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Angiogenesis and vascular patterning: a calibrated mathematical 

model using the chicken chorioallantoic membrane 
Ferrini Alessio (1)  

1. University of Padova 

Correspondence: alessio.ferrini@studenti.unipd.it 

Sprouting angiogenesis is the fundamental biological process responsible for the development of the vascular systems 

in adult individuals of superior eukaryotes. Capillaries undergo sprouting angiogenesis by altering the phenotype of 

their epithelial cells and proliferating toward starving or hypoxic cells [1]. Because of its importance in restoring tissue 

homeostasis, it has a relevant role during wound healing and is also employed by tumors to sustain their development. 

Considering its impact on human health, many efforts have been put into modeling angiogenesis [2]. While models 

may efficiently reproduce the mechanism of a biological process, the reliability of their prediction depends on the 

fitness they show with respect to the empirical evidence [3]. In the present work, we present our effort in calibrating a 

mathematical phase-field model originally proposed by Travasso et al. in 2011. The work took advantage of the 2022 

implementation of the original model, included in the open-source package Mocafe, and employed experimental data 

of sprouting angiogenesis measured with the chicken chorioallantoic membrane system (CAM).  

The calibration of the model’s parameters followed a forward approach consisting in subsequent rounds of simulations 

employing a wide array of values. The calibration aimed at finding the optimal parameter set with respect to the fitness 

of the simulation with the empirical data. In our preliminary results the optimal values of two important model 

parameters were found to differ significantly from the ones originally proposed in 2011, and a useful modification of 

the model’s framework has been proposed.  

Although there is room for improvement, the preliminary results obtained are promising, and the model developed is 

now proposed for permanent implementation. 

References 

1. G. Eelen, L. Treps, X. Li, e P. Carmeliet, «Basic and Therapeutic Aspects of Angiogenesis Updated», Circ. Res., vol. 127, fasc. 2, 

pp. 310–329, lug. 2020, doi: 10.1161/CIRCRESAHA.120.316851. 

2. J. A. Flegg, S. N. Menon, H. M. Byrne, e D. L. S. McElwain, «A Current Perspective on Wound Healing and Tumour-Induced 

Angiogenesis», Bull. Math. Biol., vol. 82, fasc. 2, p. 23, gen. 2020, doi: 10.1007/s11538-020-00696-0. 

3. M. Cardiff e P. K. Kitanidis, «Efficient solution of nonlinear, underdetermined inverse problems with a generalized PDE model», 

Comput. Geosci., vol. 34, fasc. 11, pp. 1480–1491, nov. 2008, doi: 10.1016/j.cageo.2008.01.013. 
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Understanding Complex Systems through Differential Causal 

Networks 
Annamaria Defilippo (1), Federico Manuel Giorgi (2), Pierangelo Veltri (3), Pietro Hiram Guzzi (1) 

1. Department of Surgical and Medical Sciences, Magna Graecia University of Catanzaro, 88100, Italy 

2. Department of Pharmacy and Biotechnology, University of Bologna, 40126 Bologna, Italy 

3. Department of Computer Science, Modelling and Electronics (DIMES), University of Calabria, Rende, 87036, Italy 

Correspondence: annamaria.defilippo@unicz.it 

Background: In the evolving landscape of data science and computational biology, Causal Networks (CNs) have emerged 

as a robust framework for modelling causal relationships among elements of complex systems derived from 

experimental data [1][2]. CNs can efficiently model causal relationships emerging in a single system while comparing 

multiple systems, allowing to understand rewiring in different cells, tissues, and physiological states with a deeper 

perspective [8].  

Despite differential networks have been used to compare coexpression and correlation structures [4], introducing 

causality in differential analysis is essential to understand information flows and improve interventions, for example 

for agricultural or pharmacological purposes. 

Methods: To achieve the ambitious goal of identifying the differences in causal relationships between two conditions, 

we introduce Differential Causal Networks (DCNs). DCNs are a novel framework that represents differences between 

two existing CNs. A DCN is obtained from experimental data by comparing two CNs, and it is a power tool for 

highlighting differences in causal relations. We also compare differences among three possible definitions of DCNs to 

highlight similarities and differences, with a focus on those of biological importance in our case, but generally to 

identify significant differences.  

Results: After a careful definition and design of DCNs, we test our algorithm to model possible differential causal 

relationships between genes [5] responsible for the onset of type 2 diabetes mellitus-related pathologies [6] 

considering patients' sex at the tissue level [3][7]. DCNs allowed us to shed light on causal differences between sexes 

across nine tissues. Code, Data and Supplementary Information are available at 

https://github.com/hguzzi/DifferentialCausalNetworks [9][10][11].  

Conclusion: The primary aim of researching DCNs and other network-based methodologies in a biological context is to 

enhance clinical care by personalizing treatment for patients with different conditions, such as the two sexes, and 

examining the differences in causal mechanisms influencing certain pathologies. Given this, the proposed method 

opens the doors to using DCNs in the genetic field, with the potential to expand into the proteomic and metabolomic 

domains. The clinical validation of the information drawn from this type of analysis remains of fundamental 

importance. 

References 

1. Pearl, J. Causal inference in statistics: An overview. Stat. Surv. 3, 96–146 (2009). 

2. Glymour, C., Zhang, K. &amp; Spirtes, P. Review of causal discovery methods based on graphical models. Front. Genet. 10, 

DOI: 10.3389/fgene.2019.00524 (2019). 

3. Guzzi, P. H. et al. Differential network analysis between sex of the genes related to comorbidities of type 2 mellitus diabetes. 

Appl. Netw. Sci. 8, 1–16 (2023). 

4. Ideker, T. &amp; Krogan, N. J. Differential network biology. Mol. systems biology 8, 565 (2012). 

5. Lonsdale, J. et al. The genotype-tissue expression (gtex) project. Nat. genetics 45, 580–585 (2013). 

6. Rani, J. et al. T2diacod: a gene atlas of type 2 diabetes mellitus associated complex disorders. Sci. Reports 7, 1–21 (2017). 
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Computational Benchmarking of Aptamers for Selective 

Inhibition of HuR 
Davide Pietrafesa (1), Federico Iacovelli (1), Alice Romeo (1), Mattia Falconi (1) 

1. Department of Biology, University of Rome “Tor Vergata”, 00133 Rome Italy 

Correspondence: davide.pietrafesa@uniroma2.it 

Background: RNA-binding proteins (RBPs) are post-transcriptional regulators of gene expression, affecting RNA 

localization and translation. HuR (ELAVL-1) is a RBP that binds AU-rich elements (AREs) in the 3' UTR of target mRNAs 

through its three RNA recognition motifs (RRMs). Primarily nuclear, HuR dimerizes through its RRM3 domain under 

specific stimuli, stabilizing target mRNAs for cytoplasmic export, where it enhances translation. Nuclear HuR affects 

splicing and stability, while its cytoplasmic form increases mRNA translation, making HuR a potential therapeutic 

target due to its role in promoting tumor growth. While several small molecule inhibitors target HuR, they often lack 

specificity. For this reason, RNA-based aptamers, which offer high affinity and specificity, represent a promising 

alternative. 

Methods: 12 RNA aptamer sequences - divided in five classes: A, B, C, D and orphan - were retrieved from the study of 

König et al. to be analyzed. The HuR-aptamers systems were modeled using AlphaFold3. The topology and coordinates 

files were prepared with AmberTools22, using the AMBER ff19SB and OL3 force fields for protein and RNA, 

respectively. Each complex was simulated for 500 ns of Gaussian-accelerated Molecular Dynamics (GaMD). The MD 

trajectories were analyzed with modules of GROMACS 2022 suite. The MM/GBSA method was used to quantify the 

free energy of interaction between HuR and the aptamer. 

Results: RMSD analysis revealed aptamer A4 to be the least stable, while aptamers A1, B1, B3, and C exhibited the 

highest structural stability with an average RMSD below 1.5 Å. RMSF results indicated increased flexibility in the RRM3 

region (residues 244-322) of the HuR protein for complexes HuR-A4 and HuR-B3, suggesting potential inhibition of 

dimerization. PCA analysis demonstrated restricted conformational space exploration for HuR when bound to aptamers 

A1, B2, and B3, contrasting with A2 and A4, which showed wider exploration. 

Conclusion: The benchmark analysis identified five aptamers (B2, A2, orphan, A1, and B1) as the most promising 

candidates for further optimization. These selected aptamers will be refined to create a super-inhibitor. Subsequent 

molecular docking and MD simulations will be employed to design and optimize the most selective aptamers for in vitro 

and in vivo testing. 

References 

1. N. Ripin, et al.: Molecular basis for AU-rich element recognition and dimerization by the HuR C-terminal RRM, Proceedings of the National 

Academy of Sciences, 2019, 116, 2935-2944. 

2. C.W. Schultz, et al.: Understanding and targeting the disease‐related RNA binding protein human antigen R (HuR), Wiley Interdisciplinary 

Reviews: RNA, 2020, 11, e1581. 

3. J. König, et al.: Combining SELEX and the yeast three-hybrid system for in vivo selection and classification of RNA aptamers, RNA, 2007, 

13, 614-622. 

4. J. Abramson, J. Adler, J. Dunger, et al.: Accurate structure prediction of biomolecular interactions with AlphaFold 3, Nature, 2024, 630, 493–

500. 

5. R. Salomon-Ferrer, et al.: An Overview of the Amber Biomolecular Simulation Package, WIREs Computational Molecular Science, 2013, 3, 

198–210. 

6. J. Wang, et al.: Gaussian accelerated molecular dynamics: principles and applications, WIREs Computational Molecular Science, 2021, e1521. 

7. D.A. Case, et al.: The Amber biomolecular simulation programs, Journal of Computational Chemistry, 2005, 26, 1668–1688. 

8. M.J. Abraham, et al.: Gromacs: High performance molecular simulations through multi-level parallelism from laptops to supercomputers, 

SoftwareX, 2015, 1–2, 19–25. 
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Intrinsically Disorder Ensemble Tools (IDPET), A Python Package 

for Studying Conformational Ensembles of Disordered Proteins 
Hamidreza Ghafouri (1), Giacomo Janson (2), Nikola Ivanovic (1), Silvio Tosatto 1, Alexander Miguel Monzon 

(3) 

1. Department of Biomedical Sciences, University of Padova 

2. Department of Biochemistry and Molecular Biology, Michigan State University 

3. Department of Information Engineering, University of Padova 

Correspondence: Hamidreza.ghafouri@studenti.unipd.it 

Intrinsically Disordered Proteins (IDPs) and Intrinsically Disordered Regions (IDRs) play critical roles in a range of 

biological and pathological processes across both prokaryotic and eukaryotic organisms. Unraveling the structures and 

dynamics of IDPs/IDRs can thus offer valuable insights into cellular functions such as cell signaling, division, circadian 

biology, genome maintenance, and cellular homeostasis. Due to the highly dynamic nature of IDPs/IDRs, which arises 

from their unique sequence compositions, they are best represented by conformational ensembles—collections of 

rapidly interconverting structures that are statistically weighted to reflect the intrinsic dynamics and significance of 

each conformation.(1) 

Here, we present IDPET (Intrinsically Disordered Protein Ensemble Tool), a Python software package designed for the 

analysis and visualization of IDP/IDR structural ensemble features. IDPET enables simultaneous loading of multiple 

ensembles, allowing extraction of diverse local and global properties, alongside data visualization. It includes powerful 

tools for in-depth analysis, such as dimensionality reduction, clustering, and ensemble comparison techniques, and 

can retrieve data directly from relevant databases, like the Protein Ensemble Database (PED) (2), to streamline the 

analysis process. 

IDPET facilitates detailed exploration of structural distributions within ensembles for the same protein or regions 

generated by different methods. Additionally, it includes statistical tools to detect similarities and differences between 

ensembles, providing a robust framework for comparative analysis. We demonstrate IDPET's capabilities across 

multiple example cases and have prepared comprehensive documentation to support users in harnessing the package's 

full potential. 

References 

1. Holehouse, Alex S., and Birthe B. Kragelund. "The molecular basis for cellular function of intrinsically disordered protein 

regions." Nature Reviews Molecular Cell Biology 25.3 (2024): 187-211. 

2. Ghafouri, Hamidreza, et al. "PED in 2024: improving the community deposition of structural ensembles for intrinsically 

disordered proteins." Nucleic acids research 52.D1 (2024): D536-D544. 
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EPS-urine derived extracellular vesicles: multi-omics profiling for 

prostate cancer risk stratification 
Chiara Ansermino (1), Denise Drago (1), Radmila Pavlovic (1), Jordi Capellades Tomàs (2), Óscar Yanes Torrado 

(2), Vito Cucchiara (3), Francesco Montorsi (3), Alberto Briganti (3), Annapaola Andolfo (1) 

1.  Proteomics and Metabolomics Facility (ProMeFa), Center for OMICS Sciences (COSR), IRCCS San Raffaele Scientific 

Institute, 20132 Milan;  

2. Department of Electronic Engineering, Universitat Rovira i Virgili, Institut d’Investigació Sanitària Pere Virgili, 

43007 Tarragona, Spain;  

3. Department of Urology and Division of Experimental Oncology, Urological Research Institute (URI), IRCCS San 

Raffaele Scientific Institute, Milan 20132, Italy. 

Correspondence: ansermino.chiara@hsr.it 

Introduction: The need for novel biomarkers to improve the performance of available tests for prostate cancer (PCa) 

diagnosis remains critical (1). Extracellular vesicles (EVs) have emerged as promising tools for improving PCa diagnosis 

and patient stratification. While extensive research has explored the protein composition of EVs isolated from expressed 

prostatic secretion (EPS)-urine (2), their metabolomic and lipidomic profile is yet to be fully understood. This study 

seeks to address this knowledge gap through an untargeted LC-MS/MS metabolomic and lipidomic analysis of EVs 

derived from EPS-urine samples of PCa patients. 

Methods: EVs were isolated from the EPS-urine of 42 prostate cancer (PCa) patients, categorized into high-risk (HR) 

PCa (n=21) and low-risk (LR) PCa (n=21) according to EAU guidelines. Size analysis and classical protein marker 

identification were performed using nanoparticle tracking analysis (NTA) and Western blotting, respectively. A global 

extraction protocol was used to isolate metabolites and lipids, which were analysed by LC-MS/MS. Data Independent 

Acquisition (DIA) and Data Dependent Acquisition (DDA), implemented with Hermes, were combined (3). Omics data 

were integrated using the DIABLO model from the MixOmics R package. 

Results: Separate single-omics analyses revealed 287 lipids and 89 metabolites. Enrichment analysis underscored the 

significance of amino acids synthesis, along with sphingolipid and glycerophospholipid metabolism. Furthermore, a 

notable reduction in sphingolipids in HR patients compared to LR patients (p 0.8) capable of distinguishing HR from LR 

PCa patients. By integrating the results from the t-test and DIABLO output with multivariate ROC analysis we 

constructed an optimized panel of 7 key features, demonstrating a potential robust diagnostic performance (AUC = 

0.875; accuracy = 78.1%). 

Conclusions: This multi-omics analysis unveiled significant lipidomic and metabolomic alterations associated with PCa 

risk stratification. The use of DIABLO model data demonstrated a robust correlation between lipidomic and metabolomic 

profiles, facilitating the identification of key features for distinguishing HR from LR prostate cancer. 

References 

1. Eskra, J. N., Rabizadeh, D., Pavlovich, C. P., Catalona, W. J., &amp; Luo, J. (2019). Approaches to urinary detection of prostate 

cancer. In Prostate Cancer and Prostatic Diseases (Vol. 22, Issue 3, pp.  362–381). Nature Publishing Group. 

https://doi.org/10.1038/s41391-019-0127-4 

2. Principe, S., Jones, E. E., Kim, Y., Sinha, A., Nyalwidhe, J. O., Brooks, J., Semmes, O. J., Troyer, D. A.,  Lance, R. S., Kislinger, T., 

&amp; Drake, R. R. (2013). In-depth proteomic analyses of exosomes isolated from expressed prostatic secretions in urine. 

Proteomics, 13(10–11), 1667–1671.  https://doi.org/10.1002/pmic.201200561 
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Integration of mass spectrometry and mass cytometry imaging 

for spatially resolved single cell profiling 
Davide G. Franchina (1), Sean C. Bendall (1) 

1. Department of Pathology, Stanford University, Stanford, CA, USA 

Correspondence: dgf@stanford.edu 

Background: Spatial mapping tools offer an approach to study tissue complexity and heterogeneity in 

(patho)physiology. However, due to specific platform-to-platform incompatibility, protocols that maximize output 

from a single tissue section are lacking. Here, we present a workflow for the sequential imaging of archival material 

using matrix assisted laser desorption ionization (MALDI) and multiplexed ion beam imaging (MIBI). MnM enables the 

acquisition of untargeted molecular composition (MALDI) and targeted single-cell phenotype (MIBI) from a single tissue 

section. 

Methods: FFPE sections from lymphatic tissues were sectioned onto a new organic polymer-coated slide (MIBIblue). 

The tissue was first imaged with a MALDI. The matrix was washed off and sections were stained with a mix of metal-

labelled antibodies targeted to immune phenotypic markers. Data was acquired with a MIBIscope and sections were 

counterstained with H&amp;E. Bilinear interpolation was used for pixel up-sampling of the MALDI dataset to match the 

MIBI pixel size. Alignment of the two modalities into a shared coordinate system was achieved by registration between 

MALDI-H&amp;E and MIBI-H&amp;E using the H&amp;E as ground truth. Registered MnM imaging data were combined 

into a single dataset where each pixel retains bimodal information from N-glycans and MIBI probes. 

Results: Here, we show that dual modality MALDI and MIBI (MnM) imaging is possible on the same tissue section, 

demonstrating the proof of concept of human lymphatics. The number of ionized species and N-glycan annotations 

were comparable between the two slides, indicating that MIBIblue can be used for N-glycan MALDI imaging. Then, we 

used MIBI to measure the expression of metal-tagged immune markers across the tissue area previously rastered with 

MALDI. MIBI imaging data from MALDI-treated regions were comparable to MALDI-free areas, suggesting that laser 

ablation by MALDI does not affect MIBI acquisition. 

Conclusion: We present a novel sequential imaging and registration strategy enabling mass spectrometry imaging by 

MALDI, high-definition spatial proteomics by MIBI and traditional H&amp;E on the same tissue section. 
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Background: Recent findings suggest that cell metabolism may be key to understanding miscarriages and 

developmental abnormalities in early embryonic development [1-6]. To explore metabolic differences between pre- and 

post-implantation embryonic cells, we analyzed single-cell RNA-seq data from various 3D culture models, integrating 

data from two studies: one using Inner Cell Mass Cells [7] and another using human Embryonic or induced Stem Cells 

[8]. Using metabolic network reconstructions, constraint-based methods [9], and machine learning techniques [10], 

we estimated metabolic fluxes and assessed shifts in cellular metabolic activity. 

