Angiogenesis = growth of blood vessel sprouts from
capillary blood vessels
Depends on angiogenic factors and their inhibitors

Angiogenesis is required for
e growth of many normal tissues
e repair of many damaged tissues

e increase in adipose tissue Healing

e tumour growth Growth

Folkman J (2007) Nature Reviews/ Drug discovery.

April 6:273-286 ‘ o ‘ ‘
* The modern history ot angiogenesis began with the work

of Judah Folkman, who hypothesized (and published in
1971) that tumor growth is angiogenesis-dependent.




Blood vessel structure

e Focus on capillaries:

—structure varies between tissues
e Endothelial cells
e Pericytes
e Smooth muscle cells

Large vessels
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Regolation of
angiogenesis

A. Metabolic Factors B. Mechanical Factors

4 Capillary growth is proportional to metabolic activity.
O Regardless ot the growth factor(s) that stimulate
@ Increasing metabolic activity stimulates blood vessel growth. allgiogenesis, the tundamental steps required to build
new capillaries are essentially the same.
U Decreasing metabolic activity causes vascular regression.

O A better understanding of the mechanosensory
mechanisms could therefore prnvide the basis for
unique therapeutic interventions to control
angiogenesis.

U Long-term increases in blood pressure lead to vascular
rarefaction.

4 Oxygen is a master signal in growth regulation of the
vascular system.

U Role of adenosine in metabolic regulation of vascular growth

Shear stress-induced intussusceptive angiogenesis gives rise fo
longitudinal splitting of blood capillaries.
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VEGF Family and Its Receptors

PIGF VEGF-A VEGF-C
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a2 » Tyrosine kinase receptors

o VEGF-A VEGF-C

Unclear, but likely o b H EGF E
Anglogenests, Inwolved in tumor growth L4 W

lymphangiogenes s (ron-RTK) Lymphangiogenests » VEGF-2 mediates all

)
cellular responses

2. 204368; Ferrarn N, of al. Nef Med 20039668

VEGFR-1 VEGFR-2 VEGFR-3
(Fi-1) (Fik-1/KDR) (Fit-4)

VEGF is a diametric glycoprotein and acts via tyrosine kinase receptors 1,2 3,and NRP 1 & 2
receptors; predominantly located on endothelial cells (Devries et al., 1992) All members of
VEGF family stimulate cellular responses by binding to tyrosine kinase receptors on cell
surface, causing them to dimerize and become activated through transphosphorylation.
Neuropilin-1 and Neuropilin-2 co-receptors, which bind selectively VEGF165 that encode
VEGF specific tyrosine-kinase receptors.
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Types of
Angiogenesis

Sprouting

- basal membrane is degradate and tip cells project into
extracellular matrix
- gradient to guide endothelial cells projection

UBULOGENESIS

ESSEL FUSIO

ERICYTE STABILIZATIO



Tip cells

e Apex of sprout

e Hightly motile

e Exend numerous filopodia

e Tubeless

* Non proliferative phenotypes
Tip cell

Leads new vessel sprout

Extends filopodia

Explores environment for guidance signals
Migrates through extracellular matrix

Form the stalk of the vessel sprout
Proliferate

Form vacuoles to generate vessel lumen
Produce extra cellular matrix

Phalanx cells

Become quiescent

Align and form a smooth monolayer
Express tight junctions

Make contact with mural cells (pericytes)
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Intussusceptive

» Intussusceptive angiogenesis is also called splitting
angiogenesis

» The vessel wall extends into the lumen causing a single
vessel to split in two

» . This type of angiogenesis is thought to be fast and efficient
compared with sprouting angiogenesis:

1. Reorganization of existing endothelial cells

2. No immediate endothelial proliferation

3. Migration

- occurs in the virtual absence of endothelial cell proliferation
- requires only 4-5 h for completion
- is present only in structures in rapid neovascularization



Intussusceptive Angiogenesis

Pillars are non-sprouting angiogenesis features
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Endothelial cells projections are
believed to contein contractile and
shape consistent with filopodia

Basement membrane is degraded and
tip cells project into the extracellular
matrix

gradient to guide endothelial cell
projection

Basement membrane is not degraded.
Endothelial cell projections are not
oriented into the extracellular matrix

(across the vessel lumen)

No gradient to guide endothelial cell
projection



OVARIAN TOLLICLAS VAM OLARIZATION

Primordial and primary follicles do not have a specific vascular network

Vascular preantral follicle is organized:
- a ring of blood vessels near to basal membrane
- spots of vessel at the periphery of basal membrane

Antral follicles present two concentric blood vessel networks connected to each
other by anastomotic vessels

In atretic follicles the the first vascular network that is reduced the inner network



PREANTRAL FOLLICLES

Quiescent follicles

Class 1-2 Class 3 Class 4 Class 5 Class 6
<4 GL 57 GL $13 GL >14GL
Early PA Middle PA Later PA

h analysis of VEGF expression revealed that the angiogenic stimulus
progressively increases passing from class 3 to classes 4-5 preantral follicles



Antral Follicle Atretic Follicle

The persistence of active inner
capillary network evidenced the
importance of the a correct trophic
supply of oxygen and metabolites
both to the avascular granulosa
compartment and to the germinal
cells

h VEGF in follicular fluid suggest a different solubility of the protein secreted




PERIOVULATORY PHASE

18h hCG 36h hCG
Peri-ovulatory follicles

early late

Late periovulatory follicles
- acquiring an undulated aspect
- present non sprouting and sprouting angiogenesis



