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INTRODUCTION

Angiogenesis means formation of new blood vessels
from preexisting blood vessels. The term was first used by
Hertig in 1935 related to neovascularization in the placenta
New blood vessel formation occurs under a lot of physiologic
and pathologic conditions.(1)

Physiologic angiogenesis can be found in reproduction
and development, as well as in wound healing. Pathologic
angiogenesis plays an essential part in tumour growth, in certain
chronic inflammatory conditions, such as rheumatoid arthritis
and in ocular neovascularizing diseases.

In the eye, angiogenesis is pathogenetically
responsible for common vision-threatening diseases, such as
proliferative diabetic retinopathy, retinopathy of prematurity,
rubeosisiridis and secondary glaucoma after branch and central
retinal vein occlusion, age-related maculopathy and corneal
neovascularization. Although inhibition of angiogenesis in
cancer therapy was already suggested by Folkman in 1971, only
the recent progress in understanding the process and the
regulation of angiogenesis has made this therapeutic option a
redlistic one.(2)

The process of angiogenesis

In the adult, new blood vessels arise by sprouting from
preexisting vessels. This process can simply be separated in
three steps.

1. Angiogenic activation of endothelial cells and
degradation of basement membrane. Angiogenic factors like
vascular endothelial growth factor (VEGF) induce an
angiogenic, activated state of the endothelial cells lining the
blood vessel. These activated cells then secrete proteases which
degrade the underlying basement membrane and the surrounding
extracellular matrix (e.g. plasminogen activator factor).

2. Endothelial  proliferation and migration.
Angiogenic factors like VEGF are mitogens specific for
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endothelial cells, which in response proliferate and migrate in
direction of the angiogenic stimulus out of the preexisting blood
vessel.

3. New vessel formation. Outgrowing endothelial cells
degrade extracellular matrix in their surrounding. On the other
hand, they need certain extracellular matrix (ECM) proteins to
adhere at.

These adhesion proteins vary depending on the
angiogenic factor which stimulates the endothelial cell: VEGF
induces expression of the integrin a vy, 5, which binds to the
ECM-protein vitronectin, fibroblast growth factor (FGF) for
example induces the expression of the integrin a y, 3. This is of
specia interest because pharmacological blockade of these
binding proteins can inhibit endothelial cell attachment to the
ECM and induce apoptosis (programmed cell death) of the
outgrowing endothelial cells.

Endothelial cells then arrange to form a new lumen
and eventually fuse with another blood vessel and circulation is
established. Other cells of the vessel wall, like pericytes or
smooth muscle cells follow.(3)

Pericytes are important because they stabilize the
vessel wall and seem to maintain endothelial cells (EC) in a
quiescent, antiangiogenic state. At least, in vitro they secrete the
antiangiogenic factor TGF b when cocultured with ECs.

VEGF appears to be the most important angiogenic
factor because is responsible mainly for eye diseases like:
proliferative diabetic retinopathy, central retinal vein occlusion,
irianarubeosis.

A moderate role belongs to other angiogenic factors
as. angiopoietin, erythropoietin basic fibroblast growth factor
(bFGF), insulin like growth factor (IGF), protein kinase C
(PKC) enzyme.

VEGF-A human gene is organized into 8 exons
separated by 7 introns.
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VEGF is associated with barrier rupture of blood -
retina and increased vascular permeability of retinal vessels.

Currently, there are 4 inhibitors agents of VEGF that
are used in the treatment of proliferative retinal diseases:
Pegaptanlb Bevacizumab, Ranibizumab, VEGF Trap.

Pegaptanib is a pegylated ribonucleic acid that binds with

high affinity to VEGF165.

Bevacizumab is similar to an antibody synthesis anti

VEGF-A, and can block all its forms; it was initially used

in the treatment of metastatic colon cancer and then in

other cancers.

Inhibition of the angiogenic factor VEGF

There are four potential targets for inhibition of the
angiogenic factor VEGF. Inhibition of VEGF will not only
result in the inhibition of the angiogenic property of VEGF but it
will aso interfere with the permeability increasing effect of
VEGF.

This could be especially interesting in inflammatory
diseases with breakdown of the blood retina barrier associated
with angiogenesis.

1. Inhibition of VEGF-secretion. Intravitreal injection of
antisense oligonucleotides against VEGF could reduce
VEGF production and angiogenesis in an animal
model with hypoxic retina. Antisense oligonucleotides
interfere with VEGF production by binding to VEGF
mRNA and inhibiting translation of mRNA into a
protein. Also, pharmacological aterations of the
haem-proteins responsible for the oxygen sensing
mechanisms related to VEGF secretion could interfere
with VEGF release.

2. Inactivation of VEGF. Adamis could demonstrate the
feasibility of this approach in an animal model where
the intravitreal injection of neutralizing VEGF-
antibodies minimized the rubeosisiridis usualy
occurring after experimental induction of central
retinal vein occlusion.

