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Summary. Age-related macular degeneration affects the macula and is the leading cause of sig-
nificant and irreversible central visual loss. It is the most common cause of visual loss in people older
than 60 years. The pathogenesis of age-related macular degeneration is complex and not completely
understood. It is thought that age-related macular degeneration has a multifactorial etiology, the
development of which may be caused by interrelation of environmental and genetic factors and body
characteristics. In this article, risk factors such as age, gender, cigarette smoking, color of the iris,
nutrition, body mass index, oxidative stress, and genetic factors (complement factor H gene, Apo
E gene, and others) are reviewed. Here, choroidal neovascularization process, in which hypoxia,
inflammatory process, and proteolytic enzymes play a determinant role, is discussed. Consider-
able attention is paid to genetic polymorphism of matrix metalloproteinases, especially to matrix
metalloproteinases 2 and 9, respectively gelatinases A and B, also to matrix metalloproteinase 9.

Introduction

Age-related macular degeneration (ARMD) affects
the macula and is the leading cause of significant and
irreversible loss of central visual acuity. Both eyes are
always affected, but intensity of damage may be different.
ARMD is the most common cause of visual loss in per-
sons aged more than 60 years in the developed countries
(1). More than 30% of adults aged 75 years or older have
ARMD, and in about 6—8% of the individuals in this age
group, the disease progresses and causes the most severe
visual loss (2). Epidemiological studies have implicated
that in Australia, Europe, North America, the prevalence
of ARMD is 0.2% in 55—64-year-old patients and it
reaches 13% in 85-year olds (3). Sometimes ARMD can
develop in people younger than 40 years.

According to the data of the Blind Register Center,
in Great Britain, ARMD as the reason of blindness ac-
counted for approximately 50% of cases (4). According
to the data of the Lithuanian Medical Social Expertise
Commission, in 2002, 13.8% of people were blind due
to ARMD in Lithuania. It took the second place (after
glaucoma) in accordance with the data of the Blind
Register Center as a primary reason of this disability.

It is estimated that during the period from 1980 to
2020, the projected increase in the elderly population
will be 186% in the developed countries and 356% in
the developing countries (5). Increasing life expectancy

is a natural risk factor for the development of ARMD;
accordingly, the aging will determine the increase in the
number of the blind. The World Health Organization
reports that in 2020, the number of the blind will be
around 54 million due to all eye diseases in the elderly
over 60 years (5).

Our aim was to review literature, disclose factors
determining the development of age-related macular
degeneration, and reveal the current view on the patho-
genesis of ARMD.

Retinal damage in ARMD

Macular degenerative lesions manifest as drusen
formation, changes of the retinal pigment epithelium,
lesions of the retinal pigment epithelium and choroidal
choriocapillary layer, Bruch’s membrane, geographic
atrophy of the central fovea, exudative ARMD with
choroidal neovascularization, detachment of the reti-
nal pigmentary epithelium, or changes of submacular
disciform scarring. Drusen are colloid material (lipids,
phospholipids, collagen) excrescences, similar to hyaline,
that accumulate in the retina, in Bruch’s membrane un-
derlying the retinal pigment epithelium. This process is
associated with progressive degeneration of the retinal
pigment epithelium and photoreceptors (6). Drusen dis-
turb oxygen metabolism and determine degeneration of
photoreceptors, while visual function impairment is as-
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sociated with the quantity of damaged photoreceptors. In
the fovea, where is the largest quantity of photoreceptors,
cones dominate, whereas the parafoveal region, where
rods dominate, surrounds the fovea. In the early stages,
photoreceptors are mostly damaged in the parafovea.

Drusen can be classified as hard and soft. Hard drusen
may induce atrophy of the retinal pigment epithelium and
choriocapillary layer. Soft drusen may aggregate into
clusters and cause exudative macular degeneration and
later can induce the detachment of the neuroepithelium.
The process progresses, new vessels grow into, leading
to exudative hemorrhage. Early ARMD is defined as the
presence of drusen and retinal pigmentary abnormalities;
late ARMD includes dry ARMD (geographic atrophy of
the retinal pigmentary epithelium in the absence of neo-
vascular ARMD) or neovascular ARMD (detachment of
the retinal pigment epithelium, hemorrhages, and/or scars).

ARMD is a complex disease involving many fac-
tors such as body aging together with the following
pathologic changes important in the pathogenesis of
this disease: pathogenic oxidative stress, inflammatory
processes, changes of the extracellular matrix, changes
in biological activity of the retinal pigment epithelium,
and genetic factors (7).

Risk factors for age-related macular degeneration

ARMD is a disease of multifactorial etiology, the de-
velopment of which is determined by environmental risk
and genetic factors. The Table presents various factors
investigated by different investigators that may have an
impact on the development of ARMD. Many investigators
have suggested that risk factors cannot be considered as ab-
solutely the only factors inducing development of ARMD.

