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Abstract

Age-related macular degeneration (AMD) is a complex, degenerative and progressive disease involving the multiple genetic and environmental fac-
tors that can result in severe visual loss. The etiology of AMD is not well understood. Many theories exist and feature mechanisms of oxidative stress, 
atherosclerotic-like changes, genetic predisposition and infl ammation. The most recent clinical studies appointed to a great role of infl ammation and 
C-reactive protein (CRP) in the pathogenesis of AMD. There is a large body of evidence indicating the association of CRP with endothelial dysfunction, 
oxidative stress and production of reactive oxygen species (ROS), as well as with lipid status disorder in AMD patients. According to recent studies, 
CRP is defi nitely not only the infl ammatory marker but also a mediator of development of the vascular disorders in the retinal circulation. The results 
obtained from the present studies may help our understanding the pathogenesis of the retinal vascular disease associated with high levels of CRP.
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Introduction

Age-related macular degeneration (AMD) is the 
most common cause of visual impairment in the 
individuals over 50 years of age, with the preva-
lence of 0.05% before the age of 50 rising to 30% 
after 74 years of age. It is a complex, degenerative 
and progressive disease involving the multiple ge-
netic and environmental factors that can result in 
severe visual loss. The molecular mechanisms 
causing the AMD remain unknown, although in-
fl ammatory processes have been implicated by 
identifi cation of the AMD susceptibility genes en-
coding complement factors (1) and the presence 
of the complement proteins in drusen (2).

One of the pathological hallmarks of AMD is the 
focal deposition of the extracellular material be-
tween the retinal pigmented epithelium (RPE) and 

Bruch’s membrane called drusen. Drusen are visu-
alised as yellow deposits under the retinal pigment 
epithelium and neurosensory retina and are asso-
ciated with atrophy and depigmentation of the 
overlying retinal pigment epithelium. Although a 
few small (< 65 μm) hard drusen can be found in at 
least 96% of aged population, the presence of a 
numerous larger (> 125 μm) hard drusen, and es-
pecially large, soft drusen (125-250 μm) in the mac-
ula is considered particularly when accompanied 
by pigment irregularities or depigmentation a ma-
jor risk factor for developing the advanced form of 
AMD (3). The material, referred to as drusen is com-
posed of several cellular and humoural constitu-
ents of systemic infl ammatory and immune medi-
ated processes such as HLA-DR, immunoglobulin 
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λ and κ light chains, complement components 5 
and 9, amyloid A, amyloid P component, fi brino-
gen, vitronectin and C-reactive protein (4). Moreo-
ver, the accumulation of drusen can damage the 
surrounding structures, inculding Bruch’s mem-
brane, and is associated with visual defi cit that 
precede the loss of visual accuity in AMD (5).

The aetiology of AMD is not well understood. 
Many theories exist and feature mechanisms of 
oxidative stress, atherosclerotic-like changes, ge-
netic predisposition and infl ammation (6).

Risk factors for AMD

Several risk factors have been postulated to take 
an important role in development of AMD. Age is 
the strongest risk factor for AMD. The prevalence 
of AMD increases with age in white individuals (7). 
Female gender may be a risk factor in individuals 
aged over 75 years with the relative risk for neo-
vascular form of AMD as much as twice that ob-
served in age-matched men (8).

AMD is more common in white individuals than in 
people of other ethnic origin (9). It is postulated 
that increased levels of melanin could increase the 
free-radical scavenging potential of the RPE and 
Bruch’s membrane, thereby protecting against the 
risk of AMD (10). Several studies have found an as-
sociation between advanced AMD and comple-
ment factor H, an integral component of the alter-
native pathway of complement activation (11). 
Other factors such as factor B and complement 
components C2 and C3 are also associated with 
AMD (12). A few clinical trials showed a relationship 
between the development of exudative lesions 
and a history of current cigarette smoking. Smok-
ing increases the risk of the exudative type of AMD 
2.8 times for females and 3.2 times for current 
smokers in men. Smoking cessation lowers the rel-
ative risk of AMD (13). Some studies have shown a 
direct association between age-related macular 
degeneration and raised concentration of choles-
terol both in the serum (14) and in the diet (15). In-
creased concentration of HDL-cholesterol is con-
sidered to be cardioprotective have been shown 
to be associated with a reduced risk of AMD (16).

Several studies have described the benefi cial ef-
fects of dietary carotenoids in slowing the course 
of the disease. A multicentre randomized trial has 
shown that oral supplementation with high levels 
of antioxidants and minerals are eff ective in slow-
ing the progression of advanced stages of AMD 
(17). Some case-control studies have found evi-
dence of decreasing risk of neovascular AMD 
among individuals reporting the highest intake of 
omega-3 fatty acids and fi sh (18). The use of exog-
enous supplements of oestrogen in post-meno-
pausal women was associated with a lower risk of 
AMD in a study performed by the Eye Case Control 
Study Group (17).

It has been postulated that light plays a role in the 
development of AMD. It has been hypothesized 
that the photosensitization reactions may be in-
volved in the development of AMD, via synthesis 
of the reactive oxygen species such as: superoxide, 
hydrogen peroxide, and singlet oxygen, which 
may damage the RPE and Bruch’s membrane (19). 
Blue iris color has been inconsistently implicated 
as a risk factor for AMD (20). Results from Beaver 
Dam Study suggest that people who spent leisure 
time outdoors were at increased risk of develop-
ing early AMD (21).

Chronic conditions and diseases such as athero-
sclerosis (22), diabetes (23) and cardiovascular dis-
eases (24) as well are known as risk factors for 
AMD.

The pathological features of AMD

The pathology of age-related macular degenera-
tion is characterized by degenerative changes in-
volving the outer portion of the retina, retinal pig-
ment epithelium, Bruch’s membrane, and less 
prominently the choriocapillaris. AMD may be clas-
sifi ed into three forms: early, intermediate, and ad-
vanced. The early and intermediate forms account 
for 90% of all cases. In contrast, the advanced form 
accounts for 88% of all cases of blindness attribut-
able to AMD. The earliest signs of AMD are discrete 
yellow deposits in the deep layers of the macula, 
known as drusen. Furthermore, areas of pigmen-
tary disturbance may be observed in the underly-
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ing retinal pigment epithelium of the macula. Vis-
ual loss associated with these changes may be 
gradual, resulting from atrophy of the retinal pig-
ment epithelium and the overlying photorecep-
tors. In addition, the early form of AMD may 
progress to the intermediate and advanced forms.

