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ABSTRACT 

 

DISCOVERY OF BIOLOGICAL PATHWAYS THAT HAVE A ROLE 
IN THE ETIOPATHOGENESIS OF MACULAR DEGENERATION BY 

GENETIC INVESTIGATIONS 
 

Macular Degeneration is a common, progressive, multifactorial, and complex eye 

disorder among people over 50 years old. The etiology of Macular Degeneration 

is still not known.   

The main hypothesis of thesis is that chronic inflammation and oxidative stress 

are the major factors for the development of AMD.  Firstly, the current Literature are 

reviewed to understand genetic, and nongenetic risk factors of AMD development, 

transcriptomic of Retina, and molecules that changing with aging. Age, smoking history, 

gender, race, cardiovascular disease, hypertension, diabetes, hyperlipidemia, kidney 

disease, and HIV infection status were chosen as non-genetic factors. Genetic factors 

included ARMS2, C2, C3, CFH, CFI, CX3CR1, IL10RA, IL28B, LIPC, and SYN3. 

Secondly, the influence of these factors on early AMD development was 

investigated by focusing on patients with chronic HIV infection. Based on the idea that 

patients with acquired immunodeficiency syndrome (AIDS) can be a good model for 

Aging.   

Older age was observed the primary risk factor for AMD development. Smoking, 

cardiovascular disease, hypertension, diabetes and injection drug use, 

CFH(RS800292), IL10RA(RS3135932) and IL10RA(RS2229113) were also observed to 

be significantly associated with AMD. According to pathway enrichment analyses, 

complement activation pathways, lipid metabolism pathways, cholesterol transport, 

receptor-mediated endocytosis, and extracellular matrix organization mechanism can be 

involved in AMD development.  

Multivariable models accounting for other variables identified IL10RA 

(RS3135932) and injection drug as risk factors for AMD. For the first time, a significant 

association between IL10RA(RS3135932) and AMD is observed. As a conclusion, 

chronic inflammation and oxidative stress can be mainly risk factor for AMD 

development.   
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ÖZET 

 

MAKÜLER DEJENERASYON ETYOPATOJENİZİNDE ROL ALAN 
BİYOLOJİK YOLAKLARIN GENETİK İNCELEMELERLE ORTAYA 

ÇIKARILMASI 
 

Maküler dejenerasyon, 50 yaş üstü kişilerde yaygın görülen, çok faktörlü, 

kompleks ve kademeli ilerleyen bir hastalıktır. Makuler Dejenerasyonun etiyolojisi hala 

bilinmemektedir. 

Ana hipotezimiz, kronik inflamasyon ve oksidatif stresin YBMD (Yaşa Bağlı 

Maküler Dejenerasyon) gelişimindeki ana faktörler olduğudur. Öncelikle, YBMD'nin 

gelişimini anlamak için YBMD ile ilgili çalışmaları, Retina'nın transkriptomisini ve 

yaşlanma ile değişen molekülleri literatür taraması ile araştırdık. YBMD 'ye etki eden 

genetik ve genetik olmayan faktörleri incelendi.  

Genetik olmayan faktörler olarak yaş, sigara içme öyküsü, cinsiyet, ırk, 

kardiyovasküler hastalıklar, hipertansiyon, diyabet, hiperlipidemi, böbrek hastalığı, HIV 

enfeksiyonu seçilmiştir. Genetik faktör olarak, ARMS2, C2, C3, CFH, CFI, CX3CR1, 

IL10RA, IL28B, LIPC ve SYN3 genleri incelendi.  

İkinci olarak, kronik HIV enfeksiyonu olan hasta grubuna odaklanılarak, 

literatürden elde edilen risk faktörleri incelendi. İkinci hipotezimiz, edinilmiş immün 

yetmezlik sendromu (AIDS) olan hastaların Yaşlanma Modeli gerektiren çalışmalar için 

iyi bir model olabileceğidir.  

Yaşlılığın YBMD gelişimi için birincil risk faktörü olduğu gözlendi. Sigara, 

kardiyovasküler hastalıklar, hipertansiyon, diyabet ve uyuşturucu kullanımı, CFH 

(RS800292), IL10RA (RS3135932) ve IL10RA (RS2229113), YBMD gelişimi ile önemli 

ölçüde ilişkili olduğu gözlendi. Yapılan genişletilmiş yolak analizlerine göre, YBMD 

gelişiminde rol alan biyolojik yollar, tamamlayıcı aktivasyon yolları, lipid metabolizması 

yolları, kolesterol taşınması, reseptör aracılı endositoz ve hücre dışı matris organizasyon 

mekanizması olabilir.  

Çoklu değişken analizlerinde IL10RA (RS3135932) ve uyuşturucu kullanımı risk 

faktörü olarak bulundu. IL10RA (RS3135932) ve YBMD arasında ilk kez anlamlı ilişkisi 

literatürde ilk kez bu çalışmada gösterildi. Sonuç olarak, kronik inflamasyon ve oksidatif 

stres, YBMD gelişimi için temel risk faktörü olabilir. 
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CHAPTER 1 

 

INTRODUCTION 

 

With the global increase in life expectancy, the world's population is also aging 

over time. Consequently, the prevalence of comorbidities, chronic, and degenerative 

diseases are also increasing. The study of chronic, degenerative diseases has become 

popular research subjects (1).   

Macular Degeneration is a retinal degenerative, complex, multifactorial, and 

polygenic disease in the macula region of the eye (2). Macular Degeneration causes visual 

impairment and blindness and affects the quality of life of millions of patients worldwide 

(3).   

Despite a large literature on the subject, and numerous cohort study studies, the 

reason for Macular Degeneration is still unknown (4). However, the most critical factor 

of Macular Degeneration has been suggested to be aging (2, 4). A complex interplay 

between elderly age; (>60 years) and environmental risk factors, lifestyle, smoking, diet, 

genetic susceptibility (3), family history, ethnicity, (especially European ancestry) has 

been suggested to be involved in the development of Macular Degeneration (5).   

Age-related macular degeneration (AMD) is the major legal cause of blindness in 

developed countries (6). The global prevalence rate of AMD is 8.7% within an age range 

of 45-85 years (7). The prevalence of AMD is expected to reach to about 288 million due 

to increasing frequency of the aging population by 2040 (8). Except for the wet AMD, 

there is no direct therapy for AMD. The treatment cost is estimated to be €37,453 per 

patient per year (9). Visual impairment due to AMD alone accounted for $343 billion 

reported by the AMD Alliance International in 2010 (10). The global treatment cost of 

AMD will increase because of the increasing patient number (9, 10). 

 

1.1. Eye  

 

One of the essential unique senses is a vision for humans. The eye is the unique 

gateway to vision to send visual signals to the brain (11). 
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The main development of the eye occurs between the 3rd week and the 10th week 

(12) and forms from ectoderm, neural crest cells, and mesenchyme (13).  

Neural tube ectoderm rise to the retina, iris and ciliary body epithelium, optic 

nerve, smooth muscles of the iris, and some of the vitreous humor (14). The surface 

ectoderm lens forms the conjunctival and corneal epithelium, eyelids, and lacrimal 

apparatus (15). The remaining ocular structures are made up of mesenchyme (12). 

The eye is composed of three layers that are the outer layer, the middle layer, and 

the inner layer. The outer layer involves the sclera, which is the white of the eye. The 

cornea is found in front of the iris, which has a role, like the shutter of a camera, to regulate 

the amount of light that enters the eye by changing its size, depending on brightness, the 

colored part of the eye. Behind the cornea, the eye's clear lens is placed to provide focus 

on things according to close up or far away behind the cornea. There is a clear liquid 

between the cornea and the lens. The vitreous is a jelly-like material between the lens and 

retina. Uvea involves blood vessels to nourish the eye in the middle layer of eye structure. 

The retina is the part of the back of the eye and contains the photoreceptor (light-sensing) 

cells (rods and cones) that have a role in sending visual signals to the brain (16).  

The macula that is near the center of the retina provides the greatest visual acuity 

such as harp, clear, straight-ahead vision, macula is too unique for primates (17). The 

fovea dominating (up to 200 000 cone cells/mm2), the center of the macula, contains a 

massive concentration of photoreceptors with cone cells responsible for visual acuity and 

color perception (18). The parafoveal area circles the fovea, has rode cells dominate, and 

authorizes night vision. The choroid layer located behind the retina contains blood vessels 

that nourish the retina. Bruch's membrane is in the retina between the choroidal 

choriocapillaris layer and the retinal pigmented epithelium (RPE) layer; to the retina as 

the 'basement' membrane of the RPE layer that is called the retinal pigmented epithelium 

(RPE). The role of RPE is to protect that maintain the immune privilege of the eye by 

inhibiting the passage of immune cells into the retina and nourishing the retina, removing 

waste products and preventing new blood vessels from growing into the retinal layer, 

enhancing the clarity of vision by preventing the scattering of the light. Transporters and 

tight junctions of the RPE cells allow for the selective movement of ions, proteins, and 

water in and out of the retina (19). 
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1.2. Aging 

 

Aging is a process and summary of deterioration of the physiological and 

chemical functions necessary for survival by driven time (20).  