3. Blockade of VEGF receptors on ocular endothelial
cells eg. with TBC 1465 and TBC 1466. This
“strategy” is aso pat of the natura
antiangiogenicsystem. Soluble receptors for VEGF
and FGF circulate in the blood stream binding to and
inactivating circulating angiogenic factors. In addition,
heterodimers of VEGF, which display a 20-50 fold
less mitogenic activity than “normal” VEGF for
endothelial cellsin vitro, were found.

4. Inhibition of postsynaptic VEGF induced cell
activation. VEGF receptors are tyrosine kinase
receptors, whose intracellular effect is mediated by
phosphorylation events. Tyrosine kinase inhibitors as
Lavendustin A can interfere with this effect.

Regarding antiangiogenic therapy by inhibition of
angiogenic factors, some genera principles for this special
approach shall be discussed.

First, that probably not a single angiogenic factors
aone is responsible for pathologic angiogenesis in a definite
disease. This implies that a cocktail of antiangiogenic factors
will probably be necessary to achieve sufficient inhibition of
angiogenesis.

Second, that the “orchestra’ of angiogenic factors
probably varies between different organs and different
pathologic entities. This means that the antiangiogenic cocktail
will vary for different ocular neovascularizing diseases, e.g. a
different set of antiangiogenic factors will be used for
proliferative  diabetic  retinopathy than for  cornea
neovascul arization after herpetic keratitis.

Tableno. 1. Angiogenic and antiangiogenic factors

Angiogenic factors Antiangiogenic factors
aFGF, bFGF Angiostatin
VEGFVPF PF IV
Angiogenin TIMP 1,2,3
TGFa, TGFb Prolactin
TNFa Interferon a
PD-ECGF TGFb
Placenta growth factor Protamin
Interleukin 8 Steroids
HGF Thrombospondin 1,2,3
Proliferin
GM-CSF
Angiotropin
E-Selectin, VCAM-1, CD 44
Prostaglandines PGE,, PGE,

The use of antiangiogenic drugsin eye diseases

Age-Related Macular Degeneration (AM D)

There are two types of AMD: Non neovascular and
neovascular.

Non-neovascular form is characterized by the
presence of hard and soft drusen and changes in the retinal
pigmented epithelium (RPE).(6)

Neovascular form is characterized by the presence of
choroidalneovascular membrane (CNVM) that has usually
associated subretinal fluid, hemorrhage and possibly subretinal
fibrosis with central vision l0ss.(7)

In the past, laser photocoagulation was used for vision
loss. Photodynamic therapy was another option - combines
photosensitive agents and low energy laser.(8)

A dramatic advance was the introduction of
antiangiogenetics factors that not only reduce the incidence of
vision decrease but even improve it.(9)

Choroidal neovascularization in other diseases

CNVM also occur in other diseases: pathological
myopia, angioide tread, ocular histoplasmosis and traumatic
choroidal rupture.(10,11)

Diabetic retinopathy and macular edema

Vision loss in diabetic retinopathy is the leading cause
of complications through neovascularization in proliferative
retinopathy or exudation of macular edema.(12)

Photocoagulation laser remained standard
complications for 25 years. Regarding anti VEGF therapy in the
treatment of macular edema can say that the rate of vision
improvement is amost double compared to laser
therapy.(13,14,15,16)

Antiangiogenic agents as an adjunct to vitrectomy

Bevacizumab has shown some benefit as adjuvant
prioritized vitrectomy in patients with PDR.Prospective and
retrospective  studies have suggested that preoperative
Bevacizumab injection decreases intraoperative bleeding and
postoperative hemorrhage vitreous.(17)

Antiangiogenic agentsin neovascular glaucoma

Bevacizumab was actually introduced in the
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therapeutic management of neovascular iris (NVI) and
neovascular glaucoma (NVG). VEGF agents are very efficient
inducing rapid regression of neovascularization ischemia but the
effect is temporary requiring other additional treatments (such as
laser photocoagulation or develop therapeutic molecules
mechanisms that act in time and can be administered
quickly).(18)

Antiangiogenic treatment for retinal vein occlusion

It is the second retinal vascular cause of vision loss.

Central retinal vein obstruction ischemic form is often
accompanied by macular edema, retinal and retinal
neovascul arization.(19)

Ischemia induces the production of various cytokines
that lead to the formation of neovessels with increased capillary
permeability.

VEGF and IL6 have been found in high
concentrations in patients with central retinal vein obstruction.

CONCLUSONS

Currently, there are being conducted studies related to
angiogenic factors and their role in the human body.

Recent discoveries help us treat certain diseases that
had practically no successful therapy.

The role of the antiangiogenic treatment is curative
and adjuvant in other therapies.

In ophthalmology, in the last 5 years, this treatment
has practically represented a revolution in the therapeutic
management of retinal disease and not only.

REFERENCES

1. Henkind P, Wise GN. Retina neovascularization,
collaterals, and vascular shunts. Br J Ophthalmol.
1974;58:413-422.

2. Law JC, Recchia FM, Morrison DG, Donahue SP, Estes
RL. Intravitreal bevacizumab as adjunctive treatment for
retinopathy of prematurity. JAAPOS. 2010;14:6-10.