Methods: Metabolic fluxes are calculated using COBRA-based models. Transcriptomic data are preprocessed and 

denoised using the MAGIC imputation algorithm. The processed data are used to calculate Reaction Activity Scores 

(RAS), which, along with Flux Variability Analysis (FVA) results, define the metabolic model constraints. Metabolomics 

data constrain exchange reactions before flux calculation. The model is sampled using the Constrained-Based Sampling 

(CBS) technique with randomly fixed objective functions. The fluxes are averaged to generate a flux distribution 

representing the metabolic activity of each cell. 

Results: Preliminary findings revealed significant variations in biomass production and glucose consumption between 

stages. However, inconsistencies across experiments indicate the need for further investigations. 

The same analyses can now be performed using COBRAxy, a Galaxy-based tool that extends the Marea platform [11]. 

COBRAxy enables users to analyze cellular metabolism using transcriptomic and metabolomic data, comparing gene 

expression and metabolite differences through the Reaction Activity Score (RAS) and Reaction Propensity Score (RPS), 

visualized on a metabolic map. It also allows users to calculate metabolic fluxes and compare these across different cell 

groups, offering insights into metabolic changes during development. 

Conclusion: This project aims to develop dynamic metabolic maps by integrating multi-omics data, including 

transcriptomics, proteomics, and exo-metabolomics, to study stage- and sex-specific metabolic changes during human 

embryonic development. Methods such as single-cell Flux Balance Analysis (scFBA), solution space sampling, and 

geometric neural networks will be employed to characterize metabolic shifts across pre-, peri-, and post-implantation 

stages. This integrative approach could provide valuable insights into the metabolic landscape of early development, 

enhancing our understanding of growth anomalies and embryonic viability. 
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Background: Standard of care for locally advanced esophageal adenocarcinoma (EAC) is neoadjuvant chemotherapy 

(nCT) followed by surgery. However, less than 30% of treated patients achieve a pathological complete response 

associated with better survival. Understanding the mechanisms of response to nCT is pivotal to better stratify patients 

and inform therapies. Our preliminary analysis [1] on treatment naive EAC tumor and blood indicates a correlation 

between pre-existing immunity and response to nCT and molecular pathways of resistance that may be targeted to 

improve clinical outcomes. 

Methods: We are now investigating in-depth the biological mechanisms correlated to nCT response by single-cell spatial 

transcriptomics (CosMX spatial molecular imager) on treatment-naïve EAC biopsies of n=6 patients, comparing n=3 

complete responders (CR) versus n=3 non responders (NR), with 1000x panel of human transcripts for cell typing, cell 

state, ligand-receptor interactions and hormone activities. 

Results: We defined clusters of tumor cells, adjacent healthy squamous epithelial cells, stromal cells (the majority 

fibroblasts and endothelial cells), and immune cells (macrophages, B and T lymphocytes, plasmacells). We identified 

also niches characterized by different cellular compositions. 

Tumor cells of  NR tumors showed an enrichment of genes related to proliferation, hypoxia, tumor necrosis factor and 

angiogenesis. Moreover, NR showed an enrichment of protumoral M2 TAM and inflammatory CAF, promoting 

inflammation and tumor growth.  

Notably, B lymphocytes and plasma cells, potentially contributing to the anti-tumoral immune response, were found 

at higher frequencies in CR esophageal adenocarcinomas (EACs). According to neighbor analysis, these type of are more 

in contact in CR with tumor cells. Finally, intercellular communication analysis revealed distinct ligand-receptor 

interactions and neighboring patterns between tumor and microenvironment cell types in CR and NR samples.  

Conclusions: Collectively, these results suggest an overall association between nCT response and active immune 

infiltration, increased cell proliferation, and vulnerability to chemotherapy. Further differential expression analysis for 

cell populations, and their correlation with spatial location (nearest neighbour), will allow to identify novel molecular 

mechanisms associated with nCT resistance. 
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Retinoic acid (RA), a potent derivative of vitamin A, is crucial for regulating cell growth and differentiation during early 

stages of embryonic development. However, as cancer progresses, its cellular traits shift, displaying less differentiation 

and increasingly stem cell-like characteristics, which contribute to tumor growth and resistance to treatment. Despite 

extensive research, the precise impact of RA signaling on cancer growth arrest and progression remains unclear. 

RA mediates its effects by binding to nuclear receptors called retinoic acid receptors (RARs), which target specific 

regions within genes known as RA response elements (RAREs). These RAREs generally consist of direct repeats of a 

core motif "(A/G)G(G/T)TC(A/G)" and are classified according to spacing as DR0, DR1, DR2, and DR5. Studies suggest 

that in both embryonic development and tumor microenvironments, some cells resist differentiation cues, preserving 

stem-like characteristics that make them challenging to treat. 

Our objective is to identify transcription factors (TFs) regulated by RA within cancer stem cell environments. We achieve 

this by using computational algorithms to identify RAREs in promoter sequences, focusing on different DR 

classifications. Next, we integrate an in silico Gene Regulatory Network (GRN) model of cancer stem cells with Master 

Regulator Analysis (MRA) to pinpoint critical RA-responsive TFs, known as master regulators (MRs), that influence 

transcriptional changes associated with cancer. 

Given that ligand-dependent transcription factors regulate gene networks responsible for differentiation and self-

renewal, RA-responsive MRs are potentially valuable targets for cancer therapy. By modulating these MRs and applying 

single-cell RNA sequencing (scRNA-seq) in patient-derived cancer organoids (PDOs), we aim to identify cellular 

subpopulations with differential sensitivity to RA. This will deepen our understanding of RA's role in cancer and 

highlight new avenues for targeted therapies. 

References 

1. Meier AB, Zawada D, De Angelis MT, et al. Epicardioid single-cell genomics uncovers principles of human epicardium biology 

in heart development and disease. Nat Biotechnol. 2023;41(12):1787-1800. doi:10.1038/s41587-023-01718-7.  

2. Zawada D, Kornherr J, Meier AB, et al. Retinoic acid signaling modulation guides in vitro specification of human heart field-

specific progenitor pools. Nat Commun. 2023;14(1):1722. Published 2023 Apr 3. doi:10.1038/s41467-023-36764-xdoi: 

10.1038/s41556-022-00899-8.  

3. Parrotta EI, Scalise S, Taverna D, et al. Comprehensive proteogenomic analysis of human embryonic and induced pluripotent 

stem cells. J Cell Mol Med. 2019;23(8):5440-5453. doi:10.1111/jcmm.14426. 

4. De Angelis MT, Parrotta EI, Santamaria G, Cuda G. Short-term retinoic acid treatment sustains pluripotency and suppresses 

differentiation of human induced pluripotent stem cells. Cell Death Dis. 2018;9(1):6. Published 2018 Jan 5. 

doi:10.1038/s41419-017-0028-1. 

  

SESSION 2 

Oral communication 

 

mailto:vono.niccolo@gmail.com


 

 23 
 

Exploring synthetic SIL1 protein reintroduction to treat 

Marinesco-Sjogren Syndrome. 
Fabio Bellia (1,2), Laura Amodei (1,2), Francesca Potenza (1,2), Anna Giulia Ruggieri (1,2), Marianna Viele 

(1,2), Luca Federici (1,2), Michele Sallese (1,2). 

1. Department of Innovative Technologies in Medicine and Dentistry, “G. d’Annunzio” University of Chieti-Pescara, 

66100 Chieti, Italy; 

2. Center for Advanced Studies and Technology (CAST), “G. d’Annunzio” University of Chieti-Pescara, 66100 Chieti, 

Italy. 

Correspondence: fabio.bellia@unich.it 

Introduction: Marinesco-Sjogren Syndrome (MSS) is a rare autosomal recessive disease caused by alterations in the 

SIL1 gene, encoding a nucleotide exchange factor for the ER chaperone BiP (1,2). Individuals with MSS display a 

complex phenotype, with cerebellar ataxia, progressive myopathy, and early-onset congenital cataracts amongst other 

symptoms. A spontaneous recessive mutation in the mouse Sil1 gene results in cerebellar ataxia and muscular atrophy, 

with the woozy (wz-/-) mouse representing a valid preclinical model to investigate MSS and explore 

pharmacotherapeutic approaches (3). We here analysed the adenovirus-mediated administration of an engineered 

human SIL1 protein in wz-/- mice, investigating whether the treatment could act on the involved tissues and reestablish 

the healthy phenotype. 

Methods: An AAV8-carried human SIL1 was IV injected in the tail of 5-week-old wz-/- mice. The beam walking and 

rotarod tests were weekly used to test mice’s muscular strength and motor coordination until the 12th and 14th week, 

respectively. Mice were sacrified 4 and 9 weeks after the treatment, and tissues were collected for molecular analysis. 

Both virus' genome copies and human SIL1 protein quantification were performed in different tissues. 

Results: Both the rotarod and beam walking tests revealed a slower manifestation of the pathological phenotype in the 

AAV-treated mice compared to the control group (saline), with an increased latency to fall and a reduced contralateral 

foot falls in the rotarod and beam walking tests. The molecular analysis revealed the presence of human SIL1 in the 

quadriceps of treated mice, one of the most involved tissues in the disorder, confirming the ability of the purified protein 

to reach the peripheral tissues. 

Conclusions: The presence of human SIL1 in the quadriceps of woozy mice confirmed the ability of the protein to reach 

tissues mainly affected by the syndrome. The AAV-mediated protein reintroduction seems to be a potential treatment 

to compensate for the protein deficit in the tissues mainly involved in the pathology. Further studies are needed to 

deepen the pharmacokinetics of the engineered protein and whether this treatment may act by regressing the affected 

phenotype or slowing down the course of MSS. 
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Ros/MucR proteins, expressed in alpha-proteobacteria comprising symbiotic and pathogenic species, regulate the 

expression of symbiotic and virulence genes (1). These proteins are characterized by an N-terminal oligomerization 

domain (NTD) and a C-terminal DNA-binding domain (DBD), which can fold around a zinc ion or in absence of any metal 

as in the case of Ml5 from M. loti (1, 2). In all the Ros/MucR proteins, the NTD allows the formation of higher-order 

oligomers and the DBD binds AT-rich DNA sequences. All these features are typical of Histone-like Nucleoid Structuring 

(H-NS) proteins playing the role to condense the nucleoid (1). By combing cryo-EM, NMR and AlphaFold2 modeling, 

we showed that two prototypes of the family form circular oligomers shaped in a truncated cone structure formed by 

NTDs of the monomers connected by flexible linkers to DBDs protruding from the wider rim of the truncated cone 

(fig.1). Structural and functional studies led to classify Ros/MucR proteins as a new sub-family of H-NS- like proteins .  

In Sinorhizobium meliloti, MucR (MucR1) regulates the expression of genes involved in symbiosis with the plant host. 

We identified by mass spectrometry two new Ros/MucR family members, MucR2 and MucR3, sharing a high sequence 

identity with MucR1, but showing a prolonged N-terminus (MucR2) or a prolonged C-terminus (MucR3). Both MucR2 

and MucR3 differs from MucR1 in the zinc coordination sphere. Key residues for oligomerization are conserved in 

MucR2 and MucR3 NTD, with the exception of Thr64 substituting a valine playing a role in MucR1 oligomerization. We 

demonstrated that both MucR2 and MucR3 can bind AT-rich DNA sequences. MucR2 has a lower affinity than MucR3, 

which has a lower affinity than MucR1 to bind the same DNA target. Light scattering (LS) analysis shows MucR2 cannot 

form high-order oligomers. To investigate the structural elements impairing oligomerization of MucR2, we  produced 

a deleted version of this protein lacking the prolonged N-terminus. LS analysis shows that the lack of the prolonged N-

terminus does not restore the ability to oligomerize. Work in progress is LS analysis for other MucR2 mutants and for 

MucR3. Finally, we will carry out NMR studies on the DBDs. 
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Background: The retina is considered as a “window to the brain” due to the onset of extra-cerebral manifestations of 

brain diseases, including Alzheimer’s disease (AD). Recently, dysregulation of the endocannabinoid (eCB) system (ECS) 

in AD brain has been observed. Here, we explored the possible alterations of ECS and the onset of gliosis in the retina 

of AD-like mice at an early stage of AD phenotype (before the onset of hippocampal β-amyloid plaques). 

Methods: Tg2576 (TG) mice over-expressing the amyloid precursor protein (APP) were used. Analysis of receptors and 

enzymes of the ECS was performed through Western-Blotting (WB) and immunofluorescence (IF), and endogenous 

levels of major eCBs, 2-arachidonoylglycerol (2-AG) and anandamide (AEA), were quantified through ultra-performance 

liquid chromatography-tandem mass spectrometry (UPLC–MS/MS). β-amyloid plaques in brain and retina were 

investigated through immunohistochemistry on cryosections. Oxidative stress was quantified as mean of Acrolein 

fluorescence intensity and retinal degeneration was assessed by analysing retinal thickness. Excitotoxicity was 

evaluated by quantifying glutamate using a bioluminescent Glutamate dehydrogenase/NADH detection system.   

Results: At the age of 12 months, TG retinas displayed up-regulation of cannabinoid receptor 2 (CB2) and of 

monoacylglycerol lipase (MAGL), the enzyme responsible for the degradation of 2-AG. Consistently, UPLC–MS/MS 

demonstrated a significant reduction of 2-AG in TG retinas, while a trend toward increase was found for the other eCB 

AEA. No statistically significant differences were found for the other enzymes/ receptors of the ECS under study. 

However, linear regression analysis for individual animals showed a significant correlation between CB2 and fatty acid 

amide hydrolase (FAAH), diacylglycerol lipase α/β (DAGLα/β), and APP; instead, a significant negative correlation was 

found between MAGL and APP. Moreover, TG retinas showed a significant increase in the number of IBA1 (+) microglia 

cells. Gliosis was not associated with hippocampal or retinal β-amyloid plaques, evident retinal degenerative signatures 

or excitotoxicity; instead, oxidative stress burden was observed as increased acrolein levels.  

Conclusion: Overall, our data indicate that ECS dysregulation – in particular of CB2, MAGL and 2-AG –  and microglia 

reactivity in the retina of AD-like mice are early events of the pathology, occurring well before the development of 

hippocampal β-amyloid plaques. 
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Background: OCTN1 (SLC22A4) is a polyspecific transporter able to mediate the transport of many organic cations, 

among which the cation prototype TEA (tetraethylammonium) and the neurotransmitter acetylcholine, but also 

zwitterions, such as carnitine and the mushroom metabolite ergothioneine. Many functional aspects of OCTN1, as well 

as it’s physiological significance, are still not understood.  

Methods: In this work, the in vitro experimental model of proteoliposomes reconstituted with the recombinant human 

OCTN1 was used to we investigate OCTN1-mediated uptake mechanisms of two model substrates: the cation TEA and 

the zwitterion carnitine. A computational analysis of OCTN1-mediated uptake of TEA and carnitine was also exerted. 

Results: Transport assays, performed using [14C]-TEA or [3H]-Carnitine, revealed that TEA and carnitine did not inhibit 

each other. The effect of Na+ or Benzyltriethylammonium on [14C]-TEA or [3H]-Carnitine uptake was tested, revealing 

that the two compounds only inhibited TEA transport. Differently, carnitine transport was stimulated by 75 mM Na+. 

The homology model of OCTN1 was built using the human OCT3 structure as a template. The obtained structure was 

used to perform docking analysis, revealing that TEA, Na+, and carnitine interact with E381 in the OCTN1 substrate 

site. In the presence of Na+, only carnitine is able to enter the transporter binding site, interacting with R469.  

Conclusions: Experimental and computational evidences are in line with the existence of two transport pathways for 

cations and zwitterions. This work sheds new light into the structure/function relationships of the transporter OCTN1, 

widening the knowledge about OCTN1 role in body homeostasis. Furthermore, the knowledge of the molecular 

determinants for substrate binding can be exploited for drug design and drug screening. [1] 
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Background: Shwachman-Diamond syndrome (SDS) is a rare autosomal recessive disorder. In many cases, SDS is caused 

by mutations in the Shwachman-Bodian-Diamond syndrome (SBDS) gene that codes for the SBDS protein, involved in 

ribosome biogenesis. For this reason, SDS is considered a ribosomopathy and, as such, its manifestations fall on a 

systemic level. What most compromises the quality of life of patients, however, consists of bone marrow failure that 

often degenerates into myelodysplastic syndrome (MDS), and acute myeloid leukemia (AML) which represent the main 

causes of death [1, 2]. In addition, recent studies demonstrate how SBDS is involved in important signaling pathways, 

such as those of Signal Transducer and Activator of Transcription (STAT)-3 and Mammalian Target of Rapamycin 

(mTOR) [3, 4]. Between its roles, STAT3 regulates the transcription of inflammatory markers, including IL-6 which in 

turn may activate the STAT3 pathway generating a positive, self-perpetuating loop, often found to be overactivated in 

AML [4].  

Methods: Control and SDS-derived samples were analyzed through flow cytometry and Bio-Plex assay to quantify the 

expression of both phosphoproteins and inflammatory markers supposed to be involved in SDS pathophysiology. Bio-

Plex assay was also performed on SDS-derived primary cell cultures treated with Everolimus, an mTOR inhibitor 

currently used in cancer treatment [5], to evaluate the direct involvement of mTOR in SDS chronic inflammation.  

Results: We confirmed mTOR and STAT3 hyperactivation in SDS, along with the dysregulation of two associated 

phosphoproteins, ERK1/2 and AKT.  

Additionally, we detected elevated levels of various soluble inflammatory markers in SDS-derived samples: G-CSF, IL-

6, IL-8, IL-12, and MIP-1α.  

Finally, the in vitro treatment with Everolimus demonstrated a general reduction of various inflammatory factors, 

including IL-6, confirming the implication of mTOR in the SDS-related chronic inflammation [6]. 

Conclusions: The dysregulated levels of ERK1/2 and AKT indicate their potential role in amplifying mTOR and STAT3 

hyperactivation, contributing to SDS pathophysiology. In addition, our results suggest that chronic inflammation in 

SDS may be a major driver of leukemogenesis. However, treatment with Everolimus demonstrates that targeting 

molecules within these signaling pathways can disrupt the previously described self-perpetuating inflammatory loop, 

thereby interfering with the pathogenic mechanisms of SDS. 
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Background: Results from CASP15 confirm the relevance of AI-based modelling on the accuracy of protein structure 

prediction. The best performances are reported by different methods based on DeepMind’s AlphaFold2. Alternatively, 

methods such as ESMFold take advantage of Protein Language Models, allowing for faster computations. To compare 

the two approaches, we develop a novel database storing AlphaFold2 and ESMFold models for 42,942 proteins covering 

the Human Reference Proteome. 

Methods: We collect 42,942 proteins from the human Reference Proteome available at UniProt. For 2,900 of them, we 

additionally collect PDB structures with high coverage to the UniProt sequence. We adopt Foldseek to evaluate the 

structural similarity between paired models, computing a similarity metric called TM-score. 