Aging is caused by oxidative stress, glycation, telomere shortening, side reactions, 

mutations, aggregation of proteins(21), a loss of homeostasis of the metabolic process 

into the organism and disrupted protein homeostasis, metabolic dysfunction, and altered 

cellular signaling, loss of control of the cellular process, uncontrolled proliferation, 

accumulation of molecules, interconnected cellular networks (20) and stress buffering 

mechanisms, and a resultant loss of compensatory reserve leading to accumulation of 

unrepaired damage (22). 

Aging causes mainly changes in body composition, the imbalance between energy 

availability and demand, dysregulated signaling networks that maintain homeostasis, and 

neurodegeneration with impaired neuroplasticity (22). These changes ultimately rise in 

cellular senescence, death, or transformation to uncontrolled proliferation, thereby 

compromising human health (20).  

Thus, Advanced age is the most significant risk factor associated with chronic 

disease, most cancers, cardiovascular diseases, and neurodegenerative disorders in 

humans, especially macular Degeneration that is Age Related Macular Degeneration 

(AMD), multifactorial chronic disease of the eye (20). 

According to Literature and statistical data, a common observation supports that 

human health is in its most stationary state and is associated with a relatively low death 

rate about the ages of about 20-50 years old (20). The population of males is more affected 

than females by rising human mortality slightly during this age (23). After fifty years old, 

the number of significant illnesses also increases linearly (20). The prevalence of 

dementia (24), diabetes (25), decreasing bone mass and density (26), cancer, 

cardiovascular disease (27), and visual impairment increases markedly with age (28). At 

the seventy years of life, mortality rates exponentially increase (20).  

 

1.3. Age Related Macular Degeneration  

 

AMD is a progressive, polygenic, multifactorial, and neurodegenerative disease 

with complex etiology.  Aging is the primary risk factor for AMD development (29). 
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Genetic and environmental factors have a role in AMD development. Complement 

activation pathways, lipid metabolism pathways, cholesterol transport, receptor-mediated 

endocytosis, and extracellular matrix organization mechanism have a role in the 

development of AMD (30). Environmental risk factors such as smoking, diet, obesity, 

sunlight exposure, alcohol consumption, and cardiovascular disease increase the risk of 

AMD (31).  

AMD, known as yellow spot disease. Drusen which are yellowish deposits at the 

level of the RPE are the hallmark of the AMD (32). Drusen is consists of lipids, 

phospholipids, triglycerides, apolipoproteins, esterified and nonesterified cholesterol, 

carbohydrates, trace elements, vitronectin, immunoglobulins, amyloid, complement 

system components, extracellular debris, and cell debris on the Bruch membrane (33). 

Accumulation of these materials in the macula can have a role as a diffusion barrier so 

stimulus for inflammation (34). Drusen formation disrupts the connection between the 

RPE and the choroidal blood supply, so the diffusion of materials such as oxygen, 

minerals, antioxidants, toxins, and selectively passing of lipids other nutrients passing are 

blocking (33, 34). Then, Drusens led to hypoxia. The hypoxia causes neovascularization 

by inducing VEGFA and other pro-angiogenic factors to promote the formation of new 

vessels. In addition, Drusen deposits and pigmentary changes cause progressive 

degeneration or loss of the RPE and the neural retina. Visual function impairment is 

associated with damaged photoreceptors (33).  

 

1.3.1. The Type of Age Related Macular Degeneration 

 

There are two types of AMD, wet and dry forms. AMD is staged as early, 

intermediate, or late.  

Small drusen are the hallmark of stages of AMD. Fewer than 5 small (<63 

microns) drusen are called no AMD. Multiple small drusen or some intermediate sized 

(63-124 microns) drusen shows that is early stage of AMD (35). Causing more or less 

pigmentation areas called hyperpigmentation or hypopigmentation and drusens are 

generally diffused. Extensive intermediate sized drusen, more than one large (>125 

microns) drusen, or non-central geographic atrophy, with or without pigment changes that 

are called the intermediate stage of AMD (36).   
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Late-stage AMD or Advanced AMD is defined by either choroidal 

neovascularization(wet) or geographic atrophy(dry). Late-stage AMD means leading to 

central scotomas and permanent loss of visual acuity (visual acuity worse than 20/32) in 

one eye or two eyes (3). Dry type that is with geographic atrophy of the retinal pigment 

epithelium with the lack of neovascularization areas. Wet types or exudative; with new 

blood vessel formations in the choroid, called the choroidal neovascularization areas, 

further leading to the formation of the disciform scars. The wet type is the heavier form 

of the disease than the other types because it causes blindness and severe damage to the 

retina (37). 

 

1.3.2. Symptoms of Age Related Macular Degeneration 

 

Dry macular degeneration develops slower and gradually reveals symptoms 

without pain (38). General Symptoms of Macular Degeneration are visual distortions, 

Blurred or “fuzzy” vision, reduced central vision in one or both eyes, increased blurriness 

of printed words, straight lines, such as sentences on a page, appearing wavy or distorted 

decreased intensity or brightness of colors, need more bright light and difficulty to adapt 

light levels, extra sensitivity to glare, in field of vision well-defined blurry spot or a blind 

spot (38, 39). Thus, people should go to an Eye Doctor when they notice changes; in their 

central vision, straight lines seeming bent, not see colors and fine detail becomes 

impaired, need brighter light when reading or doing close-up work, difficulty adapting to 

low light levels when entering room dimly, a well-defined blurry spot or a blind spot in 

your field of vision. Over 60-ages, these changes may be the first indication of macular 

degeneration, particularly (38).  

One or both eye can be affected by dry AMD. If one eye of a patient is affected, 

the patient could not notice any changes in their vision. The other non-affected eye 

compensates for the weak eye. Thus, patients can not notice their vision changes easily. 

In this situation, side (peripheral) vision is not affected, so it rarely causes total blindness 

(40). 

Wet (neovascular) macular degeneration is progressed by growing new vessels 

under the retina and causing to death of macula region cells. The wet type is a relatively 

sudden change in vision resulting in serious vision loss. Dry AMD can progress to wet 

(neovascular) macular degeneration by years (41). 
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1.3.3. Screening And Diagnosis of Age Related Macular Degeneration  

 

To diagnose macular degeneration, one of the comprehensive eye exam tests that 

Amsler Grid, autofluorescence, Visual Acuity Test or Eye Chart Test, Fundoscopy or 

Ophthalmoscopy, Fluorescein Angiography, Optical Coherence Tomography (OCT), 

Tonometry can be detected by an ophthalmologist or an optometrist (42). 

 

1.3.3.1. Amsler Grid  

 

The Amsler grid is used for the presence of AMD.  

Early signs of retinal disease can be noticed and be observed changes in vision 

after an AMD diagnosis.  

Amsler grid resembles graph paper in which straight lines intersect at right angles, 

and a black dot is placed in the center of the grid. One eye of the patient is covered and 

looks at a black dot in the center of the grid. If there are differences in the grid like the 

straight lines in the grid appearing wavy or are missing, it might be first sign of AMD 

(43).  

 

1.3.3.2. Autofluorescence 

 

Autofluorescence photos are used to monitor the retinal pigment epithelium 

(RPE), the deepest layer of the retina and to study the retina and measure the progression 

of geographic atrophy that is the death of light-sensitive cells and leading to visual 

impairment (42).  

 

1.3.3.3. Fundoscopy Or Ophthalmoscopy And Fundus Photography  

 

Special eye drops are used for dilating the pupils to view the back of the retina 

and allow the doctor to study the retina for signs of disease and to determine optic nerve 

damage. After dilating the pupil, the doctor aims to check for problems in some parts of 

the eye that are Retina, Choroid, Blood Vessels and Optic Disk, by using a bright beam 

of light into the eye. After dilating the pupil, a customized camera is used to photograph 

for the back of the eye to examine for signs of disease in the Macula, Retina, Optic nerve 
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by focusing light through the cornea, pupil, and lens. This technique helps the doctor 

measure changes between visits for patients and sees the disease progression (42). 

 

1.3.3.4. Fluorescein Angiography 

 

Fluorescent dye is used to appear to detect leaking blood vessels by injecting 

fluorescent dye into your arm and tracing it through the blood vessels in the retina. It is 

shown like fluorescent patches leakage (44).  

 

1.3.3.5. Optical Coherence Tomography (OCT)  

 

OCT that provides to cross-sectional images of the retina, is a non-invasive 

technique to image the retina. This technique is used for measuring the different layers 

and their thicknesses of regions of the retina, revealing the presence of geographic atrophy 

(44). 

 

1.3.4. The Etiology of AMD  

 

The etiology of AMD is not known, yet. AMD is a multifactorial disease in which 

susceptibility, progression, and severity are determined by multiple genetic variants and 

also environmental and lifestyle factors. Advanced age and chronic inflammation, 

oxidative stress are major factors (45, 46, 47). Cell apoptosis and tissue involution (48), 

genetic predisposition and epigenetic modifications, smoking, sun exposure (47), heart 

and vascular disorders (49), hypertension, dyslipidemia/hypercholesterolemia, diabetes, 

obesity, improper diet, sedentary lifestyle, race are the risk factors for AMD development 

(47).  