Although the advanced form of AMD is less com-
mon than the early and intermediate forms, the 
potential visual loss with advanced AMD is more 
signifi cant. Advanced AMD has two clinical sub-
types. Wet AMD (exudative or neovascular AMD) is 
the more common subtype and is characterized 
by proliferation of abnormal vessels in the choroid 
(a highly vascular area between the sclera and the 
retinal pigment epithelium). These choroidal neo-
vascular membranes may proliferate into the sub-
retinal space and retina and leak fl uid and blood, 
causing damage and loss of vision. Other features 
of wet AMD are detachment of the retinal pigment 
epithelium and fi brosis, often termed a disciform 
scar, which forms in the late stages of the disease 
(25).

Pathologic states such as hypoxia, ischemia, or in-
fl ammation may tip the balance of proangiogenic 
and antiangiogenic factors in favor of the forma-
tion of new blood vessels. Vascular endothelial 
growth factor (VEGF) is pivotal in ocular angiogen-
esis because it is highly selective for endothelial 
cells, hypoxia drives its synthesis, it diff uses to its 
target, and it aff ects multiple components of ang-
iogenesis such as endothelial cell proliferation, 
survival, and migration. Basic and clinical research 
implicates VEGF in the pathogenesis of choroidal 
neovascularization (CNV). Therefore, intravitreal 
drugs that block VEG have revolutionized the care 
of patients with neovascular AMD, decreasing 
growth and leakage from choroidal neovascular 
lesions and preventing moderate and severe vi-
sion loss associated with this process (26,27).

The second subtype of advanced AMD (the dry 
AMD form) involves atrophy, which progresses to 
visually signifi cant structures of the retina, such as 
the fovea, which is responsible for the sharpest 
and central visual acuity. Progressive atrophy over 
a large area is termed geographic atrophy and 
may result in severe visual loss. Geographic atro-

phy is seen as normal RPE with hypotrophy, hyper-
trophy hypo- or hyperpigmentation, atrophy, mi-
gration, loss of outer retinal cells, attenuation of 
Bruch’s membrane and choriocapillaris degenera-
tion (28).

The role of infl ammation in the 
pathogenesis of AMD

There is mounting evidence from laboratory based 
studies that infl ammation plays a key role in the 
pathogenesis of AMD (4,6,29). The infl ammatory 
marker CRP has recently been shown to be an in-
dependent risk for cardiovascular and peripheral 
arterial disease (30-32) and a pathogenic factor 
leading to endothelial dysfunction in the cell cul-
ture model (33). Moreover, elevated concentration 
of CRP has been associated with an increased risk 
for hypertension (34), and for type 1 and type 2 di-
abetes mellitus (35). Because hypertension and di-
abetes are considered major risk factors for retinal 
vascular disorders, their association with infl am-
mation and endothelial dysfunction has been sug-
gested in humans with retinopathy (36).

Atherosclerosis is a known risk factor for AMD, 
most likely through decreased choroidal blood 
fl ow, directly or indirectly impairing the function-
ing of the RPE (37,38). Atherosclerosis is also associ-
ated with elevated hsCRP concentration, which 
may contribute to the higher risk of AMD (39).

Local infl ammatory and immune-mediated events 
play a role in the development of drusen (40-42). 
Direct analysis by liquid chromatography and im-
munocytochemical analyses confi rmed that 
drusen contain proteins associated with infl amma-
tion such as fi brinogen, vitronectin, complement 
components and C-reactive protein (CRP) (43). 
Some of these proteins seem to be locally pro-
duced by damaged retinal pigment epithelium 
cells (42). Drusen components have been found in 
atheroscerotic plaques and deposits in Alzheimer 
disease (44), and AMD, atherosclerosis and Alzhe-
imer disease may partly share a similar infl amma-
tory pathogenesis.

The AMD lesion formation has been conceptual-
ized as sharing mechanisms with atheroscerotic 
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plaque formation, where LDL retention within the 
arterial wall initiates a cascade of pathologic events 
called the “response to retention hypothesis” (45). 
In atheroscelrosis Apo B100 lipoproteins become 
oxidatively modifi ed. This modifi cation stimulates 
diff erent biological processes including innate im-
mune system-mediated infl ammation which in-
duce a cascade of pathological events than culmi-
nate in atherosclerotique plaques (46). In AMD, the 
following evidence supports the “response to re-
tention” hypothesis:

Apo B100-containing lipoproteins accumulate • 
in Bruch’s membrane in the same location as 
basal deposits in drusen;
oxidatively modifi ed proteins and lipids are • 
present in Bruch’s membrane and RPE inducing 
a pathologic phenotype to RPE cells (47); and
the accumulation of infl ammatory mediators • 
whitin drusen and basal deposites indicates a 
role for the innate immune response (48).

Oxidized lipoproteins can trigger complement ac-
tivation (46). CD36 is the major receptor implicated 
in uptaking the oxidized low density lipoproteins 
and is expressed also in RPE cells. It has been sug-
gested that CD36 may have a role not only in the 
clearance of oxidized lipids from Bruch’s mem-
brane (49) but also in the subsequently inducing 
an immune response (50).

In addition to aforementioned facts, the presence 
of matrix matalloproteinases (MMPs) in higher con-
centration in the Bruch’s membrane and RPE cells, 
especially MMP-2 and MMP-9 indicate to more 
similarity between atherosclerotic plaque and 
AMD lesion formation. It is known that MMP-2 and 
MMP-9 are implicated in the degradation of extra-
cellular matrix components which can lead to 
plaque destabilization and rupture and subse-
quent future cardiovascular events, especially 
acute myocardial infarction (AMI) (51).

