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o Integrative Multi-Omics Analysis of VEGF-Driven Vasculogenesis from Human Pluripotent Stem Cells

Hellenic Scciety of Biochemistry
and Molecular Biology

HSBMB

Jﬁbﬁ'ﬁxﬁ

;ii;

Elena Rakovoliou**12, Maria Markou*', Thanos Kylonis®, Andreas Metousis?, Eleni Bagli', Sofia Bellou™®, Panagiotis Moulos2, Matthias Mann#4, Theodore Fotsis'-28 & Carol Murphy'$

'Biomedical Research Institute - FORTH, loannina, Greece, % Laboratory of Biological Chemistry, Faculty of Medicine, Health Sciences School, University of loannina, Greece 3 Alexander Fleming,
Biomedical Sciences Research Centre, Athens, Greece, 4 Department of Proteomics and Signal Transduction, Max Planck Institute of Biochemistry, Martinsried, Germany, ®> Confocal Laser Scanning
Microscopy Unit, Network of Research Supporting Laboratories, University of loannina, Greece

*Presenting author: Elena Rakovoliou, elenarakovoliou@gmail.com, #Contributing equally
Corresponding authors: Carol Murphy_ carol_murphy@bri.forth.gr, Theodore Fotsis_ thfotsis@gmail.com

FOR I H Faculty of Medicine @ a
L University of loannina W L MAX PLANCK INSTITUTE

BIOMEDICAL RESEARCH INSTITUTE ALEXANDER FLEMING
Biomedical Sciences Researc h Center

Abstract: Rapid vascularization remains a major bottleneck in regenerative medicine. Vascular Endothelial Growth Factor (VEGF-A) is essential for endothelial commitment during vasculogenesis, yet the exact
precise cell population and underlying regulatory networks in humans are unknown. We identified a rare Day-3 mesodermal subset (Mesodermal Target Population, MTP) expressing high VEGFR-2 levels that
exclusively gives rise to vascular progenitor cells (CD34" VPCs) upon VEGF-A stimulation. Lineage tracing using a non-functional anti-VEGFR-2-Alexa488 antibody confirmed that only this subset internalizes the
receptor and commits to the vascular fate. Using single-cell RNA-seq, scATAC-seq and ultradeep phosphoproteomics (total mesoderm & purified MTP_5" and 15' post-VEGF), we are mapping the complete

transcriptional, epigenomic, and early signalling landscape of human vasculogenesis. Ongoing multi-omics integration will deliver the first molecular blueprint of this process, enabling high-efficiency generation of
vascular networks for tissue engineering and regenerative therapies.
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Problem: Transplanted tissues fail without rapid vascularization
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Upon VEGF induction on day 3, on the 5th day of the differentiation procedure up to 35% of
the cells express CD34, a marker of VPCs and could be clearly segregated from CD34- cells

11 distinct cell populations identified. VEGF drives progression
through endothelial commitment stages
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Corresponding mRNA levels. VEGFR2-expressing cells High VEGFR2 cells maintain elevated KDR throughout VEGF treatmen
also express the transcription factor ETV2, a marker of
mesodermal cell commitment to the endothelial lineage.
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Computational analysis

Analysis of the single-cell RNA-seq
data and single-cell ATAC-seq data
was conducted utilizing Seurat (v5.3.0)
and Sighac (v1.14.0) respectively. By
using these the aforementioned
frameworks and performing complete
preprocessing, quality control and
dimensional reduction, the integration
of the modalities and the identification
of cell populations were achieved.

(o))
o

0 total_minus_VEGF1otal_Smin_VEGF1otal_15min_VEGFsplit_minus_VEGF split_5min_VEGF split_15min_VEGF

o

High-quality dataset suitable for robust biological interpretation
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2. Pre-Vascularized Constructs

Engineer functional vessel networks before transplantation > improved tissue

VEGFR2+ Cells Give Rise to VPC :
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3. Vascularized Organoids
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Apply molecular blueprint to create organoids with integrated vasculature -> better
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