Results: When comparing pairs of models to the experimental structure, in 81% of the available 2,900 proteins we 

observe that AlphaFold2 and ESMFold perform similarly, with TM-scores differing by less than 0.1. For the remaining 

proteins, AlphaFold2 tends to perform better than ESMFold. This is expected, as the first method retrieves known 

templates during the prediction phase. 

On the remaining 40,042 proteins, we compare the similarity between the two predicted models to their self-assessed 

quality, as measured by the pLDDT. The two measures are strongly correlated, with pLDDT values decreasing at 

decreasing TM-score. We identify a region of 23,440 proteins having model-to-model TM-score &lt; 0.6, in which no 

method is clearly superior and either one should be adopted more carefully. It is especially in this region that the ability 

to carefully compare different predicted structures can help to identify high-quality models to be adopted for further 

analysis. 

Conclusions: Our database is freely accessible as a web server at https://alpha-esmhfolds.biocomp.unibo.it/, allowing 

users to easily compare models for 42,942 human proteins. From the Home page, it is possible to search a protein of 

interest. For all entries, the corresponding page shows multiple information, including general protein data, the 

structure superimposition between the AlphaFold2 and ESMFold models, the sequence alignment, and several statistics 

based on the quality of each model and their similarity. When a PDB structure is available, each model is similarly 

compared to the experimental structure. 
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Neoantigens are tumor specific proteins arising from various mechanisms like somatic mutations and transcriptomic 

alterations. They are not present in healthy cells, so they could represent elective targets for cancer immunotherapy 

triggering T-cell activation. However, mutations and neoantigens are strictly individual and their identification requires 

a combination of high throughput omics bioinformatic analysis. To address to these challenges, the aim of our study is 

the development of a bioinformatic pipeline for neoantigens prediction. It is structured in three main parts: variant 

calling, HLA typing, MHC binding prediction. Currently, our case study are 15 patients with Pancreatic Neuroendocrine 

Tumors (PNETs). We perform a comparative analysis of Whole Exome Sequencing from PNETs tissues and PBMCs to 

identify somatic mutations. BWA MEM-aligned reads to hg38 has been subjected to rigorous quality filtering with a 

focus on retaining  only those with a mapping quality&gt;=60. To enhance reliability of somatic variant calls we use a 

combination of three variant callers: Mutect2, Strelka2, Varscan2. Only variants identified by three VC with a minimum 

coverage of 10X are considered. Each patient has an average of 20 missense mutations predominantly located in same 

genes across patients, found not only in well-known drivers genes such as DAXX, but also in other genes with potential 

biological relevance. In the second step, we use HLAscan tool, which utilizes IMGT database to genotype HLAI and 

HLAII loci on chromosome 6. Neoantimon R package is used to predict a list of potential peptides based on their binding 

affinity with MHC Class I and II, classifying them into strong binders with a Rank Threshold (RT) below 0.5% and weak 

binders with RT&lt;2.0%. Currently, we have integrated RNA-seq data from tumor transcriptome with the 

corresponding gene expression levels in TPM to prioritize peptides with a higher likelihood of being expressed. 

Furthermore, we are exploring transcriptomic alterations in process such as RNA editing and alternative splicing as 

additional sources of neoantigens. Computationally predicted neoantigens that demonstrate the ability to stimulate T 

cells derived patients in vitro could be considered for immunotherapeutic strategies including CAR-T cells or cancer 

vaccines offering novel therapeutic alternatives to traditional cancer treatments. 
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Background: Microorganisms frequently coexist and establish complex relationships within their environments. Recent 

advancements in high-throughput 16S rDNA sequencing techniques have significantly improved our capacity to 

explore the factors that influence bacterial community organization. However, despite the development of numerous 

inference methods, the lack of a well-established biological truth presents challenges in validating the obtained results. 

Therefore, in-silico solutions are critical for simulating gold standards. 

Methods: We introduce N2SIMBA, a modular algorithmic approach that begins with a known directed and weighted 

graph, which is assumed to represent microbial interactions. Assuming that microbial interactions are mediated by 

produced and consumed metabolites, this graph is used to generate the rules of a Microbial Consumer Resource Model 

(Goldford et al., 2018). This model describes the bacterial community dynamic evolution through a set of Ordinary 

Differential Equations (ODEs). We also simulate the sequencing process leveraging on a previously published tool, 

metaSPARSim (Patuzzi et al., 2019). 

Results: There is no clear consensus in the literature regarding which network topology best describes microbial 

interactions, although the scale-free model is often suggested. Notably, N2SIMBA accepts an adjacency matrix as 

input, allowing to simulate any microbial interaction network whose topology is provided. Results indicate that the 

N2SIMBA generates count data of realistic distribution. Specifically, as network parameters vary, the distribution of 

species abundances mirrors the topology of the network used to model the microbial community. In particular, the 

simulation of varying sizes of microbial interaction network modeled with a scale-free network topology under rich-

environment conditions leads to a power-law distribution of species abundances, with the most interconnected species 

thriving and the others contributing only marginally to the bacterial community as individuals.  

Conclusions: The modular nature of N2SIMBA allows the investigation of the effect of different network and 

environmental parameters on bacterial community evolution. Thus, offering a robust methodology for systematically 

evaluating network inference methods using simulated bacterial communities. 
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Epidermal stem cells orchestrate epidermal renewal and timely wound repair through a tight regulation of self-renewal, 

proliferation, and differentiation (1-3) . In culture, human epidermal stem cells (EPSCs) generate a clonal type referred 

to as holoclone (1), which give rise to transient amplifying progenitors (meroclone and paraclone-forming cells) 

eventually generating terminally differentiated cells (4). Leveraging single-cell transcriptomic data, we explored the 

FOXM1-dependent biochemical signals controlling self-renewal and differentiation in epidermal stem cells aimed at 

improving regenerative medicine applications. FOXM1 is one of the main players in this network (5), but the upstream 

signals regulating its activity remain to be elucidated.  

Mass spectrometry identified CDK1 as a key hub in a stem cell-associated protein network, showing its upregulation 

and interaction with essential self renewal-related markers. Hampering CDK1 and FOXM1 activity by means of specific 

inhibitors and CRISPR-Cas9 technology, we pointed out CDK1 as one of the major kinases responsible for FOXM1 

phosphorylation and stabilization. CDK1 phosphorylates FOXM1 at specific residues, stabilizing the protein and 

enhancing its nuclear localization and transcriptional activity, promoting self-renewal. Additionally, FOXM1 binds to 

the CDK1 promoter, inducing its expression. We identify the CDK1-FOXM1 feedforward loop as a critical axis sustaining 

EPSCs during in vitro cultivation. Understanding the upstream regulators of FOXM1 activity offers new insights into 

the biochemical mechanisms underlying self-renewal and differentiation in human primary keratinocytes. 
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Background: Myelofibrosis (MF) is a BCR/ABL1 myeloproliferative disorder, characterized by JAK2V617F, MPL, and 

Calreticulin mutations, characterized by bone marrow fibrosis, splenomegaly, eventually shifting to acute myeloid 

leukemia (1).  

Its pathogenesis is modulated by malignant clone synergism with tumor microenvironment (TME), where 

mesenchymal stromal cells (MSCs), usually supporting clonal hematopoiesis, gain senescent traits, enriching TME with 

several proinflammatory cytokines (2). This process is supported by metabolic reprogramming, which we aim to dissect 

in this work. 

Methods: Using high-performance liquid chromatography (HPLC) we screened the metabolic profile of MF and healthy 

donors (HD). We established a healthy MSC in vitro model and a coculture system. We performed, specific assays to 

evaluate fumarate hydratase (FH) activity, quantitative PCR, western blot, different flow cytometry analysis, 

immunohistochemistry, and immunocytochemistry assays, and we assessed b-galactosidase activity to validate our in 

vitro models. 

Results: HPLC analysis showed an accumulation of Glutamate in MF patients’ sera (3). Glutamate might replenish the 

TCA cycle by transamination, a process leading to a-ketoglutarate formation. Therefore, we supplemented glutamate 

to a healthy MSCs in vitro model. qPCR analysis on different TCA cycle genes showed a significant upregulation of 

succinate dehydrogenase subunits, while FH expression was decreased.  Corroborating this we detected intracellular 

fumarate accumulation and a concomitant decreased FH activity. Of note, intracellular fumarate accumulation enforced 

OXPHOS, exposing cells to robust oxidative stress. Corroborating this, glutamate and fumarate supplementation leads 

to ROS accumulation inducing senescence, as proved by b-galactosidase activity, and bone marrow fibrosis. 

Interestingly, it has been demonstrated that fumarate mediates chromatin methylation by TETs and KDM inhibition 

(4). Corroborating this, fumarate supplementation increases chromatin methylation in our in vitro model, evidence 

mirrored on primary MF MSC. Corroborating the incidence of TME on MF progression we showed similar outcomes by 

coculturing healthy MSCs with in vitro MF cell models. 

Conclusion: Glutamate metabolism has a central role in PMF progression. According to our data, its conversion to 

fumarate is crucial for establishing an MSC senescent profile, eventually promoting the proinflammatory and fibrotic 

state characterizing PMF bone marrow. Further studies will be needed to unveil novel therapeutic strategies against 

PMF. 
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Background: Biological systems rely on coordinated cell activity to adapt and respond to external stimuli. In 

multicellular organisms, cell-cell communication (CCC) is crucial for tissue and organ function, with disruptions 

resulting in pathological conditions. Therefore, understanding CCC is fundamental for comprehending biological 

systems’ physiopathology[1]. 

In recent years, significant advances have been made in the computational inference of CCC from single-cell RNA 

sequencing data[2,3]. However, interpreting the biological implications of these analyses remains challenging, 

requiring both computational and biological expertise. 

Methods: To address this, we introduce CClens, a web application designed for laboratory scientists to efficiently 

analyze predicted CCC data, without requiring programming skills. Implemented in R/Shiny[4], CClens uses reactive 

programming and is available as R package on GitLab (https://gitlab.com/sysbiobig/cclens). A docker image is also 

provided to ensure reproducibility. The package includes vignettes and case-studies datasets to familiarize users with 

the platform. It accepts input files in CSV, TSV, and RData formats from major CCC tools. Users can upload intercellular 

(ligand-receptor) and intracellular (downstream signal transduction activation) scores, statistical significance data, and 

user-defined scores for flexible CCC results analysis.  

Results: CClens provides a comprehensive and user-friendly platform for visualizing CCC inference results from single 

or comparative biological conditions. The app guides CCC interpretation through three main sections: a broad global 

perspective, a cell-type centered analysis, and a molecular-level focus. A first panel allows interactive data filtering with 

custom thresholds for scores, and selections of specific cell types and molecules.  

The first visualization panel offers a summary of ongoing communications, including interactive heatmaps, chord-

diagrams, and network plots. Another tab focuses on single cell-types, showing their roles as either sender (ligand-

expressing) or receiver (receptor-expressing). For molecular-level insights, interactive bubble plots display ligand-

receptor interactions, allowing users to query specific communications of interest, as shown in figure. 

Conclusions: Overall, CClens enhances the interpretation of CCC data by providing an interactive framework tailored to 

laboratory scientists. The platform's intuitive design and visualizations support detailed exploration of CCC dynamics, 

allowing researchers to focus on biologically significant interactions case-study specific. By facilitating in-depth 

analyses and flexible data querying, CClens empowers the formulation of data-driven hypotheses on CCC mechanisms. 
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In South American camelids, a striking reproductive trait is that 98% of pregnancies occur in the left uterine horn (LUH), 

despite ovulations occurring almost equally from both ovaries. It is hypothesized that the right uterine horn (RUH) may 

be less supportive of pregnancy, forcing embryos originating from the right ovary to migrate to the LUH for 

implantation. Effective communication between the uterus and embryo during this period is critical for pregnancy 

establishment, yet the molecular mechanisms involved remain poorly understood. This study investigated the 

proteomic landscape of both uterine horns and pre-implantation embryos, just before implantation, to identify factors 

influencing maternal-embryo communication and implantation success. Three alpacas were mated and sacrificed on 

day 15 post-mating. Uterine horns and embryos were preserved in RNAlater, lysed in 4% SDS buffer, and proteins were 

analyzed using SDS-PAGE, in-gel digestion, and mass spectrometry (LC-MS/MS). The data obtained were processed 

using ProteomeDiscoverer, Perseus, Metascape, Proteomaps, and Cytoscape. We identified 1,728 proteins in the LUH, 

1,983 in the RUH, and 510 in embryos. Proteins associated with implantation were significantly enriched across all 

samples, with key biological processes identified as reproductive function, growth, immune response, and locomotion. 

Among these, integrins were prominently expressed in both uterine horns and embryos. The embryo proteome showed 

the presence of integrins Alpha 6 (α6) and Beta 1 (β1). In endometrial samples, integrins αV, α1, α5, α6, β1, β2, and 

β4 were detected, with integrin β1 showing higher abundance. RT-PCR further confirmed the expression of ITGAV, 

ITGA1, ITGA5, ITGA6, ITGB1, and ITGB3 in all samples. Integrin sequences were aligned with human homologs using 

T-Coffee, and a phylogenetic tree was constructed. Structural domains, conserved motifs, and ligand-binding regions 

were analyzed to identify key similarities and differences. The analysis revealed a high degree of conservation, 

suggesting that despite species differences, integrins likely play conserved roles in processes such as implantation and 

tissue remodeling in alpacas, as observed in humans. These findings highlight the critical role of integrins in facilitating 

the molecular interactions necessary for maternal recognition of pregnancy and implantation in alpacas, offering new 

insights into early pregnancy establishment. 
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Proteins containing repetitive motifs named tandem repeat proteins are widespread in genomes across the tree of life 

[1, 2]. Structured Tandem Repeat Proteins (STRPs) are specific subset of the tandem repeat proteins with well-defined 

structures [3]. STRPs have distinctive features and their complexity, conservation and flexibility in terms of structure 

and function makes them an attractive topic to study and characterize the biological meaning of them [4]. Our study 

focused on large-scale, in-depth analysis of  39,185 STRPs obtained from the RepeatsDB database 

(https://repeatsdb.org). RepeatsDB remains as a fundamental repository for STRPs annotation and classification [5]. It 

contains STRPs annotated on experimental structures and models from PDB [6] and AlphaFoldDB [7] databases, 

respectively. Here we performed comparative analysis of experimental structures and models of STRPs. We analyzed 

the distribution of different types of STRPs through the tree of life in different levels of classification described by 

Kajava [1]. Separate analysis of human STRPs with clinical importance done to determine quality of predicted repeated 

regions in STRPs. Co-occurence of different types of repeats in the same STRPs identified and interesting examples of 

new STRPs are highlighted. The preliminary results show alpha-solenoid, TIM-barrel and beta-barrel repeats containing 

proteins are most abundant across species and some species show significantly high frequency of specific STRPs. 
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Background: TAAR1 (trace-amine associated receptor-1) is a class-A GPCR primarily expressed in the CNS. TAAR1 

regulation is currently regarded as a promising strategy to treat a plethora of diseases, such as neuropsychiatric 

disorders, metabolic syndromes, and neurodegenerative diseases [1].  

Aims: The aim of the study was the discovery of novel chemotypes active towards TAAR1, as well as the elucidation of 

their binding mode to the target. 

Methods: In silico study of the binding mode and structure-activity relationship (SAR) of known TAAR1 agonists were 

carried out. The analyses revealed pharmacophore features for TAAR1 agonists, leading to explore the potential 

bioactivity of a new series of compounds (1a-10a and guanfacine). The candidates were evaluated via Ligand-Based 

(LB) techniques and docking in the TAAR1 AlphaFold predicted structure. The series was submitted to in vitro test. The 

best compounds were further analyzed in silico via extensive docking and Molecular Dynamics (MD) relying on the 

recently solved structures of TAAR1.  

Results: The study of known TAAR1 agonists via molecular docking elucidated key interactions to enable TAAR1 

agonism: these turn in the presence of proper ligand features such as an aromatic core, as well as a H-bond donor group 

to establish the key H-bond to D103. LB and Structure-based (SB) methods were utilized to evaluate a set of in-house 

pyrimidinone-benzimidazoles (1a-10a) and the compound guanfacine. In vitro tests revealed a maximum potency 

(EC50) of 526.3 nM for compound 1a [2], and of 20 nM for guanfacine [3]. These two compounds were selected for 

further investigation using the experimental structures of TAAR1 (Fig.1A-B). A third chemotype (1b) (Fig.1C), bearing 

intermediate features between guanfacine and 1a, was designed and tested in vitro (EC50 = 1 μM). Analogs of 

compound 1b were proposed with the aim of optimizing the TAAR1 affinity. 

Conclusion: Novel TAAR1 agonists were identified (the pyrimidinone-benzimidazoles, guanfacine and compound 1b). 

The binding mode of 1a, 1b, and guanfacine were investigated in silico, and an optimization strategy was applied to 

the 1b prototype. 
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Background: Multidrug Resistance-Associated Protein 2 (MRP2/ABCC2) is a crucial ATP-binding cassette (ABC) 

transporter that plays a pivotal role in the efflux of various organic anions, including bilirubin glucuronides and 

numerous drugs. Its overexpression in cancer cells has been shown to be determinant for drug resistance and limits the 

efficacy of chemotherapy. Dysfunction of MRP2 leads to Dubin-Johnson syndrome. 

Methods: To elucidate the structural basis of MRP2 function and regulation, we employed cryo-electron microscopy 

(cryo-EM) to determine the high-resolution structure of rat Mrp2. Additionally, biochemical and functional assays were 

conducted to investigate the impact of phosphorylation on MRP2 activity. 

Results: The cryo-EM structure reveals a unique autoinhibited conformation, characterized by a U-folded regulatory 

domain within the transmembrane domain cavity. Mass spectrometry analysis identified Ser922 and Ser926 as critical 

phosphorylation sites. In vitro phosphorylation and functional assays demonstrated that phosphorylation of these 

residues triggers a significant increase in MRP2's ATPase and transport activity, measured in proteoliposomes using 

the fluorescent substrate 5(6)-Carboxy-2′,7′-dichlorofluorescein. The probenecid-bound structure uncovered two 

distinct drug-binding sites, providing insights into the mechanism of drug inhibition. 

Conclusion: Our findings provide a comprehensive understanding of the structural and functional dynamics of MRP2. 

The identification of the autoinhibited state and the role of phosphorylation in activating the transporter offer novel 

insights into the molecular mechanisms underlying drug resistance. These findings have significant implications for the 

development of strategies to overcome drug resistance and enhance the efficacy of cancer therapies. 
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Background: Staphylococcus aureus depends on iron to establish infections in the host, with hemoglobin (Hb) being its 

main iron source [1]. To capture heme, the bacterium exploits the nine-protein iron-surface determinant (Isd) system 

that is highly expressed under iron-limiting conditions [2]. The initial steps involve two surface receptors, IsdB and 

IsdH, which bind to Hb and extract heme. Targeting the IsdB/IsdH-mediated heme acquisition pathway to induce iron 

starvation in S. aureus represents a promising approach for the development of new antimicrobial agents [3]. 