Epidemiological studies implicate ARMD to be
an inherited disease because family members are at
increased risk to develop ARMD (8, 9). Twin-based,
familial, and other analyses have shown a strong genetic
component in the development of ARMD (10). Seddon
et al. have shown that prevalence of this disorder among
the relatives was significantly higher compared with the
prevalence in the control group (11). Similar work done
by Klaver et al. has shown that odds ratios for siblings
and offspring of ARMD patients were increased com-
pared with siblings of the controls (12). These two large
studies indicate that the essential factor determining the
development of this disease is inheritance, but unique
environmental factors also play an important role.

Genetic factors in the pathogenesis of age-related
macular degeneration

Hageman et al. have proposed the hypothesis that in-
flammation and other factors of the immune response may

play an important role in the stimulation of drusen forma-
tion and development of ARMD (30). This hypothesis has
been confirmed by other researchers (34). Histological
examination of the retina of the patients with ARMD has
revealed the complement system components in drusen
as well as in the choroid (30). Possible pathogenetic
links between ARMD and inflammation have also been
confirmed by genetic studies. A whole genome study of
the patients with ARMD has identified the haplotype of
the complement factor H gene, increasing the possibility
of developing ARMD (35). The complement factor H is
a blood plasma glycoprotein, an important hematologic
component controlling the activity of the complement
system and protecting the own cells and tissues from
damage during the stimulation of the system (36).

It has been revealed by the study performed by Japa-
nese researchers Gatoh et al. in 2006 that the complement
factor H gene (1g32) is not the main gene predetermining
the development of ARMD in the Japanese population
37).

Gold et al. have studied two independent cohorts
consisting of 900 patients with ARMD and 400 control
persons, and investigated genetic lesions of two comple-
ment system factors, i.e. the variants of the genetic factor
B (BF) (6p21.3) and the second complement factor (C2)
(6p21.3) (38). The factor B (BF) in one of the more im-
portant factors in the alternative stimulation pathway of
the complement system. The other factor, C2, is an initial
factor in the pathway of the classical stimulation of the
complement system. A haplotype analysis has signifi-
cantly shown one risk (H1) and two protective haplotypes.
The variant L9H of the BF gene and the variant E318D
ofthe C2 (H10) as well as C2 variant in the 10 intron and
the R32Q variant of the BF(H7) determine lower risk of
ARMD (odds ratio is 0.45 and 0.36, respectively) (38).
Other researchers have also confirmed a tight link between
the genetic injuries of the complement factor B (BF), C2,
and C3, and the risk of developing ARMD (39, 40).

The gene of apolipoprotein E (Apo E) is also associ-
ated with the development of ARMD. Apo E, which codes
the plasma protein participating in the metabolism of
cholesterol and other lipids (41), is also found in drusen
(42, 43). Its three main isoforms are known differing in
one amino acid located at the two primary protein sites
and in their function. They are Apo E2 (Cys 112, Cys
158), Apo E3 (Cys 112, Arg 158), and Apo E4 (Arg 112,
Arg 158), coded, respectively, by three alleles: epsilon 2,
epsilon 3, and epsilon 4 (19 chromosome) (41). Most stud-
ies confirm the ApoE &4 allele to be a protective variant of
gene diminishing the risk to develop ARMD (43, 44) and
its late form (44), and also reducing the risk of developing
the disorder in individuals with a family history of ARMD
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Table. The investigated factors that might influence the development of age-related macular degeneration

Factor

Impact

Reference

Age

The strongest known risk factor. The older is the individual, the higher ARMD risk
is: 10% of patients aged 66 to 74 years and 30% of patients aged 75 to 85 are diag-
nosed with ARMD

13

Gender

Women are at higher ARMD risk than men

14

Family predispo-
sition

The more relatives developed ARMD in the family, the higher risk for other family
members existed

89

Color of the iris

The brighter the iris, the higher ARMD risk

15

Ethnicity

Caucasians are more often diagnosed with ARMD than black people. Microscopic studies
show topographic distribution of lipofuscin and its increased accumulation in the posteri-
or pole of the eye and the macula, and reverse link between the concentrations of lipofus-
cin and melanin in the retinal pigment epithelium. This inverse relationship is stronger in
eyes of Caucasian than in eyes of black population and supports the data of the studies
showing that ARMD begins earlier and occurs more frequently in less pigmented eyes

15, 16

Sunlight

There are controversial data: one study suggested that sunlight had no influence on
ARMD; however, high-energy visible light influenced its development as it has been
found in another research

17,18

Smoking

Cigarette smoking increases ARMD risk 2 times. A direct relationship has been found
between the likelihood of developing the disease and both the smoking duration and
number of cigarettes smoked. Smoking is thought to decrease antioxidant levels in
the serum, compromise choroidal circulation, and increase oxidative injury to the
macula, thus increasing the risk of ARMD

Hypertension

High arterial blood pressure increased the risk of developing exudative ARMD by
1.5 times

20

Body mass index

Obese individuals are found to have ARMD twice as frequent

21

Eating habits

High intake of fats, particularly animal, is related to increased risk of ARMD for both
men and women.

