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Age-related macular degeneration (AMD) is the most common cause of visual impairment in the individuals over 50 years of age. The 
molecular mechanism causing the AMD is still a huge enigma. The pathology of age-related macular degeneration is characterized by de-
generative changes involving the outer portion of the retina, retinal pigment epithelium, Bruch’s membrane, and choriocapillaris. There is 
mounting evidence from laboratory based studies that inflammation plays a key role in the pathogenesis of AMD [1].

C-reactive protein (CRP) is inflammatory marker known to be associated with cardiovascular disease, and a link between AMD and 
CRP has been suggested.

Previous studies showed that, elevated concentration of CRP has been associated with an increased risk for hypertension [2], and for 
type 1 and type 2 diabetes mellitus [3]. Because hypertension and diabetes are considered major risk factors for retinal vascular disor-
ders, their association with inflammation and endothelial dysfunction has been suggested in humans with retinopathy and AMD [4].

Direct analysis by liquid chromatography and immunochemical analyses confirmed that drusen contain proteins associated with in-
flammation; among them fibrinogen, vitronectin, complement components and C-reactive protein (CRP) have been identified. Some of 
these proteins are locally produced by damaged RPE cells. Drusen components have been found in atherosclerotic plaques and deposits 
in Alzheimer disease and AMD [5]. 

Non-enzymatic oxidative modification mediated by reactive oxygen species transforms low density lipoprotein (LDL) to an athero-
genic molecule (E-LDL) that activates complement and macrophages and is present in the early atherosclerotic lesions and drusen. It has 
been documented that the concept of AMD lesion formation started with a mechanism similar to atherosclerotic plaque formation, where 
the retention of LDL particles within the arterial wall initiates a cascade of pathologic events called the “response to retention hypothesis” 
[6]. In atherosclerosis, Apo B100 lipoproteins undergo a process called oxidative modification. This modification stimulates different bio-
logical processes including innate immune system-mediated inflammation which induce a cascade of pathological events than culminate 
in atherosclerotique plaques formation [7]. In AMD, the following evidence supports the “response to retention” hypothesis:

1. The accumulation of Apo B100-containing lipoproteins in Bruch’s membrane occurs in the same location as basal deposits in drusen;

2. The oxidatively modified proteins and lipids are present in Bruch’s membrane and RPE, inducing a pathologic phenotype to RPE cells 
[8]; and

3. The accumulation of inflammatory mediators with in drusen and basal deposits indicates a role for the innate immune response [9]. 

Oxidized lipoproteins can trigger complement activation [9]. CD36 is the major receptor implicated in up-taking the oxidized low den-
sity lipoproteins and is expressed also in RPE cells. It has been suggested that CD36 may have a role not only in the clearance of oxidized 
lipids from Bruch’s membrane, but also in the subsequently inducing an immune response [10].

In addition to aforementioned facts, the presence of matrix metalloproteinases (MMPs) in higher concentration in the Bruch’s mem-
brane and RPE cells, especially MMP-2 and MMP-9 indicate to more similarity between atherosclerotic plaque and AMD lesion formation. 
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MMP-2 and MMP-9 are implicated in the degradation of extracellular matrix components leading to plaque destabilization and rupture 
and subsequent future cardiovascular events (i.e. AMI) [11].

Chronic inflammation seems to be a causative factor for the development of AMD and atherosclerosis. Macrophages have been docu-
mented, both morphologically and functionally in neovascular AMD, and in the area of geographic atrophy [12]. Activated macrophages 
and microglia may secrete chemokines and cytokines, causing further cellular damage, Bruch’s membrane degradation and angiogenesis 
[13].

Recently, a strong association between the Y402H single-nucleotide polymorphism (SNP) of the complement factor H (CFH) gene and 
AMD was found. This SNP is located in the region that contains binding sites for heparin and CRP. The binding of CFH with CRP induces the 
CRP-dependent alternative complement pathway activation, initiated by damaged tissues [14]. It has been suggested that allele-specific 
changes in activities of the binding sites for CRP could modify the protective action of complement factor H, and inhibit this complement 
pathway [15]. It is also possible that persistent chronic inflammation that is a consequence of attenuated complement-inhibitory activ-
ity may occur in those individuals with the risk-conferring CFH SNP Y402H, and that this pro-inflammatory state, rather than impaired 
binding by CFH, leads to CRP accumulation in AMD retina. Without a doubt, further studies are necessary to elucidate the role, of the CFH 
Y402H SNP in AMD pathogenesis.

