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Capillaries in skeletal muscle

Erytrocytes leak from a ruptured
blood vessel
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Physiologicalangiogenesids relatively rare event

Angiocgenasis in
utering lining

Angicgenesis in
tissue during wound
haaling
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B8l Blood vesseformation — short history of studies

* RomanphysicianClaudiusGalenof Pergamorn(129-199) found
thatvesselsarefilled with blood Then sir William Harvey (1578
-1657)discoveredhecirculationof blood

* Theword ,angiogenesiswasusedfor thefirst time in 1787 bybritish
surgeon Dr. John Hunter, taescribethe growth ofi blood vesselsin
reindeerantler

* Observatiomf vesseldn chickenchoric-allanteicmembrandy
F. Fuellebornn 1895).

* Detailedstudyon vasculogenesim chickembryoandlymphangiogenesis
by FlorenceSabinin 1902, 19131920.

* Firstin vivo observations of sproutirgapillaries in the transpare
tails of amphibian larva®dy Elliot Clarkin 1918.
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nlood ves*eiforrnatmn

Folkmansuggestednatgrowtn of turnorsdependof neovascularizatian

In 1971 Dr.Jucdar

Original drawing oy Folikrnar
(Folkmanet al, 1971)

PERFUSION
FollkmanandDr. Fleriry

DIFFUSION

Firstinnipitor of angiogenesiéCDI) wasdiscoverecoy Dr., Judarn

Brermin 1975during studieson cartilage
'Per erlomr/ a1cic

First proangiogenic
[2zonturnors

Dr. FlaroldDvoralkin 1




Blood vesselormaiion —snort nistory of siuclies

* Since 1970tne exiensivesiudiecon mecnanisrof angiogenesinavesiaried
* Since 198%4neatternp=of orc- andantrangiogenidhnerapiesn nurnanshavestaried
* Since 199%nelargescaleclinical trials of pro- andantrangiogenicherapiegayvestaried
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1997- Firstangiogenesisiirmnulatingdrug (Regraneyis FDA-
dizpeticioot ulcers

[—

2004- Avastin (znant-VEGF antipody is FDA aporovecfor the

tfreatrnenof acdvarncewolo eatalcancer

2004— Macuger(anant-VEGFE aptarney, becornednefirst ante
EGF drugto ne FDAapprovedfor inetreaimenof agerelated
rettion




stages in
angiogenesis




Formaition of plood vesseldn
woundecdskin

healthy tissue tissue 60 h after wounding




Carmeliet et al. Nature 2000




Capillaries wiin pericyies

pericytes
\ pericytes
pericytes /
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2 VEGE-A (vascular endots @J]?IUrovv"rh feicior,
vaiscular perreapility factor, vasculotropin)
nornodirneric proteir), 34- LZ Dz

3

2 Produced by many r/r nes of cells (e.g. macropnages vascular srootr muscle
cells fioroplasts, and cancercellsy)

sponseto nyposda and proinflarnmeatory cytokines
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ricl \/EGF~R2) are oresem"r mostly on endothelizl cells
If] ieliurn (but also on neurons and
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2 |t protec semb nelialcellsfrorm apoptosis
andinducestnelr proliferation , rigration,
and forrnation of capillaries,

2 \cisprotectively onneurors
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2 VEGFE Isrequired for tne norrmal develoornentof ernoryonic vasculature tre
cyclic growtn of blood vesseldn the femalereproductive tract, and tne
formettion of capillaries during wourncd repzlr.

rlowever, VEGF Is alsoinvolved in aonormel angiogenesisasseenin
proJJrergLu\/e retinopathnies, rneurmnatoid artnritis | psoriasis and ralignancies




Ernoryonic developments disrupted oy rmodest

Increasesn VEGF geneexgremun

m

2-3 fold overexpressioris
deletoriousto empryonic developrnent




Too nign and unpalancedexpressionof VEGF afier
genedelivery using adenoviral vectors

A and B, Note prominent tissuzederna
and new olood vesselformatior.

C. Note zalso a prominent lezrage of
olasma  protein  cormplexes  from
locally nyperpermesznlesar vessels







Diapeiic retinopainy




Aniiz LrJJJOJem Therapy:

Antlangiogenicineraoy 1s a new /brm of treatrnent using drugs called

‘anglogenesis ern,ouors‘ tnait specifically nalt new tod vesskegrowin,
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More than 300 an JJJJerJeJJJ Inninitor molecules havesan discoveed so far:
Sormne anglogenesionivitors are naiturally oresent in the hurnan bocly,
cause nealtny tissues appear to resist cancer grovyig corltaining these
antlangiogeniccormnpourids,

Other angiogenesisnhipitors nave been found in nature- in green tez,
50y Dezns, fungl, musnrooms, tree bark, Shark tissues)ze verorn and
mezny otrier supstarces,

still otner rlfJJJJJe nesisnnipitors nave pe
In the laborzatory,
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ctured synthetically

Sorme FDAzporoved medicineshave also been "rediscovered”to na
antizinglogenicoroperties,