The intake of the fish products (at least twice a week) or any kind of nuts reduces
ARMD risk.

21,22

Oxidative stress

In ARMD patients, lysosomes of the retinal pigment epithelium are believed to ac-
cumulate phototoxic pro-oxidative melanin oligomers of low molecular weight that
may be partly responsible for the “digestive” speed reduction in the external photore-
ceptor layer of the retinal pigment epithelium. Decreased “digestive” speed is associ-
ated with the formation of lipofuscin and ARMD

23

Antioxidant levels
in blood and diet

Low levels of vitamins C, E, carotenoids, zinc, and other antioxidants in blood and
nutrition may influence ARMD

24

Increase innflam-
matory marker
levels in blood

ARMD is associated with elevated levels of white blood cells, fibrinogen, oxidized
low-density lipoproteins, cholesterol, and C-reactive protein. The increase in blood
levels of C-reactive protein and homocysteine is characteristic of ARMD

25,26, 27,
28

Inflammation

The complement components and immunoglobulins in drusen protein compounds
are associated with the deposition of the immune complex (e.g., C5b-9 complex),
the so-called acute- phase inflammatory proteins (e.g., amyloid component P and a1-
antitrypsin), the proteins modulating the immune response (e.g., vitronectin, cluster-
in, Apo E, membrane protein factor, complement receptor 1), the major histocompat-
ibility complex class II antigens, HLA-DR antigens and the antigens of cell differen-
tiation. Multinucleated giant cells and leukocytes found in the choroid demonstrate
the link between the advanced ARMD and inflammatory process

7,29,30

Cataract

There is a probable relationship between cataract and aging process, manifesting
as cataract formation with partial nuclear sclerosis and ARMD. Some researchers
did not find any link between the cloudy lens and ARMD, whereas the others have
revealed a relationship between the lens nuclear sclerosis and ARMD. Some other
authors suggested that nuclear sclerosis of the lens was more often observed than
cortical cloudiness in the patients with ARMD

17,31, 32

Cataract surgery

Progression of ARMD in patients with the operated eye due to cataract was more
common than in the patients without the intervention. Moreover, late ARMD devel-
oped in the operated eyes during 5-year follow-up

31

ARMD in the
contralateral eye

Increases the risk of ARMD development in another eye by 87%; 82% of the lesions
in another eye occur during 4-year period

33
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(45). Meanwhile €2 allele, on the contrary, is being linked
with the greater risk of developing ARMD (44, 46). Sou-
ied et al. have offered two different hypotheses explaining
the protective mechanism of Apo E 4 in the development
of ARMD. Apo E4, in contrast to Apo E 2 and 3, does
not contain disulfide bridges; therefore, being smaller,
it may be more effectively transported through Bruch’s
membrane. The other protective mechanism may be ex-
plained as follows: Apo E 4 has a positive charge, which
diminishes hydrophobicity of the Bruch’s membrane and
thus contributes to better clearance of the debris (44). It
is should be noted that Apo E 4 allele is associated with
hypercholesterolemia and greater risk of ischemic heart
disease, whereas Apo E 2 allele is considered a protective
factor concerning the development of this disorder (46).

Neovascularization of the choroid

In recent years, the blockage of the neovascularization
chain has been considered to inhibit the development of
ARMD. The vascular endothelial growth factor (VEGF)
and the fibroblast growth factor are believed to promote
the angiogenesis (46). Meanwhile, it is inhibited by the
pigment epithelial factor, angiostatin, endostatin, and
other. Neovascularization is mainly induced by retinal
hypoxia. Tissue ischemia leads to increased secretion of
the VEGF and higher expression of the VEGF R2. The
vascular endothelial growth factor causes vasodilatation,
increases vascular permeability and protease activity.
Such changes allow for the development and expansion
of vascular network in the surrounding tissues and its
remodeling (47). The fragmentation of the basilar mem-
brane and intracellular connective tissue are essential for
the formation of new capillaries. Activated endothelial
cells release matrix metalloproteinase (MMP), which,
by degrading the basilar membrane, allows capillaries to
grow beneath the retina and between retinal layers. Such
capillaries often bleed, more liquids are filtered through
the walls, and fibrous tissue grows within. Furthermore,
the retina swelling and impaired vision occur. MMPs are
a family of proteolytic zinc-containing enzymes, which
are responsible for degrading extracellular matrix com-
ponents and play an important role in the physiological
and pathological remodeling of tissues (48). MMPs are
capable of degrading most of the components of the ex-
tracellular matrix, which may play an important role in
the extracellular matrix remodeling during angiogenesis.
A particular interest has been focused on MMP-9 due to
its ability to degrade components of the basement mem-
brane components such as type [V collagen. There are 24
different genes responsible the expression of proteases
of MMP family (49). The pathogenesis of age-related
macular degeneration is focused on MMP-2 and MMP-

