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Age-related macular degeneration (AMD) is a progressive degenerative eye disease. Neovascu-
lar age-related macular degeneration (nAMD) is the advanced form of AMD characterised by ab-
normal growth of newly formed blood vessels in chorioidea which typically involves fluid
accumulation in the retina or retinal haemorrhage, retinal epithelial detachments, hard exudate or
subretinal scars. The process of angiogenesis is controlled by ocular angiogenic factors, which
have enabled the development of different treatment options aimed at these factors. This review
aims to compile the available information about the most commonly identified ocular angiogenic
factors, uncovering their role in the pathogenesis of nAMD and assessing their application possi-
bilities as biomarkers of disease identification and treatment.
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INTRODUCTION

Age-related macular degeneration (AMD) is a progressive
degenerative disease of the retina, in which the macula is af-
fected. The prevalence of the disease increases with age,
and it is the predominant cause of blindness in developed
countries, accounting for 8.7% of all blindness worldwide
(Evans et al., 2004; van Lookeren Campagne et al., 2014;
Wong et al., 2014). It has been estimated that in 2040, there
will be 288 million people affected by AMD in the world.
When simulating different AMD models, it has been as-
sessed that the prevalence of AMD will gradually increase
with existing medical treatment being able to lower ap-
proximately 35% of visual impairment in the future (Rein et
al., 2009; Wong et al., 2014).

There have been purposed many classification systems for
AMD. AMD can be classified as early, intermediate, and
late. Early AMD is manifested by pigmentary irregularities
of the retina and deposition of drusen, which can be classi-
fied as small (63 um or less), intermediate (> 63 um < 125
pum) and large (= 125 um). Intermediate AMD is character-
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ised by extensive collections of intermediate and large size
drusen. Late AMD is defined as neovascular AMD (nAMD)
or geographic atrophy. A more detailed classification has
been purposed by the Age-Related Eye Disease Study
(AREDS), dividing AMD into five subcategories involving
the amount, size and nature of drusen, localisation, and area
of geographic atrophy and neovascularisation (Lambert et
al., 2016).

Early symptoms of AMD involve distorted vision during
everyday activities and a dark patch in the central vision.
nAMD is usually characterised by choroidal neovascularisa-
tion, which typically involves fluid accumulation in the ret-
ina or retinal haemorrhage, retinal epithelial detachments,
hard exudate or subretinal scars. Geographic atrophy in-
cludes outer retinal thinning (Mitchell ez al., 2018).

In recent years, there has been an increasing interest in bio-
markers for nAMD. A biomarker has been defined as a
characteristics that is objectively measured and evaluated as
an indicator of normal biological processes, pathogenic pro-
cesses, or pharmacologic responses to a therapeutic inter-
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vention (Anonymous, 2001). The main target for the valida-
tion of biomarkers in the case of AMD is screening and
diagnostic assays for early disease detection. Information
provided by biomarkers can also be used for assessment of
the response to the applicated treatment, and to evaluate the
efficacy of therapy (Lambert et al., 2016).

In recent years, many possible systemic and ocular bio-
markers have been identified, which could help to assess the
individual risk for the development of the disease and could
be used to monitor the course of nAMD when the disease
has been already diagnosed and treated. Categorising bio-
markers in specific groups could help to better understand
the possibilities of their applicability. The latest research
stresses that, in addition to the detection of single biomark-
ers, a complex of biomarkers should be used to improve the
specificity and predictive value of biomarkers in the case of
AMD (Kersten et al., 2018).

This review aims to compile the available information about
the most commonly identified ocular angiogenic factors,
uncovering their role in the pathogenesis of nAMD and as-
sessing their application possibilities as biomarkers of dis-
ease identification and treatment process.

