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M. Judah Folkman (1933-2008)

Scientist, surgeon and creator of the field of angiogenesis research.

Int. Symp. "Angiogenesis. Key principles, Science, Technology, Medicine”

St. Gallen, Svizzera, 1991 (foto di I.Freitas)
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Che cosa e
I’'angiogenesi?

4+ Angiogenesi: reclutamento di cellule endoteliali a
partire di vasi pre-esistenti.

4+ Vasculogenesi: attivazione di precursori endoteliali

28/04/2016



Pathological:

Fathological (hypothesis)

0ge:
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Pathological and Physiological Angiogenesis ‘_

CANCER, ocular disorders,
rheumatold arthritls,
psotiasia, obaesity, etc.

Heart disease and other
pathologies associated
with impalred neo-vascularization
capacity.

The total systemic angicgenesis
s bal d

by total systemic angiogenesis
Inhibition,

The syslemic angiogenesis
Inhibition dominates, meking it
difficult to launch anglogenesis.

The human population likely
falls In a range between
"EVEN" and "OFF".

Angiogenic
Switch

"ON"

"OFF

‘EVEN"

Range between
"EVEN" and "OFF"

Nyberg P, Xie L, Kalluri R. Endogenous inhibitors of angiogenesis. Cancer Res. 2005 May 15;65(10):3967-79.

Multiple targets in angiogenesis
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Healthy vessel

Well organized

Defined arterioles and venules
Regularly distributed

MNon-dilated

MNon-permeable

Mature and coated with mural cells
Low interstitial pressure

Complete basement membrane
Endothelial cell and mural cell
Appropriate expression of markers
MNormal rate of blood flow

Tumor vessel

Disorganized

Undefined arterioles and venules
Unewvenly distributed

Dilated

Highly permeable

Premature and lack of mural cells
High interstitial pressure

Lack basement membrane
Mosaic cells

High or low expression of markers
Sluggish blood flow

Jain RK, Sc Am, January 2008

[THE PROBLEM]

ABNORMAL VESSELS MAKE TROUBLE

Malformed vasculature inside a tumor
turns a bad situation worse (boxes).
Flaws in the organization and function-
ing of blood vessels create barriers
that prevent therapies from reaching
tumor cells and foster an environment
where those treatments are less effec-
tive. These unnatural internal condi-
tions also contribute to malignant

properties of the cancer itself. Immature
microvessel

'VESSEL ORGANIZATION

= Oversize diameter and chaotic
layout create irregular blood flow

= Absent or immature vessels make
‘some tumor regions impenetrable

TUMOR MICROENVIRONMENT

= Dysfunctional vessels produce conditions of low
oxygen (hypoxia) and high acidity

= Radiation and certain chemotherapies that require
oxygen to kill tumor cells are ineffective

= Immune cells that might attack cancer cells cannot
functien in an acidic envirenment and without exygen

= Hypoxia causes changes in gene activity that pro-
mote tumor cell migration toward healthy tissues

VESSEL FUNCTION

= Oversize pores in vessel walls leak fluid into
interstitial areas (between cells, vessels
and other structures)

= High interstitial fluid pressure blacks
transport of drugs and oxygen out of
vessels to tumor tissue

~ FLUID BUILDUP

= Tumor tissue
swells, causing
painful symptoms.

= Fluid pressure
drives tumar-
generated proteins.
and cells toward
healthy tissues and
inta lymphatic
vessels, increasing
risk of metastasis

Healthy tissue
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v CRESCITA E MANTENIMENTO DEI VASI SANI

Le cellule endoteliali formano vasi sanguigni in risposta

ai segnali di molecole che stimolano e inibiscono la crescita.
| vasi sono sostenuti dai periciti e dalla membrana basale.
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The Angiogenic Process

Endothelial cell
activation and survival
GF, bFGF)
Basement membrane
degradation
—  leg, MMPs, uPAR)
Endothelial cell
: —— proliferation and
N migration
(e, VEGF, bFGF)

Tube formation,
elongation, and
remodeling
(&g, Integring)

Intravascular b P Maturation

modulators of a {pericytes

angiogenesis associated with
vasculature)

Griffioen and Malema. Pha

http://www.medscape.org/viewarticle/548836_3
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Normal and Tumor Vasculature

Mormal Elood Yessels Tumeor Bleod Vesse
— T - e
Maturation factors present l;ﬁ_
2 (eg, An 1'|‘FI ) @3 = {eg, YEGF, bFGF)
= A Lot dependent on cell g present’
-
i ]

}-% survival factors?
=

Leaky!