Several recent clinical studies suggest close association between serum CRP and ocular vascular disorders related to AMD [16-18]. 
Some of the recent clinical studies reported that patients with the highest quartile of CRP (over 6.5 μg/mL) are at high risk of AMD [19]. 
Hong., et al. [20] in his systematic review summarizing the currently available evidence from clinical-based and population-based studies 
showed that high serum levels (> 3 mg/L) of CRP are associated with a two-fold likelihood of late onset AMD, compared to low CRP levels 
(< 1 mg/L). Previous studies suggested that reduction of CRP levels might lower the risk for AMD.

According to recent studies, CRP is not only an inflammatory marker but also a mediator for development of the vascular disorders in 
the retinal and other organ´s circulation. The results obtained from the present studies may help as to understand the pathogenesis of the 
retinal vascular disease associated with high levels of CRP.

Bibliography

1. Zarbin MA. “Current concepts in the pathogenesis of age-related macular degeneration”. Archives of Ophthalmology 122.4 (2004): 
598-614. 

2. Sesso HD., et al. “C-reactive protein and the risk of developing hypertension”. Journal of the American Medical Association 290.22 
(2003): 2945-2951.

3. Chase HP., et al. “Elevated C-reactive protein levels in the development of type 1 diabetes”. Diabetes 53.10 (2004): 2569-2573.

4. Yasukawa T. “Inflammation in age-related macular degeneration: pathological or physiological?” Expert Review of Ophthalmology 4.2 
(2009): 107-112.

5. Roth F., et al. “Key pathophysiologic pathways in age-related macular disease”. Graefe’s Archive for Clinical and Experimental Ophthal-
mology 242.8 (2004): 710-716.

6. Curcio CA., et al. “Aging, age-related macular degeneration, and the response-to-retention of apolipoptotein B-containing lipopro-
teins”. Progress in Retinal and Eye Research 28.6 (2009): 393-422.

7. Ebrahimi KB and Handa JT. “Lipids, lipoproteins and age-related macular degeneration”. Journal of Lipids (2011): 802059.



Citation: Emina Čolak. “CRP in AMD Pathogenesis: Similarities with Atherosclerotic Process”. EC Ophthalmology 8.3 (2017): 63-65.

CRP in AMD Pathogenesis: Similarities with Atherosclerotic Process
65

8. Olofsson SO and Boren J. “Apolipoprotein B: a clinically important apolipoprotein which assembles atherogenic lipoproteins and 
promotes the development of atherosclerosis”. Journal of Internal Medicine 258.5 (2005): 395-410.

9. Lommatzsch A., et al. “Are low inflammatory reactions involved in exudative age-related macular degeneration? Morphological and 
immunohistochemical analysis of AMD associated with basal deposits”. Graefe’s Archive for Clinical and Experimental Ophthalmology 
246.6 (2008): 803-810.

10. Srewart CR., et al. “CD36 ligands promote sterile inflammation through assembly of a tool-like receptor 4 and 6 heterodimer”. Nature 
Immunology 11.2 (2010): 155-161.

11. Chau KY., et al. “Plasma levels of matrix metalloproteinase-2 and -9 (MMP-2 and MMP-9) in age-related macular degeneration”. Eye 
21.12 (2007): 1511-1515.

12. Allikmets R and Dean D. “Bringing age-related macular degeneration into focus”. Nature Genetics 40.7 (2008): 820-821.

13. Chen J., et al. “Overstaying their welcome: defective CX3CR1 microglia eyed in macular degeneration”. Journal of Clinical Investigation 
117.10 (2007): 2758-2762.

14. Edwards AO., et al. “Complement factor H polymorphism and age-related macular degeneration”. Science 308.5720 (2005): 421-424.

15. Despriet DD., et al. “Complement factor H polymorphism, complement activators, and risk of age-related macular degeneration”. 
Journal of the American Medical Association 296.3 (2006): 301-309.

16. Čolak E., et al. “The impact of inflammation to the antioxidant defense parameters in AMD patients”. Aging Clinical and Experimental 
Research 24.6 (2012): 588-594. 

17. Colak E., et al. “The role of CRP and inflammation in the pathogenesis of age-related macular degeneration”. Biochemical Medicine 
(Zagreb) 22.1 (2012): 39-48. 

18. Colak E., et al. “The association of lipoprotein parameters and C-reactive protein in patients with age-related macular degeneration”. 
Ophthalmic Research 46.3 (2011): 125-132. 

19. Schaumberg DA., et al. “High-sensitivity C-reactive protein, other markers of inflammation, and the incidence of macular degenera-
tion in women”. Archives of Ophthalmology 125.3 (2007): 300-305.

20. Hong T., et al. “A review and meta-analysis of the association between C-reactive protein and age-related macular degeneration”. 
Survey of Ophthalmology 56.3 (2011): 184-194.

Volume 8 Issue 3 October 2017
© All rights reserved by Emina Čolak.