Chronic infl ammation seems to be a causative fac-
tor for the development of AMD. Chronic infl am-
mation results in endothelial dysfunction and fa-
cilitates the interactions between modifi ed lipo-
proteins, monocyte-derived macrophages, T-cells 
and normal cellular elements of the retinal arterial 
wall (52). Macrophages are often seen in the area 

of geographic atrophy and are apparently phago-
cytosing pigment debris, as seen by electron mi-
croscopy or immunohistochemistry methods 
(44,53). Macrophages have been documented 
both morphologically and functionally in neovas-
cular AMD (54). Activated macrophages and mi-
croglia may secrete chemokines and citokines, 
causing further cellular damage, Bruch’s mem-
brane degradation and angiogenesis (55).

The human eye is known to produce signifi cant 
quantities of 7-ketocholesterol and related sub-
stances as a direct result of photoreceptor func-
tion. In atherosclerosis oxysterols contribute to the 
conversion of macrophages into foam cells (56). 
7-ketocholesterol has recently been found to be 
localized in deposits within the choriocapilaris and 
Bruch’s membrane of aging monkies (57). Oxyster-
ols have cytotoxic and infl ammatory properties on 
RPE cells inducing reactive oxygen species genera-
tion, glutathione depletion, and reduced mito-
chondrial membrane potential infl ammation 
through activation of NFkB and eventually apop-
totic-mediated cell death in cultured RPE cells (58).

Recently, a strong association between the Y402H 
single-nucleotide polymorphism in the comple-
ment factor H (CFH) gene and AMD was found in 3 
clinic-based case control studies (59), and in a lon-
gitudinal population based study (60). Comple-
ment factor H is an essential regulator in the com-
plement system. It activates C3b and functions as 
an activation inhibitor of the alternative comple-
ment pathway (61). This single-nucleotide poly-
morphism is located in a region that contains the 
binding sites for heparin and CRP. Complement 
factor H binds to CRP, which may help inhibit the 
CRP-dependent alternative pathway activation in-
duced by damaged tissue (61). Complement factor 
H tends to prevent the assembly of complement 
complex in the arterial intima (62). It has been sug-
gested that allele-specifi c changes in activities of 
the binding sites for heparin and CRP modify the 
protective action of complement factor H (63). 
Complement-related damage to choroidal vessels 
might lead to wet AMD (11). It is possible that re-
duction of CRP levels might lower the risk of AMD. 
Some recently published papers indicated that 
CFH binds to the denaturated rather than native 
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CRP thus casting some doubt upon this link be-
tween CFH and CRP (64). It is also possible that 
persistent chronic infl ammation that is a byprod-
uct of attenuated complement-inhibitory activity 
may occur in those individuals with the risk-con-
ferring CFH SNP Y402H and that this pro-infl am-
matory state, rather than impaired binding by CFH, 
leads to CRP accumulation in AMD retina. Alterna-
tively, the role of CFH in AMD might be completely 
independent of CRP. Without a doubt, further 
studies are necessary to dissect the role, if any, of 
the CFH Y402H SNP in AMD pathogenesis. Dean-
gelis and coworkers stated that there was a clear 
genetic infl uence on AMD, and the loci 1q33 (CFH) 
and 10q26 (PLEKHA1/ARMS2/HTRA1) were the 
most strongly associated with AMD, but the varia-
tion of these genomic regions alone were unable 
to predict disease development with high accura-
cy (65). Lederman et al. demonstrated that neovas-
cular AMD was associated with altered gene ex-
pression in peripheral white blood cells that was 
not underlined by the major risk single nucleotide 
polymorphisms, and suggested that such altered 
expression may potentially serve as a biomarker 
for the disease (66). Increased levels of annexin A5 
(ANXA5) mRNA transcripts were also found in the 
WBC of patients with AMD. ANXA5 which plays a 
role in the regulation of blood clot has been found 
in atherosclerotic plaques and is proposed to have 
and anti-infl ammatory functions (67). Interestingly, 
other annexins were previously identifi ed in 
drusen (68). Recent studies have revealed pro-
found developmental consequences of mutations 
in genes encoding proteins of the lectin pathway 
of complement activation, a central component of 
the innate immune system. Apart from impair-
ment of immunity against microorganisms, it is 
known that hereditary defi ciencies of this system 
predispose one to autoimmune conditions. Poly-
morphisms in complement genes are linked to, for 
example, atypical hemolytic uremia and age-de-
pendent macular degeneration. The recently dis-
covered lectin pathway is less studied, but poly-
morphisms in the plasma pattern-recognition 
molecule mannan-binding lectin (MBL) are known 
to impact its level, and polymorphisms in the MBL-
associated serine protease-2 (MASP-2) result in de-
fects of complement activation (69).

Association of CRP with AMD

Several recent clinical studies suggest close associ-
ation between serum CRP and ocular vascular dis-
orders related to AMD. One recent study (70) dem-
onstrated a close positive association between 
CRP and cholesterol levels (especially total choles-
terol, LDL- and non-HDL cholesterol levels) in pa-
tients with AMD. AMD patients who had higher 
values of total-, LDL- and non-HDL-cholesterol val-
ues had also higher CRP values. This group of in-
vestigators succeeded to demonstrate a signifi cant 
association between incidence of AMD and CRP 
levels, especially between occurrence of AMD and 
CRP levels higher than 3 mg/L. Several recent clini-
cal studies reported that patients with the highest 
quartile of CRP (over 6.5 μg/mL) are at high risk of 
AMD (5,71). In addition, more than threefold high-
er incidence of AMD was found in women with se-
rum CRP levels exceeding 5 μg/mL (5,71). The con-
centrations of CRP used in the study of Nagaoka 
(30) (0.7 and 7 μg/mL) covered the physiological 
and pathophysiological ranges, and only high lev-
el of CRP exhibited inhibitory action in endotheli-
um-dependent vasomotor function. It appears 
that CRP levels known to predict cardiovascular 
events produce adverse eff ects on endothelial 
function in the retinal microvasculature. C-reactive 
protein (CRP) is an infl ammatory marker known to 
be associated with cardiovascular disease, and a 
link between AMD and CRP has been suggested. 
Hong et al. (72) in his systematic review summarize 
the currently available evidence from clinic-based 
and population-based studies investigating this 
association. Their meta-analysis shows that high 
serum levels (> 3 mg/L) of CRP are associated with 
a two-fold likelihood of late onset AMD, compared 
to low levels (< 1 mg/L).