Methods: Cryo-EM grids were prepared by mixing the minimal functional IsdH construct (IsdHN2N3, comprising two 

of its three native NEAT domains) and carboxyhemoglobin (HbCO) at equimolar concentrations. 11,000 micrographs 

were collected with a Titan Krios microscope (Diamond, Oxford) and Single-Particle Analysis (SPA) was performed using 

RELION. 

Results: Structural insights on the complex between IsdHN2N3 and HbCO were obtained exploiting cryo-EM, capturing 

key snapshots of the protein-protein interaction (PPI) before heme extraction. The SPA analysis involved multiple 

rounds of 2D and 3D classifications and allowed to isolate subsets of particles belonging to different binding 

stoichiometries. The complex formed by a Hb dimer bound to two IsdHN2N3 (2to2 complex) was found to be 

heterogeneous. In fact, within the structures having this stoichiometry, two different complexes (2to2α and 2to2β,  

Figure 1) could be identified, with the NEAT3 more stably bound to the α or to the β Hb chain, respectively, while the 

second NEAT3 domain exhibits a lower local resolution. These data are in agreement with previously published 

molecular dynamics simulations which suggested that the linker region between the two NEAT domains in IsdHN2N3 

is endowed with a certain degree of flexibility [4]. This behaviour was not observed in the IsdB:Hb cryo-EM map, in 

which the hemophore appeared firmly bound to Hb [5]. 

Conclusion: The determination of the structures of IsdH/IsdB:Hb complexes represents the groundwork for a targeted 

drug discovery campaign aimed at  identifying novel PPI inhibitors as promising antibiotic candidates. 
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Mycobacterium abscessus (Mab) is an emerging opportunistic pathogen responsible for pulmonary infections, 

particularly in people with cystic fibrosis and chronic pulmonary disease [1]. It is highly resistant to currently used 

antimicrobial agents, so the therapies, mostly based on old drugs, have very poor success rates [2]. In this picture, we 

focused on the inhibition of the Salicylate Synthase Mab-SaS by repurposing already approved FDA drugs exploiting 

an in silico approach. Mab-SaS is a virulence factor catalyzing the first reaction of the biosynthetic pathway of 

mycobactins which is is not present in human [3]. 

For this work, the chemical structures of approved drugs have been retrieved from three databases (Enamine, DrugBank 

and PubChem) and optimized with Maestro, a software of the Schrödinger Suite. The obtained ~3400 conformers have 

been docked in the Mab-SaS model using Glide, a tool integrated in Maestro  [4]. Results have been filtered according 

to their docking score and MM-GBSA and a selection of 11 drugs have been evaluated in vitro against the enzyme. 

Five molecules resulted to be effective against Mab-SaS. Labetalol and levolansoprazole showed a mild inhibition of the 

enzyme activity at 100 μM of 53.2 ± 1.1% and 37.0 ± 0.5%, respectively. Esomeprazole, fostamatinib and 

hydroxystilbamidine completely blocked the enzyme at the same concentration, exhibiting an IC50 of 13.6 ± 1.1 μM, 

21.0 ± 1.3 μM and 11.5 ± 1.1 μM, respectively. 

The steady-state kinetic analysis of Mab-SaS in the presence of different concentrations of the inhibitors demonstrated 

that the three molecules behave as competitive inhibitors, with Ki values in the low μM range, reflecting the preliminary 

results obtained from the in silico analysis, whereas these molecules docked in the same position of the chorismic acid, 

the natural substrate of Mab-SaS. 

In conclusion, exploiting the so called “repurposing strategy”, a combination of in silico tools and in vitro analysis 

identified three good inhibitors of Mab-SaS showing an IC50 in the lower micromolar. These molecules will be the 

starting point for the rational design and optimization of novel inhibitors of Mab-SaS, possibly fastening the drug 

development process thus reducing the cytotoxicity effects. 
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Background: Genetic variants, especially missense mutations, can significantly impact protein function by altering 

structure, stability, and interactions [1]. Investigating these mutations is crucial for understanding disease 

mechanisms. Existing predictive tools often struggle with protein folding complexity [1]. Traditional methods like SIFT 

and Polyphen2 predict variant pathogenicity [2,3], but deep learning techniques, particularly protein language models 

(pLMs), have revolutionized the field by capturing complex protein attributes [4,5]. 

Methods: X-MAP integrates data from public sources like Humsavar and UniProt [6] to create a comprehensive database 

of genetic mutations with pathogenicity annotations. Initial scoring uses tools like DDGun [2] and PhD-SNPg [3]. To 

enhance accuracy, X-MAP incorporates pLMs such as ESM2, ESM-1v [7] and ProtTrans [4], generating embeddings that 

capture detailed protein attributes. By combining traditional scores with pLM insights, X-MAP provides a 

comprehensive assessment of mutation impacts. 

Results: We analyzed 72,585 genetic variants across 12,664 human proteins, with variants being 54.8% benign (B), 

45.2% pathogenic (P). Embeddings were generated for a randomized subset of 4000 proteins with P and B variants; a 

preliminary 5-fold cross-validated multilayer-perceptron model achieved 89% accuracy, 89% F1-score, and 96% ROC 

AUC in the binary classification. We are currently integrating additional scores from dbNSFP [8], and further pLM 

embeddings to improve the prediction reliability. 

Conclusion: The X-MAP project successfully integrates traditional bioinformatics tools and deep learning techniques to 

enhance variant analysis. By combining different approaches predicting the impact of protein variants at functional 

and structural levels with pLMs, we are building a comprehensive framework that captures complex protein attributes. 
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Background: MicroRNAs (miRNAs) play a key role in regulating gene expression and are involved in the onset and 

progression of many diseases [1].  

Our goal is to develop a Machine Learning model able to identify miRNA as early disease biomarkers using 

heterogeneous biological data [2,3]. To illustrate the effectiveness of our approach, we have analyzed data from 

patients with Mild Cognitive Impairment (MCI) and Alzheimer's Disease (AD) using publicly available datasets. 

Preliminary results show a significant involvement of some potential miRNA biomarkers in neurodevelopment and 

neurodegenerative processes.  

Methods: We adopt a multi-view learning approach, which exploits various patient-related aspects (views), including 

miRNA expression values, sequences and metadata. The novelty lies in the simultaneous use of these three views, 

complemented by a fourth view representing miRNA interactions. 

The analytical pipeline started with the pre-processing and integration of four datasets from the Gene Expression 

Omnibus (GEO) archive, which were then fed by a Random Forest multi-view classifier. Explicability techniques based 

on significance and feature permutation were adopted to identify candidate biomarkers. Finally, we conducted miRNA-

target interaction (multiMIR) and functional pathway (DAVID, KEGG) analyses to interpret the results from a biological 

perspective. 

The predicted high-scored disease biomarkers will be validated by nanofluid qPCR analysis of miRNAs extracted from 

blood samples of AD and MCI patients under clinical observation.  

Results: The analysis of the first 50 predicted high-scored miRNAs revealed a significant enrichment of targeted genes 

in Alzheimer's disease and neurodegenerative disorders pathways, with 86% of the analysed miRNAs showing 

connections to these disease processes.  

Conclusions: By the analysis of the literature, high scored miRNAs have not previously been associated with 

neurological diseases. Therefore, this surprising enrichment suggests the existence of a largely unexplored level of 

molecular regulation. The substantial presence of already known targets in neurodegenerative diseases indicates that 

these miRNAs may function as key ‘upstream’ molecular regulators, controlling disease-associated gene expression. 

Our findings open new perspectives both for the understanding of pathogenetic mechanisms and the identification of 

novel potential diagnostic biomarkers and therapeutic targets. 
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Background: This study investigates Haspin, an emerging kinase involved in tumor growth via mitotic regulation, by 

presenting the design, synthesis, and evaluation of new Haspin inhibitors. Through FRET analysis, the synthesized 

derivatives showed potent Haspin inhibition, with compounds 47 and 60 identified as lead candidates. These two 

compounds enhanced the antitumor effect of paclitaxel twofold in both 2D and 3D models, with compound 60 

demonstrating high selectivity across a panel of 70 kinases. In-silico studies provided key structural insights valuable 

for the future design of Haspin inhibitors, positioning compounds 47 and 60 as promising for further exploration. 

Methods: A virtual library of approximately 14 million compounds was generated through in-silico modifications of a 

lead compound to screen potential Haspin inhibitors. Selected derivatives were tested for kinase inhibition with a focus 

on Haspin via FRET-based assays. Cell viability was evaluated using an in-house cellular panel (Raji, HeLa, A375, 

MiaPaca2, MCF7) known for Haspin expression. Apoptosis and cell cycle alterations were assessed via flow cytometry, 

and histone extraction with western blotting confirmed inhibition of Haspin-specific histone H3Thr3 phosphorylation. 

Confocal microscopy further revealed abnormal mitotic spindle formations post-treatment. Using 3D models, tumor-

like environments were simulated for chemosensitivity testing. LC-MS analysis confirmed the in vitro pharmacokinetic 

stability of the compounds. 

Results: This study presents a series of Haspin kinase inhibitors developed through virtual screening and synthetic 

accessibility. Of the 29 derivatives synthesized, 22 showed significant in vitro potency, with potencies ranging from 

micromolar to subnanomolar. Comprehensive cell-based testing identified compounds 47 and 60 as promising leads 

that synergistically enhanced paclitaxel’s antitumor effects, particularly doubling its efficacy in 3D HeLa models. LC-

MS further confirmed the chemical and metabolic stability of compounds 47 and 60, underscoring their potential as 

drug candidates. 

Conclusion: This study provides a thorough characterization of novel indole-based compounds targeting Haspin, 

clarifying structural features essential for kinase inhibition. Considering the scarcity of effective Haspin modulators 

and their potential in impacting tumor growth, these findings form a solid starting point for future drug development. 
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Bacterial [FeFe]-hydrogenases represent promising biocatalysts for H2 high efficiency production or consumption of 

hydrogen in bio-electrolysers or bio-fuel cells. 

So far, the [FeFe] hydrogenase from Clostridium beijerinckii, named CbA5H, seems to be the only one with a unique 

self-protection mechanism against irreversible damage caused by oxygen and other oxidants [1,2]. 

Herein two new [FeFe] hydrogenases, not previously studied, were selected through sequence alignment based on 

conserved regions and three key amino acid substitutions identified so far.  

The new enzymes were successfully recombinantly produced in E. coli through co-expression of maturases, followed 

by aerobic purification and characterization. Both hydrogenases demonstrated consistent production of molecular 

hydrogen, as detected by gas chromatography, highlighting the enzyme's tolerance to O2. Moreover, spectroscopic 

measurements showed, upon exposure to oxidants, such as the aerobic atmosphere, thionine or DCIP, the characteristic 

signal, called Hinact. 

In parallel, the molecular dynamics approach could provide “direct” information that led to model the structural 

rearrangements related to the oxygen protection mechanism.  

Identifying and characterizing novel [FeFe]-hydrogenases presents an opportunity to fill the existing gaps in 

information about these enzymes. Moreover, those biocatalysts could address the growing demand for producing H2 

at high rates and low costs. 

These results contribute to the expansion of a particularly robust enzyme library, with the potential to identify new 

critical residues responsible for this distinctive trait. 

The work is produced while attending the phd SDC at IUSS Pavia and funded by the European Union NextgenerationEU 

- PNRR. DM118/2023, M4C1, Inv. 3.4 - Transizioni digitali e ambientali and the 2022 PRIN project “MORF: Molecular 

determinants of Oxygen Resistance in a unique [FeFe]-hydrogenase”. 
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Background: Cancer pain causes suffering and lowered quality of life, thus advanced cancer patients often require 

analgesic therapy [1,2]. Opioids of step III of the WHO-defined analgesic ladder are the standard of care for the 

treatment of cancer pain. However, 20-30% of patients do not receive adequate pain relief from opioids[3,4]. Literature 

suggests that genetics plays a role in predisposing patients to a good or poor response to opioids [5] and, herein, we 

investigated it by performing a genome-wide association study (GWAS).  

Methods: We individually genotyped 2,060 European advanced cancer patients treated with morphine, buprenorphine, 

fentanyl, and oxycodone. We performed a whole-genome regression model (using REGENIE software) between 

genotypes and the opioid response phenotype, defined as a numerical score measuring pain intensity based on 

patients’ responses to the Brief Pain Inventory Questionnaire.   

Results: The GWAS identified five non-coding variants on chromosome 20 at P-value &lt; 5.0x10-8. For all of them, the 

minor allele was associated with a lower pain intensity.  These variants were intronic of PCMTD2 gene and were 200 

kbp downstream of OPRL1, the Opioid Related Nociceptine Receptor 1. Interestingly, four of them acted as expression 

quantitative trait loci, modulating the expression of OPRL1, according to eQTLGen database.  

Conclusion: This is the largest GWAS performed in this field, so far. Our results strengthen the evidence for a role of 

genetics in opioid response.  Further functional analyses are needed to validate the results obtained and to understand 

the biological mechanism underlying the observed associations. 
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Background: The integration of bioinformatics, machine learning (ML), and molecular biology offers opportunities for 

discovering biomarkers for the diagnosis and prognosis of various diseases. This study focuses on inflammatory bowel 

disease (IBD), a chronic condition characterized by inflammation of the gastrointestinal tract. Recent studies have 

linked IBD to epigenetic molecules, such as miRNAs, whose dysregulation is associated with key signaling pathways 

[1,2].  

Methods: Given the availability of extensive biological data, we delve into the application of ML techniques to identify 

potential biomarkers for disease prediction and patient. In our analysis, we considered six microarray datasets sourced 

from the Gene Expression Omnibus, which include comprehensive miRNA expression profiles from patients diagnosed 

with ulcerative colitis (UC) alongside profiles from healthy individuals for comparison.  

We employed a range of classification models, including Logistic Regression, Support Vector Machines, Random Forest, 

Naive Bayes, K-Nearest Neighbors and XGBoost, to assess the predictive power of these miRNAs.   

Results and Conclusion: Preliminary results show that our best model achieves an average F1 score of approximately 

0.7 across 30 train-test splits, indicating a reliable capacity for distinguishing between disease states and healthy 

controls. This multifaceted approach not only enhances our understanding of miRNA dynamics in UC but also sets the 

stage for further exploration of tailored treatment strategies based on individual patient profiles.  

Additionally, we conducted analyses on miRNAs that influence predictions, revealing that some of these are 

differentially expressed. Some of them are already recognized as biomarkers for UC, using the HMDD database [3]. 
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Stop mutations (nonsense) are gene mutations characterized by the substitution of a single nucleotide in the coding 

sequence of a gene, which causes the onset of a premature stop codon (PTC) within the reading frame of the mRNA, 

resulting in the formation of a truncated and non-functional protein. Stop mutations are the cause of approximately 

11% of genetic diseases (Cystic Fibrosis and Duchenne Muscular Dystrophy) [1] and can also be present in the coding 

sequence of tumor suppressor genes such as TP53; in fact, 10% of TP53 mutations are stop mutations [2]. The TP53 

gene encodes the transcriptional factor p53, which regulates numerous pathways such as cell cycle arrest and DNA 

damage repair when cells are under certain stress conditions [3]. Mutations of TP53 can lead to the formation of tumors; 

in fact, it is the most frequently mutated gene in human tumors [4]. Today there is no therapy for the pathologies 

caused by this type of mutation, but an approach that has proven to be particularly effective is represented by 

molecules with readthrough activity (TRIDs; Translational Readthrough Inducing Drugs) which intervene on the 

ribosome allowing the overcoming of the PTC and the restoration of the synthesis and subsequent functionality of the 

protein [5]. This work evaluated the readthrough potential of these molecules and the recovery of p53 expression, 

following the induction of DNA damage on cells presenting the PTC UGA in the TP53 cDNA. The cellular localization of 

p53 was evaluated by immunofluorescence assay, the transcript of p53 and two of its target genes, p21, and GADD45, 

by Real-Time RT PCR, and the protein levels of p53 by Western blot. Treatment with TRIDs involves a partial localization 

of p53 in the nucleus following the induction of damage and the recovery of its expression in cells presenting the stop 

mutation and treated with the molecules. Through these results, we can, therefore, conclude that the molecules have 

a readthrough potential that allows the recovery of p53 expression and its correct localization at the nuclear level. 
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Background: The scope and detail of Protein-Protein Interaction Networks (PPINs) have expanded in last decades, 

thanks to advances in high-throuput technlogies and techniques that allow functional associations among proteins. 

However, PPINs remain static shapshots that hare rarely associated with the dynamics of processes represented by 

their arcs. Biochemical Pathways (BPs), on the other hand, allow to describe cellular processes over time and can be 

modeled as complex networks of chemical reactions. Analyzing BPs via numerical simulations allows for insight into 

dynamical properties. Here, we examine the potential of studying dynamical properties directly on PPINs, focusing on 

sensitivity - a global property that reveals how an input molecular species' concentration impacts an output species at 

a steady state.  

Methods: We simulate BPs through ODE simulations to compute sensitivities across species pairs. These sensitivities 

were then mapped onto PPINs using BioGRID and UniPROT, creating the a dataset that describe sensitivities for pairs 

of proteins, instead of pairs of molecules as it would be done for BPs. Then we train a neural model in the family of 

Deep Graph Networks (DGN) for predicting sensitivity relationships within PPINs. 

The trained model can be used to predict sensitivities between protein selecting any subgraph from the PPIN. 

Results: Preliminar results show that this model predicts sensitivity relationships effectively across various scenarios. 

We also found that the PPIN structure itself is crucial for inferring sensitivity. 

Conclusion: This study proposes a novel approach to sensitivity analysis on PPINs. Our findings 

could support applications in drug discovery, repurposing, and personalized medicine without requiring detailed 

process models. 
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Emerging evidence implicates ATP-binding cassette (ABC) transporters in tumorigenesis, with roles beyond xenobiotic 

detoxification to include disrupting normal cellular functions, promoting cancer hallmarks, and enhancing metastatic 

potential (1). ABCC6, a key ABC transporter, has been linked to cytoskeletal rearrangements, migration, and altered 

purinergic signaling via extracellular ATP modulation in HepG2 hepatocarcinoma cells. These findings suggest ABCC6 

as a therapeutic target in hepatocellular carcinoma (HCC) (2,3).  

To investigate ABCC6’s role in HCC, RNA sequencing on ABCC6-silenced HepG2 cells was performed, followed by 

differential gene expression analysis through Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathways, with key findings in focal adhesion genes validated by qPCR. Functional assays confirmed ABCC6’s 

role in enhancing cellular adhesion, migration, invasion, and matrix metalloproteinase (MMP) activity. Seahorse 

metabolic assays revealed a shift in energy metabolism upon ABCC6-knockdown, indicating reprogramming of central 

carbon metabolism that could support a less aggressive tumor phenotype. In vitro studies using the ABCC6 inhibitor 

Probenecid demonstrated effects consistent with ABCC6 silencing, notably reducing cellular adhesion, migration, and 

invasion while decreasing the aggressive phenotype via inhibition of the p38 MAPK pathway. In vivo, Probenecid 

reduced tumor engraftment in an orthotopic murine model of liver cancer. This decrease was associated with lower 

plasma vascular endothelial growth factor (VEGF) levels, measured by ELISA, and reduced MMP2 and MMP9 activity, 

as confirmed through zymography. 