9, also known as gelatinase A and B, respectively, due to
their ability to cleave gelatin in vitro (heterogeneous com-
pound of soluble proteins, obtained during partial hydro-
lysis of collagen). For ARMD patients, elevated plasma
MMP-9 levels influence the development of choroidal
neovascularization (50). Analysis of surgically removed
subfoveal fibrovascular membranes from patients affected
by ARMD showed MMP-9 expression at the margins of
the membrane and in proximity of a thickened Bruch’s
membrane layer beneath the retinal pigment epithelial
cells (51). Chau et al. found no significant difference in
plasma MMP-2 levels among the groups of healthy indi-
viduals, ARMD patients, and exudative ARMD patients;
however, plasma MMP-9 concentrations differed signifi-
cantly (265+£34 ng/mL, 659+£315 ng/mL, and 740+494
ng/mL, respectively; P=0.008) (52).

Thus, the increase in MMP-9 expression is charac-
teristic of ARMD. The number of MMP-9 cytosine-
adenine (CA) sequences in the promoter region was
found to determine the transcription activity, i.e. the
gene expression rate (53). Studies with mesangial cells
of mice have shown that 24 repeats of CA sequence in
the MMP-9 promoter region resulted in up to 20 times
higher MMP-9 expression compared with 20 repeats of
CA sequence (54). Therefore, in recent years, studies
have increasingly focused on the association between
polymorphism of MMP-9 microsatellite CA 13-27 se-
quences in the promoter region and exudative ARMD.
An Italian study carried out in the Clinic of Eye Dis-
eases in Trieste University in 2003 found a relationship
between the length of MMP-9 promoter microsatellites
and choroidal neovascularization in ARMD patients (55).
Alleles with 22 or more repeats are more often found in
ARMD patients. It has been determined that carriers of
one allele with 22 repeats have more than doubled risk
ofbeing an ARMD patient. This polymorphism does not
cause the disease but increases the MMP-9 expression
leading to increased vascular permeability and choroi-
dal neovascularization (55). No difference between the
major ARMD risk factors (gender, age, diabetes mel-
litus, cigarette smoking, and dyslipidemia) and MMP-9
polymorphism was found. A strong linear correlation
between longer microsatellites and increased body mass
index was the only one association (55).

ARMD is a disease of multifactorial etiology. Its de-
velopment is determined not only by genetic but also en-
vironmental and risk factors. Overall, the most important
pathogenetic mechanisms causing the development of the
ARMD are the formation of drusen, local inflammation,
and neovascularization. Despite current advanced tech-
nologies, the factors influencing the initial and subsequent
stages of ARMD are still not entirely clear.
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Veiksniai, lemiantys amzine¢ geltonosios démés degeneracija: dabartinis pozZiiiris
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RaktaZodZiai: amziné geltonosios démés degeneracija, rizikos veiksniai, genas, neovaskulizacija, matrikso
metalo proteinazes.

Santrauka. Amziné geltonosios démés degeneracija — tai geltonosios démés pazeidimas, salygojantis
negriztamaji centrinio matymo praradima. Tai dazniausia vyresniy nei 60 mety Zmoniy aklumo priezastis.
Deja, iki Siol néra visiskai aiskios ligos etiologija bei patogenezé. Manoma, kad amziné geltonosios démes
degeneracija yra daugiaveiksnés etiologijos liga, kurios pasireiskima lemia tiek aplinkos, tiek Zmogaus orga-
nizmo ypatybiniy bei genetiniy veiksniy sasaja.

Straipsnyje trumpai apzvelgiami rizikos veiksniai bei ju vaidmuo amzinés geltonosios démés degeneracijos
patogenezéje, tokie kaip paciento amzius, lytis, rikymas, rainelés spalva, mitybos iprociai, kiino masés indek-
sas, oksidacinis stresas, genetiniai veiksniai (komplemento H faktorius, apolipoproteinas E ir kiti). Aptarta
gyslainés neovaskulizacijos patogenezé, kurioje lemiamas vaidmuo priskiriamas hipoksijai, uzdegiminiam
procesui bei proteoliziniy fermenty veiklai. Didelis démesys skiriamas matrikso metalo proteinazéms, ypac
matrikso metalo proteinazéms 2 bei 9, atitinkamai zelatinazéms A ir B bei matrikso metalo proteinazés 9
genetiniam polimorfizmui.
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