De Jong et al. (73) showed, in the Rotterdam study, 
the existence of a small signifi cant association be-
tween log CRP levels and AMD incident. Kikuchi et 
al. (74) demonstrated the trends of the increased 
risk of disease with the increase of CRP, which were 
statistically signifi cant for both polypoidal choroi-
dal vasculopathy (PCV) and neovascular AMD. The 
Rotterdam study (38) found that elevated baseline 
levels of high sensitive CRP (HsCRP) were associat-



Biochemia Medica 2012;22(1):39–48

44

Colak E. et al. Infl ammation and age-related macular degeneration

ed with the development of early and late AMD in 
the large population-based cohort. Boey et al. (75) 
demonstrated no associations between CRP and 
AMD or cataract in general population of the Asian 
people, while higher CRP was associated with AMD 
in individuals without diabetes.

Possible mechanism for CRP 
dependent-oxidative stress and lipid 
disorder

The infl ammatory reaction is an important source 
of the oxygen-free radicals. Large amounts of su-
peroxide radicals are secreted by activated phago-
cytic leukocytes, and also formed as by-product 
during biosynthesis of leukotrienes and prostag-
landins and formation of lipid peroxides.

Proinfl ammatory cytokines play a central role in 
mediating the cellular and physiological respons-
es. Non-enzymatic oxidative modifi cation mediat-
ed by reactive oxygen species transforms low den-
sity lipoprotein (LDL) to an atherogenic molecule 
(E-LDL) that activates complement and macro-
phages and is present in the early atherosclerotic 
lesions and drusen. E-LDL accumulates in the hu-
man vascular smooth muscle cells (VSMC) where 
promotes angiotensin type 1 receptor (AT1-R) up-
regulation and stimulates VSMC migration prolif-
eration and neointimal formation while concomi-
tantly increasing reactive oxygen species (ROS) 
production. A growing body of evidence impli-
cates CRP as a direct mediator of endothelial dys-
function. CRP directly upregulates endothelial cell 
adhesion molecules: ICAM-1, VCAM-1 and E-selec-
tin, which play a key role in facilitating the leuko-
cyte-endothelial interaction. CRP also promotes 
the release of MCP-1 a key chemoatractant chem-
okine which facilitates leukocyte transmigration 
through the endothelium (11,76). Recent studies 
suggest that CRP also promotes nuclear factor 
(NF)-κB upregulation in endothelial cells (77). In 
that way CRP functions as an active participant in 
lesion formation and hence is directlly linked to 
atherosclerosis.

CRP is capable of generating the TEMPOL-sensitive 
superoxide in the endothelial layer of the retinal 

arterioles. This fi nding is consistent with recent ev-
idence showing that CRP can increase the produc-
tion of superoxide in cultured human aortic en-
dothelial cells and in porcine coronary arterioles 
(78). Clinical study of Fichtlscherer (79) reported 
that the increase of oxidative stress and the reduc-
tion of NO bioavailability were closely related to 
elevation of plasma CRP in patients with the coro-
nary artery disease. The fi ndings of Nagaoka (30) 
suggested that detrimental eff ects of CRP could 
also aff ect the ocular circulation and might partial-
ly contribute to development of the retinal vascu-
lar disease.

It has been demonstrated that CRP, in concentra-
tion known to predict vascular disease, directly in-
hibits the endothelium-dependent NO-mediated 
dilation of the isolated porcine retinal arterioles. 
The mechanism underlying the acute eff ect of CRP 
involves the activation of p38 kinase and the pro-
duction of superoxide by vascular NAD(P)H oxi-
dase. Recent clinical studies have demonstrated 
that statins are benefi cial by preserving the en-
dothelial function, possibly through the inactiva-
tion of the RhoA/Rho-kinase pathway and reduc-
tion of the oxidative stress. Since the impaired en-
dothelium-dependent NO-mediated dilation is a 
key feature of the early vascular events, it is clear 
that CRP is not only an infl ammatory marker but 
also a mediator of development of vascular disor-
ders in the retinal circulation. Reductions in infl am-
mation and oxidative stress or inhibition of RhoA/
Rho-kinase activity (for example by statins) have 
been reported to improve endothelial function 
(80,81).

It has been demonstrated that human CRP could 
be bound with highest affi  nity to phosphocholine 
residues, but it also binds to a variety of other au-
tologous and extrinsic ligands, and it aggregates 
or precipitates the cellular and molecular struc-
tures bearing these ligands. Autologous ligands 
include native and modifi ed plasma lipoproteins, 
damaged cell membranes, a number of diff erent 
phospholipids and related compounds, small nu-
clear ribonucleoprotein particles, and apoptotic 
cells. Binding of CRP to lipids, especially lecithin 
(phosphatidyl choline), and to plasma lipoproteins 
has been documented to be the fi rst step in gen-
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eration of foam cells and atherogenesis (82). It has 
been also demonstrated that aggregated, but not 
native, non-aggregated, CRP selectively binds only 
LDL and some VLDL particles from the whole se-
rum. Native CRP does bind to oxidized LDL and to 
partly degraded LDL, as found in atheromatous 
plaques (83). When aggregated or bound to mac-
romolecular ligands, human CRP is recognized by 
C1q and potently activates the classical comple-
ment pathway, engaging C3, the main adhesion 
molecule of the complement system, and the ter-
minal membrane attack complex, C5–C9. Bound 
CRP may also provide secondary binding sites for 
factor H and thereby regulate alternative-pathway 
amplifi cation and C5 convertases (84).

Conclusion

According to recent studies, CRP is defi nitely not 
only the infl ammatory marker but also a mediator 
for development of the vascular disorders in the 
retinal circulation. The results obtained from the 
present studies may help our understanding the 
pathogenesis of the retinal vascular disease associ-
ated with high levels of CRP. Since there is no cure 
for AMD, prevention is the fi rst approach to reduce 
vision loss. Control of modifi able risk factors such 
as smoking, hypertension, hyperlipoproteinemia, 
oxidative stress and chronic infl ammation could 
reduce the risk of developing AMD.