Supporting cells
'/ prasent®

Reduced integrin
« wxpression’

\, Properties of Tumor Vasculaturey,

-Tortuous, dilated, poorly organized *:ki -
-Perivascular cells abnormal
-Hyperpermeable

+Results in increased interstitial pressure

«Decrease in diffusion of drugs into the tumor

http://www.medscape.org/viewarticle/548836_3
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Matrix transitions during angiogenesis

a Induction b Resolution
WVBM degradation (MMPs) Downregulation of
. proliferation and migration
Reformation of VBM

Pericyte detachment Tumour cells

W Proliferation
|| B

Perioyte attachment

VEGF, !
bFGF, ﬂ Anmine

-

=)= Provisional matrix
R Intermediate matrix
s Mature VEM
1 Degraded VBM

Nature Reviews | Cancer

Kalluri R. k

structure, bly and role in tumour angiogenesis. Nat Rev Cancer. 2003 Jun;3(6):422-33.

i b Sprout outgrowth and guidance

Angiogenesis sprouting

Mairtenance | | Deposition

Stabilization of || Stabili
EC—EC achesion || of PC contacts

Mature Reviews | Molecular Cell Biology

http://www.nature.com/nrm/journal/v8/né/fig_tab/nrm2183 F2.html

Adams RH, Alitalo K. Molecular regulation of angi is and lympk

is. Nat Rev Mol Cell Biol. 2007 Jun;8(6):464-78.
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us Inhibitors of A

Antithrombin Ill (¢
Chondromodulin

Cancer Research Reviews

Nyberg P, Xie L, Kalluri R. End inhibitors of i is. Cancer Res. 2005 May 15;65(10):3967-79.

Strategies targeting endothelial and non-endothelial cells

to inhibit tumour angiogenesis

j Cytostatic ar cytotaxic
‘anti-angiogenic agents

a Anti-angiogenic agents
inducing vessal regression

b Anti-angiogenic agents
improving drug delivery
(vessel normalization)

£ Stimulating release of

| Carmeliet P. Angi is in life, di and medicine. Nature. 2005 Dec 15;438(7070):932-6.
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Strategies targeting endothelial and non-endothelial cells to

inhibit tumour angiogenesis

Tumour angiogenesis has classically been
inhibited by anti-angiogenic agents that affect
ECs directly. Alternative anti-tumour
angiogenesis strategies target other cell types
in tumours {(mural and stromal cells,
haematopoietic cells and tumour cells), which
stimulate angiogenesis indirectly. The yellow
boxes show agents (such as VEGF inhibitors,
metronomic chemotherapy and other
compounds) that target endothelial
(progenitor) cells (EPCs); they inhibit
(lymph)angiogenesis (a), induce vessel
regression (a) and normalization (b), and block

recruitment of EPCs (¢). Thered boxes show
agents (such asPDGF inhibitors) that target
mural and stromal cellsand destabilize vessels
(d), reduce the release of pro-angiogenic
factors or progenitor cytokines, and lower the
interstitial fluid pressure (IFP), which improves
drug delivery(e). The green boxes indicate
agents (such as VEGFR-1inhibitors, chemokine
antagonists and so on) that target
haematopoietic cells and reduce the infiltration
of pro-angiogenic bone-marrow-derived
precursors and mature leukocytes (¢,f), and
stimulatethe release of endogenous

angiogenesis inhibitors in dendritic cells (g).
The blue boxes show agents targeting cancer
cells (chemotherapy, radiation, tumour-cell-
targeted biologicals) thatimprove drug delivery
by decompressing tumour vessels (h) and
decreasethe release of (lymph)angiogenic
factors (i); some anti-angiogenic agents are
also cytotoxic for tumour cells (j). BV, blood
vessel; CAF, carcinoma-activated fibroblast; CC,
cancer cell; DC, dendritic cell; LV, lymph vessel;
Ly, lymphocyte; Ma, macrophage; PC, pericyte;
MC, mast cells.

Carmeliet P. Angiogenesis in life, disease and medicine. Nature. 2005 Dec 15;438(7070):932-6.
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In the U.S., there are currently thirteen approved anti-cancer therapies with recognized
antiangiogenic properties in oncology. These agents, which interrupt critical cell signaling
pathways involved in tumor angiogenesis and growth, comprise of three primary categories:
1) monoclonal antibodies directed against specific proangiogenic growth factors and/or their
2) small molecule tyrosine kinase inhibitors (TKIs) of multiple proangiogenic growth factor

3) inhibitors of MTOR (mammalian target of rapamycin).

In addition, at least two other approved angiogenic agents may indirectly inhibit angiogenesis

through mechanisms that are not completely understood. Finally, in the field of dermatology,
there are several agents used for neoplasms of the skin.

http://www4angio.org/learn/angiogenesis/
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