Genetic factors strongly modify one’s risk for developing AMD, and most of these 

genetic changes are found in genes of the alternative complement cascade, a component 

of the immune system. The lack of effective AMD prevention calls for the identification 

of druggable molecules and pathways (50). 
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1.3.4.1. Age 

 

AMD is a chronic and progressive disease so advanced age disease. Age is one of 

the most powerful and invariable factors. Prevalence of AMD spread to an age range of 

45–85 years old. At 60 and 80 years old, the risk of developing advanced AMD are at a 

3-fold greater than those younger than 60 years (51). The prevalence of late AMD is 1.4% 

at the age of 70 years, 5.6% at age of 80 and 20% at age of 90 (52).  

 

1.3.4.2. Gender 

 

The gender differences may not be the main risk factor for AMD. But the sex 

differences can bring different life expectancies, hormone levels, metabolic diseases, and 

lifestyles. The female gender is more tent to AMD. According to the National Eye 

Institute, in 2010, 65% of prevalent AMD cases were female patients. The longer life 

expectancy of women compared, and men may be the reason for the higher prevalence of 

AMD among women. Because of the longer life expectancy, age-dependent diseases are 

more detected. Epidemiological data have been crossed regarding the sex-associated risk 

of AMD. Many studies analyzing the sex-specific risk of AMD have not found directly 

significant associations between AMD and sex, but there is some evidence to show for 

increase other factors (53). Munch et al. (54) and Yang et al. (55) reported small drusen 

are found in males compared to females according to waist circumference, cardiovascular 

risk factors, BMI, systolic blood pressure, and exercise. Estrogen has a protective role 

with potential effects via the anti-inflammatory or other regulatory functions of estrogen 

on AMD development and/or progression for females (56). Sex is not mainly a risk factor, 

while it can increase other risk factors (53, 57). 

 

1.3.4.3. Race  

 

The prevalence of AMD changes greatly by ethnicity. Early, late, and any age-

related macular degeneration is more prevalent in people of European ancestry than those 

of African ancestry (8). At the age range of 45–85 years, people were diverse by an 

ethnically diverse population and based on the diversity, the prevalence of AMD varies 

greatly by ethnicity, with non-Hispanic White Europeans having the greatest disease 
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burden at 12.3–30% with increasing age. Following this result, the prevalence of AMD 

with Hispanics is 10.4%, the prevalence of AMD with Africans is 7.5%, and the 

prevalence of AMD with Asians is 7.4% (4).  

 

1.3.4.4. Smoking  

 

Smoking has pathological effects through different biochemical pathways and is 

the most important modifiable risk factor for AMD development and progression. 

Cigarette smoke may cause oxidative damage, vascular changes, and inflammation within 

cellular changes at the level of the RPE in AMD patients. Smoking causes oxidative stress 

by reducing the plasma concentration of antioxidants. Because of decreasing the 

choroidal blood flow and increasing platelet adhesiveness, the risk of hypoxia is increased 

by smoking (8, 58). 

Smoking increases to oxidative stress and the risk for AMD from 1.7 to 3.2-fold 

in ever smoker and from 1.9 to 4.5- fold in current smokers, and the number of cigarettes 

directly increase the risk of AMD (58).  

 

1.3.4.5. Oxidative Stress  

 

The eye organ is a special organ has high metabolic activity in Photoreceptors 

which causes photo-oxidative stress from light exposure. The highest oxygen 

consumption among all human tissues is in the retina. RPE and photoreceptors of the 

macula are exposed to high-energy light, and there are many photosensitizers (47) 

(rhodopsin and lipofuscin) and retinal illumination in photoreceptors and RPE (59). And 

the macula is a high oxidative stress microenvironment because of the high production of 

reactive oxygen species (ROS) generation in the Photoreceptors and the RPE. In addition, 

the cell membranes are rich in polyunsaturated fatty acids (PUFA) in photoreceptors, 

PUFA is readily oxidized. Phagocytosis of photoreceptor outer segments (POS) driven 

by RPE cells is accompanied by a respiratory burst and rapid eruption of ROS (47). 

Excessive ROS production and accumulation, as well as oxidative stress, and RPE 

cells, are the critical site of injury in AMD (59). The retina and RPE cells are rich in both 

enzymatic and nonenzymic antioxidants to decrease the level of ROS (47). However, 

Aging cause to increase in ROS levels. Augmented levels of ROS and attenuated 
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antioxidant cell defense systems cause oxidative stress, so the macula has a high oxidative 

stress microenvironment (59, 60). Damage of photoreceptors, RPE cells, and 

choriocapillaris in the apoptosis process. Some evidence shows the patients with having 

systematic oxidative stress, higher ROS production and malfunctioning of the 

mitochondria, an accumulation of damaged proteins and impairment of autophagy, which 

is a proteolytic mechanism of efficient antioxidant capability, lipid peroxidation levels 

are increased. Oxidative stress is highly associated with AMD development (47, 60). 

With advanced age, the source of ROS production and accumulation of ROS cause 

chronic low-grade inflammation (pathophysiological parainflammation) and hypoxia, 

and vice versa (60).  

 

1.3.4.6. Chronic Inflammation  

 

Dysfunction or dysregulation of the immune system cause to damage the blood 

retina barrier and breach of retinal-immune privilege, leading to the development of 

retinal lesions in age-related macular degeneration (61). Oxidative stress accumulates 

little by little for many decades in the macula with aging. Inflammation is secondary to 

tissue damage and a protective response of the immune system. Thus, the 

parainflammatory system which has responsible for low levels of tissue stress to maintain 

homeostasis and restore tissue functionality. Inflammation has a role in the pathogenesis 

of AMD. The evidence is that myloid A/P, Factor X, prothrombin, and in some instances, 

Ig, HLA-DR, and complement proteins (C3, C5, C5b-9, CFH, and CRP) are found in 

drusen, and second evidence is that macrophages, lymphocytes, and mast cells in AMD 

lesions or the choroid adjacent to macular lesions (62, 63). The third evidence is 

polymorphisms of various immune-related genes, such as CFH, C2/CFB, C3, CX3CR1, 

and TLR3/4, are associated with AMD risk (63). The final evidence is in experimental 

animals, by manipulating immune-related genes, AMD-like lesions can be modeled (64). 

Dysregulated parainflammation and the pathogenesis of AMD with Aging, 

oxidative stress products accumulate in the macula. Microglial activation as a 

parainflammatory response promotes to complement activation with subretinal 

accumulation. In AMD, the parainflammatory response is dysregulated by genetic 

predisposition, epigenetic modification, or environmental factors (62). Because of 

chronic inflammation, various proinflammatory cytokine production or inflammasome 
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activation damages RPE and the photoreceptors and leads to the development of AMD. 

During continuous chronic inflammation might be causing scar formation, which can also 

lead to loss of vision (64). 

 

1.3.4.7. Genetic Factors of AMD and Biological Pathways  

 

Genetic and environmental factors have a role in AMD development. 

Complement activation pathways, lipid metabolism pathways, cholesterol transport, 

receptor-mediated endocytosis, and extracellular matrix organization mechanism have a 

role in the development of AMD (30). In Genome-Wide Association Studies (GWAS) 

for AMD development, there are 36 genes are identified. CFH and ARMS2 genes have 

been found to play an important role in AMD. In addition, APOE, LIPC, CETP42, 

TIMP3, VEGFA43, C2 genes are thought to play an important role in AMD (65, 66). 

ABCA1 is ATP-binding cassette, sub-family A, member 1 and has a role in 

molecule transport across cell membranes. 

ABCA4 is ATP-binding cassette, sub-family A (ABC1), member 4. 

ADAMTS9 is ADAM metallopeptidase with thrombospondin type 1 Motif, 9

 and has a role in regulation of angiogenesis suppression and organ shape during 

development. 

ARMS2 is Age-related maculopathy susceptibility 2. 

APOE is Apolipoprotein E and has a role in lipid and cholesterol transport and 

catabolism. 

B3GALTL is Beta 1,3-galactosyltransferase-like and has a role in glycosylation 

pathway. 

CETP is Cholesteryl ester transfer protein and has a role in transport of 

cholesterol. 

CFB is Complement factor B and has a role in alternative complement activation 

pathway. 

CFH is Complement factor H and has a role in Inhibitor of alternative complement 

pathway. 

CFHR1 is Complement factor H-related 1 and has a role in possible overlapping 

function with CFH, complement regulation. 

CFHR3 is Complement factor H-related 3 has a role in complement regulation. 
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CFI is a Complement factor I that has a role in complement cascade regulation. 

COL8A1 is Collagen type VIII, alpha1 has a role in main component in basement 

membrane of the corneal endothelium. 

COL10A1 is Collagen, type X, alpha 1 has a role in produced by hypertrophic 

chondrocytes and located in mineralization zones of hyaline cartilage. 

