetic findings, such as
associations between certain variants and aggressive or antisocial behavior, can lead
to stigmatization. Additionally, we evaluate existing regulatory approaches and
highlight limitations in protecting individuals from misuse of genomic data by
employers, insurers, or public institutions.

Our analysis shows that ambiguous interpretation of genotype-phenotype
relationships, combined with insufficient legal regulations, creates a risk of
discrimination and social harm.

These findings highlight the necessity of integrating ethical standards, clearer
communication of genetic risk, and stronger legal protections into genomic research
and its applications. Strengthening these frameworks is essential to prevent misuse,
ensure equitable treatment, and support responsible advancement in genomics.
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Liposomes are lipid nanovesicles widely utilized as advanced drug delivery systems
to improve drug bioavailability. A common method for vesicle size standardization
is extrusion, which involves forcing lipid suspensions through calibrated nanopores.
However, high-concentration phosphatidylcholine formulations create significant
mechanical resistance, making the sizing process energy-intensive and technically
challenging.

Currently, most extrusion research focuses solely on the pressure within
the nanopores during the extrusion process as an indicator of its efficiency.
This approach ignores the actual mechanical work performed within the lipid system
itself, creating a significant research gap in understanding the energetics of membrane
deformation induced by extrusion. The goal of this study was to develop a method
to determine energy consumption as a function of variable parameters of liposomal
formulations, a feat that cannot be achieved solely by standard pressure
measurements.

The research resulted in an intuitive Python-based application that determines the net
work performed on the lipid membrane by performing trapezoidal numerical integration
of the force-time signal difference between the sample and its mechanical background.

By quantifying the actual work done on lipids, rather than the pressure used in the

extrusion process, this tool provides a scalable framework for optimizing the production
and stability of high-concentration formulations in advanced drug delivery systems.
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