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In vivo research  
of choroidal neovascularization  
– an animal model

Badania in vivo  
nad neowaskularyzacją 
naczyniówkową – model zwierzęcy

Streszczenie

Wstęp. Neowaskularyzacja naczyniówkowa (choroidal 
neovascularization – CNV) to rozrost małych naczyń pocho-
dzących z naczyń włosowatych naczyniówki, które poprzez 
błonę Brucha przedostają się do przestrzeni pod nabłonkiem 
barwnikowym siatkówki, jak i w obręb komórek nabłonka 
barwnikowego siatkówki i fotoreceptorów. Najczęściej spo-
tykanym w praktyce klinicznej jest zwyrodnienie plamki 
związane z wiekiem (age-related macular degeneration – 
AMD). AMD jest najczęstszą przyczyną utraty widzenia w 
wieku powyżej 50 roku życia w krajach wysokorozwinię-
tych.

Cel. Ocena przydatności indukowanego laserem mysiego 
modelu neowaskularyzacji naczyniówkowej do badań nad 
neowaskularyzacją naczyniówkową.

Materiał i metody. Badania przeprowadzono na myszach 
linii C57BL6. Myszy poddawano fotokoagulacji laserowej, 
a następnie dwa tygodnie po niej wykonywano angiografię 
fluoresceinową.

Wyniki. Dwa tygodnie po laserowej fotokoagulacji w 
przebiegu angiografii fluoresceinowej myszy obserwowa-
no w angiogramach wczesnych (1-3 min po iniekcji flu-
oresceiny) i późnych (6-8 min po podaniu fluoresceiny) faz 
obecność przecieku fluoresceiny z ognisk fotokoagulacji 
laserowej, odpowiadającym obszarom neowaskularyzacji 
naczyniówkowej. W miejscach po fotokoagulacji laserowej 
śledzono formowanie dużych i rozlanych obszarów przecie-
ku, wykazujących wzrost wielkości i intensywności w trak-
cie badania.

Wnioski. Indukowany laserem mysi model neowaskula-
ryzacji naczyniówkowej, odzwierciedla zmiany w przebiegu 
neowaskularyzacji naczyniówkowej u człowieka. Otrzyma-
ny in vivo model zwierzęcy może posłużyć dalszym bada-
niom nad neowaskularyzacją naczyniówkową, która jest 
odpowiedzialna za znaczne uszkodzenie siatkówki w prze-
biegu zwyrodnienia plamki związanego z wiekiem.

Abstract

Introduction. Choroidal neovascularization (CNV) is 
a vascular hyperplasia of vessels, originating from choroid 
capillary vessels which, through the Bruch’s membrane, get 
into the area under the retinal pigment epithelium as well as 
the retinal pigment epithelium and the retinal photorecep-
tors’ region. CNV is known to be the main reason for a se-
vere visual loss in patients with age-related macular degen-
eration (AMD). AMD is the leading cause of blindness in 
people over 50 years of age in the western world.

Aim. Evaluation of the applicability of a laser-induced 
mouse model of CNV to investigate the choroidal neovas-
cularization.

Material and methods. The research was carried out on 
C57/BL6 mice. The mice were subjected to laser photoco-
agulation and two weeks later fluorescein angiography was 
performed.

Results. Two weeks after the laser photocoagulation of 
the area of pathological fluorescein, a leakage, resembling 
CNV formation, appeared, after fluorescein injection, in the 
angiograms of the early (1-3 min) and the late (6-8 min) 
phase. In the place of the laser spots, a process of formation 
of large and diffused areas of leakage was observed. These 
lesions presented an increase in size and intensity during an-
giography.

Conclusions. The laser-induced mouse model of CNV 
resembles human CNV lesions. The obtained animal model 
of CNV could be used in further research on CNV which 
is responsible for the severe visual loss and the damage of 
retina in age-related macular degeneration.
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INTRODUCTION

Choroidal neovascularization (CNV) is a vascular hy-
perplasia of vessels, originating from choroid capillary ves-
sels which, through the Bruch’s membrane, get into the area 
under the retinal pigment epithelium as well as the retinal 
pigment epithelium and the retinal photoreceptors’ region. 
Newly developed curled and leaky capillaries can cause for-
mation of subretinal hemorrhage under retinal pigment epi-
thelium or in the neurosensory retina. In its natural course, 
CNV results in fibrotic scarring [1-5].