Vacabulary

The • choroid, also known as the choroidea or 
choroid coat, is the vascular layer of the eye, 
containing connective tissue, and lying be-
tween the retina and the sclera (85).
Retina•  is a light-sensitive tissue lining the inner 
surface of the eye. The optics of the eye create 
an image of the visual world on the retina, 

which serves much the same function as the 
fi lm in a camera (86).
The • pigmented layer of retina or retinal pig-
ment epithelium (RPE) is the pigmented cell lay-
er just outside the neurosensory retina that 
nourishes retinal visual cells, and is fi rmly at-
tached to the underlying choroid and overlying 
retinal visual cells (87).
The • fovea centralis, also generally known as 
the fovea, is a part of the eye, located in the 
center of the macula region of the retina. The 
fovea is responsible for sharp central vision (also 
called foveal vision), which is necessary in hu-
mans for reading, watching television or mov-
ies, driving, and any activity where visual detail 
is of primary importance (88).
The • macula or macula lutea (from Latin macula, 
“spot” + lutea, “yellow”) is an oval-shaped high-
ly pigmented yellow spot near the center of the 
retina of the human eye, and acts as a natural 
sunblock (analogous to sunglasses) for this area 
of the retina. The yellow colour comes from its 
content of lutein and zeaxanthin (89).
The • sclera (from the Greek skleros, meaning 
hard, also known as the white or white of the eye, 
is the opaque (usually white, though certain an-
imals, such as horses and lizards, can have black 
sclera), fi brous, protective, outer layer of the eye 
containing collagen and elastic fi ber (90).
Bruch’s membrane • is located between RPE 
and choroid and it represents a semipermeable 
fi ltration barrier through which major metabol-
ic exchange take place (91).

Acknowledgment

This work was supported by the Ministry of Sci-
ence of Serbia through contract No175036.

Potential confl ict of interest

None declared.



Biochemia Medica 2012;22(1):39–48

46

Colak E. et al. Infl ammation and age-related macular degeneration

References
 1. Gu J, Pauer GJT, Yue X, Narendra U, Sturgill GM, Bena J, et 

al. Proteomic and Genomic Biomarkers for Age-Related 
Macular Degeneration. Adv Exp Med Biol 2010;664:411–7.

 2. Edwards AO, Ritter R III, Abel KJ, Manning A, Panhuysen C, 
Farrer LA. Complement factor H polymorphism and age-re-
lated macular degeneration. Science 2005;308:421–4.

 3. Nowak J. Age-related macular degeneration (AMD): patho-
genesis and therapy. Pharmacol Rep 2006;58:353-63.

 4. McGwin G, Hall TA, Xie A, Owsley C. The regulation between 
C reactive protein and age related macular degenerati-
on in the Cardiovascular Health Study. Br J Ophthalmol 
2005;89:1166–70.

 5. Seddon J, Gensler G, Milton R, Klein ML, Rifai N. Association 
between C-reactive protein and age-related macular dege-
neration. JAMA 2004;291:704–10.

 6. Zarbin MA. Current concepts in the pathogenesis of 
age-related macular degeneration. Arch Ophthalmol 
2004;122:598–614.

 7. Coleman HR, Chan CC, Ferris FL, Chew EY. Age-related ma-
cular degeneration. Lancet 2008;372:1835–45.

 8. Smith W, Assink J, Klein R, Mitchell P, Klaver CC, Klein BE, 
et al. Risk factors for age-related macular degeneration: 
pooled fi ndings from three continents. Ophthalmology 
2001;108:697–704.

 9. Klein R, Klein BE, Jenson SC, Mares-Perlman JA, Cruick-
shanks KJ, Palta M, et al. Age-related maculopathy in a 
multiracial United States population: the National Heal-
th and Nutrition Examination Survey III. Ophthalmology 
1999;106:1056–65.

10. Hu DN, Simon JD, Sarna T. Role of ocular melanin in opht-
halmic physiology and pathology. Photochem & Photobiol 
2008;84:639–44.

11. Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes C, et 
al. Complement factor H polymorphism in age-related ma-
cular degeneration. Science 2005;308:385–9.

12. Yates YR, Sepp T, Matharu BK. Complement C3 variant and 
the risk of age-related macular degeneration. N Engl J Med 
2007;357:19–27.

13. O’Shea JG. Age-related macular degeneration. Postgrad 
Med J 1998;74:203-7.

14. Tomany SC, Wang JJ, van Leeuwen R, Klein R, Mitchell P, 
Vingerling JR, et al. Risk factors for incident age-related 
macular degeneration. Pooled fi ndings from 3 continents. 
Ophthalmology 2004;111:1280–7.

15. Mares-Perlman JA, Brady WE, Klein R, VandenLangenberg 
GM, Klein BE, Palta M. Dietary fat and age-related maculo-
pathy. Arch Ophthalmol 1995;113:743–8.

16. Hyman L, Schachat AP, He Q, Leske MC. Hypertension, car-
diovascular disease, and age-related macular degenerati-
on. Arch Ophthalmol 2000;118:351–8.

17. Age-Related Eye Disease Study Research Group. The Age-
Related Eye Disease Study Research Group. A randomi-
zed, placebo-controlled, clinical trial of high-dose supple-
mentation with vitamins C and E, beta carotene, and zinc 
for age-related macular degeneration and vision loss. Arch 
Ophthalmol 2001;119:1417–36.

18. SanGiovanni JP, Chew EY, Clemons TE, Davis MD, Ferris FL 
3rd, Gensler GR, et al. The relationship of dietary lipid inta-
ke and age-related macular degeneration in a case-control 
study. Arch Ophthalmol 2007;125:671–9.

19. Winkler BS, Boulton ME, Gottsch JD, Sternberg P. Oxidative 
damage and age-related macular degeneration. Molecu-
lar Vision 1999;5:32–45.