CX3CR1 is Chemokine (C-X3-C motif) receptor 1 has a role in Leukocytes 

adhesive and migratory function. 

C2 is Complement 2 E318D, C3 R1 is Complement 3 R102G and has a role in 

regulation of complement system activation. 

C9 is Complement component 9 and has a role in regulator of the membrane attack 

formation. 

DDR1 is Discodin domain receptor tyrosine kinase 1 and has a role in cell growth, 

differentiation and metabolism regulator. 

ERCC6 is Excision-repair cross-complementing, group 6 and has a role in DNA 

transcription-coupled excision repair.  

FBLN5 is Fibulin 5 and has a role in the extracellular matrix protein that promotes 

adhesion of endothelial cells. 

FBLN6 or HMCN1 is Fibulin-6 or hemicentin 1 has a role in encodes a large 

extracellular member of the immunoglobulin superfamily. 

FILIP1L is Filamin A interacting protein 1-like has a role in regulation of 

antiangiogenic activity in endothelial cells. 

FRK is Fyn-related kinase has a role in cell growth regulation. 

HTRA1 has a role in cell growth and insulin-like growth factors regulator. 

IER3 is Immediate early response 3 has a role in regulation of apoptosis. 

LIPC is Hepatic lipase C has a role in lipoprotein metabolism.  

QRX/RAXL1 is Retina, and anterior neural fold homeobox-like protein 1 has a 

role in involved in development of the eye; possible modulation of the photoreceptor 

specific genes expression. 

RAD51B is RAD51 homolog B has a role in the pathway of DNA break repair. 

SLC16A8 is Solute carrier family 16, member 8 (monocarboxylic acid transporter) 

has a role in transport lactate across cell membrane. 

TGFBR1 is a Transforming growth factor, beta receptor 1 has a role in regulation 

of cell growth and division. 
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TIMP3 is TIMP metalloproteinase inhibitor 3 has a role in extracellular matrix 

destruction. 

TLR3 is (Toll-like receptor 3) and TLR4 is Toll-like receptor 4 and has a role in 

activation of innate immunity. 

TNFRSF10A is Tumor necrosis factor receptor super-family member 10a and has 

a role in cell apoptosis regulator. 

VEGFA is Vascular endothelial growth factor A and has a role in endothelial cell 

growth regulator; response to angiogenesis (65, 66). 

Complement factor H (CFH) protein is involved in the regulation of the immune 

system by controlling the complement system to protect healthy cells. CFH inactivates 

the complement system that has a role in destroying foreign invaders (such as bacteria 

and viruses), triggering an inflammatory response, and removing residues from cells and 

tissues when the complement system is not required (67).   

The ARMS2 gene encodes ARMS2 protein that is a component of the choroidal 

extracellular matrix of the eye. ARMS2 is involved in phagocytosis in RPE cells and 

provide to homeostasis in retina. Mutated ARMS2 causes to dysfunctional mitochondria 

(66, 68).  

APOE and ABCA4 cause macular degeneration at an early age. APOE has a role 

in the transport and metabolism of lipids and cholesterol, and response to neuronal 

injuries. The ABCA4 gene encodes a light-sensitive specialized protein in the retina that 

covers the back of the eye. ABCA4 protein is responsible for converting the light into the 

brain into electrical signals transmitted to the brain. The mutation of the gene is an 

example of Mendel's disease called Stargardt macular degeneration (61).  

The polymorphism in factor B (BF) and complement component 2 (C2) genes 

may trigger AMD or have a protective effect. The products of these genes activate 

alternative activation pathways and play a role in the regulation of the immune system 

(69).  

Inflammation, lipid transport and metabolism, extracellular matrix remodeling, 

complement dysregulation, oxidative stress, and autophagy, complement pathway, and 

proangiogenic/angiogenic molecules have a role in pathological changes to the 

development of AMD (65, 66). 
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1.4. Aims & Hypothesis of Thesis 

 

The hypothesis of the thesis is that chronic inflammation and oxidative stress are 

the major factors for the early development of AMD. 

To test this hypothesis, firstly, the genes, proteins, and biological pathways that 

are potentially involved in AMD development was identified with a systematic review of 

genome-wide association (GWAS) study results. The gene ontology, protein-protein 

interactions, biological pathway, and functional annotations of identified genes were 

conducted. 

Secondly, a similar systematic review and detailed ontological and functional 

annotations were carried out for genes reported to be associated with Aging, and genes 

that are expressed in the retina. Overlapping genes, biological pathways, and their 

interactions from these three lists were conducted. Pathways related to chronic 

inflammation and oxidative stress were identified. 

Finally, based on these analyses a smaller set of genes are chosen as candidate 

genes, and the effects of these genes on early AMD development is investigated in a HIV 

infected patient cohort, based on the idea that patients with acquired immunodeficiency 

syndrome (AIDS) can be a good model for accelerated Aging, primarily driven by chronic 

inflammation and oxidative stress commonly observed in this patient group. 
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CHAPTER 2 

 

MATERIALS AND METHODS 

 

2.1. Literature Review, Search Strategy and Data Source 

 

2.1.1. AMD Related Biological Pathways 

 

By using an English database (such as NCBI, PubMed, Science, Nature, Nucleic 

Acids Research), references of this thesis are searched for the relevant articles by hand. 

The key search terms are used "prevalence", "aging", "biological pathways of an eye", 

"aids", "age related genes", "incidence," "development," "associated factors," 

"progression,"' and "age-related macular degeneration", " proteome", "age", "molecules", 

"biological pathways". Using all these terms, relevant topics are searched through 'All 

fields' using the connecting 'AND' and 'OR' as appropriate and limited to articles 

published since 1980 to date.  

  

2.1.2. Age Related Biological Pathways 

 

By using an English database (such as NCBI, PubMed, Science, Nature, Ageing-

map, Proteinatlas, Nucleic Acids Research), references of this thesis are searched for the 

relevant articles by hand. The key search terms are used "prevalence", "aging", "aids", 

"age related genes", "incidence," "development," "associated factors," "progression", 

"proteome", "age", "molecules", "biological pathways", "disease". Using all these terms, 

relevant topics are searched through 'All fields' using the connecting 'AND' and 'OR' as 

appropriate and limited to articles published since 1980 to date.    

 

2.1.3. Retina Transcriptomic Research 

 

By using an English database (such as NCBI, PubMed, Science, Nature, 

Proteinatlas, Nucleic Acids Research), references of this thesis are searched for the 

relevant articles by hand. The key search terms are used "biological pathways of an eye", 
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"development", "progression,"' and "proteome", "transcriptome in the retina", "proteins 

in the retina", "molecules", "biological pathways". Using all these terms, relevant topics 

are searched through 'All fields' using the connecting 'AND' and 'OR' as appropriate and 

limited to articles published since 1980 to date.  

 

2.2. Gene Ontology and Biological Pathways by using String and 

Panther Gene Ontology Tools 

 

Protein-protein interaction networks are analyzed by using of STRING 11.5 

(Search Tool for the Retrieval of Interacting Genes) (https://string-db.org), for obtaining 

direct and indirect human protein-protein interaction networks for AMD genes. 

PANTHER (Protein Analysis Through Evolutionary Relationships) 

(http://www.pantherdb.org) tool was used to identify gene ontology classifications of 

genes such as molecular functions, biological process, protein class and pathway. 

Statistically, significantly overrepresented biological processes and pathways were 

identified by using both STRING and PANTHER tools. Note: Protein-Protein 

interactions was performed with minimum required interaction score: 0.04 

  

2.3.  Investigation of Effects of Genetic and Nongenetic Factors on Early 

AMD Development in Patient with AIDS 

 

Firstly, the effects of demographic, health status and clinical factors on Early 

AMD development was investigated in the Longitudinal Study of the Ocular 

Complications of AIDS (LSOCA) cohort. LSOCA is a cohort of multiethnic patients 

diagnosed with AIDS, enrolled between 1998 to July 31, 2011 in several HIV clinics 

throughout the United States. 1825 patients had enrollment photographs and no 

intraocular infections and form the early AMD study population.   

Secondly, 18 variants from 10 genes were analyzed as genetic risk factors for early 

AMD in patients with AIDS, enrolled in the LSOCA cohort. Effect of Each Genetic 

variant on Early AMD development was investigated using recessive, dominant and 

codominant models.  
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2.4. Statistical Analyses 

 

Categorical variables were analyzed by using the Chi-Square test. The normal 

distribution assumption was tested for continuous variables by the Shapiro Wilk test. The 

Wilcoxon rank-sum test was used to compare the distribution of non-normally distributed 

continuous variables between patients with and without Early AMD. 

Each factor with P<0.05 were selected and these factors analyzed to associate 

individually effects on AMD development by Univariate Logistic Regression Analysis. 

And then, these factors examine with together to Multivariate Analysis to see their effects 

on AMD development by Multivariate Logistic Regression Analysis.   