Age-related macular degeneration
CNV is known to be the main reason for a severe vi-

sual loss in patients with age-related macular degeneration 
(AMD). Age-related macular degeneration (AMD) is the 
leading cause of severe loss of vision in the elderly popula-
tion over 50 years of age in the developed world [6]. The 
rise of CNV in AMD may result in a sudden loss of central 
vision. 

According to Vindingt’s report, the percentage of AMD 
affected patients increases substantially with age, from 2.3% 
in the age group of 60 to 64, up to 27.3% in the age group 
of 75 to 80 years of age [7]. There are two forms of AMD: 
the dry one and the wet one. The dry form is more frequent. 
It reveals drusen, pigment displacement or atrophy of pig-
ment epithelium. About 10-20% of patients with AMD dis-
play symptoms of the wet type. Although the majority of 
the patients with AMD have a non-neovascular disease, it 
is the development of choroidal neovascularization (CNV), 
resulting in neovascular AMD with subretinal hemorrhage, 
retinal pigment epithelial cells detachment or cystic macular 
oedema, that often leads to severe visual loss. AMD – degen-
erative disease affecting macula is considered a great social 
problem [8].

Concept of CNV formation
Under normal conditions, endothelial cells are resistant 

to neovascular stimulated factors (angiogenesis). This is the 
result of keeping off the balance between pro-angiogenic and 
anti-angiogenic factors. The formation of CNV is unclear 
and can be a result of an unbalanced increase in pro-angio-
genic activity or an unbalanced decrease in anti-angiogenic 
activity. The process of neovascularization is a complex in-
terplay between numerous stimulators and inhibitors [5,9].

The processes as hypoxia, ischemia or inflammation can 
be an initial stimulus leading to the up-regulation of growth 
factors. The current view suggests that, in the development 
of CNV, a great role could be ascribed to a local inflamma-
tion [5,9]. 

At the moment the pathomechanisms of the formation of 
choroidal neovascularization are not well understood.

A laser-induced model of choroidal neovascularization
Previous attempts to generate an animal model of choroi-

dal neovascularization were frustrating. To date, there is no 
generally accepted experimental in vivo model of choroidal 
neovascularization that fully recapitulates all the changes of 
AMD. Currently, the most established model of AMD uses 
laser-energy to rupture Bruch´s membrane and initiate cho-
roidal neovascularization. [10-15]. However, the induction 
of choroidal neovascularization in this model is accompa-
nied by an unspecific local inflammatory reaction. 

AIM

Evaluation of applicability of a laser-induced mouse mod-
el of choroidal neovascularization to investigate the choroi-
dal neovascularization.

MATERIAL AND METHODS

All the animal tests were performed in accordance with 
the ARVO statement for the Use of Animals in Ophthalmic 
and Vision Research, the Animal Care and Use Committee, 
and the protocols were approved by the “Regierungspräsid-
ium” North Rhine Westphalia. This study was conducted in 
the Heinrich-Heine University in Düsseldorf, Germany (La-
bor für Experimentelle Ophthalmologie; Universität in Düs-
seldorf; 40225 Düsseldorf; Moorenstrasse 5; Deutschland).

Animals
Female C57/BL6 (wild type, WT) mice (n = 10, 20 eyes) 

between 6 and 8 weeks were used. For all procedures anes-
thesia was achieved by intraperitoneal injection of ketamine 
(10%; Ratiopharm, Germany) xylazine (2%; Bayer, Ger-
many) and the pupils were dilated with phenylephrine HCl 
(0.25%) and tropicamide (0.05%).

Laser photocoagulation
Choroidal neovascularization was generated by laser-in-

duced rupture of the Bruch’s membrane in the anesthetized 
mice. There were 5 argon laser spots made with a cover-slip 
used as a contact lens (120 mW intensity, 100 ms duration, 
50 μm size; Argon Coherent Novus 2000; Carl Zeiss Med-
itec, Oberkochen, Germany) [11].

Fluorescein angiography
Fluorescein angiography was performed two weeks after 

the laser photocoagulation, using a digital imaging system 
(Heidelberg Retina Angiograph II, Heidelberg Engineering, 
Heidelberg, Germany). A 30-D lens was attached to the ob-
jective of the camera to adapt the system for the mouse’s 
eye. Angiography was performed in the anesthetized mice 
after intraperitoneal injection of 0.1 ml of 2.5% fluorescein 
sodium (Alcon, CITY, Germany). The early (1-3 min after 
injection) and the late phase (6-8 min after injection) images 
were analyzed.