These results underscore ABCC6’s influence on HCC biology, showing that its down-regulation disrupts cellular 

adhesion, invasion, and metabolic processes, influencing signaling pathways such as AKT/mTOR and WNT/β-catenin 

to reduce tumor aggressiveness. Targeting ABCC6 could thus represent a viable therapeutic approach in HCC, 

addressing its roles in cytoskeletal dynamics, purinergic signaling, and metabolic reprogramming to mitigate liver 

cancer progression. 
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Background: The future Italian Node of the European Microbial Resource Research Infrastructure MIRRI-ERIC (MIRRI-

IT) will be leading advancing microbial research in Italy. In 2022, the Italian government dedicated €17 million from 

the NextGeneration EU-funded PNRR program to support the SUS-MIRRI.IT project. Due to the vast amount of 

metadata and high-throughput sequencing datasets associated with microbial resources, the SUS-MIRRI.IT project has 

been focusing on creating bioinformatics analysis workflows and offering them as an online service. This service 

provides scientists with remarkable computing power, typically beyond the reach of most laboratories, and supports 

their research efforts with an interactive and intuitive environment.  

Methods: Our service integrates multiple microbial workflows within the high-performance computing (HPC) 

architecture of the University of Turin. To enhance user accessibility, we built a web interface using Next.js. The 

workflows are managed by StreamFlow [1], a Workflow Management System that adheres to the Common Workflow 

Language standard, and are executed within the HPC environment using SLURM [2], shown in Fig. 1A/1B. This setup 

allows for the simultaneous execution of multiple workflows. 

Results: To demonstrate our approach’s effectiveness, here we present two distinct workflows. The first workflow 

focuses on microbial genome assembly. It supports long-read sequencing by utilising various assembly tools [3][4][5]. 

Following the initial assembly, the workflow applies polishing and merging steps to enhance the quality of the 

assembled genomes. The second workflow is designed for metagenomic analysis, incorporating taxonomic annotation 

and microbial population characterisation. This workflow includes: (i) read alignment for host genome removal and 

taxonomic classification using Kraken2 [6] and MetaPhlAn4 [7]; (ii) post-processing steps such as normalization, 

decontamination, filtering, abundance estimation, and diversity calculation; and (iii) metadata analysis and regression 

model computation. Using our Infrastructure, we achieved a significant acceleration in the analysis, as demonstrated 

in Fig. 1C, which will be of great value for researchers and users. 

Conclusions: Both implemented workflows demonstrate a fivefold increase in speed compared to a personal computer, 

highlighting our service's scalability as it adapts efficiently to different computational resources. This performance 

boost also enhances the quality of our results, enabling the integration of additional tools and finer adjustments. 

This work was supported by the European Commission - NextGenerationEU, Project “Strengthening the MIRRI Italian 

Research Infrastructure for Sustainable Bioscience and Bioeconomy”, code n. IR0000005 (within the Italian National 

Recovery and Resilience Plan). 
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Background: Through the comparison of single nucleotide polymorphisms (SNPs) between healthy and affected 

subjects, genome-wide association studies (GWASs) it’s now able to identify genetic variants associated with complex 

diseases, clarifying their genetic architecture. However, despite its potential, GWASs encounter significant limitations, 

including high false-positive rates, low reproducibility, and consequently having difficulty distinguishing causal SNPs 

from those in linkage disequilibrium (LD) (i.e., those only physically associated with the phenotype and not truly causal) 

[1,3,4]. These and more challenges limit the accuracy of GWAS interpretation in studies of complex phenotypes [2,3]. 

Methods: Artificial intelligence (AI) can improve the quality of GWAS results through an automated machine learning 

approach (AutoML) for selecting SNPs of real interest, model tuning, and the ability to analyze large-scale genomic 

data [3]. However, this approach faces serious challenges, such as high dimensionality, when millions of SNPs are 

analyzed in small sample sizes. Problems related to overfitting or interpretability (especially when a deep learning 

approach is used) may then result [6]. This therefore requires human-in-the-loop approaches that inherently 

incorporate expert knowledge of AI processes to guide decision-making in clinical genomics. 

Results: Our ongoing review assessed the current applications and potential of AI in GWAS by analyzing 116 articles 

and 17 biobanks. The main findings relate to predictive models, feature selection methods, and the relative advantages 

and limitations of different AI approaches, thus providing guidelines for researchers in choosing an optimal AI strategy 

based on data and sample characteristics [3]. 

Conclusion: Also, we provide a preview of our project: a framework based on Tsamardino's work for SNP risk 

identification [3]. This is a framework that uses meta-features in the configuration of feature selection and 

preprocessing techniques. This involves parallel processes for identifying optimal algorithms with hyperparametric 

settings. Simultaneously, feature selection informs the targeting of genes and molecular pathways to enable cross-

validation of results. The goal of our project is very broad: it seeks to contribute to the improvement of GWAS through 

the development of scalable, robust, and interpretable AI models, with a view to advancing AI that can be aimed at 

personalized medicine. 
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Currently, there are several biological databases containing information on miRNAs. Among these, HMDD [1] and 

Mir2Disease [2] are the two most commonly used manually curated databases that provide a comprehensive resource 

on miRNA deregulation in various human diseases. MiRTarBase [3], on the other hand, is a curated database of 

MicroRNA-Gene Target Interactions that offers the most up-to-date collection by comparing it with other similar, 

previously developed databases.  

Since these databases are often difficult to access, a user-friendly web application has been developed to provide an 

overview of the role of miRNAs in the literature and their interactions with genes and diseases. Being web-based, the 

applications can be used without the need to install additional software.   

To create this web app, the “Shiny” library from RStudio was utilized. The web app is divided into three main sections: 

documentation, miRNA-disease interaction, and miRNA-gene interaction. In the documentation section, users can find 

detailed information on how to use the app and the methods used to collect and analyze the data. Subsequently, the 

user can choose to explore starting from one or more miRNAs or from one or more diseases. Depending on the selected 

option and the specified variables, a filtered table will be presented containing the miRNA-disease interactions, along 

with relevant references to the literature. The same logic will be applied in the third section, where a network will also 

be available to graphically visualize specific miRNA-gene interactions. 
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Critical studies have unwaveringly established the importance of peculiar SNPs in APO genes as genetic risk factors for 

dyslipidemias and its related comorbidities. Low-density lipoproteins (LDL) have different apolipoproteins cargo, 

depending on their electronegativity levels which in turn can be influenced by SNPs with amino-acid substitution 

neutral or acidic to basic. It is worth mentioning that even if pharmacological strategies to lower plasma LDL 

concentrations, the atherosclerotic process persists, highlighting therapeutic inadequacy. Therefore, there is a need to 

quest to identify molecules that could decrease LDL electronegativity or disturb negative-positive interaction with APO 

proteins useful in both basic lipid research and clinical medicine. Herein, using in silico approaches we performed an 

overview of the mutations of the APO proteins (focusing on E and C3) that could better fit with electronegative 

interactions. The computational tools used included SIFT, PolyPhen-2, FATHMM, SNPs&amp;Go, mCSM, DynaMut2, 

MAESTROweb, PremPS, MutPred2, and PhD-SNP. The analysis showed that mutations occurring in the minimally 

frustrated residues of APOE could disrupt stability, affecting the protein's function and potentially contributing to their 

fit with L5. Therefore APOC3 A43T mutation can be “friend”, while R163C mutation “foe”. 
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Background: SL1 to SL3 are the most conserved stem-loops of SARS-CoV-2 5’ UTR and are involved in its interaction 

with NSP1, to favour the translation of viral RNA [1]. 

Two modifications can be found in viral 5’UTR, the pseudouridilation of U54 [2] and m6A modification on A74 [3]; 

these affect the RNA structure and influence its interaction propensity. 

This study aims to design antisense oligonucleotides able to bind the SL1-SL3 stem loops, to affect the recognition and 

binding of NSP1. 

Methods: Methods are depicted in the attached image [4][5][6][7][8][9][10][11]. 

Results: Among the 51 designed ASOs, eight were selected and docked primarly agains SARS-CoV-2 5’UTR SL1-SL3, 

in unmodified, single and double (54-Ψ, 74-m6A) modification forms. RNA-ASO complexes were docked against NSP1 

in a second step and results were evaluated by MD simulation. Results were compared to ASO4, obtained from literature 

[5], as reference.  

RNA local flexibility is reduced in all complexes bound to ASO_12-36, as well as to ASO4. Binding of ASO_12-36 

reduces NSP1 C-term flexibility in all the conditions, while ASO_15-39 in unmodified and 54-Ψ forms, and ASO_43-

67 in 74-m6A and double modified forms. Considering complexes conformations, ASO_14-38 and 15-39 bind the 

NSP1 C-term preventing the formation of the α-helix required for the protein interaction with the host ribosome. 

Overall, all proposed ASOs display higher binding affinity for SL1-SL3 5’UTR than reference ASO4. ASOs presence 

reduce the affinity for NSP1, in particular, ASO_17-41 induce a lower affinity between 5’UTR and NSP1 in all 

conditions, like ASO4. Instead, if we consider a possible chelating effect of the ASO reducing NSP1 availlability, 

ASO_15-39 and 43-67 display a high binding energy among the molecules. 

Conclusion: All tested ASOs display characteristics potentially usefull for their therapeutic usage. In particular, 

ASO_12-36 and 14-38 reduce C-term mobility; while, ASO_15-39 and 43-67 display a high binding affinity for NSP1 

reducing its availability. Instead, ASO_17-41 interfere with 5’UTR-NSP1 binding. Results will be experimentally 

validated in cellular models. 
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Background: Characterizing the mechanisms of action (MoA) of compounds is critical for advancing drug discovery and 

repurposing efforts. Transcriptomic signatures, which reflect a compound’s impact on gene expression, are used widely 

to assess MoA, thanks to resources like the Connectivity Map (CMap) and the Library of Integrated Network-Based 

Cellular Signatures (LINCS), which provide extensive transcriptomic datasets for numerous compounds [1]. However, 

drug transcriptomic signatures can vary significantly across cell lines and conditions, potentially limiting their efficacy 

in reliably predicting MoA. Additionally, transcriptomic data alone, may be insufficient for accurate MoA description, 

suggesting the need for integrative approaches.  

This study aimed to test the effectiveness of Functional Representation of Gene Signatures (FRoGS) method, which 

integrates functional information into transcriptomic signatures to compare drugs MoA [2]. Compared to the original 

application of FRoGS, which was focused on drug target prediction, this analysis assessed the drug distances computed 

using FRoGS-derived transcriptomic signature embeddings against those obtained from a baseline method based on z-

score distance.  

Methods: We obtained the LINCS level 5 perturbagen datasets from the LINCS CLUE platform and selected the 

moderated z-score for 10174 genes classified as Best INferred Genes (BING).  

We defined benchmark scenarios for drug-drug similarity assessments involving drugs with shared targets, pathways, 

as well as genetic perturbagens.   

For each drug or genetic perturbagen signature, we computed the FRoGS embedding using the top 200 modulated 

genes and GO gene embeddings.  

Perturbagens MoAs were compared using cosine distance using both raw LINCS z-scores (baseline method) and FRoGS 

signature embeddings.  

Results: In all tested scenarios, the embedding-based distances of drugs sharing the same target and pharmacological 

action consistently showed lower values compared to z-score-based distances, suggesting that FRoGS approach 

identifies more subtle similarities between compounds.   

Conclusions: The outcomes show that functional integration in signature embeddings improves MoA comparisons. 

Therefore, this approach could provide a robust framework for embedding-based drug similarity assessments, 

informing broader drug discovery and repurposing efforts. 
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Background and motivation. Tandem repeat proteins (TRPs) are a widespread class of non-globular proteins involved in 

various biological processes, including cell adhesion and molecular recognition. A TRP consists of Repeat Regions made 

up of Insertions and Repeat Units, the smallest structural units. Classifying these units is crucial for phylogenetic 

studies and understanding sequence-structure-function relationships. While many manual classifications exist, 

automatic classifications are increasingly valuable due to the growing number of TRP structures.  

Method and Results. In the talk, we introduce an automatic method to classify units in protein tandem repeats. The 

method abstracts the units by non-covalent interactions at the atomic level [1] and exploits Algebraic Structural 

Alignment (ASA) distance to quantify the structural dissimilarity between units [2]. The protein abstraction consists of 

five chemical interactions extracted by exploiting geometrical parameters. Such an abstraction is formalized as arc-

annotated sequences (AASs), a base sequence equipped with arcs representing the chemical interactions. The structural 

differences between two units are quantified by ASA distance, a computational dissimilarity measure, which maps the 

AASs into structural trees that formalize arcs and relations among them by exploiting classical tree alignment. The 

hierarchical Clustering algorithm infers an automatic classification by grouping similar objects into clusters.   

The pipeline related to the method is implemented in Python by exploring RING and STAlign, two tools to extract 

protein interactions and qualify the structural difference based on ASA distance, respectively. Moreover, the pipeline 

uses the implementation of the Hierarchical Clustering method provided in scikit-learn [3].  

The approach has been tested on subsets of molecules of REPEAST DB [4], a database of annotated TRPs, and compared 

with the TM-ALIGN tool in order to classify the Class and Topology. The results, evaluated with the clustering methods, 

show that our approach overcomes the results obtained with the TM-ALIGN tool.  

Conclusions. This study introduces an automatic annotation method for TRP units that can be extended to other 

bioinformatics applications.We are working on the method extension by considering other protein abstractions and 

machine learning approaches combining sequences and structures. 
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Background: Recent advancements in genome sequencing have significantly improved our ability to identify gene 

variants associated with human disorders, yet many patients with rare diseases remain undiagnosed. Sequencing 

studies allowed the identification of causal variants in 36% of neurodevelopmental disorder (NDD) cases, with an 

additional 23% classified as variants of uncertain significance (VUS) [1]. In this context, whole-exome sequencing (WES) 

tends to be the predominant technology employed for diagnosis, yet RNA-sequencing (RNA-seq) has proven to aid the 

identification of rare-disease variants. Indeed, the latter approach can elucidate disease-related changes in gene 

expression as well as alternative splicing [2]. Therefore, we sought to validate the use of the nf-core/rnaseq and the nf-

core/differentialabundance pipelines on our infrastructure.  

Methods: To test the RNAseq pipeline combination, we processed 10 replicates from a previously employed and 

publicly available human benchmark dataset (from SEQC and ENCODE) containing external ERCC synthetic RNA. Based 

on methods utilized in a previous study for a similar pipeline combination [4], fold-change in expression was compared 

between two groups of samples containing different concentrations of the ERCC standard.  

Results: With respect to a line mapping expected log2 fold values 1-to-1 (assuming 100% accuracy), the regression line 

mapping observed to expected log2 fold values is shifted by approximately 0.5. Therefore, the obtained linear 

regression line established that most fold-change values overestimated the actual ERCC spike-in concentrations. 

Conclusion: The differential expression results obtained for the external standard are congruent with a previous analysis 

of the same samples using a similar pipeline configuration. 
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Background: The high-density lipoprotein (HDL), are traditionally known for their role in reverse cholesterol transport 

and cardiovascular protection. Recent findings have identified HDL as a carrier of microRNAs, small non-coding RNAs 

that regulate gene expression, suggesting a potential novel functional role for HDL-microRNA cargo. Methods: Here 

we conduct in-depth bioinformatics analysis of HDL-microRNA cargo to uncover their molecular mechanisms and 

therapeutic potential. First, using Gene Expression Omnibus (GEO), we performed computational analysis on public 

Taqman Human MicroRNA Array datasets (GSE 25425 platform GPL11162) obtained by highly-purified fractions of 

HDL, from human plasma (last update date: Mar 25, 2019) in order to identify miRNAs cargo [1]. Results: The cargo 

was also analysed using a bioinformatics approach to recognize their validated target genes. The plugin "BiNGO" of 

Cytoscape applied Gene Ontology enrichment analysis. The key genes mainly enriched in the biological process of 

cellular regulation were identified. Finally, the protein-protein interaction and co-expression network were analysed 

using the STRING and GeneMANIA Cytoscape plugins. Conclusion: This study explores a novel field of HDL by analyzing 

their role as carriers of miRNAs, small non-coding RNAs that influence gene expression. 
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Background: Currently, one-third of global food production, accounting for 1.3 billion tons, goes wasted due to major 

humanitarian and environmental challenges. In such a scenario, the circular bioeconomy model stands as an innovative 

solution by promoting sustainable production, utilizing agri-food waste, and converting non-renewable products into 

valuable resources.   

Methods: Here, the circular bioeconomy concept was applied to a previously obtained chestnut burr extract  (agri-food 

waste) composed of gallic acid, quinic acid, protocatechuic acid, brevifolin carboxylic acid,  and ellagic acid to evaluate 

its antimicrobial activity against four bacterial opportunistic pathogens  (Enterococcus faecalis, Staphylococcus aureus, 

Pseudomonas aeruginosa, and Escherichia coli).   

Results : Our results evidenced a modest but measurable antibacterial activity against Enterococcus faecalis,  with a 

minimum inhibitory concentration (MIC) of 64 μg/mL. In silico studies allowed for identifying the potential molecular 

target, supporting the underlying antibacterial activity of the active principle and providing useful molecular findings 

regarding their interaction.   

Conclusion: In this study, we show a robust and comprehensive in vitro and in silico pipeline aimed at the  identification 

of novel antibacterial scaffolds taking advantage of agri-food waste. 
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Background: RNA-binding proteins (RBPs) are post-transcriptional regulators that control RNA localization, stability, 

and translation. Human Antigen R (HuR) is a RBP that binds to AU-rich elements (AREs) in the 3’ untranslated regions 

(UTRs) of target mRNAs through its three RNA recognition motifs (RRMs). Primarily nuclear, HuR dimerizes through 

its RRM3 domain in response to various stimuli, stabilizing target mRNAs and facilitating their cytoplasmic export. The 

nuclear HuR influences splicing and mRNA stability, while cytoplasmic HuR enhances mRNA translation. Dysregulation 

of HuR is associated with pro-inflammatory phenotypes. Several small-molecule inhibitors are known to inhibit HuR, 

but their molecular mechanism is not clear. This study aims to identify and characterize the mechanism of HuR-mRNA 

disruption caused by three known inhibitors. activity. 