All statistical analyses were performed using R version 3.5.2 (2018-12-20). 
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CHAPTER 3 

 

RESULTS AND DISCUSSION 

 

In this thesis, genetic and nongenetic factors for the development of AMD were 

analyzed in the population with HIV infected.  

Macular Degeneration is highly associated with innate immune system, 

complement activation, lipid metabolism, cholesterol transport, receptor-mediated 

endocytosis, and extracellular matrix organization, advanced age, chronic inflammation, 

oxidative stress, lipid metabolism are highly risk factors for AMD. Candidate Genes are 

selected to investigate effects on Early AMD.  

Thus, candidate genes were selected based on expression in Retina. In addition, 

these candidate genes were selected relationship age related genes and biological 

pathways that have a role in. The study population had a different metabolism than normal 

patients. These population have a chronic inflammation and deficient immune system.  

 

3.1. Biological Pathways for Related AMD Genes 

 

3.1.1.  Candidate Genes to Investigate Effects of Genetic factors on Early 

AMD Development in Patient with AIDS 

 

Macular Degeneration is associated with innate immune system, complement 

activation, lipid metabolism, cholesterol transport, receptor-mediated endocytosis, and 

extracellular matrix organization. ARMS2, C2, C3, CFH, CFI, CX3CR1, IL10RA, IL28B 

(IFNL3), LIPC, and SYN3 are selected for investigation of effects of genetic factors on 

AMD development in Patients with HIV infections. These genes were directly expression 

in Retina. C3 and CFH were defined Literature in both Age Related Genes, AMD Related 

Genes and Retinal Genes.  
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3.1.2. AMD Related Biological Pathways from GWAS Studies and 

Literature 

 

Total 36 genes ABCA1, ABCA4, ADAMTS9, APOE, ARMS2, B3GALTL, C2, C3, 

C9, CETP, CFB, CFH, CFHR1, CFHR3, CFI, COL10A1, COL8A1, CX3CR1, DDR1, 

ERCC6, FBLN6, FBLN5, FILIP1L, FRK, HTRA1, IER3 , LIPC, QRX, RAD51B, 

SLC16A8, TGFBR1, TIMP3, TLR3, TLR4, TNFRSF10A, VEGFA, were found according 

to Literature for GWAS studies of AMD.  

Their PANTHER Protein Class and annotation of genes are represented in 

Supplement Table 1. 

 

3.1.3. Age Related Biological Pathways from Literature 

 

3071 molecules are found by changing with age, and which 2599 are protein of 

these molecules (70). Thomas et al. figure out significant changes in metabolism in the 

organism, organs or specific tissue; levels of 611 molecules decrease, and levels of 555 

molecules increase.  

The levels of molecules are changed according to life expectancy. These changes 

cause to alteration of gene expression, epigenetic factors, misfolding of protein, DNA 

methylation, miRNAs, radicals, accumulation of other molecules, hormones levels, diets, 

cellular senescence, molecular functions, metabolism of molecules, biological pathways, 

interactions between cells, proteasome and autophagy systems (70).  

Alters essential processes in maintaining cellular protein homeostasis, including 

the proteasome and autophagy systems, age leads to an accumulation in cellular debris, 

protein aggregation, and cellular damage and repair mechanisms. After the beginning of 

these alterations, the balance of metabolism is altered. Biological functions get slower or 

faster, or nonfunctional. These alterations also increase the aging process. Identifying 

molecules levels is necessary to decrease the effects of aging and Age Related diseases. 

Age Related molecules from Literature are shown in Supplement Data Set 1 (70).  
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3.1.4. Retinal Transcriptome Research Results 

 

According to Literature reviews, 19 083 peptides were found and refer to a total 

of 3,130 protein groups and 3,436 non-redundant proteins in the normal human retina 

transcriptomics research. And 158 proteins are found in retina from the curated list of 

genes that have previously been associated with AMD with PANTHER Protein Class and 

annotation of genes are represented in Supplement Table 2 (71). 

 

3.1.5. Overlapping of Candidate Genes and Expressed Genes in Retina 

 

Candidate Genes are found in Retinal Transcriptomics. These genes are ARMS2, 

C2, C3, CFH, CFI, CX3CR1, IL10RA, IL28B, LIPC and SYN3. 

 

3.1.6. Overlapping of AMD Related Genes and Age Related Genes 

 

58 of AMD Related Genes are found in Age Related Genes. These genes are 

ABCA1, ABCA4, ALDH1A1, ANXA4, APOE, ATP5B, ATP5D, C3, CAV1, CFH, CFHR1, 

CKB, COL14A1, COL1A2, COL3A1, CRP, CRYBA1, CST3, DDR1, EIF4H, ENO2, 

EPHX1, ERP29, FABP5, FBLN5, FRZB, GFAP, GUK1, HLA-DRA, HLA-DRB1, 

HNRNPD, IER3, LGALS3, LTF, PKM2, PRELP, PSMB5, RDH5, RTN4, S100A8, 

S100A9, SAA1, SERPINA1, SERPINA3, SERPINF1, SLC25A11, SLC2A1, TF, TGM2, 

THY1, TLR3, TLR4, TPD52, TUFM, TXNDC5, VDAC1, VIM, VTN, VWF. Their changes 

with age are described in Supplement Table 3.  

 

3.2.  Identify Gene Ontology and Biological Pathways by Using STRING 

and PANTHER tool 

 

Protein-protein interaction networks (PPI) analysis are used for pathway 

identification, partition functional modules, and annotation of novel protein functions. 

The PPI network gives a blueprint for systematically analyzing various biological 

activities, pathways, a signaling sub-network extraction and functional prediction. It 

represents entities that refers genes (nodes) and their functional co-relationships (edges). 

Each data type contains a different aspect of the functional role of interested genes. In the 
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study, we investigated protein-protein interaction using knowledge-based using STRING 

11.5. 

 

3.2.1. PPI Network of AMD Related Genes 

 

3.2.1.1. PPI Network of Identified Candidate AMD Related Genes  

 

PPI network constructed using 10 genes in STRING as input that results in 18 

interactions between 10 nodes based on parameters including database, experimental, co-

expression, text mining with the confidence score (1.0e-16), average degree nodes 3.6 

and average local clustering coefficient 0.647 in Figure 3.2.1. Their interactions are 

shown in Supplement Table 5. 9 of them are highly related, but SYN3 did not interact 

with them.  

For 10 genes, the Result of Functional Overrepresentation Panther Pathway 

Analysis by PANTHER tool significantly did not show any pathways together. However, 

The result of Reactome Pathway Analysis by PANTHER tool show to their pathways are 

related with Activation of C3 and C5 (p-value= 7.62e-06), Regulation of Complement 

cascade (p-value= 1.95e-07), Complement cascade (p-value= 2.72e-07) in Table 3.2.1. The 

expression of CFH and the expression of C3 increases with age (Supplement Table 3.). 

These genes have an essential role in the Activation of C3 and C5 and Complement 

cascade pathways. These pathways could affect by aging.  

 

 

 
 
Figure 3.2.1. Overview of PPI Network Constructed Using STRING 11.5 Database for 

Candidate Genes. The network includes 18 edges (interaction) between 10 
nodes respectively based on experiment, co-expression, text mining and co-
expression with 1.0e-16 confidence score as the analysis parameter. 
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3.2.1.2.  PPI Network of AMD Related Genes from GWAS Studies and 

Candidate Genes 

  

PPI network constructed using genes in STRING as input that results in 39 

interactions between 169 nodes based on parameters including database, experimental, 

co-expression, text mining with the confidence score (1.0e-16), average degree nodes 9.44 

and average local clustering coefficient 0.597 in Figure 3.2.2. Their interactions are 

shown in Supplement Table 6. Candidate Genes are highly interaction with AMD related 

genes that are found in GWAS studies. There are 3 Candidate genes different from GWAS 

studies, one of them is IL10RA and is co-expression with TLR4 and CX3CR1. IL10RA 

might be increased or decreased the risk of AMD development.  

 

 

 
 

Figure 3.2.2. Overview of PPI Network constructed using STRING 11.5 database for 
AMD related genes from GWAS studies and candidate genes. The network 
includes 184 edges (interaction) between 39 nodes respectively based on 
experiment, co-expression, text mining & co-expression with 1.0e-16 
confidence score as the analysis parameter.  
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According to AMD related GWAS studies and Candidate genes do not have a role 

in biological pathways according to The Functional Overrepresentation Panther Pathway 

analysis by PANTHER. However, Reactome Pathway Analysis by PANTHER show that 

these genes have a relationship in some biological pathways; Activation of C3 and C5 (p 

value= 7.42e-07), Alternative complement activation (p value= 7.27e-05), Chylomicron 

clearance (p value= 7.27e-05), HDL remodeling (p value= 1.89e-04), Plasma lipoprotein 

remodeling (p value= 3.27e-05), NR1H3 & NR1H2 regulate gene expression linked to 

cholesterol transport and efflux (p value= 5.44e-05), Regulation of Complement cascade 

(p value= 5.47e-11), NR1H2 and NR1H3-mediated signaling (p value= 1.02e-04), 

Complement cascade (p value= 1.04e-10), Plasma lipoprotein assembly, remodeling, and 

clearance (p value= 9.66e-06), Degradation of the extracellular matrix (p value= 1.55e-04), 

Extracellular matrix organization (p value= 2.15e-05), Innate Immune System (p value= 

4.55e-06). These pathways are related with risk of AMD development.  