The laser-induced lesions were graded according to the 
increase in fluorescein leakage between the early and the late 
phase and divided into four groups (Table 1). The areas of 
hyperfluorescence were measured with ImageJ (NIH, USA). 

RESULTS

Two weeks after the laser photocoagulation, the areas of 
pathological fluorescein leakage, resembling CNV forma-
tion, were showed, after fluorescein injection, in angiograms 
of the early (1-3 min) and the late (6-8 min) phase. A for-
mation of large and diffused areas of leakage was observed 
in the place of the laser spots. These lesions presented an 
increase in size and intensity during angiography (Fig. 2, 
Table 1).

Most of the evaluated animals (65%) had (+++) and 
(++++) grade lesions (leakage, severe or very severe dam-
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age), and 35% of the mice presented (+) or (++) grade burns, 
corresponding to small or moderate damage (Fig. 1, 2).
TABLE 1. Semkova’s classification. 

(+) No leakage
Slight hyperfluorescence, without leakage  

or an increase in size and intensity. 
Weak damage.

(++) Leakage
Hyperfluorescence that increases in intensity,  

but not in size.
Moderate damage.

(+++) Leakage
Hyperfluorescence that increases in intensity  

and in size.
Severe damage.

(++++) Leakage

Confluent and increasing hyperfluorescence.
Very severe damage; the retinas are almost com-
pletely occupied by the leakage; it is sometimes 

difficult to distinguish the different burns

10%

25%

35%

30%

(+) Leakage (++) Leakage (+++) Leakage (++++) Leakage

FIGURE 1. The arrangement of the intensity of fluorescence during 
fluorescein angiography in the C57/BL6 mice (Semkova’s classification 
– Table 1).

	 Autofluorescese	 Early Phase Late	 Phase	

FIGURE 2. Pathological leakage, resembling CNV formation, two 
weeks after laser photocoagulation in the C57/BL6 mice. Representa-
tive angiograms from the early and the late phase, after fluorescein 
injection.

DISCUSSION

The discussion on CNV is still not resolved in the medical 
literature. It is known that the formation of pathological ves-
sels plays a role in the development of many diseases. A pre-
cise interpretation of the pathogenetic mechanisms may be 
used in prevention and therapy. Therefore, it is fully under-
standable to trace all the processes responsible for the patho-
logical vascularisation of the tissues. This experiment might 
help in the search for new data on pathogenesis of CNV.

The development of choroidal neovascularization can be 
linked to different diseases. Apart from choroidal neovascu-
larization in AMD, the presence of subretinal neovascular 
membrane was observed in myopic patients, in post-trau-
matic eyes and during inflammatory diseases. Ruptures of 
the Bruch’s membrane appear in all of these cases. For ex-
ample, there is a major risk for formation of choroidal neo-
vascularization in the myopic patients or the patients with 
pseudoxanthoma elasticum with thin retina. Similarly, local 

choroiditis (multi-focal choroidal inflammation or ocular 
histoplasmosis) with an increase of metalloproteinase ex-
pression can increase the probability of CNV development. 
It is correct to investigate Ryan’s (1979) CNV laser-induced 
model of choroidal neovascularization [16].

In practice, the most frequently observed disease of 
CNV presents a wet form of AMD. It appears clear from 
the analysis of multicenter studies, that age-related macu-
lar degeneration is the main reason for visual impairment of 
individuals above 50 years of age, living in highly-devel-
oped countries [1,6,17-19]. In recent years, one may observe  
a growing number of individuals affected with AMD, which 
is connected with the aging process that affects societies and 
causes an incidence of various diseases (including AMD)  
of a pandemic scale. The evaluated incidence of AMD cases 
is 2-10% in people above 50 and over 13% in individuals 
over 85 [20]. It is estimated that the numbers will rise trebly 
in the next 25 years. Therefore, one may conclude that in the 
case of AMD we deal with a social disease.	