Methods: Molecular docking simulations of the inhibitors MS-444 (PubChem ID: 132904), SRI-42127 (PubChem ID: 

163415849) and STK018404 (Pubchem ID: 57672012) in complex with a 3D full-length HuR model, generated 

through advanced computational techniques, were performed using Autodock Vina. Three replicas for each HuR-

mRNA-inhibitor were performed with Gaussian accelerated Molecular Dynamics (GaMD) simulations of 500 ns duration 

were conducted for each system. A 500 ns GaMD was also performed for a HuR-mRNA system to use as reference. The 

MD trajectories were analyzed using modules of the GROMACS 2022 suite. The MM/PBSA method was employed to 

quantify the free energy of interaction between HuR and the inhibitors. 

Results: The results show that all three inhibitors stiffen HuR, specifically within the RRM2-RRM3 interdomain linker 

and the RRM3 domain (residues 187-322). This flexibility decrease is particularly evident in the collective motions of 

the first principal component (PC1) extracted from PCA analysis. This result suggests that the reduced flexibility in 

these regions destabilizes mRNA binding and, consequently, the dimerization process.  

Conclusion: Overall, these findings can provide valuable insights for the design of new HuR inhibitors, expanding our 

understanding of RBPs and their potential therapeutic applications. Further MD simulations and in vitro studies will be 

employed to validate the effect of these inhibitors on HuR-mRNA interactions. 
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Protein intrinsic disorder (ID) is a complex phenomenon encompassing a spectrum ranging from fully disordered to 

folded states with long dynamic regions. The absence of a universally applicable ground truth for all ID variations and 

the potential for order-to-disorder transitions under specific conditions pose challenges in ID prediction. 

The CAID challenge assesses the performance of different ID predictors across diverse benchmarks, utilizing the 

annotation provided by the DisProt database, manually curated to store the ID regions when experimental evidence is 

available in the literature. 

This study presents the results from Round 3 of the CAID challenge. CAID3 uses unreleased DisProt data as ground 

truth. DisProt has improved the quality and depth of annotations compared to previous versions, especially the 

functional annotations associated with ID regions. Over 19 new predictors were submitted for evaluation during this 

round, with a significant portion utilizing information from protein language models.  

The performance of the top method has improved by more than 10% for binding and more than   

8% for linker prediction compared to CAID2. The analysis of CAID3 methods shows that the top 10 positions are mainly 

populated by new methods using embedding from protein language models, demonstrating that embedding 

information could be helpful in solving tasks related to disordered proteins.  

The CAID challenge reveals varying performance among different prediction methods across different benchmarks, 

emphasizing the ongoing need to develop more versatile and efficient prediction software on one end and extend the 

benchmarking to all high-quality data available on the other. 
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The continuous evolution of SARS-CoV-2 has led to the emergence of several variants representing significant 

challenges for public health. Many studies highlight the phylogenetic analysis relevance of either complete genomes 

(1,2) or the spike gene sequences (3,4) of SARS-CoV-2 as potential method to discriminate among the virus variants. 

Here we describe a preliminary phylogenetic analysis framework to assess the capacity of SARS-CoV-2 Spike gene 

amino acid sequences to resolve viral variants evolutionary classification. To this aim, we considered the major variants 

of concern (VOCs) and the Wuhan-Hu-1 (NCBI-accession: NC_045512.2) reference sequences, as well as those 

appeared more recently namely XBB, EG and BA. The representative complete viral genome sequences of the VOCs were 

retrieved from COVID19 data portal 5 , while the sequences of XBB, EG and BA were downloaded from GISAID (6 ). 

Using hmmsearch (HMMer 3.3 package) (7) , the spike amino acid sequences HMM profile of references were searched 

against the genomes of the other variants to annotate and extract the relevant spike region. The extracted amino acid 

sequences were then aligned by hmmalign (HMMer 3.3 package) (7) against Spike gene references. Using ad-hoc 

python script the sequences were de-replicated considering only site variations represented by at least one sequence. 

To conduct the phylogenetic analysis ModelFinder (IQ-TREE package) (8) algorithm was used to obtain the best 

molecular evolution model. The consensus phylogenetic tree was obtained using Maximum likelihood method in IQ-

TREE where node support statistical significance was calculated using non-parametric ultrafast bootstrap analysis with 

1000 replicates. The first and preliminary results obtained from this study highlight a potential and important use of 

Spike gene evolutionary information to rapidly track the virus at molecular level. However, additional investigations are 

needed, also on bigger datasets, to demonstrate the capacity of Spike gene to substitute the phylogenomic approach 

with the aim to draw the evolutionary history and relationship of SARS-CoV-2 variants. 
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Background: DisProt (https://disprot.org/) is the gold standard as a manually curated database of intrinsically 

disordered proteins (IDPs) and regions (IDRs), along with their functions. A central activity of DisProt is the meticulous 

annotation of IDPs/IDRs from pertinent research articles, ensuring high quality, accuracy, relevance, and coverage of 

data. 

Methods: To achieve these standards, DisProt has improved its curation processes and engaged community curators. 

Community curators receive support through regular online training sessions and updated multilingual e-learning 

courses. In addition, a thorough review process conducted by expert curators helps maintain the reliability of 

annotations. To ensure consistency, DisProt emphasizes the use of controlled vocabularies, such as Gene Ontology (GO) 

and Evidence and Conclusion Ontology (ECO), alongside the adoption of standards like the Minimum Information About 

Disorder (MIADE) guidelines. 

Results: In its effort to expand coverage, DisProt focuses on thematic datasets that highlight biological areas where 

IDPs play key roles. Recent collections include those based on molecular activities, such as RNA-binding proteins, and 

proteins involved in critical biological processes and diseases, like neurodegenerative disorders. With regular biannual 

releases, DisProt continually enhances its offerings. 

Conclusion: DisProt remains a vital resource for the biocuration and research community, providing standardized and 

up-to-date information on IDPs across a wide range of organisms. 
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Background: Supervised machine learning is widely used in biology and deserves more scrutiny. DOME 

recommendations focus on key aspects including data, optimization, evaluation, and model interpretability, aiming to 

establish standards of supervised machine learning validation in biology. Formulated as questions, DOME 

recommendations are intended to enhance the reproducibility and clarity of ML methods, representing an initial 

iteration of a consensus-based community discussion. In addition to the DOME Registry, a website 

(https://www.dome-ml.org/) is available for providing continuous updates regarding DOME recommendations. 

Methods: DOME Registry, a platform dedicated to accessing and submitting reports on supervised ML publications. 

Each entry consists of an annotated DOME recommendations report, accompanied by essential article details such as 

journal, title, authors, DOI, and PubMedID, along with a DOME score and a unique identifier within the registry. 

Communication between the user interface and the database is facilitated through a REST API, with access regulated 

through ORCID authentication. By assigning a unique identifier to each publication and providing a DOME score, the 

registry facilitates the dissemination and adoption of DOME recommendations among data scientists and practitioners 

in biological science fields. The registry integrates external resources like ORCID, Data Stewardship Wizard (DSW) and 

APICURON enhancing user access management and data input. Through a user-friendly web interface, users can 

search, browse, and submit annotations, while administrators have full control over managing and publishing 

annotations. 

Results: We present the database structure, implementation details, and a use case demonstrating the integration of 

DOME recommendations and Registry into the article publishing process. The DOME Registry serves as a vital resource 

for advancing reproducibility and transparency in ML applications within biological sciences.  

Conclusion: As the field of ML in biological sciences continues to grow, there is an increasing need for standardized 

reporting practices to ensure that ML is transparent and reproducible. The DOME recommendations aim to enhance the 

reproducibility and clarity of ML methods, serving as an initial framework for a consensus-based community discussion. 
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Bachground: Limb-Girdle Muscular Dystrophy Type 2 (LGMDD2) is a rare autosomal dominant neuromuscular disease 

caused by mutation in the TNPO3 gene, encoding Transportin-3, which facilitates nuclear protein transport like SR 

proteins1, essential in RNA metabolism and splicing2. The role of TNPO3 in disease mechanisms and its effects on 

myogenesis, regulated by muscle-specific myomiRs, remains unclear3. For this purpose, we developed a mutated 

TNPO3 in vivo model based on zebrafish (Danio rerio)4 and analyzed myogenic regulatory factors genes (MRF such as 

myf5, myod, myog, mylpfa, smyhc1)5, muscle proteins (α-actinin, MyHC, SRSF1), and key myomiRs (miR-1, miR-

206, miR-133a, miR-133b)6 to better understand TNPO3 role in muscle formation and disease mechanism. 

Methods: LGMDD2 in vivo model was developed by microinjecting wild-type (WT) or mutated (MUT)7 human TNPO3 

mRNAs into zebrafish embryos. Embryos were maintained at 24 hour post fertilization (hpf) and 48 hpf, including non-

injected embryos as controls (NI). After RNA and protein extractions, RNA and protein analysis were performed by RT-

qPCR and western blotting respectively.8 

Results: Myf5 and myod gene expressions, typically active in early-to-mid myogenesis and deactivated soon after, 

were alterated in WT and MUT zebrafish. In particular, at 48 hpf, myf5 and myod levels significantly increased in WT 

and/or MUT samples, while myog expression at 24 hpf, relative to NI at same stage. However, mylpfa levels 

significantly decreased in WT embryos at 24 hpf, while smyhc1 significantly increased at 48 hpf. Protein analysis 

showed a significant increase of α-actinin and SRSF1 in 48 hpf MUT embryos, and MyHC in all different condition. 

Finally, an upregulation of miR-206, miR-1 and miR-133a (not miR-133b) in MUT embryos at 24 hpf, with a decrease 

in all four myomiRs (significant for miR-206) in WT embryos at the same hpf were observed; while at 48 hpf, MUT 

embryos showed decreased miR-206 and miR-1 levels and increased miR-133a and miR-133b levels compared to NI 

and WT embryos, where myomiR levels were similar. 

Conclusion: These findings suggest that TNPO3 mutation affects myogenesis, indicating its contribution in LGMDD2 

pathogenesis. Additionally, our zebrafish model methodology could advance understanding of TNPO3 function in 

muscle formation and the mechanisms underlying LGMDD2. 
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While avermectins are traditionally known for their antiparasitic properties, recent research has indicated their 

potential role as anticancer agents by disrupting microtubule dynamics. This study provides a novel, detailed molecular 

docking analysis of avermectin compounds against β-tubulin, elucidating interactions that may contribute to their high 

anticancer potential. Using advanced in silico methodologies, including the CB-Dock 2 platform and PyMol 

visualization, we discovered that specific avermectins (notably ivermectin B1a, selamectin, and doramectin) exhibit 

exceptionally high binding affinities to tubulin, with binding scores surpassing that of taxol (-18.0, -9.1, and -8.9 

kcal/mol, respectively). This analysis uniquely identifies key β-tubulin residues involved in the binding of avermectin 

compounds, suggesting these compounds may stabilize microtubules via a mechanism distinct from conventional 

taxanes. Our findings underscore the therapeutic promise of avermectins as alternative anticancer agents, offering new 

insights into their binding modes and laying the groundwork for future structural studies and preclinical testing. 
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Background: Microbial communities in long-ripened hard cheeses, such as Parmigiano Reggiano, shape the product’s 

organoleptic qualities through complex metabolic interactions(1), notably involving Lactic Acid Bacteria (LAB)(2-3). 

Characterizing these microbial communities is crucial for understanding species interactions during ripening and 

identifying potential differences influenced by the cheese's origin, especially in Protected Designation of Origin (PDO) 

cheeses. This study uses shotgun metagenomics to examine microbial compositions in 12-month ripened PDO and 

non-PDO Parmigiano Reggiano, aiming to uncover taxonomic structures and pinpoint distinct microbial profiles 

between these categories. 

Methods: 15 PDO and 15 non-PDO 12-month ripened Parmigiano Reggiano cheese samples were selected for this 

study (the earliest age for commercial marketing). To represent the cheese's microbial load accurately, aliquots were 

obtained from the core, middle, and near-rind areas of each sample. Each sample was homogenized with 100 ml of 2% 

tri-sodium citrate in 5 g of cheese, and DNA was extracted using the Maxwell® RSC PureFood Pathogen Kit on a 

Maxwell® RSC DNA/RNA extractor. Total DNA was quantified via the QuantiFluor® ONE dsDNA System (Promega, 

USA). Sequencing was conducted on the Illumina NovaSeq X Plus PE150 platform, providing approximately 9 gigabases 

per sample. 

FASTQ files from shotgun sequencing were trimmed with Adapter Removal software(4) and analyzed in Bowtie2(5) to 

exclude Bos taurus sequences. MetaPhlAn4(6) was then applied to assess microbial composition down to the species 

level. 

Results: Both PDO and non-PDO samples were dominated by LAB, with Lactobacillus delbrueckii, Lactobacillus 

helveticus, Lacticaseibacillus rhamnosus, Lacticaseibacillus paracasei, and Streptococcus thermophilus as the most 

prevalent species. Relative abundances varied among samples, with two non-PDO samples exhibiting high levels of 

Streptococcus uberis (76%) and Lactococcus carnosus (36%). 

Conclusions: Shotgun metagenomics effectively captures the complexity of microbial communities in cheese, providing 

insights into both taxonomic composition and functional potential(7-8). Here, LAB dominated across samples with 

notable inter-sample variations. Further genome reconstruction and functional analyses will be essential to unravel 

interaction networks within these communities and assess their influence on the ripening process. 
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Background: Neurodevelopmental disorders (NDDs) represent a complex group of conditions characterised by 

impairments in brain functions that affect at various levels the social, motor and cognitive abilities of the patient [1]. 

Despite the growing recognition of these disorders, due to their genetic heterogeneity and broad phenotypic spectrum 

[2], significant challenges remain in understanding the complex molecular mechanism underlying them, hindering the 

advancement of diagnostic processes and the development of therapeutic strategies. 

Methods: This work involved a comprehensive multi-step approach to identify genes associated with NDDs. We first 

integrated genes related to NDDs from several databases, including: i) Orphanet [3], ii) SFARI [4] and iii) gene lists 

retrieved from recent publications on NDDs [5, 6]. Then, after homogenising the data, a score based on the consistency 

of annotations across the different sources was used to divide it into different sets with varying degree of association 

to NDDs. The obtained dataset was then subjected to a gene enrichment analysis exploiting EnrichR [7], in order to 

pinpoint overrepresented functions, processes, and pathways. In the last step, a network analysis was performed to 

examine protein-protein interactions derived from IntAct [8]  and assess the roles of key nodes within the network. 

Results: We retrieved 8,611 genes related to NDDs, of which 2,323 showed a particular strong association. The gene 

enrichment analysis identified several enriched biological processes and pathways related to nervous system 

development, synaptic processes, t-RNA aminoacylation and, somewhat surprisingly, cancer. Meanwhile, the network 

analysis highlighted highly connected proteins in our networks, with the main ones in the set with the strongest 

association to NDDS being MAPT, LRRK2, and CUL3, identifying them as potential targets for further research. 

Conclusion: This work  provides new insights into the complex genetic landscape of NDDs, by advancing the 

understanding of NDD-associated genes and their interactions, offering a foundation for future research aimed at 

improving diagnostic accuracy and developing targeted therapies for these challenging disorders. Moreover, the 

suggested shared biological basis between NDDs and cancer, recently proposed by a few other authors as well [9], 

offers an intriguing subject for future research. 
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Background. Cancer stem cells (CSCs) are poorly differentiated cancer cells driving tumor initiation, propagation, and 

dissemination and contributing to therapy resistance and relapse1,2. Recent evidence indicates that CSCs exhibit 

significant plasticity and heterogeneity, at least in part due to their tendency to replication defects (so-called replication 

stress) and chromosomal instability (CIN)3.  

Methods. To this end, we take advantage of colorectal cancer patient-derived models enriched for CSCs (spheroids) or 

derived from CSCs (organoids or tumoroids). We modulate CIN through experimental strategies, including whole 

genome duplication (WGD) and mitotic checkpoint abrogation via MPS1 inhibitors. Then, we perform RNA-seq to 

characterize primary spheroids/organoids with distinct CIN levels for their transcriptional and epigenetic profiles. 

Results. Preliminary findings suggest that CIN induces transcriptional rewiring in CSCs, triggering an intracellular stress 

response that facilitates CSC adaptation. Specifically, in primary spheroids, we observe a correlation between WGD and 

dysregulation of immune response pathways and several epigenetic factors, particularly of the MLL histone 

methyltransferase complex. 

Conclusion. By integrating complementary approaches, we are unveiling the transcriptional impact of CIN in CSCs and 

identifying specific vulnerabilities for the development of new strategies to eradicate colorectal cancer. 
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Antimicrobial resistance (AMR) is nowadays a significant public health issue. A group of six pathogens—Enterococcus 

faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Enterobacter spp.—collectively known as "ESKAPE" can evade conventional antibiotics, and the World Health 

Organization predicts their impact will grow in the coming decades. This has driven global scientific efforts to find ways 

to prevent infections caused by multidrug-resistant ESKAPE bacteria. 

Among these, Klebsiella pneumoniae is particularly challenging; this bacterium uses various mechanisms to resist 

immune responses and antibiotics. A crucial part of its defense is the cell envelope, which includes capsular 

polysaccharides (CPS) and lipopolysaccharides (LPS). Bacteriophages, which naturally target bacteria, possess enzymes 

called depolymerases that can break down CPS, suggesting potential use in weakening bacterial defenses. As 

engineered proteins, these depolymerases constitute a promise for biotechnology and medicine. My research aims to 

understand their structural characteristics and interactions to develop new approaches against hypercapsulated, 

multidrug-resistant bacteria like Klebsiella. X-ray crystallography is a valuable technique for revealing protein 

structures, but it requires specific crystallization conditions, which can be a major limitation. Other techniques with a 

key-role in macromolecules structure determination like NMR and Cryo-EM also have their challenges. Combining these 

methods with computational models can help overcome these hurdles. Advances in artificial intelligence, such as 

AlphaFold, have significantly sped up progress in structural biology and drug discovery. 

In a recent study on the depolymerase KP34gp57, we used single-wavelength anomalous diffraction for crystal 

resolution, which involved complex preparation and crystallization. However, AI tools could now simplify this process. 