3. Heier JS, Boyer D, Nguyen QD, Marcus D, Roth DB,
Yancopoulos G, Stahl N, Ingerman A, Vitti R, Berliner AJ,
et a. The 1-year results of CLEAR-IT 2, a phase 2 study of
vascular endothelial growth factor trap-eye dosed as-
needed after 12-week fixed dosing. Ophthalmology.
2011;118:1098-1106.

4. Abhary S, Burdon KP, Casson RJ, Goggin M, Petrovsky
NP, Craig JE. Association between erythropoietin gene
polymorphisms and diabetic retinopathy. Arch Ophthalmol.
2010;128:102-106.

5. Abhary S, Burdon KP, Casson RJ, Goggin M, Petrovsky
NP, Craig JE. Association between erythropoietin gene
polymorphisms and diabetic retinopathy. Arch Ophthalmol.
2010;128:102-106.

6. Heer JS, Boyer D, Nguyen QD, Marcus D, Roth DB,
Yancopoulos G, Stahl N, Ingerman A, Vitti R, Berliner AJ,
et a. The 1-year results of CLEAR-IT 2, a phase 2 study of
vascular endothelial growth factor trap-eye dosed as-
needed after 12-week fixed dosing. Ophthalmology.
2011;118:1098-1106.

7. Abraham P, Yue H, Wilson L. Randomized, double-
masked, sham-controlled trial of ranibizumab for
neovascular age-related macular degeneration: PIER study
year 2. Am J Ophthalmol. 2010;150:315-324.

8. Brown DM, Campochiaro PA, Singh RP, Li Z, Gray S,
Saroj N, Rundle AC, Rubio RG, Murahashi WY.
Ranibizumab for macular edema following central retinal
vein occlusion: six-month primary end point results of a
phase |11 study. Ophthalmology. 2010;117:1124-1133.

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

Bashshur ZF, Haddad ZA, Schakal AR, Jeafar RF, Saad A,
Noureddin BN. Intravitrealbevacizumab for treatment of
neovascular age-related macular degeneration: The second
year of a prospective study. Am J Ophthalmol.
2009;148:59-65.

Boyer DS, Heier JS, Brown DM, Francom SF, lanchulev T,
Rubio RG. A phase Illb study to evaluate the safety of
ranibizumab in subjects with neovascular age-related
macular degeneration. Ophthalmology. 2009;116:1731-
1739.

GharbiyaM, Giustolis R, Allievi F, Fantozzi N, Mazzeo L,
Scavella V, Gabrieli CB. Choroidal neovascularization in
pathologic myopia:  Intravitrealranibizumab  versus
bevacizumab-A randomized controlled tria. Am J
Ophthalmol. 2010;149:458-464.

Hayashi K, Ohno-Matsui K, Teramukai S, Shimada N,
Moriyama M, Hayashi W, Yoshida T, Tokoro T,
Mochizuki M. Comparison of visua outcome and
regression pattern of myopic choroidal neovascularization
after intravitreal bevacizumab or after photodynamic
therapy. Am J Ophthalmol. 2009;148:396-408.
Hernandez-Da Mota SE. Nunez-Solorio SM: Experience
with intravitreal bevacizumab as a preoperative adjunct in
23-G vitrectomy for advanced proliferative diabetic
retinopathy. Eur J Ophthalmol. 2010;20:1047-1052.

Erdol H, Turk A, Akyol N, Imamoglu HI. The results of
intravitreal  bevacizumab injections for  persistent
neovascularizations in proliferative diabetic retinopathy
after photocoagulation therapy. Retina. 2010;30:570-577.
Mendrinos E, Donati G, Pournaras CJ. Rapid and persistent
regression of severe new vessels on the disc in proliferative
diabetic retinopathy after a single intravitreal injection of
pegaptanib. Acta Ophthalmol. 2009;87:683-684.

Mitchell P, Bandello F, Schmidt-Erfurth U, Lang GE,
Massin P, Schlingemann RO, Sutter F, Simader C, Burian
G, Gestner O, e a. The RESTORE study:
Ranibizumabmonotherapy or combined with laser versus
laser monotherapy for diabetic macular edema.
Ophthalmology. 2011;118:615-625.

Nguyen QD, Shah SM, Heier JS, Do DV, Lim J, Boyer D,
Abraham P, Campochiaro PA. Primary end point (six
months) results of the Ranibizumab for Edema of the
Macula in Diabetes (READ-2) study. Ophthalmology.
2009;116:2175-2181.

Elman MJ, Aiello LP, Beck RW, Bressler NM, Bressler
SB, Edwards AR, Ferris FL, Friedman SM, Glassman AR,
Miller KM, Sun JK, et a. Randomized trial evaluating
ranibizumab plus prompt or deferred laser or triamcinolone
plus prompt laser for diabetic macular edema
Ophthalmol ogy; 2010.

Campochiaro PA, Heier JS, Feiner L, Gray S, Saroj N,
Rundle AC, Murahashi WY, Rubio RG. Ranibizumab for
macular edema following branch retinal vein occlusion:
Six-month primary end point results of a phase Il study.
Ophthalmology. 2010;117:1102-1112.

AMT, val. 20, no. 3, 2015, p. 95



