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„Endotheliocentric“ view of vascular assembly

Vasculogenesis

Angiogenesis

Developmental Angiogenesis
Angiogenesis in the Adult: Cancer / Wound healing



„Endotheliocentric“ view of vascular assembly

Proliferation VEGF receptor / VEGF
FGF receptor / FGF  
PDGF receptor / PDGF 

Angiogenesis

Targeting TieTie--2 2 receptorreceptor / / angiopoietinsangiopoietins
EphEph receptorsreceptors / / ephrinsephrins



Erythropoeitin Producing hepatocellular Carcinoma 
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Eph receptors & Ephrin ligands

Juxtacrine Engagement / Signaling

Bi-directional Signaling



Eph/Ephrin Gradients Determine
Retinal Axon Guidance
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EphB4 / ephrinB2  Interaction at boundary 
Regions determine arteriovenous Anastomosis

Wang et al, Cell, 1998



Vascular Endothelial Targeting:
Critical Role of Eph / ephrin Interactions

In contrast to most other vascular growth factors,In contrast to most other vascular growth factors,
Eph receptors have Eph receptors have no no proliferativeproliferative functions.functions.
However they play an essential role in guiding However they play an essential role in guiding 
cellcell-- cellcell and and cellcell--matrix interaction.  matrix interaction.  

mature, vascular networksmature, vascular networks

In the In the embryo,embryo, Eph receptors play a critical role Eph receptors play a critical role 
in axonal guidance and vascular patterning.in axonal guidance and vascular patterning.
In the In the adult organismadult organism however, their functionshowever, their functions
and regulation still remain to be defined.and regulation still remain to be defined.



Tissue Hypoxia is Tissue Hypoxia is an an Important DeterminantImportant Determinant
of Eph / of Eph / ephrin ephrin ExpressionExpression

RationaleRationale
•• Eph and Eph and ephrins are upregulated ephrins are upregulated in a in a varietyvariety of of cancerscancers
•• Tissue hypoxia plays Tissue hypoxia plays an an important role important role in in tumor angiogenesistumor angiogenesis

Which in vivo Model for Tissue Hypoxia?

• Reflect true tissue hypoxia, NOT ischemia or 
ischemia / reperfusion  (confounders...)

• Allow quantitative & „real-time“ assessment of hypoxia 

• Be a murine model (future studies in transgenic mice) 



Tissue Hypoxia is Tissue Hypoxia is an an Important DeterminantImportant Determinant
of Eph / of Eph / ephrinephrin ExpressionExpression

A new Mouse Skin Flap Model

Flap is perfused by iliac arteriesFlap is perfused by iliac arteries

Oxygen & Microdialysis
Probes are inserted 



Continuous monitoringContinuous monitoring of of Oxygen tensionOxygen tension
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Continuous monitoringContinuous monitoring of of MetabolismMetabolism: : 
LactateLactate -- PyruvatePyruvate ratioratio
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Time course of HIF-1α m-RNA expression
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Time course of VEGF protein expression
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IB: actin

IB: EphA2
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Tissue Hypoxia is Tissue Hypoxia is an an Important DeterminantImportant Determinant
of Eph / of Eph / ephrin ephrin ExpressionExpression

ConclusionsConclusions -- II

1)  1)  The mouseThe mouse dorsal dorsal skin flap model allows precise skin flap model allows precise 
quantitative quantitative assessmentassessment of segmental of segmental skin hypoxiaskin hypoxia..
Results are highly reproducibleResults are highly reproducible

2)2) EphB4 / ephrinB2, and EphA2 / ephrinA1EphB4 / ephrinB2, and EphA2 / ephrinA1 are upregulatedare upregulated
in in responseresponse to to local tissue hypoxialocal tissue hypoxia



Angiogenesis

Endothelial cell 
proliferation

ephrinA/B
ligands ↑

EphA/B
receptors↑ VEGF ↑

HIF-1α ↑

Hypoxia

Endothelial 
cell targeting

?



Does Hypoxia induceDoes Hypoxia induce Eph / Eph / ephrin ephrin ExpressionExpression
throughthrough HIFHIF--11αα pathwaypathway??

In vitro induction of chemical hypoxia

• Cell culture system: Hep3B and PC3 cells

• Induction of chemical hypoxia with Cobalt chloride

• RNA interference (posttranscriptional gene silencing)
siRNA against HIF-1α vs. scrambled siRNA 



HypoxiaHypoxia--induced expressioninduced expression of HIFof HIF--11αα and and 
VEGF VEGF is inhibited by siRNAs againstis inhibited by siRNAs against HIFHIF--11αα
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siRNA against siRNA against HIFHIF--11αα inhibit hypoxiainhibit hypoxia--induced induced 
expressionexpression of EphA2 & ephrinA1  in PC3 of EphA2 & ephrinA1  in PC3 cellscells
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Vihanto et al, FASEB J 2005




