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Endothelial cell functionsEndothelial cell functions

Griffioen & Molema, 2000, Pharmacol.Rev. 52:237.

�� Transport of molecules Transport of molecules 
over the vessel wallover the vessel wall

�� initiation of the clotting initiation of the clotting 
systemsystem

�� selection of the white selection of the white 
blood cells forming the blood cells forming the 
leukocyte infiltrateleukocyte infiltrate

�� new blood vessel new blood vessel 
formation formation 
(angiogenesis)(angiogenesis)

Neovasculature formationNeovasculature formation

�� VasculogenesisVasculogenesis -- formationformation of of blood blood 
vessels fromvessels from stem stem cells or by cells or by 
sproutingsprouting//intussusseption duringintussusseption during
embryogenesis.embryogenesis.

�� AngiogenesisAngiogenesis -- formationformation of of capillaries capillaries 
fromfrom prepre--existingexisting vasculature. vasculature. 

Angiogenesis is Angiogenesis is pivotalpivotal in tissue in tissue growthgrowth and and 
developmentdevelopment

  Angiogenesis Angiogenesis playsplays a a rolerole in:in:
�� Normal physiologyNormal physiology: : wound wound 

healinghealing, , female reproductive female reproductive 
cyclecycle, , inflammationinflammation, , 
(embryogenesis).(embryogenesis).

�� PathologicalPathological disorders: disorders: cancercancer, , 
arthritisarthritis, diabetes , diabetes retinopathyretinopathy, , 
cardiovascular diseasescardiovascular diseases, , 
endometriosisendometriosis, , ischemiaischemia, , 
psoriasis, psoriasis, ulcersulcers, , decubitusdecubitus, , 
adiposityadiposity. . 

The angiogenesis cascadeThe angiogenesis cascade Angiogenesis Angiogenesis stimulationstimulation
The The molecular playersmolecular players

AngiogeninAngiogenin
AngiopoietinAngiopoietins (s (--11,,--2 and 2 and --3)3)
DelDel--11
Fibroblast growthFibroblast growth factors: factors: acidicacidic ((aFGFaFGF) and ) and basicbasic (bFGF)(bFGF)
FollistatinFollistatin
Granulocyte colonyGranulocyte colony--stimulatingstimulating factor (Gfactor (G--CSF)CSF)
Hepatocyte growthHepatocyte growth factor (HGF) /factor (HGF) /scatterscatter factor (SF)factor (SF)
InterleukinInterleukin--8 (IL8 (IL--8)8)
LeptinLeptin
MidkineMidkine
Placental growthPlacental growth factor (factor (PlGFPlGF))
PlateletPlatelet--derived endothelial cell growthderived endothelial cell growth factor (PDfactor (PD--ECGF)ECGF)
PlateletPlatelet--derived growthderived growth factorfactor--BB (PDGFBB (PDGF--BB)BB)
PleiotrophinPleiotrophin (PTN)(PTN)
ProliferinProliferin
Transforming growthTransforming growth factorfactor--alphaalpha (TGF(TGF--alphaalpha))
Transforming growthTransforming growth factorfactor--betabeta (TGF(TGF--betabeta))
Tumor Tumor necrosisnecrosis factorfactor--alphaalpha (TNF(TNF--alphaalpha))
Vascular endothelial growthVascular endothelial growth factor (VEGF)factor (VEGF)
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Angiogenesis Angiogenesis inhibitioninhibition
The The molecular playersmolecular players
AngiostatinAngiostatin ((plasminogenplasminogen fragment)fragment)
Antiangiogenic Antiangiogenic antithrombinantithrombin III (III (aaATIIIaaATIII))
Bactericidal permeability increasing Bactericidal permeability increasing 
protein (BPI)protein (BPI)
CanstatinCanstatin
CartilageCartilage--derived inhibitorderived inhibitor (CDI)(CDI)
CD59 complement fragmentCD59 complement fragment
EndostatinEndostatin ((collagencollagen XVIII fragment)XVIII fragment)
FibronectinFibronectin fragmentfragment
GroGro--betabeta
HeparinasesHeparinases
Heparin hexasaccharideHeparin hexasaccharide fragmentfragment
Human chorionic gonadotropinHuman chorionic gonadotropin ((hCGhCG))
Interferon Interferon alphaalpha//betabeta/gamma/gamma
Interferon Interferon inducible proteininducible protein (IP(IP--10)10)
InterleukinInterleukin--12 (IL12 (IL--12)12)
KringleKringle 5 (5 (plasminogenplasminogen fragment)fragment)
Metalloproteinase inhibitorsMetalloproteinase inhibitors ((TIMPsTIMPs))
22--MethoxyestradiolMethoxyestradiol (2(2--ME)ME)

Pigment Pigment epithelialepithelial--derivedderived factor (PEDF)factor (PEDF)
Placental ribonuclease inhibitorPlacental ribonuclease inhibitor
PlasminogenPlasminogen activator activator inhibitorinhibitor
PlateletPlatelet factorfactor--4 (PF4)4 (PF4)
ProlactinProlactin 16kD fragment16kD fragment
ProliferinProliferin--related proteinrelated protein
RestinRestin
RetinoidsRetinoids
TetrahydrocortisolTetrahydrocortisol--SS
ThrombospondinThrombospondin--11
Transforming growthTransforming growth factorfactor--betabeta
TumistatinTumistatin
VasculostatinVasculostatin
VasostatinVasostatin ((calreticulincalreticulin fragment)fragment)

Angiogenesis is Angiogenesis is regulated by  regulated by  stimulators stimulators 
and and inhibitorsinhibitors

�� In In quiescentquiescent//normalnormal tissue the angiogenic switch is in tissue the angiogenic switch is in 
balance or offbalance or off..

