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Anti-angiogenesis vs Therapeutic Angiogenesis

IN SITU

Genetic changes New vessels: Anti-angiogenic treatment:
- Hypoxia tumor growth tumor regression

Feng et al., Ann Palliat Med 2012 °
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Vascularised tissue engineered constructs for Regenerative
Medicine

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

-~ o Endothelial cells
) R

~ Pericytes

o

o

/ Myoblasts

Q T\ﬁls':::red skeletal

FORTH/IMBB-BR U. IOANNINA



Myocardial Infarct Repair (MIR)

Feng et al., Ann Palliat Med 2012 o
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Vascularised Tissue Engineered Constructs in Regenerative Medicine
VEGF signalling in VASCULOGENESIS

Diffusion = | Vascglarizatiqn =
limited nutrient supply sufficient nutrient supply

neovascularized
~ scaffold

Hurdles: The signalling cascades of VEGF that differentiate hESCs to Vascular
Progenitor Cells (VPCs) and subsequently to endothelial cells are not yet

“,characterised.
RS
Risis FORTH/IMBB-BR U. IOANNINA




Tissues derived from the three germ layers

Sperm Egg
s
. 1 t
Ectoderm L cem ]
{External Layer) Cells

Mesodemn

(Middle Layer)
v L 4

=¥

L n E;Il Thyrod
Alvdoiar Coll

(in Gut) 1]

Muscie




Vascular Progenitor Cells (VPCs)
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Generation of hiPSCs

e Episomal based approach
(Okita et al, 2011)
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Differentiation of hESCs (H1) to VPCs
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Tsolis, Bagli, Kanaki et al J Prot Res 2016
Tan et al., Stem Cells and Development 2013

CD34+ VPCs

FORTH/IMBB-BR U. IOANNINA




Pluripotent

| Proteome | > CD34+
CD34-
GSK-3 inhibitor = BMP4 VEGF
24h 48h

—_—

. Phoshoproteome > | __,  5,15,30, 60,120 min

() Transcriptome > —_— 30, 60, 120 min

W24 FORTH/IMBB-BR U. IOANNINA



3 Conditions hiPSCs, CD34*, and CD34"

6 biological repeats

4.491 proteins

Selection of differential protein by the VIP method
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The isolated CD34+ cells are vascular progenitors

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

VPC + VEGF
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Bioartificial anterior cruciate ligament from Mesenchymal stem cells

Human Fibroblasts
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Proliferative Diabetic Retinopathy
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Proliferative Diabetic Retinopathy and tumor angiogenesis
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Endothelial cells are crucial players in organ development
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Proteomics of the hESCs, the CD34+ (VPCs) and the CD34- cells
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CD34+ CELLS ISOLATION USING MAGNETIC BEADS
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GENE NAME ABBREV. Fold Mor W

0,5hr
FBJ Murine Osteosarcoma Viral Oncoeene FOS 2.93381693
Early Growth Response 1 EGR1 3.191280212
FBJ Murine Osteosarcoma Viral Oncogene FOSB 1.280460829
Early Growth Response 1 EGR2 1.247055944
-1.0929
WT1 antisense RNA 1.00023
lhr
Earlv Growth Response 1 EGR1 3.498219969
FBJ Murine Osteosarcoma Viral Oncogene FOS 2.686333666
FB) Murine Osteosarcoma Viral Oncogene FOSB 1.964147637
Early Growth Response 2 EGR2 2.0098222
Early Growth Response 4 EGR4 1.631138464
Nuclear Receptor Subfamily 4, Group A, Member NR4A3 1.252448781
Early Growth Response 3 EGR3 1.231843601
(Ets Variant 2) ETV2 1.499910859
Nuclear Receptor Subfamily 4, Group A, Member NR4A1l 1.370193165
Lectin, galactoside-binding, soluble, 8 LGALS8 1.025375687
Jun Proto-Oncogene JUN 1.074031089
Nicotinamide N-methyltransferase NNMT -1.226535577
(Ets Variant 2) ETV2 1.237468366
Phospholipid scramblase family, member 5 PLSCRS -1.370018206
Dual Specificity Phosphatase 2 DUSP2 1.069818097
Methyltransferase like 7A METTL7A -1.086856357
Lumican LUM -1.400412082
2hr

(Ets Variant 2) ETV2 3.300306553
ETV2 (Ets Variant 2) ETV2 3.286132621
Homo sapiens immediate early response 3 (IER3) IER3 1.321028058
Homo sapiens immediate early response 3 (IER3) IER3 1.210983167
Homo sapiens nuclear receptor subfamily 4 group NR4A3 1.015714774
DUSP2 ( Dual Specificity Phosphatase 2) DUSP2 1.731873738
Homo sapiens nuclear receptor subfamily 4, NR4A1l 1.289972478
Homo sapiens small nucleolar RNA, H/ACA box SNORA11D -1.096551039
Homo sapiens RNA, 5.8S ribosomal 5 (RNA5-8S5) RNA5-855 -1.22018063
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Enriched Pathways
Differential Proteins Were Subjected in Pathway Enrichment Analysis against
Wikipathways Database Using WebGestalt Web Tool

Adjusted p-
Status Gene ID J P

value
ADHESION - MECHANOTRANSDUCTION
Integrin-mediated cell adhesion Activated in CD34" cells. VAV3 SRBS1 PAXITLN1 ITA6 VASP CRK 7.71x 10"
Regulation of Actin Cytoskeleton Activated in CD34" cells PAXI GIT1 GELS CRK RADI MOES PDFRB 0,0001

CO6A2 PAXI LAMC1 TLN1 VEGFR2 ITA6
Focal Adhesion Activated in CD34" cells LAMA1 VASP CRK LAMB2 COIA2 ITA9 4,56 x 10™°
PDGFRB
SIGNAL TRANSDUCTION
FAS pathway and Stress induction of S.'cress+ induction of HSPs is induced in LMNA HSPB1 SPTANL 0,008
HSP regulation CD34 cells.
Insulin Signaling Increased receptor recycling & SORBS1 MYO1C KIF5B CRK EHD2 0,0062
AGE-RAGE pathway Altered between the two cell types. ALPL MSN NOS3 0.0177
MAPK signaling pathway Altered between the two cell types. CRK PPP5C HSPB1 PDGFRB 0.0226
Hepatocyte Growth Factor Receptor Activated in CD34" cells PXN CRK 0.0276
REGULATORY AND METABOLIC PATHWAYS
Glycolysis and Gluconeogenesis Increased in CD34" cells. PGK1 ENO3 HK2 HK1 0.0008
Urea cycle and metabolism of amino OAT CKB GATM 0,0008
Angiogenesis Ac.tlvat.ed in CD34 cells, mainly towards KDR NOS3 0,0177
migration phenotype.
mRNA regulation of DNA Damage CCNB1 PML CDK6 0,0177
Glucuronidation UGP2 HK1 0,0177
Prostaglandin Synthesis and Regulation B|0Ck6d. In €34  cells, Slnggestlng reduced ANXA3 ANXA2 0,0225
synthesis of prostaglandins
One Carbon Metabolism Less active in (.:D34 cells, suggesting less MTR DNMT3B 0,0276
r’ DNA methylation compared to the hESCs.
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VEGF/VEGFR2 Signal Transduction and Endothelial Cell Responses
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Koch et al., Biochem J 2011 PIGF
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