These pathways and genes that have a role in these biological pathways, might be 

analyzed to investigate biological pathways for AMD development. Also, signaling 

pathways could be predict according to these significant pathways which are found in 

Reactome Pathway Analysis by PANTHER.  

Although, there are 13 significant associated pathways in Reactome Pathway 

Analysis by PANTHER, there are lots of nonsignificant associations of biological 

pathways. Thus, each gene and biological pathways of genes should be examined by 

individually. These biological pathways and signaling pathways might help understand 

the causes of AMD development.  

 

3.2.1.3. PPI Network of AMD Related Genes from Retinal 

Transcriptomic and GWAS study and Candidate Genes 

 

PPI network constructed using genes in STRING as input that results in 187 

interactions between 1309 nodes based on parameters including database, experimental, 

co-expression, text mining with the confidence score (1.0e-16), average degree nodes 9.44 

and average local clustering coefficient 0.597 in Figure 3.2.3. PFDN1, RNASE4, TNC, 

FRZB have not interacted with them.  

Results of pathway analysis for these genes are placed in Table 1. and Supplement 

Table 7. According to these results, these genes are found in many biological pathways. 
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Reactome pathway analysis shows that several pathways might be caused the development 

of AMD in Supplement Table 7. The glycolysis pathway involves the metabolism of both 

glucose and lactate. under hypoxic conditions, glycolysis leads to an increase of lactate 

production without enough oxygen, and higher lactate levels reflect tissue hypoxia. 

Hypoxic glycolysis is consistently associated with increased tissue levels of lactate. 

increased lactate levels may be implicated in the pathogenesis of AMD (72). The reason 

for the low oxygen level in the retinal tissue might be examined to understand the 

development of AMD. Plasminogen activating cascade mechanism is related to growth 

factors that facilitate cell migration, macrophage recruitment during the inflammatory 

response, promoting the ability of cells to degrade extracellular matrices, tumor cell 

invasion, and metastasis, wound healing, tissue remodeling, neurite outgrowth, and skeletal 

myogenesis (73). Blood coagulation is related with angiogenesis (74).  Integrin signaling 

pathways caused to decrease cell migration, cell invasion, and cell proliferation (75). The 

genes and molecules, that effect on these pathways could be examined.  

 

 

 

 
Figure 3.2.3. Overview of PPI Network constructed using STRING 11.5 database for 

AMD related genes from Retinal Transcriptomics and GWAS studies. The 
network includes 1309 edges (interaction) between 187 nodes, 
respectively based on experiment, co-expression, text mining, and co-
expression with a 1.0e-16 confidence score as the analysis parameter. 
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Table 1. The Result of Functional Overrepresentation Panther Pathway Analysis for both 
Retinal Transcriptomic and GWAS study and 10 Candidate Genes by 
PANTHER Tool 

 

PANTHER Pathways 
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Glycolysis (P00024) 20 4 0.19 + 21.57 6.36e-05 2.65 e-03 

Plasminogen activating cascade 
(P00050) 

21 4 0.19 + 20.54 7.51 e-05 2.51 e-03 

Blood coagulation (P00011) 48 7 0.45 + 15.72 6.93 e-07 5.78 e-05 

Integrin signalling pathway 
(P00034) 

193 11 1.79 + 6.15 3.08 e-06 1.71 e-04 

 

 

3.2.1.4. Overlapping of Age Related Genes and AMD Related Genes  

 

With Advanced Age, there are some changes in gene expression level of genes in 

Retina, in Supplement Table 3 and Supplement Table 4. The biological pathways are 

change with age in Table 2.  

 

3.3.  To Investigate Effects of Genetic and Nongenetic Factors on Early 

AMD Development in Patient with AIDS 

 

The effects of demographic, health status, clinical factors, and genetic factors on 

Early AMD development were investigated in the Longitudinal Study of the Ocular 

Complications of AIDS (LSOCA) cohort, comprising 1825 multiethnic patients 

diagnosed with AIDS. The prevalence of early AMD in the entire study population was 

9.9%. 
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Table 3. Demographic Characteristics of the Study Population of Patients From the 
Longitudinal Study of the Ocular Complications of AIDS  

 

Character Subcategories 
AMD=0 AMD=1 

P 
n=1665 n=184 

Age(y) median(25%,75%) 43(37-49) 47(42-54) 9.33e-13

Age (%) 

<30 90(5) 8(4) 

2.35e-11 
30–39 479(29) 20(11) 
40–49 720(44) 74(41) 
50–59 303(18) 61(34) 
>60 53(3) 17(9) 

Gender(%) 
female 313(19) 40(22) 

0.3 
male 1332(81) 140(78) 

Race &amp; Ethnicity 
(%) 

White, nonHispanic 760(46) 68(38) 

0.15 
African American 608(37) 80(44) 

Hispanic 219(13) 24(13) 
Other 58(4) 8(4) 

Smoking History (%) 
Never 524(41) 47(34) 

0.02 Former 471(37) 47(34) 
Current 284(22) 45(32) 

Death(%) 
0 1196 (73) 123(68) 

0.21 
1 449 (27) 57 (32) 

 

 

Demographic characteristics of the study population of patients were examined 

by age, gender, ethnicity, smoking history, and death in Table 3.  

The group had a mean age of 43.4 years, a median age group of 38-49 years, and 

the lowest age is 13 years old, and the highest age is 73 years old. 8% for participants 

aged <30 years, 4.0% for participants aged 30–39 years, 9% for participants aged 40–49 

years, 17% for participants aged 50–59 years, and 24.3% for participants 60 years of age 

and over, AMD patients were detected in the population, (P < .0001). Age was a 

significant risk factor for AMD. According to Literature for patients without AIDS, the 

prevalence of AMD is 8ꞏ7% of the worldwide population has age-related macular 

degeneration between 45–85 years old with increasing chronological age (8). 

Compared to this LSOCA Cohort, this AMD prevalence is higher than expected 

(8). 8% for participants aged 30 years old was very significant differences compared to 

non-Infected HIV patients. One of the aims is to assess can AIDS patients be used the 

Accelerated and Accentuated Aging Model. Accelerated aging can be defined as an age-

related degeneration that arises earlier than expected and increases 

progressively. Accentuated aging can be defined as a rising burden of age-related damage 
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that will remain stationary over time (76). According to Literature, for <30 years old 

people, the appearance of AMD is not expected range with 8% of 30 aged population 

(except Mendelian Gene effects) (2, 3). Also, the prevalence of AMD, 9% for participants 

aged 40–49 years, 17% for participants aged 50–59 years, and 24.3% for participants 60 

years of age and over. These prevalence of AMD in patients with AIDS, is higher than 

8ꞏ7% of 45-85 aged of the worldwide population (7). AIDS patients could be used the 

Accelerated and Accentuated Aging Model.  

The largest participants for smoking history were "never-smokers" (40.3%), 

36.5% were "former-smokers", 23.2% were "current-smokers". 8.2% for participants 

"never-smokers", 9.1% for participants "former-smokers", 13.7% for participants 

"current-smokers", the association of smoking and development of AMD was 

significantly high factor (P = 0.02). Smoking causes vascular inflammation, endothelial 

dysregulation, oxidative damage, toxic damage, and histopathological changes. Smoking 

is damage to an ideal macular microenvironment for the development of AMD. Smoking 

is a proven risk factor for both the development and progression of AMD. In Literature, 

current smokers have a 2- to 4-fold increase in risk for AMD compared to patients who 

never smoked (20, 58, 77).  

The predominance of participants was male (80.7%), and 19.3% of the population 

were female. 11.3% of females had AMD, 9.5% of males had AMD development. There 

was no significant association between gender and AMD development for these patients 

(P = 0.30).  