�� Angiogenesis Angiogenesis can be achieved by increasecan be achieved by increase in in 
stimulators stimulators or decreaseor decrease of of inhibitorsinhibitors..

Initial recognitionInitial recognition of angiogenesis of angiogenesis being therapeutically being therapeutically 
interesting beganinteresting began in the oncological arena.in the oncological arena.

FolkmanFolkman et al. (1971) N.et al. (1971) N.EnglEngl.J..J.MedMed 285:1182285:1182

hypothesis:hypothesis:
-- tumors are most tumors are most vulnerablevulnerable at the at the levellevel of of their blood supplytheir blood supply
-- angiogenesis angiogenesis inhibition would attenuateinhibition would attenuate tumor tumor growthgrowth

The The discoverydiscovery of the of the first specificfirst specific angiogenesis angiogenesis inhibitorsinhibitors in in 
the the earlyearly ‘90s, ‘90s, resultedresulted in a in a rapidly expandingrapidly expanding research field.research field.

Why target endothelium rather than Why target endothelium rather than 
tumor cells?tumor cells?

�� Endothelial cells are the first to Endothelial cells are the first to 
encounter the blood.encounter the blood.

�� Therapy independent of tumor type. Therapy independent of tumor type. 
�� Genetically stable; no mutation into Genetically stable; no mutation into 

drug resistant variants.drug resistant variants.
�� AvalangeAvalange of effect; a lot of tumor cells of effect; a lot of tumor cells 

depend on one endothelial cell.   depend on one endothelial cell.   

Angiogenesis 1Angiogenesis 1

�� EarlyEarly 1960s1960s
�� Search for sleepingSearch for sleeping drug drug forfor pregnant pregnant womenwomen
�� Thalidomide was Thalidomide was selected for low orselected for low or absent absent 

toxicitytoxicity

�� A few A few yearsyears later the drug was later the drug was identifiedidentified as as 
being teratogenicbeing teratogenic, , causing stunted limb growthcausing stunted limb growth
in in humanshumans

�� 1994: Thalidomide is 1994: Thalidomide is anan angiogenesis angiogenesis 
inhibitorinhibitor

DiscoveryDiscovery of of AngiostatinAngiostatin

  SomeSome tumors tumors develop metastasis develop metastasis 
  after removalafter removal of the of the primaryprimary

tumor.tumor.
  A model: A model: Lewis Lung CarcinomaLewis Lung Carcinoma

in in micemice..

O’Reilly et al. 1994, Cell 79:315.
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DiscoveryDiscovery of of angiostatinangiostatin

  The The activeactive factor was a factor was a cleavagecleavage fragment fragment 
  of of plasminogen called angiostatinplasminogen called angiostatin..

O’Reilly et al. 1994, Cell 79:315.

Angiogenesis Angiogenesis inhibitioninhibition
does does not induce not induce 

resistanceresistance

  A A subsequent discoverysubsequent discovery was was 
endostatinendostatin..

  Endostatin bringsEndostatin brings tumors in tumors in 
dormantdormant state.state.

  Endostatin treatmentEndostatin treatment is is 
efficaciousefficacious in multiple in multiple roundsrounds
of of treatmenttreatment..

Strategies for inhibitionStrategies for inhibition of angiogenesisof angiogenesis

  (1.) (1.) InhibitionInhibition of of endothelial cell proliferation endothelial cell proliferation 

  -- TNPTNP--470, 470, angiostatinangiostatin, , endostatinendostatin, , anginexanginex
  -- most most successfulsuccessful as as yetyet in in animal experimentsanimal experiments
  -- PhasePhase II--II II clinical testingclinical testing

Strategies for inhibitionStrategies for inhibition of angiogenesisof angiogenesis

  (2.)(2.) InhibitionInhibition of of endothelial cell migration endothelial cell migration 

  -- blockadeblockade of of adhesion moleculesadhesion molecules e.g. αvβ3e.g. αvβ3--integrinintegrin, interferon, interferon--α.α.
  -- successfulsuccessful in in hemangiomashemangiomas and and giant cellgiant cell tumors.tumors.
  -- PhasePhase II--II II clinicalclinical studies.studies.

Strategies for inhibitionStrategies for inhibition of angiogenesisof angiogenesis

  (3.)(3.) InhibitionInhibition of matrix of matrix metalloproteinasesmetalloproteinases (MMP(MMP--inhibitorsinhibitors) ) 

  -- batimastatbatimastat, , marimastatmarimastat, AG3340., AG3340.
  -- PhasePhase III III clinical testingclinical testing..
  -- initially very promisinginitially very promising, , several compoundsseveral compounds have been have been 

retracted from clinical testingretracted from clinical testing..

Strategies for inhibitionStrategies for inhibition of angiogenesisof angiogenesis

  (4.)(4.) InhibitionInhibition of of endothelial signaltransduction endothelial signaltransduction 

  -- SU5416 SU5416 inhibitorinhibitor of VEGFof VEGF--receptor receptor signalingsignaling, CAI , CAI inhibitorinhibitor of of 
motilitymotility and and metastasis by blockingmetastasis by blocking of Caof Ca--mobilizationmobilization..

  -- phasephase III III clinical testingclinical testing
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Strategies for inhibitionStrategies for inhibition of angiogenesisof angiogenesis

  (5.)(5.) AttenuationAttenuation of tumor of tumor blood flow blood flow ((vascular targeting)vascular targeting)

  -- targetingtargeting of of toxins or isotopes totoxins or isotopes to tumor vasculature tumor vasculature specific specific 
antigensantigens ((TNF, TNF, αvβ3αvβ3--integrinintegrin, CD44, , CD44, endoglinendoglin/CD105/CD105, , 
combretastatincombretastatin).).

  -- preclinical preclinical testingtesting


