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Vascular endothelial growth factor – A (VEGF-A), is the 
main factor in the pathogenesis of age related macular degene-
ration – AMD and therefore it is fundamental for contemporary 
pharmacotherapy of this disease.

The formation of subretinal neovascular membrane is a mul-
tistage process:
	 hypoxia and oxidative stress stimulate the secretion of in-

flammation factors and angiogenic cytokins,
	 this results in the stimulation of abnormal growth of vessels 

and the formation of choroidal neovascularisation – CNV) 
underneath the retina,

	 exudates and hemorrhages accompanying CNV, destroy the 
macula irreversibly and impair vision,

	 disciform scar is the final stage of CNV (1).

1.	 Outline of wet AMD pathogenesis
In the course of wet AMD pathogenesis, the anatomical 

and functional relations between the complex of retinal pig-
ment epithelium and choriocapillaries are disturbed. Insufficient 
supply of oxygen from choriocapillaries and RPE hypoxia cau-
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PRACE POGLĄDOWE

se intensified expression of VEGF-A genes and the production 
of growth factors, angiogenesis intensification and limiting the 
perfusion of choriocapillaries. These processes are particularly 
intense in patients older than 60 years of age, when they are 
combined with the atherosclerosis of vessels and thickening of 
their walls, increasing the vascular resistance and the following 
decrease in perfusion and the stimulation of pigment epithelium 
to produce VEGF-A. Additionally, VEGF-A activates the vascular 
permeability factors (VPF), which increase the permeability of 
the vessels and damage the walls of the vessels by inducing 
factors dependant on leukocytes (2).

Bruch’s membrane should not be forgotten as it is the cru-
cial barrier for the growth of CNV into the subretinal space. Dru-
ses and inflammation increase the sensitivity of Bruch’s mem-
brane to VEGF-A, they break its cohesion, which is conducive 
to the migration of new vessels. The hypothesis on the meaning 
of VEGF-A in the pathogenesis of wet AMD is supported by 
experimental studies conducted on transgenic mice, in which 
the growth of VEGF-A expansion in retinal photoreceptors re-
sulted in the development of pathological neovascularisation.  
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On the other hand, the inhibition of VEGF-A in the experimental 
studies conducted on animals results in limiting the pathologi-
cal neovascularisation and retinal ischemia (3-6).

2.	 Anti-VEGF therapy in wet AMD
Below are the main assumptions of anti-VEGF-A therapy:

	 the level of VEGF-A is increasing in the vitreous body of an 
eye with wet AMD,

	 VEGF-A stimulates vessel instability and it plays the key 
role in CNV pathogenesis,

	 VEGF-A acts on the level of retina and choroidea,
	 Anti-VEGF-A therapy limits both the angiogenesis and the 

lack of vascular tightness (7).
Ranibiuzumab (Lucentis) – inhibitor of VEGF-A as a drug of 

choice in the treatment of wet AMD is characterized by:
	 The ability to block all active isoforms of VEGF-A and the 

products of their degradation,
	 Penetration of all retinal layers in order to reach the CNV 

focus,
	 Fast elimination from the organism,
	 Low immunogenicity (8).

Ranibizumab (Lucentis) is a part of humanized monoclonal 
antibody. It is derived from a mouse anti-VEGF precursor – mo-
noclonal antibody (Murine Mab 150kDa). The Fc part was re-
moved in order to decrease its immunogenic potential in the 
human organism and to decrease the size of the molecule for 
the sake of easy retinal penetration. The idea of humanization is 
to join a fragment of mouse anti-VEGF-A antibody with a human 
Fab in order to obtain rhu Fab v1, a precursor of Lucentis mo-
lecules (48kDa). Mass production of Lucentis employs a vector 
technique based on E.coli. As a result of humanisation, the Lu-
centis molecule is characterized by 5-20x higher activity poten-
tial in comparison to a full-length antibody (9.10).