20. Klein R, Klein BE, Jensen SC, Cruickshanks KJ. The relation-
ship of ocular factors to the incidence and progression of age-
related maculopathy. Arch Ophthalmol 1998;116:506–13.

21. Klein R, Klein BE, Jensen SC, Cruickshanks KJ. Sunlight and 
the 5-year incidence of early age-related maculopathy: the 
Beaver Dam Eye Study. Arch Ophthalmol 2001;119:246–50.

22. Chakravarthy U, Wong TY, Fletcher A, Piault E, Evans C, Zla-
teva G, et al. Clinical risk factors for age-related macular 
degeneration: A systemic review and meta-analysis. BMC 
Ophthalmol 2010;10:31.

23. Choi JK, Lym YL, Moon JW, Shin HJ, Cho B. Diabetes mellitus 
and early age-related macular degeneration. Arch Opht-
halmol 2011; 129:196-9.

24. Tan JS, Mitchell P, Smith W, Wang JJ. Cardiovascular risk 
factors and long-term incidence of age.related macular de-
generation: the Blur Mountains Eye Study. Ophthalmology 
2007;114:1143-50.

25. Bourla DH, Young TA. Age-Related Macular Degeneration:a 
practical approuch to a challenging disease. J Am Geriatr 
Soc 2006;54:1130–5.

26. Bressler SB. Introduction: Understanding the Role of Angio-
genesis and Antiangiogenic Agents in Age-Related Macu-
lar Degeneration. Ophthalmology 2009;116:S1-7.

27. Yuan A, Kaiser PK. Emerging therapies for the treatment 
of neovascular age related macular degeneration. Semin 
Ophthalmol 2011;26:149-55.

28. McLeod DS, Taomoto M, Otsuji T, Green WR, Sunness JS, Lu-
tty GA. Quantifying changes in RPE and choroidal vascula-
ture in eyes with age-related macular degeneration. Invest 
Ophthalmol Vis Sci 2002;43:1986–93.

29. Johnson LV, Ozaki S, Staples MK, Erickson PA, Anderson DH. 
A potential role for immune complex pathogenesis in dru-
sen formation. Exp Eye Res 2000;70:441–9.

30. Nagaoka T, Kuo L, Ren Y, Yoshida A, Hein TW. C-reactive 
protein inhibits endothelium-dependent nitric oxide-medi-
ated dilatation of retinal arterioles via enhanced superoxi-
de production. Invest Ophthalmol Vis Sci 2008;49:2053–60.

31. Simundic AM. New insights in the pathophysiology of infl a-
mmation. Biochem Med 2011;21:243-4.

32. Thiruvagounder M, Khan S, Sheriff  DS. The prevalence of 
metabolic syndrome in a local population in India. Bio-
chem Med 2010;20:249-52.

33. Mueck AO, Seeger H, Wallwiener D. Further evidence for di-
rect vascular actions of statins: eff ect on endothelial nitric 
oxide synthase and adhesion molecules. Exp Clin Endocri-
nol Diabetes 2001;109:181–3.

34. Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM, Ridker 
PM. C-reactive protein and the risk of developing hyperten-
sion. JAMA 2003;290:2945–51.

35. Chase HP, Cooper S, Osberg I, Stene LC, Barriga K, Norris J, 
et al. Elevated C-reactive protein levels in the development 
of type 1 diabetes. Diabetes 2004;53:2569–73.



Biochemia Medica 2012;22(1):39–48

  47

Colak E. et al. Infl ammation and age-related macular degeneration

36. Yasukawa T. Infl ammation in age-related macular degene-
ration: pathological or physiological? Expert Rev Ophthal-
mol 2009;4:107-12.

37. van Leeuwen R, Ikram MK, Vingerling JR, Witteman JC, Ho-
fman A, de Jong PT. Blood pressure, atherosclerosis, and 
the incidence of age-related maculopathy: The Rotterdam 
Study. Invest Ophthalmol Vis Sci 2003;44:3771–7.

38. Boekhoom SS, Vingerling JR, Witteman JC, Hofman A, 
de Jong P. C-reactive protein level and risk of aging ma-
cula disorder: The Rotterdam Study. Arch Ophthalmol 
2007;125:1396–401.

39. Van der Meer IM, de Maat MP, Bots ML, Breteler MM, Me-
ijer J, Kiliaan AJ, et al. Infl ammatory mediators and cell 
adhesion molecules as indicators of severity of atheroscle-
rosis: The Rotterdam Study. Arterioscler Thromb Vasc Biol 
2002;22:838–42.

40. Jovicic S, Ignjatovic S, Dajak M, Kangrga R, Majkic-Singh N. 
Factor analysis of cardiovascular risk determinants asso-
ciated with elevated C-Reactive protein concentraction. J 
Med Biochem 2010;29:447-8.

41. Ali A, Sultan P, El-Napoli M, Fahmy MA. Lipoprotein meta-
bolism abnormalities in patients with chronic renal insuffi  -
ciency. J Med Biochem 2011;30:38-44.

42. Penfold PL, Madigan MC, Gillies MC, Provis JM. Immuno-
logical and aetiological aspects of macular degeneration. 
Prog Retin Eye Res 2001;20:385–414.

43. Anderson DH, Mullins RF, Hageman GS, Johnson LV. A role 
for local infl ammation in the formation of drusen in the 
aging eye. Am J Ophthalmol 2002;134:411–31.

44. Roth F, Bindewald A, Holz FG. Key pathophysiologic pat-
hways in age-related macular disease Graefes Arch Clin 
Exp Ophthalmol 2004;242:710–6.

45. Curcio CA, Johnson M, Huang JD, Rudolf M. Aging, age-re-
lated macular degeneration, and the response-to-retenti-
on of apolipoptotein B-containing lipoproteins. Prog Ret 
Eye Res 2009;28:393-422.

46. Ebrahimi KB, Handa JT. Lipids, lipoproteins and age-related 
macular degeneration. J Lipids 2011;2011:802059.

47. Olofsson SO, Boren J. Apolipoprotein B: a clinically impor-
tant apolipoprotein which assembles atherogenic lipopro-
teins and promotes the development of atherosclerosis. J 
Int Med 2005;258:395-410.