RISK FACTORS FOR AMD

AMD has been associated with many risk factors, which
have an essential role in the development of the disease.
Age has been estimated as the most important risk factor. A
population-based study of 42 080 individuals showed
prevalence of early AMD to be 3.5% in the 55-59 age
group and 17.6% for patients older than 85 years of age.
The prevalence of late AMD increased from almost zero in
the younger age group to 9.8% in patients older than 85
years (Colijn et al., 2017; Mitchell et al., 2018).

It has been shown that nAMD has higher prevalence in
whites when compared to blacks (Clemons et al., 2005).
European white people have a higher risk for AMD than
other races. When compared to the Asian population, Euro-
peans have almost two-times higher prevalence for any
AMD (12.3% and 7.4%, respectively). The difference in
prevalence between Europeans and African people is
12.3% and 7.5%, respectively (Mitchell et al., 2018).

There have been different results on whether gender is a
certain risk factor for AMD. Some studies indicate that
there is a slightly higher risk for women to develop nAMD
(Owen et al., 2012; Grassmann et al., 2015).

Smoking and obesity are the most important modifiable risk
factors. It has been shown that smoking increases the risk
for AMD development by two-to-three times and has a
strong correlation with development of nAMD. Obesity and
dietary fat intake are positively correlated with the inci-
dence and progression of AMD (Lambert et al., 2016).
Family history, reduced intake of antioxidants and omega-3
fatty acids, and reduced physical activity have been reported
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to increase the risk of the development of AMD (Kersten et
al., 2018).

An association between AMD and cardiovascular diseases
(CVD) has been established. It has been suggested that
there is an increased risk for patients with hypertension to
develop AMD. A genetic relationship has been found be-
tween AMD and CVD, which possibly indicates that CVD
may also be the underlying systemic disease for the devel-
opment of AMD (Lambert et al., 2016; Rastogi et al.,
2016).

ROLE OF ANGIOGENIC FACTORS IN THE PATHO-
GENESIS OF nAMD

The pathogenesis of nAMD is a complex mechanism that is
not yet fully understood. Hypoxia, oxidative stress, retinal
pigment epithelium (RPE) inflammation, and loss of chorio-
capillaris with resulting reduction of blood supply causes
metabolic distress, causing RPE and retina to produce dif-
ferent angiogenic factors, initiating the development of
choroidal neovascularisation (Ng and Adamis, 2005; Kim et
al., 2019). The process of angiogenesis is controlled by pro-
angiogenic and antiangiogenic factors, which are secreted
by various cells such as endothelial cells, fibroblasts,
smooth muscle cells, platelets, inflammatory cells, and can-
cer cells. Angiogenic factors work through different mecha-
nisms, consequently promoting the formation of tubular
structures, stabilisation, and maturation of the new blood
vessels, recruiting various cells, and producing extracellular
matrix.

Angiogenic factors have enabled the development of differ-
ent treatment options targeted on these factors. In recent
years, considering the importance of angiogenic factors in
the pathogenesis of nAMD, their role as possible biomark-
ers of the disease has been studied extensively (Ng and Ad-
amis 2005; Kersten et al., 2018; Fallah et al., 2019).