Following, are the features of ranibizumab, thanks to which 
it can be administered intraocularly:
	 Its small molecule penetrates the retina. Research has show 

that the full-length antibody has no such property,
	 Fast elimination from the organism (100x times faster than 

the full-length antibody),
	 No Fc region prevents cellular cytotoxicity or cytotoxicity 

dependant on the complement system,
	 Short half-life minimizes the exposition of ranibizumab in the 

system (8).
Lucentis joins and inactivates all biologically active isoforms 

of VEGF-A in the 86-89 site. Blocking those factors prevents the 
creation of CNV focus and the development of wet AMD. VEG-
F-A 165 is the most expressive isomer in human organism. 206 
and 189 are typical for extracellular matrix. Isoforms are defined 
by the number of aminoacids in the molecule. The main iso-
forms VEGF-A are 121, 165, 189 and 206. 165 and bigger mole-
cules have the heparine-binding domain, which is not present in 
the isoform 121. Several smaller isoforms and biologically-acti-
ve derivatives of plasmin were identified as VEGF-A 110 (9.11).

The symptoms of neovascularisation in the course of wet 
AMD are: leakage of fluid, blood and cells into the subretinal spa-
ce, serous detachment of retinal pigment epithelium and retina, 
retina edema and significant vision impairment. Lucentis blocks 
the symptoms accompanying CNV (9.11). Additionally, by means 

of optical coherent tomography (OCT) it was shown that there 
is a chance of coming back to the functional condition of retinal-
choroideal complex in the eyes after Lucentis treatment.

3.	 Pharmacokinetics and pharmacodynamics of ranibizumab
The registration of Lucentis was proceeded by numerous 

clinical in vivo and in vitro studies. The in vivo pharmacology, 
pharmacokinetics and safety of Lucentis was tested on mon-
keys and white rabbits from New Zealand. The studies carried 
out on monkeys were of particular importance because VEGF in 
monkeys is homologous to human VEGF in 99%.

Lowe et al. described the effects that Lucentis exerts on 
the proliferation of endothelial cells (HUVEC, of human umbili-
cal vein, which was stimulated by VEGF-A 165, VEGF-A 121 
and the degradation product of VEGF-A 110. They noted that 
ranibizumab inhibits the proliferation of HUVEC. Alamar-blue flu-
orescein was used as the proliferation indicator. It was shown 
that only ranibizumab blocks the VEGF-dependant proliferation 
of endothelial cells in correlation with dosing. In this in vitro 
experiment different concentrations of ranibizumab were incu-
bated in a solution of 10 ng/ml of each VEGF-A and HUVEC iso-
form for four days. On average the cultures contained 10% of 
human serum in the presence of Alamar-blue fluorescein. The 
total blocking of VEGF-165 was observed in the ranibizumab 
and VEGF-A165 concentration ratio of 1: 1 (12).

Gaudreault et al. investigated the vessel instability using the 
MILES test as a CNV marker. In this test Evans blue stain was 
used. It was administered to hairless guinea pigs. Vascular in-
stability was induced by local administration of VEGF-A in stan-
dard concentration. Extravascular stain passage was a marker 
of vascular leak after administering certain amount of VEGF. The 
leak was then stopped by a known amount of VEGF-A inhibitor. 
It was noted that the vascular instability stimulated by VEGF-
-A 165 (100 ng/ml), VEGF-A 121 (205 ng/ml), or a product of 
VEGF-A 110 (189 ng/ml), degradation was limited by ranibizu-
mab depending on dosing (0-1000 ng/ ml) (13).