48. Lommatzsch A, Hermans P, Muller KD, Bornfeld N, Bird AC, 
Pauleikhoff  D. Are low infl ammatory reactions involved in 
exudative age-related macular degeneration? Morpho-
logical and immunohistochemical analysis of AMD asso-
ciated with basal deposits. Gre Arch Clin Exp Ophthalmol 
2008;246:803-10.

49. Picard E, Houssier M, Bujold K, Sapieha P, Lubell W, Dorf-
man A, et al. CD36 plays an important role in the clearance 
of oxLDL and associated age-dependent sub-retinal depo-
sits. Aging 2010;2:981-9.

50. Srewart CR, Stuart LM, Wilkinson K, van Gils JM, Deng J, 
Halle A, et al. CD36 ligands promote sterile infl ammation 
through assembly of a tool-like receptor 4 and 6 heterodi-
mer. Nat Immunol 2010;11:155-61.

51. Chau KY, Sivaprasad S, Patel N, Donaldson TA, Luthert PJ, 
Chong NV. Plasma levels of matrix metalloproteinase-2 
and –9 (MMP-2 and MMP-9) in age-related macular dege-
neration. Eye 2007;21:1511-5.

52. Verna S, Yeh ETH. C-reactive protein and atherotrombosis–
Beyond a biomarker: an actual partaker of lesion formation. 
Am J Physiol Regul Integr Comp Physiol 2003;285:R1253-6.

53. Kim SY, Sadda S, Pearlman J, Humayun MS, de Juan E Jr, 
Melia BM, Green WR. Morphometric analysis of the macu-
la in eyes with disciform age-related macular degenerati-
on. Retina 2002;22:471–7.

54. Allikmets R, Dean D. Bringing age-related macular degene-
ration into focus. Nat Genet 2008;40:820–1.

55. Chen J, Connor KM, Smith LE. Overstaying their welcome: 
defective CX3CR1 microglia eyed in macular degeneration. 
J Clin Invest 2007;117:2758–62.

56. Larrayouz IM, Huang JD, Lee JW, Pascual I, Rodriguez IR. 
7-ketocholesterol-induced inslammation: involvement of 
multiple kinase signaling pathways via NFkB but indepen-
detly of reactive oxygen species formation. Invest Ophthal-
mol Vis Sci 2010;51:4942-55.

57. Moreira EF, Larrayoz IM, Lee JW, Rodriguez IR. 7-ketochole-
sterol is present in lipid deposits in the primate retina: po-
tential implication in the induction of VEGF and CNV for-
mation. Invest Ophthalmol Vis Sci 2009;50:523-32.

58. Dasari B, Prasanthi JR, Marwarha G, Singh BB, Ghribi O. 
The oxysterol 27-hydroxycholesterol increase β-amyloid 
and oxidative stress in retinal pigment epithelial cells. BMC 
Ophthalmol 2010;10:22.

59. Edwards AO, Ritter R III, Abel KJ, Manning A, Panhuysen C, 
Farrer LA. Complement factor H polymorphism and age-re-
lated macular degeneration. Science 2005;308:421–4.

60. Despriet DD, Klaver CC, Witteman JC, Bergen AA, Kardys 
I, de Maat MP, et al. Complement factor H polymorphism, 
complement activators, and risk of age-related macular 
degeneration. JAMA 2006;296:301–9.

61. Rodrıguez de Cordoba S, Esparza-Gordillo J, Goicoechea de 
Jorge E, Lopez-Trascasa M, Sanchez-Corral P. The human 
complement factor H: functional roles, genetic variations 
and disease associations. Mol Immunol 2004;41:355–67.

62. Oksjoki R, Jarva H, Kovanen PT, Laine P, Meri S, Pentikainen 
MO. Association between complement factor H and prote-
oglycans in early human coronary atherosclerotic lesions: 
implications for local regulation of complement activation 
Arterioscler Thromb Vasc Biol 2003;23:630–6.

63. Haines JL, Hauser MA, Schmidt S, Scott WK, Olson LM, 
Gallins P, et al. Complement factor H variant increases 
the risk of age-related macular degeneration. Science 
2005;308:419–21.

64. Hakobyan S, Harris CL, van der Berg CW, Fernandez-Alon-
so MC, de Jorge EG, de Cordoba SR, et al. Complement fac-
tor H binds to denaturated rather than to native pentame-
tric C-reactive protein. J Biol Chem 2008; 283:30451-60.

65. Deangelis MM, Silveira AC, Carr EA, Kim IK. Genetics of age-
related macular degeneration: current concepts, future di-
rections. Semin Ophthalmol 2011;26:77-93.

66. Lederman M, Weiss A, Chowers I. Association of neovascu-
lar age-related macular degeneration with specifi c gene 
expression patterns in peripheral white blood cells.Invest 
Ophthal Vis Sci 2010;51:53-8.

67. Cederholm A, Frostegard J. Annexin A5 in cardiovascular 
disease and systemic lupus erythematosus. Immunology 
2005;210:761-8.



Biochemia Medica 2012;22(1):39–48

48

Colak E. et al. Infl ammation and age-related macular degeneration

68. Rayborn Me, Sakaguchi H, Shadrach KG, Crabb JW, Hollyfi -
eld JG. Annexins in Bruch’s membrane and drusen. Adv Exp 
Med Biol 2006;572:75-8.

69. Degn SE, Jensenius JC, Thiel S. Disease-causing mutati-
ons in genes of the complement system. Am J Hum Genet 
2011;68:689-705.

70. Colak E, Kosanovic-Jakovic N, Zoric L, Radosavljevic A, Stan-
kovic S, Majkic-Singh N. The association of lipoprotein para-
meters and C-reactive protein in patients with age-related 
macular degeneration. Ophthalmic Res 2011;46:125–32.

71. Schaumberg DA, Christen WG, Buring JE, Glynn RJ, Rifai N, 
Ridker PM. High-sensitivity C-reactive protein, other mar-
kers of infl ammation, and the incidence of macular dege-
neration in women. Arch Ophthalmol 2007;125:300–5.