AMD is a multi-factorial disease with a complicated 
pathomechanism. The pathophysiology of AMD is unclear 
and needs a more thorough investigation. Current studies are 
aiming at learning about the pathomechanism and the treat-
ment of AMD. New methods of treatment, such as antiangio-
genic therapy, allow to hope for an improvement of visual 
acuity of the AMD patients [21].

Although the laser-induced model of CNV may involve 
processes not relevant to AMD, it captures many of the im-
portant features of the human condition. Migration of cho-
roidal vascular endothelial cells and newly formed vessels 
into the subretinal space through the defects in the Bruch’s 
membrane, the accumulation of leukocytes adjacent to arbo-
rizing neovascular tufts and fibrovascular scarring, are the 
shared features of the experimental model and CNV second-
ary to AMD. In both cases, the newly formed CNV contains 
fenestrated endothelial cells and permeable inter-endothelial 
junctions [10,11].

Tobe et al. [14] described the laser-induced model of 
CNV, highlighting that CNV develops as fast as during one 
week and the lesions demonstrate no progress during one 
month. Edelman et al. [22] observed an increase in the laser-
induced CNV mice model between the 3rd and 10th day after 
laser photocoagulation, and the areas of CNV achieved their 
maximal size and vasculature on the 10th day and did not 
transform for 30 days after the laser treatment.

Interestingly, experts suggest that infiltrating macro-
phages and a high expression of c cytokines, such as a tumor 
necrosis factor α (TNFα), seem to play a critical role in the 
development of laser-induced CNV [12,15,23-25]. Studies 
show a significant role of the TNFα (the major cytokine re-
sponsible for the macrophage-derived angiogenic activity) 
and the two receptors of TNFα: TNFRp55 and TNFRp75,  
in CNV development [15]. 

The fluorescein angiography is an important diagnostic 
test of CNV. The angiographs are characteristic and repeat-
able. A newly formed CNV typically demonstrates a fluo-
rescein leakage during angiography in patients with AMD. 
Areas of CNV (hyperfluorescence) increase in size and in-
tensity with time. By the use of fluorescein angiography,  
the patients with the wet form of AMD were described as 
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having classic neovascularization (bright, uniform hyper-
fluorescence in the early phase, intensifying with time) and a 
hidden one in the form of an exfoliation of the choroidal epi-
thelium of retina (spotted, irregular hyperfluorescence from 
the early phases) or in the form of a late infiltration from 
an unspecified source (fluorescence at the level of choroi-
dal epithelium of retina in late phases). In the animal model, 
the leakage of fluorescein from these immature, new vessels 
into the subretinal space appears angiographically similar to 
the early and late phases of leakage of classic CNV in AMD 
[10,11].

In this study, we analyzed, with the use of fluorescein 
angiography, lesions induced with an argon laser and a secondary 
vasculature tissue, two weeks after laser photocoagulation, 
in the peak of CNV expansion in a mouse [14,22]. 
Basing on a pattern of fluorescein angiography done in 
humans, there were two phases of angiography elaborated on 
mice: the early phase (1-3 min after fluorescein application) 
and the late phase (6-8 min after fluorescein application) [10]. 
The introduced time ranges are different from the consecutive 
stages of angiography done in humans, with regard to 
the shorter route to the mouse’s eyeball to be covered by 
fluorescein [11,12,15]. An acute breakage of the retina-blood 
barrier, with large regions of fluorescein infiltration, were 
observed in the region of neovascularization foci in mice in 
the process of fluorescein angiography. The regions of early 
and late hyperfluorescence in mice are the visible reactions, 
in the form of neovascularization, to the used argon laser 
energy.

In the light of the results obtained in this study, one may 
say that the laser-induced mouse model of choroidal neo-
vascularization is a perfect model of the changes arising in 
the tissues due to the development of choroidal neovascular-
ization in humans. The obtained results point to new possi-
bilities in CNV pathogenesis as well as an evaluation of new 
therapeutic options, crucial for the treatment of the problems 
resulting in choroidal vascularization.

CONCLUSION

The laser-induced mouse model of CNV resembles hu-
man CNV lesions. The animal model of CNV could be used 
to investigate CNV, which is responsible for severe visual 
loss and damage of retina in age-related macular degenera-
tion.

Praca prezentowana na Międzynarodowej Konferencji  
pt. “Zdrowie Publiczne wyzwaniem XXI wieku”, Lublin,  
20-22 października 2010 r.
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