ANGIOGENIC FACTORS IN nAMD

Vascular endothelial growth factor. Vascular endothelial
growth factor (VEGF) is an angiogenic factor that has been
identified as an important catalyst for the development and
maintenance of ocular neovascularisation induced by hy-
poxia (Kersten et al., 2018; Tamhane et al., 2019). There
are five members of identified human VEGF — VEGF A,
VEGF B, VEGF C, VEGF D, and placental growth factor
(PIGF). VEGEF in normal levels tends to maintain a healthy
state of the retina. Signals of hypoxia and inflammation
stimulate VEGF, which promotes angiogenesis, causing en-
dothelial cell migration and proliferation, forming new
blood vessels that are fragile and cause microvascular leak-
age, which further intensifies ischemia due to poor tissue
perfusion, and even more, increasing VEGF levels (Storke-
baum and Carmeliet, 2004; Kinnunen et al., 2012). It has
been established that VEGF promotes the formation of
CNV membranes (Berg et al., 2015).
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Many studies have shown that VEGF can be found at ele-
vated levels in the aqueous humour. In a study conducted by
Tong et al., it was found that VEGF levels in aqueous hu-
mour in eyes with AMD were significantly higher when
compared to a control group (668.9 pg/ml and 108.3 pg/ml,
respectively) (Tong et al., 2006). A statistically significant
association between VEGF gene polymorphisms (+674 and
+936) and nAMD has been found, indicating that early de-
tection of the VEGF gene could improve management
strategies for patients at risk (Gupta et al., 2014; Bakri et
al., 2018). Concentration of soluble VEGF receptor
(sVEGFR) has been found to be significantly higher in
nAMD when compared to control patients (p = 0.005) (Hu-
ber and Wachtlin, 2012). Although studies indicate that
VEGEF is strongly associated with nAMD and that it can be
detected in elevated levels in aqueous humour, there have
been some studies where such an association was not found.
In a study performed by Balne et al., the VEGF level in
aqueous humour did not significantly differ between AMD
patients and the control group (Balne ez al., 2018). Opinion
about the significance of the VEGF level in blood plasma
differs. In several studies, the VEGF level in blood plasma
was significantly elevated when compared to the control
group (Tsai et al., 2006), but mostly it has been reported
that there is no significant association between the VEGF
level in blood plasma and nAMD (Gu et al., 2014; Zehetner
et al., 2014; loanna et al., 2018).

Placental growth factor. Placental growth factor (PGF) is
a pleiotropic factor with a primary function to regulate the
growth and maturation of blood vessels, and therefore, it is
considered to be a proangiogenic factor. Regulation is car-
ried out by recruiting different cells that release angiogenic
and lymphangiogenic factors to initiate the formation of
new blood vessels (Mesquita et al., 2018). PGF has been
found in aqueous humour, vitreous, and retina, and it has
been found that inhibition of PGF reduces neovascularisa-
tion, retinal leakage, and inflammation (Van Bergen ef al.,
2019).

Two PGF single nucleotide polymorphisms (SNPs)
(rs2268615, 1s2268614) are associated with nAMD, and the
PIGF gene can be assumed to be a susceptibility gene (Chen
et al., 2016). It was shown that PGF inhibition significantly
reduced the incidence and the severity of laser-induced
choroidal neovascularisation when compared to control ani-
mals (Rakic ef al., 2003). It has been observed that PGF in
collaboration with VEGF-A significantly reduces neovascu-
larisation, suggesting that the inhibition of PIGF intensifies
the effect obtained from inhibition of VEGF-A (Huo et al.,
2015). PGF levels in blood plasma have been found to be
higher in patients with nAMD, but further investigation is
necessary to evaluate the significance of the plasma PGF
levels (Ioanna er al., 2018).

Insulin-like growth factor-1. Insulin-like growth factor-1
(IGF-1) promotes endothelial cell proliferation and also acts
on retinal pigment epithelial (RPE) cells. IGF-1 induces the
synthesis and secretion of VEGF from RPE cells, which
further promotes angiogenesis of the adjacent choriocapil-
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laris resulting in choroidal neovascularisation (Rosenthal e?
al., 2004). Inhibition of IGF-1 signals causes a reduction in
levels of VEGF, implying that IGF-1 is involved in the
pathogenesis of AMD (Sall ef al., 2004). A significant asso-
ciation between SNP rs2872060 in IGF-1 receptor and
AMD was shown, suggesting higher risk for the develop-
ment of nAMD (Chiu et al., 2011). A significantly higher
level of IGF-1 in blood plasma was found for patients with
nAMD and intermediate AMD (Castellino et al., 2018). The
studies performed thus far suggest that IGF-1 is involved in
the progression to advanced AMD stage, and more research
should be conducted in this direction.