The majority of participants were white, non-Hispanic (45.4%), African American 

was followed with 37.7%, 13.3% were Hispanic, and 3.6% were rest of the world. 8.2% 

of participants were white, non-Hispanic with AMD, 11.6% of participants were African 

American with AMD, 9.9% of participants were Hispanic with AMD were 12.1% other 

with AMD patients. 
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Table 4. Clinical Characteristics of the Study Population of Patients with Acquired 
Immunodeficiency Syndrome From the LSOCA 

  

Character  Subcategories  
amd=0 amd=1 

P 
n=1665 n=184 

Time since AIDS 
diagnosis (y) 

Median (25%,75%) 4.27(1.6-7.21) 
4.64(1.514-

7.43) 
0.52 

HIV transmission 
category (%) 

Injection drug use 220(13) 37(21) 

0.003 
Male-to-male sexual 
contact 

915(56) 76(42) 

Heterosexual contact 417(25) 57(32) 
other 93(6) 10(6) 

Enrollment CD4þ T 
cells (cells/mL) (%) 

<100 466(29) 53(29) 

0.98 
100–199 349(21) 40(22) 
200–499 600(37) 64(36) 
>500 215(13) 23(13) 

lowest recorded CD4+ 
T-cell count (y) 

Median (25%,75%) 43 (13 - 112) 55 (20 - 117) 0.17 

lowest recorded CD4+ 
T-cell count (%) 

<50 867(53) 86(49) 
0.25 

>50 755(47) 90(51) 
CD8+ T-cell count at 
baseline (y) 

Median (25%,75%) 
777(497.75-

1133.25) 
751 

(505.5-1033) 
0.51 

CD4/CD8 T-cell count 
ratio (y) 

Median (25%,75%) 
0.25(0.125-

0.432) 
0.25(0.117-

0.41) 
0.97 

Enrollment HIV load 
(log10 [copies/mL]) (%) 

<2.6 575(37) 52(31) 
0.26 2.6–3.0 272(18) 33(20) 

>3.0 702(45) 84(50) 
Maximum prior HIV 
load (log10 
[copies/mL]) (y) 

median(25%,75%) 5.3 (4.7-5.7) 5.2 (4.7-5.6) 0.22 

 

 

In the LSOCA cohort, there was no difference in the prevalence of AMD for 

different racial/ethnic groups (P = 0.15).  

According to Literature, white non-Hispanic people have the highest percentage 

of incident AMD than Hispanic and African participants. In LSOCA, there is no 

significant result to race group (2, 3, 7, 8).  

The death percentage in this population was 27.7%. Moreover, 11.3% of death 

patients were with AMD.  

Clinical and viral measurements for patients with AIDS are measured in Table 4. 

The largest transmission category for HIV infection was male-to-male sexual contact 

(54.3%), 26.0% heterosexual transmission, 14.1% injection drug use, and 4.6% other 
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transmission ways for HIV infection. There was an association between the transmission 

category for HIV infection and AMD development (P = 0.003). The prevalence of AMD 

was 14.4% for participants HIV infection by injection drug use, 12.0% for participants 

HIV infection by heterosexual contact, 7.7% for participants who get HIV infection by 

men who had sex with men, 5.6% for participants who get HIV infection by transmission 

ways. The transmission category for HIV infection is essential for viral load. The injection 

drug user is taken HIV directly when they share needles or syringes with others. Their 

immune activation and inflammation are greater than other types of transmission 

categories (78). The mean of time since AIDS diagnosis is 4.971 years, and the median 

is 4.331 years (25th, 75th percentiles, 1.591 years, 7.252 years) in this patient population. 

Patients were categorized by <1.55 years, 1.55-4.33 years, 4.34–7.25 years, and >7.25 

years. Each category had the same number of patients with HIV infection. The median of 

the lowest CD4þ T cell count prior to enrollment was 44 cells/mL (25th, 75th percentiles, 

13 cells/mL, 113 cells/mL). The median of the lowest CD4þ T cell count prior to 

enrollment was 55 cells/mL (25th, 75th percentiles, 20 cells/mL, 117.8 cells/mL) in AMD 

patients. The median of the lowest CD4þ T cell count prior to enrollment was 198.5 

cells/mL (25th, 75th percentiles, 81 cells/mL, 360 cells/mL), the median enrollment 

CD4þ T cell count was 189 cells/mL (25th, 75th percentiles, 83.8 cells/mL, 324 cells/mL) 

in patients with AMD. Median of the CD8þ T cell count prior to enrollment was 773.0 

cells/mL (25th, 75th percentiles, 499.5 cells/mL, 1130.0 cells/mL) Median of the CD8þ 

T cell count prior to enrollment was 751.0 cells/mL (25th, 75th percentiles, 506 cells/mL, 

1033.0 cells/mL) Median of the ratio of CD4þ T cell/CD8þ T cell was 0.2490 (25th, 75th 

percentiles, 0.1235, 0.4316) in the population. Median of the ratio of CD4þ T cell/CD8þ 

T cell was 0.246 (25th, 75th percentiles, 0.117, 0.413) in patients with AMD. Median of 

Enrollment HIV load was 2.700 (log10 [copies/mL]), (25th, 75th percentiles, 1.881(log10 

[copies/mL]), 4.602 (log10 [copies/mL])). Median of Enrollment HIV load was 2.997 

(log10 [copies/mL]), (25th, 75th percentiles, 2.303(log10 [copies/mL]), 4.628 (log10 

[copies/mL])). Median of Enrollment maximum HIV load was 5.282 (log10 

[copies/mL]), (25th, 75th percentiles, 4.694 (log10 [copies/mL]), 5.718 (log10 

[copies/mL])). Median of Enrollment maximum HIV load was 5.179 (log10 

[copies/mL]), (25th, 75th percentiles, 4.683 (log10 [copies/mL]), 5.636 (log10 

[copies/mL])). There was a significant association between HIV transmission types with 

AMD development. The other immunologic and virologic parameters were not 

significantly different from AMD patients. Viral load and Max Viral load, CD4, CD8 
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levels might affect by these treatments. Levels of high-sensitivity C-reactive protein 

(CRP), interleukin (IL)-6, interferon-γ inducible protein (IP)-10, soluble CD14 (sCD14), 

soluble CD163 (sCD163), and intestinal fatty acid-binding protein (I-FABP) might be 

examined in future experiments to investigate the immunologic biomarkers which related 

with inflammation effects on AMD (79). 

Advanced age is the number one risk factor for the multiple and complex 

etiologies underlying the array of human age-related diseases such as; chronic 

inflammation, most cancers, cardiovascular diseases, and neurodegenerative disorders 

like AMD (20).  

Comorbidities associated chronic disease with aging (Table 5) included 

cardiovascular disease in 13.7%, hypertension in 20.9%, diabetes in 8.7%, hyperlipidemia 

in 21.6%, Kidney disease in 6%, HCV infection in 22.3% of the population. 14.0% of 

patients with cardiovascular disease had AMD (P = 0.02). 13.9% of patients with 

hypertension had AMD (P = 0.003). 14.5% of patients with diabetes had AMD (P = 0.04). 

9.7% of patients with hyperlipidemia had AMD (P = 0.87). 10.8% of patients with Kidney 

disease had AMD (P = 0.73). 10.7% of patients with HCV infection had AMD (P = 

0.065). Cardiovascular disease, hypertension, and diabetes were associated with AMD 

development (20). There were no significant effects on AMD by treatment of HCV 

infection. 
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Table 5. Comorbidities Associated Chronic Disease with Aging of The Study Population 
of Patients with Acquired Immunodeficiency Syndrome From the Longitudinal 
Study of the Ocular Complications of AIDS  

 

Disease Subcategories 
AMD=0 
n=1665 

AMD=1 
n=184 

P 

Cardiovascular disease (%) 
0 1146(87) 112(80) 

0.02 
1 172(13) 28(20) 

Hypertension (%) 
0 1315(80) 127(71) 

0.003
1 329(20) 53(29) 

Diabetes (%) 
0 1509(92) 157(87) 

0.04 
1 136(8) 23(13) 

Hyperlipidemia (%) 
0 1286(78) 142(79) 

0.87 
1 355(22) 38(21) 

Kidney disease (%) 
0 1546(94) 168(93) 

0.73 
1 99(6) 12(7) 

HCV infection status (%) 
0 1092(78) 119(76) 

0.65 
1 310(22) 37(24) 

Whether a patient is on highly active 
retroviral therapy at   baseline (%) 

0 243(15) 33 (18) 
0.85 

1 1401(85) 147(82) 

Ever been on HAART before or after 
study entry (%) 

0 102(6) 14(8) 
0.41 

1 1543(94) 166(92) 
 

 

Table 6. Effects of Treatment of HIV infection on AMD on Study Population of Patients 
With Acquired Immunodeficiency Syndrome From the Longitudinal Study of 
the Ocular Complications of AIDS 

 

Drug subcategories 
amd=0 
n=1665 

amd=1 
n=184 

P 

Non-nucleoside reverse transcriptase 
inhibitor (%) 

0 1014(62) 103(57) 
0.24 

1 630(38) 77(43) 

Protease inhibitor (%) 
0 623(38) 80(44) 

0.09 
1 1021(62) 100(56) 

Fusion (%) 
0 1619(98) 176(98) 

0.48 
1 25(2) 4(2) 

Ccr5 antogonist (%) 
0 1638(1) 180(1) 

0.42 
1 6(0) 0(0) 

Integrase inhibitor (%) 
0 1606(98) 175(97) 

0.70 
1 38(2) 5(3) 

Combivir (%) 
0 1350(82) 141(78) 

0.21 
1 294(18) 39(22) 
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The patients have a treatment for HIV infection. The drug effect on AMD 

development are shown in Table 5. There is no significant effect on AMD development.  