72. Hong T, Tan AG, Mithchell P, Wang JJ. A review and me-
ta-analysis of the association between C-reactive protein 
and age-related macular degeneration. Surv Ophthalmol 
2011;56:184-94.

73. De Jong PT, Boekhoorn SS, Vingerling JR, Witteman JCM, 
Hofman A. C-reactive protein and incident aging macular 
disease (AMD): The Rotterdam Study. Invest Ophthalmol 
Vis Sci 2005;46:E-Abstract 2379.

74. Kikuchi M, Nakamura M, Ishikawa K, Suzuki T, Nishihara H, 
Yamakoshi T, et al. Elevated C-reactive protein levels in pa-
tients with polypoidal choroidal vasculopathy and pati-
ents with neovascular age-related macular degeneration. 
Ophthalmol 2007;114:1722–7.

75. Boey PY, Tay WTT, Lamoureux E, Tai S, Mitchell P, Wang JJ, 
et al. C-Reactive protein and age-related macular degene-
ration and cataract: The Singapore Malay eye study. Invest 
Ophthalmol Vis Sci 2010;51:1880–5.

76. Pasceri V, Chang J, Willerson JT, Yeh ET. Modulation of C-re-
active protein-mediated monocyte chemoattractant pro-
tein-1 induction in human endothelial cells by anti-athe-
rosclerosis drugs. Circulation 2001;103:2531–4.

77. Verma S, Badiwala MV, Weisel RD, Li SH, Fedak PWM, Li RK, 
Mickle DAG. C-reactive protein upregulates the NF-κB si-
gnaling pathwayin saphenous vein endothelial cells: impli-
cations for atherosclerosis and restenosis. J Thorac Cardio-
vasc Surg 2003;126:1886–91.

78. Qamirani E, Ren Y, Kuo L, Hein TW. C-reactive protein inhi-
bits endothelium-dependent NO-mediated dilation in co-
ronary arterioles by activating p38 kinase and NAD(P)H 
oxidase. Arterioscler Thromb Vasc Biol 2005;25:995–1001.

79. Fichtlscherer S, Breuer S, Schachinger V, Dimmeler S, Zeiher 
AM. C-reactive protein levels determine systemic nitric oxi-
de bioavailability in patients with coronary artery disease. 
Eur Heart J 2004;25:1412–8.

80. Wassmann S, Ribaudo N, Faul A, Laufs U, Bohm M, Nicke-
nig G. Eff ect of atorvastatin 80 mg on endothelial cell fun-
ction (forearm blood fl ow) in patients with pretreatment 
serum low-density lipoprotein cholesterol levels < 130 mg/
dL. Am J Cardiol 2004;93:84–8.

81. Zoric L, Kosanovic-Jakovic N, Colak E, Radosavljevic A, Jak-
sic V, Stevic S. Oksidativni stres u sklopu faktora rizika od 
nastanka i razvoja senilne degeneracije makule. Vojnosa-
nit pregl 2008;65:313-8

82. Pepys MB, Hirschfi eld GM. C-reactive protein: a critical up-
date. J Clin Invest 2003;111:1805–12.

83. Chang MK, Binder CJ, Torzewski M, Witzum JL. C-reactive 
protein binds to both oxidized LDL and apoptotic cells thro-
ugh recognition of a commom ligand:phosphorylcholine 
of oxidized phospholipids. Proc Natl Acad Sci U.S.A. 
2002;99:13043–8.

84. Scholl HPN, Charbel Issa P, Walier M, Janzer S, Polloh-Kopp 
B, Börncke F et al. Systemic complement activation in age-
related macular degeneration. PloS ONE 2008;3:e2593.

85. Choroid. Available at: http://en.wikipedia.org/wiki/Choro-
id. Accessed: November 25, 2011.

86. Retina. Available at: http://en.wikipedia.org/wiki/Retina. 
Accessed: November 25, 2011.

87. Retinal_pigmented_epithelium. Available at: http://
en.wikipedia.org/wiki/Retinal_pigmented_epithelium. 
Accessed: November 25, 2011.

88. Fovea_centralis. Available at: http://en.wikipedia.org/wiki/
Fovea_centralis. Accessed: November 25, 2011.

89. Macula_of_retina. Available at: http://en.wikipedia.org/
wiki/Macula_of_retina. Accessed: November 25, 2011.

90. Sclera. Available at: http://en.wikipedia.org/wiki/Sclera. 
Accessed: November 25, 2011.

91. Eye. Available at: http://en.wikipedia.org/wiki/Eye. Acce-
ssed: November 25, 2011.

Uloga CRP i upale u patogenezi makularne degeneracije povezane sa starošću

Sažetak

Makularna degeneracija povezana sa starošću (engl. age-related macular degeneration, AMD) kompleksna je, degenerativna i progresivna bolest 
koja uključuje višestruke genetske i okolišne čimbenike te može rezultirati ozbiljnim gubitkom vida. Etiologila AMD još se ne razumije u potpu-
nosti. Postoje mnoge teorije koje ističu mehanizme oksidativnog stresa, promjene nalik na aterosklerotske promjene, genetske predispozicije i 
upalu. Najnovija klinička istraživanja proučavaju važnu ulogu upale i C-reaktivnog proteina (CRP) u patogenezi AMD. Postoji veliki broj dokaza koji 
ukazuju na povezanost CRP-a s endotelnom disfunkcijom, oksidativnim stresom i stvaranjem reaktivnih kisikovih spojeva kao i s poremećajem 
lipidnog statusa kod bolesnika oboljelih od AMD. Prema navodima novijih istraživanja CRP defi nitivno nije samo upalni biljeg, već i posrednik u 
razvoju vaskularnih poremećaja u retinalnoj cirkulaciji. Rezultati dobiveni nedavno provedenim istraživanjima mogu pomoći pri razumijevanju 
patogeneze retinalne vaskularne bolesti povezane s visokom koncentracijom CRP-a.
Ključne riječi: makularna degeneracija povezane sa starošću; C-reaktivni protein; upala