In the in vivo study by Krzystolik et al. the safety and effica-
cy of ranibizumab was tested on monkeys. Monkeys were ad-
ministered 0.5 mg of Lucentis intraocularly and placebo to the 
second eye in intervals of 2 weeks. On the 21st day, 9 foci of 
CNV were induced by photocoagulation with green argon laser 
in each eye. In the second phase of the study, both eyes were 
administered 0.5 mg of Lucentis on the 42nd and 56th day. The 
dynamics of CNV was monitored by ophthalmofunduscope, the 
pictures of the fundus of the eye were taken and fluorescent an-
giography was performed. In the first phase of the investigation 
the number of eyes with induced level 4 (very advanced, CNV 
changes was significantly lower in the group treated with Lu-
centis prior to CNV induction compared to the eyes treated with 
placebo. In the second phase the risk of level 4 CNV changes 
was statistically significantly decreased. The leak of already for-
med CNV membranes decreased as well. Summing up, the risk 
of developing advanced CNV changes was significantly lower in 
the eyes subjected to Lucentis injections in comparison to the 
control group. In each eye subjected to Lucentis injections there 
was a hemorrhage, possible inflammatory reaction that with-
drew within a week after the injection and it was less intense 
after the following procedures (14).
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The preclinical tests based on Lucentis showed high poten-
tial of VEGF-A inhibition, decreasing the number of CNV foci and 
vascular instability in cases of experimentally evoked wet AMD 
in animal models. The results of experimental preclinical studies 
became the basis of using 0.5 mg dose in patients suffering 
from wet AMD.

4.	 The role of VEGF-A in angiogenesis
The essence of angiogenesis is the formation of new ves-

sels through branching and expansion of the already existing 
ones. Angiogenesis is an important physiological process 
occurring when the wounds are healed as well as during the 
reconstruction of ischemic damage and reproduction. Simulta-
neously unregulated progression of angiogenesis may result in 
pathologies such as tumors, joint inflammation, diabetes and 
wet AMD. Angiogenesis is a multistage process. It is initiated 
by oxidative stress, which stimulates VEGF-A at most but other 
factors are also affected. This results in proliferation and migra-
tion of endothelial cells, proteolysis and penetration of new ves-
sels through existing membranes.

VEGF-A has a number of properties:
	 It is mitogenic for endothelial cells,
	 It is necessary for the survival of newly formed vessels,
	 It is a chemotactic factor for inflammatory cells,
	 It deregulates the stability of vessels.

VEGF-A works through receptors localized on the surface of 
VEGFR-1, VEGFR-2 endothelial cells. The connection of VEGF-A with 
receptors results in the proliferation of endothelial cells, lack of tight-
ness in the cell connections and the increase of vascular permeabi-
lity (11). As a consequence of the fusion between photoreceptors 
and growth factors, the endothelium produces a number of cytokins 
including matrix metalloproteinase (MMPs), which degrades the ba-
silemma. Migrating and proliferating endothelial cells break the struc-
ture of basilemma and new growth that takes form of vascular buds 
occurs. Then the vascular buds elongate and recompose to create 
new vessels. The process of maturation of the new vessels comes 
to an end when the layer of external pericytes is formed to support 
their walls. The increase in the lack of microcirculation tightness is 
currently seen to be the most important moment of angiogenesis 
coexisting with tubers and wound healing. Another important role of 
VEGF-A is the leak of proteins to the serum. It results in extracellular 
fibrin that is considered to be a substrate for the extravascular endo-
thelial cells. The leak of serum components into the retina results in 
edema and creation of liquid spaces (15,16).

5.	 Safety of ranibizumab therapy
Even though the ranibizumab concentration in the organism 

after administering it into vitreous body is very low, systemic 
adverse effects (AEs) are observed. They can result from the 
fact that VEGF-A is blocked by ranibizumab and it can not take 
part in the processes of growth, reparation, regeneration and 
circulation. Antiplatelet Trialists Collaboration (APTC), carried 
out in detail analysis of the occurrence of adverse effects such 
as arterial hypertension or intravascular clots especially in arte-
ries after general administration of anti-VEGF.

The complications classified by APTC as AEs are death, myo
cardial infarction, anemic stroke, hemorrhagic stroke without 
deadly result (17).

There were 875 participants in the ANCHOR, MARINA and 
PIER studies. In MARINA and PIER 299 control simulated injec-
tions were made, in ANCHOR there was a control group of 143 
people treated with Visudyne.