Currently, more tnzn 40 antiangiogenicdrugs are being tested clinical trials
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Macugen (ao'ﬁlm@r plocking VEGF)
—first antiar JJOJerJJLdmg approved
for 'treaimemr of opninalmological

Innioition of VEGF pindingto VEG
receptordrn C&‘”SFf,cLE:‘C\/\/JFf | [NacL ge
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plays a pivotal role In tumor expansion It locally

2 perrneabilization of plood vessels VEGE
> extravasation of plasmaproteins, o
2 invasion of strormeal cells
2 sorouting of new plood vesseldnait
supply tneturnor witn O, and nutrients and facilitate metasiasis
Thefirst in vivo irmeageof Jmor rlmguger 12sis Corrosioncastof turnor vasculaiure

i
—rapoit epitneliomezal(lde et al, 1939).
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nealtny tissuelook different tn

turnors: view frorn outside
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9n healthy tissuelook different than thos
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turnors: view frorm Inside
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Vesselof healthy tissue

Vesselonf tumor




Elongation of capillary by 1 mm allows for
growth of ~10 000 cancer cells




Effect of anil-anglogenicinerapy on umor growin




Anglogenesis Innipitors and
Prirmary Tumors
»
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Anglogenesis Innipitors and Metasiasis

JFJW for

@ several weeks .@

Hernoyve
Initial turnor

Allowy tirne for
rmetasiases to appear

Arngiostatir) No trezirment
injections
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Few rmetasiases Many rnetasiases




Antlianglogenic mer,w/ Iffers From
Conventional C Jerru[heraow
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COH/E(EJHHJ chemotneragglls all dividing cells in the podyaiming to do the
izige to dividing cancer cells. Flowever, ndgrm /Jrlmg cells (nair cells,

ells, rmucous mermnoranes, none rearrovs)cane lsc desru/ed. This
lzacdls to werknowrn severe side effecis of criemotherapy: nalr iagneanoutr)
Ulcer, Infection, and low blood counts. Sorme criekiainy regirmas work very well
at treziting cancers that are diagnosed early,
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Antlangiogen *"'Jerapy attackonly growing new plood vessel cellignus the
effect ofantiangiogen ’rerapy ]5 concentrated only at the cancer Blighermorsg
endotnelialcells are more geneticaJJysta,bJetham cancercells wnichn decressetne
chancenatsormecellscanescapdrom thetnerapy Antiangioger Jrrlrngs arenetier
tolerated cornpared o chermotnerapy, witn fewer laad severeide effects, Most
antlangiogenicdrugs do not kill cancer cells directly. To keep caacfrornm
regrowing patlents ey need to tzzgtiangiogerniclrugs as a hromg therapy for
the rest of tnelr life,
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Three major typ

antianglogenicinerapl
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Anglogenesican pe innibited at diff
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Avastinplus 5FU/LY
Placepo olus+U/LY

FU-fluorourac
LV - leucovorin




Vessel cooption — pushing vascularization

The tumor faces normal liver architecture. As a compresion of tumor grows, the hepatocytes
step back and fusion of sinusoids takes place. The fusedsa&els, together with newly synthetized
connective tissue, is incorporated into the tumor. The pessure of the tumor results in
separation of the vessel from the liver parenchyma. The vesl remains connected to the
sinusoidal system. Green - tumor; brown — hepatocytesed —sinusoids and vessels.

Crossection of vascularized liver metastases of
colorectal cancer. SMA expressing cells (blue)
are facing the tumor tissue; Hepatocytes are
crowded in the middle (green); Endothelium
(red) is incontact with SMA positive cells.

Dome et al. Am J Pathol 2007




Glomeruloid vascularization

Following extravasation, the tumor cells adhere to thewface of capillary basement membrane
(grey). Because of contractile force and proliferation ofthe tumor cells a loop develops on the
capillary, pulling the capillary inward, resulting in th e development of further loops and
reduction of the diameter of the capillary segment lying otside the glomeruloid body. This leads
to formation glomeruloid body built by EC (red), pericytes (brown), and tumor cells (green).

Brain metastases of melanoma stained for
laminin (tumor, green) and CD31 (endothelium,
blue). Glomeruloid bodies are connected to each
other by a small capillary.

Dome et al. Am J Pathol 2007




Vascular mimicry

Dome et al. Am J Pathol 2007

The endothelial-line vasculature is closely apposed to ¢éhtumor cell-formed fluid conducting
meshwork. It is presumed that such vasculature becomes Ika. There is also a physiological
connection between the endothelial-lined vasculatureantthe extravascular melanoma meshwork.




Wydaje si, e avastin moe hamowa powstawanie nadmiaru VEGF, przez co
przywraca rownowagmi dzy aktywatorami i inhibitorami angiogenezy i w
pocz tkowym okresie ma raczej dzia anie korzystne dlayacz

* stabilizuje naczynia
* u atwia dost p lekdw do guza

Po d uszym okresie dzia ania hamuje powstawanie i indukegeesj naczy .
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