For example, using Molecular Replacement with AlphaFold's model could help to resolve crystal structures without 

extensive experimental work.The previous unavailability of a proper search model was due to the extremely low 

sequence identity (&lt;15%) of this enzyme with proteins of known structure. Our findings underscore the importance 

of computational methods in complementing experimental research, providing deeper insights into the molecular 

processes involved in disease. 
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Carbonic anhydrases (CA) are gaining attention in industrial biotechnology for CO₂ capture and conversion, offering an 

efficient biocatalytic solution to reduce greenhouse gas emissions. However, CA industrial application requires 

stabilizing enzyme structure and activity under operational conditions, which involves optimizing process parameters 

and exploring alternative solvents like ionic liquids (ILs) for a more favourable environment. Therefore, the objective of 

this study was to evaluate the impact of imidazolium-based ionic liquids (ILs) on the structure and activity of carbonic 

anhydrase type II (CA-II) through Molecular Dynamics (MD). The MD simulations were conducted using bovine CA-II in 

the presence of ILs ([C4mim][Tos] and [C4mim][HSO4]) at a concentration of 0.5M. All calculations were performed 

using Yasara (version 21.12.19) with the AMBER14 force field. The validation of MD results obtained was carried out 

using CA activity assays. The stability of CA was analysed by Root Mean Square Deviation (RMSD), Radius of Gyration 

(Rg), Root Mean Square Fluctuation (RMSF) and Solvent Accessible Surface Area (SASA). According to results obtained, 

CA showed highest stability in presence of [C4mim][Tos], that display similar values of RMSD, Rg, RMSF and SASA 

with the system without IL. However, highest values were found in presence of [C4mim][HSO4], indicating the impact 

of IL on CA-II structure and flexibility. In fact, the values of enzymatic activity measured showed the improvement of 

CA-II activity in presence of [C4mim][Tos] (306%). On the other hand, a strong inhibition of were founded with 

[C4mim][HSO4] (0.37%). Based on MD calculations and enzymatic activity, it can be concluded that CA-II 

microenvironment was altered by interaction with the ILs. These findings suggest that MD simulations could be useful 

tool for elucidating and predicting the behaviour of other ILs in CA-II activity to improve CO2 capture. 
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Phytophthora capsici is an important plant pathogen, which poses a serious threat to many important crop species 

including vegetable, fruit and forest crops worldwide. It shows an extensive variability in their host range and virulence 

patterns, which makes associated disease management practices very difficult. This study utilized various sequence-

based molecular signatures including SNPs localized within the ITS1-5.8S rRNA-ITS2 regions and Ras-related GTP 

binding protein (Ypt1) genes to evaluate the haplotype variability and phylogenetic relationship between different P. 

capsici isolates infecting different crops worldwide, having significant epidemiological implications. Moreover, various 

effector protein sequences including 101 RxLR, were studied to reveal their functionally associated sub-cellular 

organelles, signal peptide’s cleavage sites and peptide disorder patterns, to determine their potential roles in 

pathogenicity. Twelve different ITS-based evolutionary lineages specific to particular hosts and/or geographical regions 

and differed by several SNPs, and 30 haplotypes with maximum diversity in India and Pakistan, were identified in this 

study. It includes country-specific SNP lineages Pc-I and Pc-II in India with multiple host ranges, capsicum-specific 

lineages Pc-IV, Pc-V and Pc-VIII from Pakistan; papaya-specific lineages Pc-VI from China, and watermelon-specific 

lineages Pc-VII and Pc-XI from USA. Many lineages showed cross-border infections such as Pc-III and Pc-X in India and 

Pakistan, Cocoa-specific lineage Pc-IX in Brazil and Cote d’Ivoire, and Capsicum-specific multi-continental lineage Pc-

XII. Similarly, 11 different SNP-lineages and 32 haplotypes with maximum diversity in China were identified for the 

Ypt1 gene. Sequence analysis of the RxLR effectors showed variability in their functionally targeted organelles in the 

host plants such as most of the RxLRs function in the cytoplasm with lowest intrinsically distorted peptide regions, 

while the effector DVH05_001149 containing mitochondria-specific signal peptide, and DVH05_00143, PcREK6, 

Avh1, RxLR145, DVH05_011137 and DVH05_010186 effectors with nuclear localization signals, had maximum 

intrinsically distorted peptide regions. Some of the RxLRs also contained trans-membrane signals such as 

DVH05_004789 and DVH05_010188, which could have a crucial role in pathogen recognition by host plants. These 

findings would be very useful for epidemiological surveillance of P. capsici strains worldwide, understanding population 

and evolutionary dynamics, and also deciphering the molecular basis of effector-specific disease development 

phenomenon in different host plants. 

References 

Blair, J.E., Coffey, M.D., Park, S.Y., Geiser, D.M. and Kang, S. (2008). A multi-locus phylogeny for Phytophthora utilizing markers 

derived from complete genome sequences. Fungal Genet Biol, 45(3): 266–277. 

Chakraborty, A., Hussain, A. and Sabnam, N. (2023). Uncovering the structural stability of Magnaporthe oryzae effectors: a 

secretome-wide in silico analysis. J Biomol Struct Dyn, 1-22.  

Chen, Y. and Roxby, R. (1996). Characterization of a Phytophthora infestans gene involved in vesicle transport. Gene. 181(1-2):89–

94. 

Kumar, S. and Singh, A. (2024). In silico analysis to understand genetic variability, phylogenetic and phylogeographic relationships 

between Phytophthora capsici isolates infecting various crops. Archives of Phytopathology and Plant Protection, 1-22. 

Poster session 

mailto:anupama_s8@yahoo.co.in
mailto:suryapusa2015@gmail.com


 

 88 
 

Inferring microbial ecological networks from metagenomics data, 

when should we trust the results? 
Piero Mariotto (1), Matteo Baldan (1), Barbara Di Camillo (∗,1,2,3), and Giacomo Baruzzo (∗,1) 

1. Department of Information Engineering, University of Padova, Padova (PD), Italy. 

2. Department of Comparative Biomedicine and Food Science, University of Padova, Legnaro (PD), Italy. 

3. Padua Center of Network Medicine, University of Padova, Padova (PD), Italy. 

(∗) corresponding authors (barbara.dicamillo@unipd.it, giacomo.baruzzo@unipd.it) 

Correspondence: piero.mariotto@studenti.unipd.it 

Background: The interaction network of a microbial community plays a fundamental role in determining community 

functionality and evolution. Given the importance of microbial communities in various fields [1-3] much effort has been 

devoted to inferring these interaction networks, a necessary requirement to modify the community functionality to 

obtain a desired output or restore from a dysbiosis.  

Many methods have been proposed to infer these interaction networks from quantitative metagenomics data; however, 

they have found scarce applications in real-world studies due to concerns about their reliability. Assessing tool 

performance is challenging, mainly because of the lack of a ground truth dataset for evaluation. To solve this problem,  

in this study, we use a new microbial community simulator [4] to obtain a synthetic ground-truth and exploit it to 

extensively benchmark inference methods.  

Methods: To simulate the ground truth network and the corresponding metagenomics count data, we used N2SIMBA 

simulator [4]. N2SIMBA allows to set a network topology, then use it to model bacteria interactions, simulates the 

evolution of the bacterial community and generates the corresponding 16S count table. 

We benchmarked 18 inference methods [5-13] across 210 simulated scenarios, varying network topology, number of 

species, number of samples, etc. We then assessed methods’ performance by measuring precision, recall and MCC, 

evaluating the resemblance of the inferred network to the true one. 

Results: We observed that method’s performance increases with the number of samples, while performance drops 

sharply as the network density increases. This is likely due to the sparsity assumption made by the methods which 

limits the number of inferred edges causing low recall in denser networks. Interestingly, network topology determines 

statistically different performance for some methods, in particular straggling with power law degree distributions. 

Conclusions: From this extensive benchmark, we can conclude that microbial interaction inference methods show in 

general poor performances and that they struggle to reproduce the true network topology. We identified a narrow field 

of application: high number of samples and low node degree,  where some of the methods achieve good performance. 

Outside this field of applications methods performance drops sharply and inference results are not reliable. 
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Urtica dioica (stinging nettle) has been traditionally used in Chinese medicine for the treatment of joint pain and 

rheumatoid arthritis. This study aims to elucidate the active compounds and mechanisms by which it acts against gout 

arthritis (GA). Gout-related genes were identified from the DisGeNet, GeneCards, and OMIM databases. These genes 

may play a role in inhibiting corresponding proteins targeted by the active compounds identified from the literature, 

which have an oral bioavailability of ≥ 30% and a drug-likeness score of ≥ 0.18. A human protein-protein interaction 

network was constructed, resulting in sixteen clusters containing plant-targeted genes, including ABCG2, SLC22A12, 

MAP2K7, ADCY10, RELA, and TP53. The key bioactive compounds, apigenin-7-O-glucoside and kaempferol, 

demonstrated significant binding to SLC22A12 and ABCG2, suggesting their potential to reduce uric acid levels and 

inflammation. Pathway enrichment analysis further identified key metabolic pathways involved, highlighting a dual 

mechanism of anti-inflammatory and urate-lowering effects. These findings underscore the potential of U. dioica in 

targeting multiple pathways involved in GA, combining traditional medicine with modern pharmacology. This 

integrated approach provides a foundation for future research and the development of multi-target therapeutic 

strategies for managing gout arthritis. 
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Genetic variants are associated with a wide array of diseases and physical traits across diverse populations [1]. However, 

associating rare variants with phenotypes remains a significant challenge due to limited statistical power, often 

necessitating large sample sizes [2], [3]. Existing tools focus on dichotomous phenotypes and utilize linear models, 

while only a few addresses continuous phenotypes [4], [5], which can restrict flexibility and introduce bias in the 

analysis. To address these limitations, we propose INTERACT, an innovative method that leverages on ABACUS [6] set-

based analysis to enhance the detection of associations with continuous phenotypes, improving our understanding of 

genetic contributions to complex traits. 

INTERACT provides a method for linking single nucleotide polymorphisms (SNPs) to continuous phenotypes by the 

distribution of the phenotype derived from actual data to the genotype distribution. In particular, a bivariate statistic is 

designed to measure the strength of association between SNP pairs, assessing how well the phenotype distribution for 

specific genotypes matches the phenotype distribution. This statistic is represented as a graph adjacency matrix, where 

nodes represent SNPs and edges indicate the strength of associations, facilitating efficient exploration of SNP 

relationships. To handle large datasets efficiently, INTERACT leverages parallel computation and optimized memory 

usage, allowing large SNP-sets without increasing memory footprint. To reduce the false positives rates, INTERACT 

employs a Bonferroni correction, adjusting the significance threshold based on the number of tests conducted. It also 

uses bootstrapping to generate null hypotheses, ensuring reliable statistical results while remaining scalable, making 

INTERACT a useful tool for uncovering the genetic basis of complex traits. 

Preliminary results indicate that INTERACT effectively controls false positive rates in SNP-set associations, 

demonstrating a conservative approach due to the Bonferroni correction. The empirical type I error rate at the SNP level 

closely aligns with the overall SNP-set size, reinforcing the method's robustness in association testing. 

In conclusion, INTERACT is a valuable tool for associating SNPs with continuous phenotypes, addressing limitations of 

existing methods. By effectively controlling false positive rates and offering scalable performance, INTERACT enhances 

the reliability of genetic association studies and supports exploration of the genetic basis of complex traits. 
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Background: Obesity is a risk factor for breast cancer and a predictor of poor prognosis, and in literature there is 

evidence suggesting that the adipocyte secretome, particularly in the form of extracellular vesicles, play a key role in 

the crosstalk between adipocytes and cancer by promoting cancer cell growth and invasiveness. However, the 

molecular basis of the crosstalk between energy-stressed adipocytes and cancer is still poorly investigated. Our long-

term aim is elucidating the molecular mechanisms that control the remodeling of the adipocyte secretome in response 

to obesity and oxidative stress, and investigating their role in modulating the crosstalk between adipocytes and cancer 

cells, with the goal of identifying innovative therapeutic targets. 

Methods: Cell culture in DMEM+CALF serum, Adipocyte-Differentiation with ATCC protocol, RNA extraction with 

RNeasy Plus Mini Kit - QIAGEN or miRNeasy Mini Kit -QIAGEN, cDNA making with iScript, RT-qPCR Sybr Green 

ThermoFisher, Exosomes extraction with EXO-Spin mini Purification Kit 

Results: As a first objective, we established which is/are the best model(s) of adipocytes to use for in-vitro experiments 

and omics profiling. Experiments have been performed to compare the transcriptome and stress response in adipocytes 

differentiated from murine Adipose-Derived Stromal Vascular Fraction (SVF), and in vitro differentiated 3T3-L1 cells - 

an established pre-adipocyte murine cell line. Expression of genes involved in the endoplasmic reticulum and 

mitochondrial unfolded protein response (ER-UPR and mt-UPR) was upregulated after treatment with different 

mitochondrial stressors and used to identify optimal time points for RNA sequencing. We also optimized the protocols 

for extraction and quantification of extracellular vesicles released by adipocytes (adipocyte-derived exosomes) and their 

miRNA content. 

Conclusions &amp; Future Perspectives: Key transcription factors and their downstream molecules involved in ER-UPR 

and mt-UPR are upregulated upon mitochondrial stress and their contribution to regulating the cargo content of 

exosomes released by energy-stressed adipocytes will be studied in the cellular model and with the kinetics defined by 

these preliminary studies. Our future includes comparing the profiling of cellular transcriptomes with the profiling of 

proteins and RNA included in exosomes released under corresponding experimental conditions to dissect the effect of 

mitochondrial stress on the remodeling of the adipocyte secretome. 
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Rare diseases (RDs), predominantly genetic in origin [1], affect a small part of the population and are associated with 

significant disability and reduced life expectancy. Due to the lack of comprehensive knowledge and experimental 

protein structures linked to these conditions, addressing RDs remains a challenge [2]. 

This works aims to explore the molecular mechanisms of Mendelian Rare Diseases (MRDs) using structural 

bioinformatics approaches. The project integrates data from the Orpha.net database [3] with protein structure models 

obtained with AlphaFold AI system [4], focusing on missense variants implicated in MRD. The bioinformatics tool 

developed, called Orphanetta, combines data from Orpha.net, ClinVar [5] and UniProtKB [6] to analyse pathogenic 

protein mutations. Using Python programming and advanced structural analysis tools (POPScomp)[7], the study 

identifies and categorises the topological locations of mutation sites and provides insights into the effects of these 

mutations on protein function and stability.  

The findings contribute to the understanding of the structural basis of pathogenicity in MRDs and could guide the 

development of targeted therapies. The results highlight the potential of structural bioinformatics in uncovering the 

molecular origins of rare diseases and underline the need for continued research to support therapeutic advances. 
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Background: Extracellular vesicles (EVs) have gained attention as potential nanomedicine tools, but mammalian-derived 

EVs face challenges in purification and safety. Plants offer a promising alternative, and hairy roots (HRs) of medicinal 

plants are emerging as biotechnological platforms for producing therapeutic EVs [1,2]. This study focuses on EVs 

derived from Salvia sclarea and Salvia dominica HRs and their bioactivity in a Parkinson’s disease model. Furthermore, 

a detailed proteomic bioinformatic analysis was conducted to gain insight into the protein composition of these EVs. 

Methods: HRs were generated by transforming S. sclarea leaf explants with Agrobacterium rhizogenes. EVs were 

isolated from HR-conditioned media using differential ultracentrifugation (cUC) and size exclusion chromatography 

(SEC). Nanoparticle tracking analysis (NTA), scanning electron microscopy (SEM), and transmission electron 

microscopy (TEM) characterized EV size and structure. Proteomic and metabolomic profiles were assessed using mass 

spectrometry. Gene ontology analysis of identified proteins was carried out using the ShinyGo 0.80. The bioactivity of 

HR EVs was tested in a Parkinson’s disease model with SH-SY5Y cells treated with 6-hydroxydopamine (6-OHDA). 

Confocal microscopy tracked EV uptake, while spectrophotometric assays analyzed the biochemical response of SH-

SY5Y cells treated with EVs and 6-OHDA. 

Results: EVs from S. sclarea and S. dominica HRs were successfully purified and displayed distinctive biophysical and 

proteomic profiles. Metabolomic analyses showed a conserved cargo, rich in triterpenoids with antioxidant properties. 

Proteomic bioinformatics analysis revealed that EVs carried a unique set proteins, including ATP synthase subunits, 

ribosomal constituents, cytoskeleton elements, elongation factors, and molecular chaperones. These findings expand 

our understanding of plant EV biomarkers and provide new anchor proteins for EV bioengineering approaches. In SH-

SY5Y cells, HR EVs were non-toxic, entered cells efficiently, and significantly inhibited cell death induced by 6-OHDA. 

In-cell metabolomics revealed that EVs maintained SH-SY5Y metabolic homeostasis and mitigated oxidative stress. 

Mechanistically, HR EVs reduced the oxidative products of 6-OHDA, preventing its autoxidation and associated toxicity 

[3]. 

Conclusions: Our study demonstrates that EVs from Salvia HRs represent a safe and effective non-mammalian platform 

with potential for therapeutic applications in neurological disorders, such as Parkinson’s disease. These findings 

underscore the potential of plant-derived EVs as alternative therapeutic agents in nanobiotechnology. 
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Background: Retinal Hemangioblastoma (RH) is the most frequent and the earliest manifestation of the von Hippel-

Lindau disease (VHL) [1]. As with many other VHL-related tumors, it is highly vascular, a feature that could recently be 

observed with unprecedented detail thanks to the introduction of Optical Coherence Tomography (OCT) [2]. However, 

studying RH development in time remains challenging, especially without an animal model. Mathematical models are 

rising as a valid alternative to study cancer dynamics, and, among all, Phase Field Models (PFMs) have proved 

remarkable results in reproducing tumor growth and angiogenesis [3].   

Methods: We selected OCT images from three patients presenting an early-stage RH. We used the images to feed a 

deterministic PFM, simulated using the FEniCS computational platform and our recently developed software, Mocafe. 

We estimated the model’s parameters from experimental evidence reported in the literature.  

Results: We could derive several key observations from our simulations. First, we confirmed that our PFM model can 

recapitulate sprouting angiogenesis as observed in RH. Second, using different parameter combinations, we could 

assess that sprouting angiogenesis starts upon reaching a minimal dimension in RH. We also estimate such a minimal 

dimension to be around 200 um. Third, our simulations show that angiogenesis in RH occurs quickly, leading to the 

formation of stable vascular structures in the order of weeks. The latter fact might explain the discouraging results of 

antiangiogenic therapy for RH (e.g., anti-VEGF), suggesting that at the moment of diagnosis, tumor vascularization is 

already too stable to be treated with such a therapy.  

Conclusion: To our knowledge, this is the first study presenting a mathematical model of RH. Our results align with the 

agreed RH pathology and experimental observations. Our estimates on the minimal RH dimension and the speed of 

vascularization are coherent with several studies. Moreover, our results provide a new perspective on the applicability 

of AF inhibition therapy for RH. In conclusion, our work suggests that combining PFMs with OCTA provides a valuable 

tool for studying RH, partially filling the absence of an animal model. 
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Nucleic acid sequences exhibit exceptional versatility, being capable of forming diverse complex structures that are 

proven to be fundamental in bioanalytical applications [1]. Split aptamers, composed of two or more short nucleic acid 

fragments, have emerged as a particularly promising tool in the development of advanced biosensors. This innovative 

approach involves strategically splitting an aptamer into independent fragments that reassemble upon recognizing a 

specific target molecule [2]. 

This study focuses on optimizing aptamer design for enhanced suitability as biosensors, specifically investigating the 

effects of structural modifications on an ATP-binding aptamer. The aptamer model (PDB ID: 1AW4), capable of binding 

two ATP molecules, was modified by introducing poly-T loops of varying lengths (8, 16, and 32 bases) at three 

equidistant modification sites within its sequence.  