In the MARINA study, 24 months of observation proved that 
the frequency of increases in the arterial blood pressure was 
analogous or lower compared to the control group during the 
first 12 months. Additionally, the systolic and diastolic blood 
pressure was reduced (opposed to the normal population) in the 
group treated with Lucentis (18).

No statistically significant differences were observed in the 
frequency of arterial thrombotic episodes between the control 
group and the group treated with doses of 0.3 or 0.5 mg. These 
episodes increased in numbers after 12 months of observation 
in the group treated with 0.5 mg of Lucentis compared to 0.3 
mg group and the control group, however with no statistical dif-
ferences. This difference in numbers disappeared after 24 mon-
ths of examination (18).

The frequency of the occurrence of intravascular clots in 
arteries in MARINA study was compared to the general popu-
lation of wet AMD patients (general population: frequency of 
infarctions 1.45%, strokes 1.86%. In the group treated with Lu-
centis 1.3-2.5% and 0.8-2.5% respectively).

During the first 12 months of MARINA study, there were 
three deaths in the group treated with Lucentis, however none 
of them was related to the treatment. In the 24 month observa-
tion in MARINA study, no differences were observed between 
the control group – 6 deaths, and the groups treated with 0.3 
mg of Lucentis – 5 deaths and 0.5 mg of Lucentis – 6 deaths 
(18).

Less than 1% of the patients developed antibodies against 
ranibizumab after 12 months. The antibodies resulted from the 
treatment. Most likely they occurred because of anti-Fab. After 
24 months, these values rose to 4.4% in the group treated with 
0.3 mg of Lucentis, 6.3% in the group treated with 0.5 mg of 
Lucentis and 1.1% in the control group (18).

In the ANCHOR study, the 12 months observation showed 
that the frequency of rising arterial blood pressure was related 
or lower compared to the control group treated with Visudyne. 
Additionally, the systolic and diastolic arterial blood pressure 
was reduced (unlike in the general population), in the group tre-
ated with Lucentis (19).

No statistically significant differences in the frequency of ar-
terial thrombotic episodes were observed between the control 
group treated with Visudyne and the group treated with 0.3 or 
0.5 mg of Lucentis during the period of 12 months. These episo-
des increased in numbers after 12 months of observation in the 
group treated with 0.5 mg of Lucentis compared to the group 
treated with 0.3 mg and the control group treated with Visudy-
ne, however with no statistical differences (19).

Conclusion
Clinical tests proved the safety and security of systemic 

therapies of wet AMD based on ranibizumab. Viterous admini-
stration of ranibizumab in the dose of 0.5 mg does not interfere 
with the physiological angiogenesis and reconstructive proces-
ses and it does not result in adverse effects of increased frequ-
ency of cardiovascular episodes or thrombotic episodes.



150 Klinika Oczna 2010, 112 (4-6) ISSN 0023-2157 Index 362646

Safety of ranibizumab therapy in wet AMD and the role of vascular endothelial growth factors in physiological angiogenesis

References:
1.	 Gehrs KM, Anderson DH, Johnson LV et al.: Age-related macu-

lar degeneration – emerging pathogenetic and therapeutic con-
cepts. Annals of Med 2006, 38(7), 450-471.

2.	 Roberts WG, Palade GE: Increased microvascular permability 
and endothelial fenestration induced by vascular endothelial 
growth factor. J Cell Sci 1995, 108, 2369-2379.

3.	 Aiello LP, Avery RL, Arrigg PG et al.: Vascular endothelial 
growth factor in ocular fluid of patients with diabetic retinopa-
thy and other retinal disorders. N Engl J Med 1994, 331(22), 
1480-1487.

4.	 Aiello LP, Northrup JN, Keyt BA et al.: Hypoxic regulation of va-
scular endothelial growth factor in retinal cells. Arch Ophthal-
mol 1995, 113(12), 1538-1544.