Platelet derived growth factor. Platelet derived growth
factor (PDGF) is from endothelial cells, macrophages,
epithelial cells and is present in platelets. There are five bio-
logically active forms — homodimers PDGF-A, PDGF-B,
PDGF-C, PDGF-D, and heterodimer PDGF-AB. PDGF is
important for vascular stability by recruiting pericytes.
PDGF is involved in the pathogenesis of retinal vasculo-
pathies. It has been observed that vessel coating with peri-
cytes decreases susceptibility of newly formed blood ves-
sels for anti-VEGF therapy, and therefore, inhibition of
PDGF possibly reduces the progression of neovascularisa-
tion (Betsholtz, 2004; Zehetner et al., 2014; Kazlauskas,
2017). Concentration of PDGF-B was observed to be al-
most four times higher in blood plasma than in the control
group (Zehetner et al., 2014). In recent years, a combination
therapy with anti-PDGF and anti-VEGF has demonstrated
better results in safety and efficacy than anti-VEGF mono-
therapy for the treatment of nAMD (Jaffe et al., 2017). The
available evidence suggests that PDGF is involved in the
pathogenesis and progression of nAMD, although further
investigation of PDGF is necessary.

Angiopoietin 1, Angiopoietin 2. Angiopoietin 1 and 2
(Angl, Ang2) are ligands for endothelial cell receptor Tie2.
Angl plays an essential role in the recruitment of pericytes,
stabilising newly formed blood vessels, and acts as an ago-
nist causing the phosphorylation of Tie2 receptor. Ang2 acts
as an antagonist and inhibits Angl-initiated phosphorylation
and destabilises the endothelial cell layer of newly formed
blood vessels, improving sensitivity for proangiogenic fac-
tors, especially VEGF. Angl and Ang?2 have been identified
in human CNV membranes (Ng and Adamis, 2005; Chakra-
varthy et al., 2017). Significantly higher levels of Ang2 in
the aqueous humour were obtained in patients with nAMD
when compared to a control group, and it was concluded
that the level of Ang2 was correlated with the severity of
the disease (Ng et al., 2017). Angl has been associated with
a significant suppression in the level of VEGF and a reduc-
tion of neovascularisation in animals. It has been purposed
that Angl-induced Tie2 receptor activation promotes the
formation of healthy choriocapillaris, promoting tissue re-
generation, and therefore Ang2 inhibition is considered as a
promising treatment alternative (Lambert et al., 2016; Kim
et al., 2019). A novel bispecific antibody that consists of
both anti-VEGF/angiopoietin II has been shown to improve
the anatomical state of the retina, and visual acuity, and fur-
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ther investigation if this is in progress (Chakravarthy et al.,
2017). A statistically significant increase of the Ang2 level
was detected in aqueous humour after treatment with in-
travitreal bevacizumab, purposing that Ang2 should be con-
sidered as a biomarker and a new treatment target (Cabral et
al., 2018). Angl and Ang2 can be considered to be antago-
nistic of each other, and therefore, significant alterations in
the level of both angiogenic factors could induce the pro-
gression of nAMD.

Transforming growth factor beta. Transforming growth
factor beta (TGF-B) is a proangiogenic factor that induces
the production of extracellular matrix and VEGF and pro-
vides the appropriate interactions between endothelial cells
and pericytes. In the endothelial cells, TGF- is bound to
ALKI1 and ALKS receptors, which further activates two dif-
ferent signal pathways of angiogenesis opposite to each
other. ALK1 promotes the formation of new blood vessels
while ALKS aims to maintain the integrity of mature blood
vessels. It is believed that the disbalance between these two
receptor-induced pathways determines the proangiogenic
nature of TGF- (Lambert et al., 2016; Tosi et al., 2018;
Fallah et al., 2019). It has been established that the TGF-3
level in the vitreous is higher in patients with nAMD when
compared to controls and selective inhibition of TGF-8 re-
sults in reduced neovascularisation, both decreasing TGF-3
action directly and lowering the up-regulation of VEGF
(Zarranz-Ventura et al., 2013; Bai et al., 2014).