Molecular dynamics simulations assessed the resulting structural and binding changes using root-mean-square 

deviation (RMSD), root-mean-square fluctuation (RMSF), hydrogen bond analysis and MM/GBSA free energy 

calculations.  

The MM/GBSA analysis revealed that the incorporation of poly-T loops generally decrease the aptamer’s binding 

affinity for ATP, indicating that such modifications can induce destabilizing effects on the interaction. However, an 8-

base poly-T loop inserted at the fourteenth position demonstrated comparable binding free energies to the unmodified 

aptamer and fostered enhanced hydrogen bonding with ATP, suggesting this configuration supports a favorable 

interaction profile. 

Further analysis showed that longer loops, particularly the 32-base insertion, substantially increased flexibility and 

structural deviation from the initial conformation, as indicated by elevated RMSD and RMSF values. In contrast, shorter 

loops (8 and 16 bases) yielded minor structural perturbations, with the 8-base loop at the fourteenth site imparting the 

least destabilizing effect. 

These findings highlight the potential of controlled structural modifications to improve binding stability and affinity in 

aptamers, thereby enhancing their applicability in biosensing contexts. Future studies will experimentally validate 

these computational insights and explore additional structural adjustments to further optimize aptamer performance 

for therapeutic and diagnostic applications. 
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Long non-coding RNAs (lncRNAs) play key roles in regulating gene expression by interacting with DNA through various 

mechanisms. One such mechanism is the formation of RNA:DNA:DNA triple helices (triplex), where a single strand of 

RNA forms non-canonical hydrogen bonds with double-stranded DNA, interacting with the major groove of the 

genomic helix (Maldotti 2022). Predicting these triplexes computationally has gained significant attention recently, 

but consensus on optimal prediction methods remains elusive (Cicconetti 2023). This study investigates the influence 

of DNA 3D shape features — helix twist (HelT), minor groove width (MGW), propeller twist (ProT), and roll (Roll) — on 

the formation of triplexes and their potential to improve prediction models. 

To explore this, we collected experimentally validated triplex targets and estimated the values for the four shape 

features at binding sites and control regions. We employed nested logistic regression models to assess whether 

incorporating these DNA shape features, alongside traditional sequence-based data, enhances prediction accuracy. 

Our models demonstrated that adding 3D shape parameters increased the area under the curve (AUC) of the predictions 

by 17.5%, representing a significant improvement in predictive performance, even after controlling for chromatin 

openness, a factor known to enrich triplex sites. Further analysis revealed that the most significant contributions came 

from the HelT and ProT features, which showed the greatest difference between triplex-forming and non-forming 

regions. The MGW and Roll parameters, while still contributing to the model, had a smaller but noticeable impact. 

Importantly, the 3D DNA shape features improved triplex prediction across various lncRNAs, demonstrating that these 

features offer independent and complementary information to traditional sequence-based predictions. 

These findings indicate that the tridimensional structure of DNA plays a critical role in determining RNA:DNA:DNA 

triplex formation. By incorporating DNA shape features into triplex prediction algorithms, such as 3plex (Cicconetti 

2023), we can achieve more accurate and reliable results, potentially opening up new avenues for understanding the 

regulatory roles of lncRNAs in gene expression and their broader implications in health and disease. 
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Background: Spatial transcriptomics (ST) enables spatially resolved gene expression analysis within tissue samples, 

providing information about gene activity in the context of tissue structure. For the study of Host-Pathogen interaction, 

ST represents a promising asset allowing to characterize the interplay among the two players at the spatial level by 

using custom bacterial probes to detect the bacterial activity in addition to host ones. This project aims to develop a 

machine-learning model for analyzing Host-Pathogen ST data, enhancing bacterial gene expression detection and 

allowing to dissect the host-pathogen interplay. 

Methods: Visium-technology records spatial gene expression of tissue slides across thousands of spots of 55um 

diameter. We designed M. abscessus (MABSc) specific probes and performed ST experiments on mouse tissues 

subjected to controlled MABSc chronic infection. Bacterial gene expression was detected in infected tissues but was 

sparse and underestimated. We improved its analysis by leveraging host gene expression and spatial coordinates. To 

dissect the MABSc-Host interplay, we enhanced bacterial gene expression exploiting host gene expression and spatial 

coordinates of transcriptional capturing spots. Preliminary models were developed using neural network architectures, 

including auto-encoders (AE) for data denoising and low-dimensional representation, and graph neural networks (GNN) 

for leveraging spatial relationships. We additionaly implementedlinear algorithms like Lasso regression for 

benchmarking purposes. The data used for this work include a set of 7 consecutive FFPE mouse lung slices infected by 

MABSc. 

Results: The preliminary trained models implementing GNNs, AEs and linear regressions were able to predict the 

MABSc genes expression in high-inflamed regions enlightening different bacterial behaviours among spatial domains. 

The predicted bacterial genes were then used for clustering analysis identifying bacterial gene sets associated to 

specific tissue domains and increasing the original resolution obtained by the Host transcriptional cluster analysis. 

Conclusions: The designed preliminary models were able to predict the MABSc genes expression in high-inflamed 

regions enlightening different bacterial behaviours among spatial domains. The ability to impute bacterial transcripts 

will expand the applicability of ST in studying Host-Pathogen interactions enabling a retrospective analysis of samples 

without custom probes. This approach could lead to the discovery of interspecies gene networks increasing our 

understanding of host-pathogen interactions. 
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The androgen receptor (AR) plays a significant role in the development and progression of various cancers, particularly 

prostate cancer. However, recent studies reveal that its involvement in cell proliferation and survival extends to organs 

beyond those traditionally associated with male physiology, including the breast, bladder, lungs, and kidneys. In this 

context, we focus on kidney cancer, specifically clear cell renal cell carcinoma (ccRCC), the most common histological 

subtype. Mutations in the VHL tumour suppressor gene are present in approximately 80% of ccRCCs, identifying it as 

one of the key genetic driver for initiation and progression. VHL is part of the E3 ubiquitin ligase complex and negatively 

regulates hypoxia-inducible factor (HIF) signalling by targeting HIF-1/2α for degradation. VHL loss of function 

mutations leads to HIF-1/2α accumulation, activating transcription of genes involved in metabolism, cell cycle 

regulation, and angiogenesis. From existing literature, it is known that AR and pVHL interact through specific regions: 

Asp551-Asn706 of AR and Leu63-Pro154 of pVHL30. Our experimental data suggest that pVHL modulates AR activity, 

with pVHL30 enhancing AR turnover, while pVHL19 increases AR stability and transcriptional activity. To understand 

how AR is modulated under various conditions, we analyzed multiple ccRCC RNA-seq datasets. We found the greatest 

difference in AR expression in the wt VHL vs. mutant VHL dataset, where AR expression was higher when VHL was lost. 

This dataset was then used to investigate the expression of AR, EPAS1, and HIF-1α target genes. Additionally, we 

performed a comprehensive structural investigation of the molecular complexes formed between AR and VHL using the 

AlphaFold 3 server, such as VCB and CRL2-VHL and AR-foldosome (early, intermediate and mature stages) aiming to 

decipher the nature of the interaction understudy. AR expression is significantly increased when VHL is loss. 

Overexpression of AR and EPAS1 upregulated glycolytic enzymes and survival-promoting proteins, while 

downregulating cell cycle regulators. Structural analysis using AlphaFold3 revealed that pVHL30 binds AR for 

degradation, while pVHL19 stabilizes AR and enhances ligand-binding (DHT) activity. Specific hydroxylation sites for 

pVHL19, absent in pVHL30, support experimental findings: pVHL30 promotes AR turnover, whereas pVHL19 increases 

AR stability and transcriptional activity. 
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The Prolyl Hydroxylases (PHDs) are an enzymatic family that regulates cell oxygen-sensing pathway. Under normoxia 

condition, PHDs hydroxylate the hypoxia-inducible transcription factors α (HIFs-α), driving their proteasomal 

degradation. Hypoxia inhibits PHDs activity, stabilizing HIFs-α, which initiate the transcription of target genes involved 

in cell metabolism adaptation to hypoxia [1]. As a main hallmark of cancer, hypoxia promotes neo-angiogenesis, cell 

proliferation, and survival [2]. The PHD isoforms are thought to have a variable and cell-dependent impact on tumor 

progression. All isoforms hydroxylate HIF-α (HIF-1,2,3α) with different affinities. However, what determines these 

differences and how they pair with tumor growth is poorly understood [3,4]. 

Here, molecular dynamics (MD) simulations were used to characterize the PHD2 [5] and PHD3 isoforms binding 

properties in complexes with HIF-1α and HIF-2α. In parallel, conservation analysis and binding free energy calculations 

were performed to better understand PHDs substrate affinity. The results showed distinct affinities of PHD2 and PHD3 

for HIFs-α substrates with the PHD2 C-terminus playing a critical role in substrate binding and stabilization. MD 

simulations revealed that the PHD2 C-terminus oscillates between folded and unfolded states, impacting its affinity: 

in its unfolded conformation, PHD2 showed enhanced interactions with HIF-1α, while the folded state preferentially 

bound HIF-2α. These findings challenge previous assumptions that PHD2 preferentially binds HIF-1α, showing 

conditions under which it favors HIF-2α. For PHD3, interactions with HIF-1α were primarily stabilized by the β2β3-

loop, while its C-terminal region contributed to HIF-2α binding. Interestingly, binding free energy calculations 

indicated a stronger affinity of PHD3 for HIF-1α, contrasting with prior reports suggesting its primary regulation of 

HIF-2α in hypoxia [6]. The identification of specific binding sites in PHDs that impact substrate specificity without 

altering enzymatic activity could have implications for cancer research. 

Collectively, our findings suggest that the PHDs C-terminus may act as a molecular regulator of PHD’s activity, 

highlighting differences in PHD2 and PHD3 substrate specificity. 
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Conventional therapy options for chronic pain are still insufficient and patients most frequently request alternative 

medical treatments, such as medical cannabis. Although clinical evidence supports the use of cannabis for pain [1-3], 

very little is known about the efficacy, dosage, administration methods, or side effects of widely used and accessible 

cannabis products. A possible solution could be given by pharmacogenetics, with the identification of several 

polymorphic genes that may play a role in the pharmacodynamics and pharmacokinetics of cannabis [4]. Based on 

these findings, data from patients treated with medical cannabis and genotyped for several candidate single-nucleotide 

polymorphisms (SNPs) were collected, and integrated.  The data were then analyzed through the XGBoost model to 

demonstrate that the reduction in pain intensity is closely related to gene polymorphisms [5]. Dynamic and static 

patient features, the ones that changed over the treatment period and the ones that remained constant respectively, 

were considered to predict the optimal combination of THC and CBD doses. The analysis revealed that specific gene 

variants—such as ABCB1 rs1045642, TRPV1 rs8065080, UGT2B7 rs7438135, and COMT rs4680—along with patient 

age and pain severity, significantly influenced the effectiveness of cannabis treatment. The XGBoost model achieved a 

mean absolute error (MAE) of 1.01 mg in predicting the optimal cannabis dose, highlighting its accuracy in guiding 

personalized treatment plans. Our findings suggest that machine learning models demonstrate significant potential in 

predicting personalized cannabis therapy based on genetic profiles. By incorporating pharmacogenomics into clinical 

practice, these models can help clinicians optimize treatment, improving pain relief and minimizing side effects, 

thereby advancing precision medicine in chronic pain management. 
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Precision medicine represents a new insight in genetic medicine to treat the mutation profile of a patient1. Nonsense 

mutations represent a severe genetic defect in 11% the rare genetic diseases. Currently, suppression therapy is focused 

on addressing nonsense mutation diseases, for which no treatments that stimulate readthrough are approved. This 

approach uses translational readthrough-inducing drugs (TRIDs) against premature termination codons (PTCs) 

occurring in mRNA2. Our studies are centered on understanding the mechanism of action (MoA) of three TRID (NV848, 

NV914, and NV930) molecules. For this purpose, we determined NV TRIDs' effect on readthrough using the 

reconstituted in vitro model system PURE-LITE, which allows for the separate determination of TRIDs' impact on both 

readthrough and termination activities. We find that all three NVs induce readthrough in the PURE-LITE system and 

that their MoA differs from Ataluren, which is, actually, the only approved TRID. Our results exclude eRF1 and eRF3 as 

targets, but further efforts will be necessary to establish the precise MoA. 
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Background: The alteration of lipid metabolism is closely associated with the onset of non-alcoholic fatty liver disease 

(NAFLD), which is the leading cause of morbidity and mortality associated with the liver. Therefore, the effort to 

understand new agents capable of preventing the pathogenesis of non-alcoholic steatosis is fundamental [1,2]. Our 

aim was to verify if an extract of olive leaves (Ul) could prevent NAFLD and clarify its underlying molecular mechanism. 

HepG2 cells exposed only to free fatty acids (FFA) showed intracellular lipid accumulation, endoplasmic reticulum (ER) 

stress, and disrupted expression of proteins, lipids, and lipid synthesis-related genes, as demonstrated by omics 

analyses and biochemical assays. However, co-treatment with Ul attenuated and partially reversed the expression of 

these markers, restoring levels closer to the physiological state. The bioinformatic analysis of Ul key components 

suggested potential binding targets. 

Methods: HepG2 cells were treated with a mixture of FFA OA/PA (oleic acid: palmitic acid, 2:1) for 24 hours to induce 

NAFLD. To verify the reduction of lipid accumulation in HepG2 cells, phenotypic assays, western blots, q-PCR and 

cellular lipidome analyses were performed. Additionally, bioinformatic tools (Swiss Target Prediction, SuperPred) were 

employed to identify potential protein targets. 

Results: Our findings revealed significant improvements in cell viability, mitochondrial membrane potential, and a 

reduction in lipid droplets and steatosis markers through the modulation of AMPK and SREBP1/FAS pathways by 

alleviating ER stress. A detailed lipidomic analysis was conducted to explore the molecular mechanisms driving the anti-

steatotic effects showing a significant decrease in lipid metabolites, diacylglycerols and triacylglycerol. Metabolic 

pathway analysis revealed that these metabolites were closely associated with the metabolism of glycerophospholipids 

and glycerolipids, the regulation of lipolysis, fat digestion and absorption. Additionally, bioinformatic predictions based 

on the most abundant components in the Ul extract, identified using the RP-UHPLC-PDA-ESI-MS/MS platform, 

suggested potential binding interactions between key flavonoids and components of lipid metabolism. 

Conclusion: Exploring natural compounds and their derivatives offers valuable insights into the biochemical 

mechanisms involved in liver disease signaling pathways. These results suggest that Ul can potentially be used as a 

therapeutic agent to ameliorate NAFLD through regulation of lipid metabolism. 
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Background: Constraint-based metabolic models (CMB) apply to elucidate biological properties in variable 

environments. However, achieving accurate predictions remains arduous without comprehensive experimental data. 

Conversely, at the core of unveiling the functionalities in complex systems lies the use of Ordinary Differential 

Equations (ODEs), which detail the evolution of system's entities. Expanding knowledge of such systems through ODEs 

requires an in-depth understanding of the implicit dynamics of experimentally unobserved variables and obtaining 

ODEs unknown parameters. Nevertheless, parameter estimation is inherently challenging, as data are often limited or 

difficult to achieve, particularly for large-scale, complex models. 

Methods: We proposed a systems-biology-informed hybrid modeling approach called UnifiedGreatMod [1]. The general 

framework GreatMod [2] implements our approach. Our approach harmonizes ODEs and Flux Balance Analysis (FBA), 

which allows to state the dynamic model represented by an ODEs system, the FBA-based model, and the thier coupling 

[5]. Our method integrates the precision of ODEs-based kinetics with the broad applicability of genome-scale metabolic 

models (GEMs) for analyzing metabolic networks and predicting cellular growth and flux distributions (Fig. 1A). We 

illustrate this with cross-feeding interaction within the intestinal microbiota model SIHUMIx [4], a community-level 

model comprising eight species designed to simulate dynamic environments and replicate metabolic behaviors. By 

integrating transcriptomics-guided data with knowledge of media conditions given GEMs as data integration platforms 

[3], we incorporate ODE systems into multi-species-specific GEMs, adding constraints to the optimization procedure in 

CMB (Fig. 1B). The automation and scalability of our hybrid models expanded the framework's general applications. 

Results: Our hybrid modeling framework accurately predicts microbial growth concerning extracellular short-chain 

fatty acids (SCFAs) concentrations. The framework quantitatively predicts community growth rates and SCFAs, 

preserving higher-order community properties. The transcriptome-guided integration into GEMs captures context-

specific metabolism, revealing the metabolic interplay among bacterial species in digesting and producing resources. 

Conclusion: Our modeling approach provides insights into microbial metabolic interactions, particularly under host and 

environmental influences on the microbiota ecosystem. By refining GEM constraints through dynamic ODE resolution, 

the framework accurately identifies underlying dynamics, captures the context-specific metabolism and circumvents 

the limitation of data availability, representing an advancement in Systems Biology models or biological engineering 

projects. 
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Background: This study evaluates archetypal analysis (AA) as a tool for the analysis of single-cell RNA sequencing 

(scRNA-seq) data. Archetypal Analysis (AA) [1] is an unsupervised learning method that selects k vertices within the 

convex hull of the dataset, representing exemplary extreme points called archetypes. AA then represents observations 

as a mixture of archetypes, facilitating result interpretation when data does not consist of clearly distinct clusters. This 

method is formulated as a constrained optimization problem to best approximate the dataset through convex 

combination of archetypes [1]. In this work we apply AA to analyze single cell RNA sequencing data with the objective 

of characterizing each cell as a mixture of archetypes, thus being able to describe cell clusters and cell trajectories. 

Methods: Few implementations of this method exist. In this study, we use the R package archetypal [2], which provides 

an implementation of AA, solving the constrained optimization problem with the projected gradient method and the 

FurthestSum initialization. [3].    

Two scRNAseq datasets were analyzed: the Tirosh et. al dataset [4], snapshot of a human Melanoma sample (~4.000 

cells), and the Yuzwa et. al dataset [5], which provides cell's genes expression, at different developmental stages, of 

murine cerebral cortex (~6.000 cells). These datasets were chosen to examine cases where clustered and cell-types 

boundaries are not well-defined, providing opportunities to test AA capabilities in single-cell transcriptional data 

analysis. 

Results: We assessed cell assignment accuracy against reference classification using UMAP [6] and Sankey plots to 

visually compare and quantify the alignment between predicted and reference clusters. Results from AA were 

promising across both datasets. In the Tirosh dataset, AA effectively identified cell types, including malignant cells, 

while in the Yuzwa dataset, it showed potential in recognizing developmental trajectories. Performance analysis 

showed that FurthestSum is a viable initialization strategy; however, AA computation on these datasets was time 

intensive. 

Conclusion: AA shows strong potential for scRNA-seq data, capturing complex relationships between cell types and 

developmental trajectories. While computational optimization is needed for larger datasets, the AA approach could 

enrich scRNA-seq analysis with interpretable models. 
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