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Genetic changes
- Hypoxia

New vessels: 
tumor growth

Anti-angiogenic treatment:
tumor regression

Anti-angiogenesis vs Therapeutic Angiogenesis
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Feng et al., Ann Palliat Med 2012
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Blood vessel

Jain et al., Nature Biotechnology 2005
Levenberg et al., Nature Biotechnology 2005

Vascularised tissue engineered constructs for Regenerative 
Medicine
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Myocardial Infarct Repair (MIR)
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Vascularised Tissue Engineered Constructs in Regenerative Medicine

VEGF signalling in VASCULOGENESIS

Ηurdles: The signalling cascades of VEGF that differentiate hESCs to Vascular
Progenitor Cells (VPCs) and subsequently to endothelial cells are not yet
characterised.
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Tissues derived from the three germ layers
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Vascular Progenitor Cells (VPCs)
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Generation of hiPSCs

• Episomal based approach 
(Okita et al, 2011)

Integration free

Genome-wide array based Karyotyping

GeneChip Gene 1.0ST array system
28,869 genes with 764,885 probes
EMBL Genecore facility

Integration free
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Differentiation of hESCs (H1) to VPCs 

HUVEC

CD34+ VPCs

In vitro 3D angiogenesis assays Matrigel Assay

Tan et al., Stem Cells and Development 2013 

Tsolis, Bagli, Kanaki et al J Prot Res 2016
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3 Conditions hiPSCs, CD34+, and CD34-

6 biological repeats
4.491 proteins
Selection of differential protein by the VIP method
Statistcs using the nonparametric  Kruskal-Wallis test
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The isolated CD34+ cells are vascular progenitors
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KDR, VE- Cadherin (CDH5), CD31, PROCR  (CD201), ERG, CD73, CD44, CD105, CD146 (MCAM),
and CD140B (PDGFRB)

From the 86 oversynthesised proteins 33 were related to angiogenesis/vaculogenesis and 
vascular homeostasis and 7 to mural cell differentiation
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VPC
s

Identification of the VEGF pathways responsible for differentiation of VPCs 
The VEGF phosphoproteome

Muñoz and Heck, Methods in Molecular Biology 2011

Titanium dioxide phospho-enrichment/ LC-MS/MS

VPC
s

+ VEGF

VEGF transcriptome
Bioinformatics
Experimental validation

PROFI & Gene expression 
Facilities - IMBB
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Bioartificial anterior cruciate ligament from Mesenchymal stem cells 

Adipose tissue

AT-MSC

Human Fibroblasts

hiPSC-MSC
hiPSC

Reprogramming
Differentiation

Kyrkou et al. Stem Cell Reports
(2016)

Kouroupis et al. Stem Cell Reports (2016) 
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Proliferative Diabetic Retinopathy

CELL TYPES: 
hESCs, hiPSCs, hST-MSCs

ANIMAL MODELS:
• Diabetic ischemic retinopathy model
• Advanced diabetic retinopathy model
• Oxygen induced retinopathy model

COLLABORATORS:
Prof. Antonia Joussen,  
Charite Universitatsmedizin Berlin,
Animal facilities and expertise

Prof. Andrew Hunter, Lincoln University, UK
REVAMMAD Marie Curie ITN
Validation of the effect, modeling

Endothelial 
cells

Pericytes
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Proliferative Diabetic Retinopathy and tumor angiogenesis

Normal VEGF
Normal vessels

Excessive VEGF
Abnormal vessels

Anti-VEGF agents
No vessels
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Endothelial cells are crucial players in organ development

Bahary & Zon, Science 2001
Matsumoto et al., Science 2001
Lammert et al., Science 2001
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Proteomics of the hESCs, the CD34+ (VPCs) and the CD34- cells 



FORTH/IMBB-BR U. IOANNINA



FORTH/IMBB-BR U. IOANNINA

CAROL MURPHY (Co-Group Leader)

POSTDOCTORAL ASSOCIATES

Bagkli Eleni

Bellou Sofia

Kyrkou Αthena

Kouroupis Dimitrios

PhD STUDENTS

Kostopoulou Nikoleta

Papadopoulos Aggelos

Chalmantzi Barbara

RESEARCH ASSOCIATE

Goula Amalia

DIPLOMA STUDENTS

Anthimou Anthimos

Tselepis Dimitrios

Acknowledgments

	

Karali Evdoxia

Team Members 

DEPARTMENT OF CANCER BIOLOGY, BRFAA

Stellas Dimitrios

Klinakis Apostolos

Karali et al. Molecular Cell  (in Press)

17.04.2014   On line

22.05.2014  In print



FORTH/IMBB-BR U. IOANNINA

CD34+ CELLS ISOLATION USING MAGNETIC BEADS
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Enriched Pathways 
Differential Proteins Were Subjected in Pathway Enrichment Analysis against 

Wikipathways Database Using WebGestalt Web Tool
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Αγγειωμένες Βιοτεχνητές Κατασκευές στην Αναγεννητική Ιατρική: 

Διαφοροποίηση Αγγειακών Προγονικών Βλαστικών Κυττάρων από 

Πολυδύναμα

11η Επιστημονική Διημερίδα ΙΤΕ, 
13-14 Οκτωβρίου 2017

Αμφιθέατρο «Γ. Λιάνης», ΙΤΕ, Ηράκλειο Κρήτης

ΘΕΟΔΩΡΟΣ ΦΩΤΣΗΣ
Τμήμα Βιοϊατρικών Ερευνών

Ινστιτούτο Μοριακής Βιολογίας και Βιοτεχνολογίας
Ίδρυμα Τεχνολογίας και Ερευνας (ΙΤΕ/IMBB-BΕ)

&
Εργαστήριο Βιολογικής Χημείας, Ιατρικό Τμήμα

Πανεπιστήμιο Ιωαννίνων
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VEGF/VEGFR2 Signal Transduction and Endothelial Cell Responses

Modified from
Koch et al., Biochem J 2011

VEGFR1
VEGFR2
VEGFR3

VEGFA
VEGFB
VEGFC
VEGFD
PIGF
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Development of 
vasculature from
progenitor endothelial 
cells

Herbert & Stainer Nat Rev Mol Cell Biol 2011