Pigment epithelium-derived factor. Pigment epithelium-
derived factor (PEDF) acts as an antiangiogenic, neuro-
trophic and neuroprotective factor; in the eye it is produced
mainly by RPE cells (Garcia-Garcia et al., 2017; Kersten et
al., 2018). One of the main actions of PEDF is to inhibit the
proliferation of endothelial cells, inducing selective apopto-
sis of RPE, and therefore, inhibiting the formation of retinal
neovascularisation. Equal levels of PEDF and VEGF pre-
vent the formation of neovascularisation. Significantly in-
creased VEGF and decreased PEDF levels disassemble the
homeostatic state of the retina and induce the formation of
newly formed blood vessels. An increased VEGF/PEDF ra-
tio has been established as an important risk factor for the
formation of nAMD (Bhutto et al., 2006; Tong et al., 2006;
Li et al., 2019). In a study performed on animals, elevated
PEDF levels decreased neovascularisation significantly, un-
covering PEDF as a potential treatment target (Garcia-
Garcia et al., 2017; Askou et al., 2019). A study showed
that one month after receiving intravitreal treatment, signifi-
cant reduction in VEGF and PEDF levels were observed,
along with anatomical improvement of the macula, indicat-
ing that PEDF reacts on changes in VEGF levels (Ahn and
Moon, 2009).

Thrombospondin 1. Thrombospondin 1 (TSP-1), similarly
to PEDF, acts as an antiangiogenic factor and is produced
mainly by RPE cells. TSP-1 has an essential role in the de-
velopment of retinal vasculature, and therefore TSP-1 ac-
tions are targeted on limiting excessive formation of new
blood vessels (Masli et al., 2014). TSP-1 occurs at signifi-
cantly high levels in the aqueous humour in nAMD. Using
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animal models, it has been shown that TSP-1 reduces the
amount of neovascularisation, but further research on hu-
mans is necessary (Farnoodian et al., 2017).

CONCLUSIONS

The up-regulation of proangiogenic factors is intensively re-
stricted by antiangiogenic factors. Therefore, it is important
for proangiogenic and antiangiogenic factors to be in a ho-
meostatic state to prevent the progression of nAMD. Any
deviation in the levels of angiogenic factors is potentially
detectable in aqueous humour, indicating changes into the
process of angiogenesis. Angiogenic factors could reveal an
elevated risk for the development of nAMD, and could be
used in monitoring of the retinal response to applied therapy
and the retinal angiogenic state, before any structural
changes could be detected. Angiogenic factors can be con-
sidered as potential biomarkers for nAMD, but further in-
vestigation is necessary.
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ACS ANGIOGENO FAKTORU LOMA NEOVASKULARAS VECUMA MAKULAS DEGENERACIJAS ATTISTIBA

Vecuma makulas degeneracija (VMD) ir progres€josa, degenerativa acs slimiba. Neovaskulara vecuma makulas degeneracija (nVMD) ir
VMD beigu stadija, kurai raksturiga anormala jaunveidotu asinsvadu augSana dzisleng, kas parasti ir saistita ar Skidruma uzkraSanos tiklené
vai tiklenes saasinojumiem, tiklenes epitélija atslanoSanos, cieto eksudatu, vai subretinalu rétu veido$anos. Angiogen&zes procesu regulé acs
angiogénie faktori, uz kuriem iedarbojoties ka uz terapijas objektu, ir radita iespéja izstradat dazadus arstéSanas veidus nVMD gadijuma. Si
apskata mérkis ir apkopot pieejamo informaciju par visbieZak identific€tajiem acs angiogénajiem faktoriem, atklajot to lomu nVMD
patogenéze un izvertgjot to pielietoSanas iesp&jas ka slimibas identifikacijas un arstéSanas procesa biomarkieriem.
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