5.	 Tobe T, Okamoto N, Vinores MA et al.: Evolution of neovascu-
larization in mice with overexpression of vascular endothelial 
growth factor in photoreceptors. Invest Ophthalmol Vis Sci 
1998, 39(1), 180-188.

6.	 Ozaki J, Seo MS, Ozaki KA et al.: Blockade of vascular endo-
thelial growth factor receptor is sufficient to completely prevent 
retinal neovascularisation. Am J Pathol 2000, 156(2), 679-707.

7.	 Ferrara N, Gerber HP, LeCouter J: The biology of VEGF and ist 
receptors. Nat Med 2003, 9(6), 699-676.

8.	 Ferrara N, Damico L, Shams N et al.: Development of Ranibizu-
mab an anti- vascular endothelial growth factor antigen binding 
fragment as therapy for neovascular age-related macular dege-
neration. Retina 2006, 26(8), 859-870.

9.	 Chen Y, Wiesmann C, Fuh G et al.: Selection and analysis of an 
optimized anti-VEGF antibody: Crystal structure of an affinity-
matured Fab in complex with antigen. J Mol Biol 1999, 293(4), 
865-881.

10.	Presta LG, Chen H, O’Connor SJ et al.: Humanization of an anti-
vascular endothelial growth factor monoclonal antibody for the 

theray of solid tumors and other disorders. Cancer Res 1997, 
57(20), 4593-4599.

11.	Keyt BA, Nguyen HV, Berleau LT et al.: Identification of vascular 
endothelial growth factor determinants for binding KDR and FLT-
1 receptors. Generation of receptor-selective VEGF variants by 
site-directed mutagenesis. J Biol Chem 1996, 271(10), 5638- 
-5646.

12.	Lowe J: RhuFav V2 inhibits VEGF-isoforms stimulated HUVEC 
proliferation. Ophthalmol Vis Sci 2003, 44(5), 1828-1829.

13.	Gaudreault J, Reich ME, Arata A et al.: Ocular Pharmacokine-
tics and Antipermeability Effect of rhuFab V2 in Animals. Invest 
Ophthalmol Vis Sci 2003, 44(4), 3942-3943.

14.	Krzystolik MG, Afshari MA, Adamis AP et al.: Prevention of 
experimental choroidal neovascularization with intravitreal an-
ti-vascular endothelial growth factor antibody fragment. Arch 
Ophthalmol 2002, 120(3), 338-346.

15.	Carmeliet P, Ferreira V, Breier G et al.: Abnormal blood vessel 
development and lethality in embroys lacking a single VEGF al-
lele. Nature 1996, 380(6573), 435-439.

16.	Folkman J, Shing Y: Angiogenesis. J Biol Chem 1992, 267(16), 
10931-10934.

17.	Antiplatelet Trialists Collaboration. Collaborative overview of 
randomized trials of antiplatelet therapy-III: reduction in venous 
thrombosis and pulmonary embolism by antiplatelet prophylaxis 
among surgical and medical patients. BMJ 1994, 308(6923), 
235-246.

18.	Rosenfeld PJ, Brown DM, Heier JS et al.: Ranibizumab for 
neovascular age-related macular degeneration. N Engl J Med 
2006, 355, 1419-1431.

19.	Brown DM, Kaiser PK, Michels M et al.: Ranibizumab versus 
verteporfin for neovascular age-related macular degeneration. 
N Engl J Med 2006, 355, 1432-1444.

The study was originally received 15.12.2009 (1181)/ 
Praca wpłynęła do Redakcji 15.12.2009 r. (1181) 
Accepted for publication 20.03.2010/ 
Zakwalifikowano do druku 20.03.2010 r.

Reprint requests to/ Adres do korespondecji:
	 Małgorzata Figurska, MD
	 WIM Ophthalmology Clinic
	 ul. Szaserów 128
	 00-909 Warszawa
	 e-mail: malgorzata-figurska@wp.pl

Polskie Towarzystwo Okulistyczne
www.pto.com.pl