The individual associations of ARMS2 (RS10490924), CFH (RS10801553), CFH 

(RS800292), CFI (RS2285714), C2 (RS9332739), C2 (RS547154), C3 (RS2230199), 

CX3CR1 (RS3732379_I249V), CX3CR1 (RS3732378_T280M), IL10R1 (RS3135932), 

IL10R1 (RS2228055), IL10R1 (RS2229113), IL10R1 (RS2229114), IL28B (RS8099917), 

LIPC (RS10468017), SYN3 (RS713685), SYN3 (RS743751), SYN3 (RS5754221), with 

AMD were performed with Chi-Square Test in Table 7. Genetic variant in the CFH gene 

RS800292 (A is minor Allele, Genotype is AA, missense variant), (P = 0.04) and IL10R1 

gene RS3135932 (G is minor Allele, Genotype is  
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GG/AG, missense variant) (P = 0.01) and RS2229113 (A is minor Allele, 

Genotype is AA/AG, missense variant) (P = 0.03) were highly associated with AMD 

development. 

The results of Univariate Logistic Regression of Individually Significant 

Association of Risk Factors with AMD Development are shown in Table 8. Age, smoking 

history and CFH are known risk factor for AMD development in the Literature (80).  

Age is strongly associated with AMD development with an odds ratio of 0.47 for 

participants 30-39 years of age (95% CI 0.21, 1.16, P < .082), an odds ratio of 1.16 for 

participants 40-49 age (95% CI 0.57, 2.67, P < .709), an odds ratio of 2.27 for participants 

50-59 years of age (95% CI 1.10, 5.3, P < .006), an odds ratio of 3.61 for participants 

over than 60 years of age (95% CI 1.50, 9.38, P < .038), compared to participants whose 

under 30 years of age. Increasing of Age is obviously increased the risk of AMD 

development. When the compare with under 30 years of aged and over 60 years of aged, 

AMD development risk is increased 3.61-fold.  

Smoking is strongly associated with AMD development with an odds ratio of 1.11 

for participants "former-smokers (95% CI 0.73, 1.70, P < .621), an odds ratio of 1.71 for 

participants "current-smokers" (95% CI 1.14, 2.73, P < .010) compared to participants 

whose "never-smokers". When the compare with "never-smokers" and "current-

smokers", AMD development risk is increased 1.71-fold. Smoking cause to oxidative 

stress and mutations in genome (58,77). In Literature, current smokers have a 2- to 4-fold 

increase in risk for AMD compared to patients who never smoked (58, 77, 82).  

There is strongly association AMD development with HIV transmission 

categories in our result. HIV transmission category is strongly associated with AMD 

development with an odds ratio of 0.49 for participants with male-to-male sexual contact 

(95% CI 0.33, 0.76, P < .001), an odds ratio of 0.81 for participants with heterosexual 

contact  (95% CI 0.52, 1.28, P < .361) compared to participants with injection drug use. 

Lifestyle, social economic status, education, diets, drug usage could be related with 

increasing of AMD development. Viral and clinical measurements might detect chronic 

inflammation. However, clinical and viral measurements are not associated with AMD 

development in our results. Thus, HIV viral load levels are not significantly associated 

with AMD development. Maybe there should be measurements for a different response 

for HIV infection to measure chronic inflammation. HIV infection categories are 

significantly associated with AMD development, the reason might be drug usage, 
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lifestyle, diet cause increase of immune activation and inflammation levels. Thus, 

immune activation and inflammation levels are high and they increase AMD risk. 

 

 

Table 8. Univariate Logistic Regression of Individually Significant Association of Risk 
Factors with AMD in patients with AIDS LSOCA cohort 

 
Category Subcategories P OR (95%CI) 

Age (%) 

<30 Ref Ref 

30–39 0.082 0.47 (0.21 - 1.16) 

40–49 0.709 1.16 (0.57- 2.67) 

50–59 0.038 2.27 (1.10 - 5.3) 

>60 0.006 3.61 (1.50 - 9.38) 

 Smoking history (%)  

Never Ref Ref 

Former 0.621 1.11 (0.73 - 1.70) 

Current 0.010 1.77 (1.14 - 2.73) 

HIV transmission category 

(%) 

Injections drug use Ref Ref 

Male-to-male sexual contact 0.001 0.49 (0.33 - 0.76) 

Hetero sexual contact 0.361 0.81 (0.52 - 1.28) 

Other 0.236 0.64 (0.29 - 1.29) 

Cardiovascular disease (%) 
No Ref Ref 

Yes 0.024 1.67 (1.05 - 2.56) 

Hypertension (%) 
No Ref Ref 

Yes 0.003 1.67 (1.18 - 2.34) 

Diabetes (%) 
No Ref Ref 

Yes 0.043 1.63 (0.99 - 2.56) 

CFH 
RS800292 Ref Ref 

RS800292/(A-recessive) 0.043 1.46 (1.00 - 2.10) 

IL10R1 

RS2229113 Ref Ref 

RS2229113/(A-dominant) 0.030 0.69 (0.50 - 0.96) 

RS3135932 Ref Ref 

RS3135932 (G-dominant) 0.002 0.42 (0.24 - 0.71) 

 

 

With Aging, the risk of systematic disease is increased like risk of AMD. 

Cardiovascular disease, Hypertension, or Diabetes increase the risk of AMD 
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development, with an odds ratio of 1.67 for participants with Cardiovascular disease (95% 

CI 1.05, 2.56, P < .024), with an odds ratio of 1.67 for participants with Hypertension  

(95% CI 1.18, 2.34, P < .003), with an odds ratio of 1.63 for participants with Diabetes  

(95% CI 0.99, 2.56, P < .043), these diseases are associated with AMD development for 

elderly people. Probably, the risk factors such as vascular risk factors for development 

chronic, systematic and metabolic disease are same with AMD development (20-22). 

Chronic Kidney Disease is an association with AMD based on inflammation, oxidative 

stress, endothelial dysfunction, and microvascular dysfunction in the Literature (81). In 

LSOCA cohort, Elevated serum creatinine is measured to detect Chronic Kidney Disease. 

In our results, there is no any association with AMD and Chronic Kidney Disease. 

However, measurement of Elevated serum creatinine might be not enough to show their 

relationship. Some research shows that there is association between Hyperlipidemia and 

early AMD (83). In our results, there is no any association with AMD and 

Hyperlipidemia. HCV infection cause to chronic infection and expectation is chronic 

HCV infection had an increased risk of AMD (84). There is no association with presences 

or absences of HCV infection. Genetic factors or antiviral treatment drugs decrease effect 

of HCV infection on patients.  

Genetic variant of CFH RS800292/(A-recessive) , IL10R1 RS2229113/(A-

dominant) and IL10R1 RS3135932(G-dominant) are significantly associated with AMD 

development. CFH RS800292 is increased to AMD development risk with 2-fold. 

IL10R1 RS2229113/(A-dominant) and IL10R1 RS3135932 (G-dominant) are decreased 

AMD development risk.  

CFH/RS800292 meant 184G>A, I62V, or Val62Ile.  A deficiency in complement 

factor H causes continuous activation of the alternative complement pathway (80) and 

synthesis of the convertase C3BbB, according to Licht et al. (2006). 

Hypocomplementemia and complement activation on tissue surfaces lacking endogenous 

regulators, such as the glomerular basement membrane, arise. The production of dense 

deposits, thickening of the basement membrane, reduced renal filtration, and progressive 

loss of renal function are all symptoms of continuous C3 deposition (85, 86). 

IL10RA RS3135932 is Exon 4 and RS2229113 is Exon 7. They are missense 

variant mutation. They are not in ligand binding site but these regions has a role in 

conformational rearrangements of IL10RA, especially, Exon 4 (87,88). Depend upon 

confirmational changing, ligand binding efficiency might be decreased. Thus, 
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immunosuppressive activity of IL10 is reduced and anti-inflammatory activity increase 

(88). 

Multivariate Logistic Regression of Significant Risk Factors for AMD 

Development are examined with significant factors which obtained from Chi-Square test 

in Table 3, Table 4, Table 5, Table 6 and Table 7. There are 2 significant risk factors. One 

of them is HIV transmission category which is highest risk among injection drug users, 

and the significant category is also Male-to male sexual contact. AMD development risk 

is lower in Male-to male sexual contact than injection drug users. The other factor is 

IL10R1 RS2229113/(A-dominant) that is decreased AMD development risk. Missense 

variant mutation on IL10R1 (Exchange of S138 to G) might be increase anti-inflammatory 

activity.  

There are just 185 patients with AMD. At least 300 patients are needed to get 

significantly results by statistically. The sample size of patient of AMD is not enough to 

significant results. Our results might be give an idea to risk factors for AMD development 

and these risk factors might have a role in AMD development and Progression. However, 

the risk factors are not certainly proof for AMD development. 

Metabolism of Eye is included highly oxidative reactions because of light and 

vision process. If there is something decrease on repair mechanism or protective 

molecules, Levels of molecules are easily changed and harmful molecules’s level might 

be increase and It cause to damage of structure of eye. AMD might be progress easily in 

this condition. Drugs of Treatment of HIV infection is not significantly risk factor for 

AMD development. These Drugs have a lot side effects, and they can affect easily to eye 

structure. But there is no any effect on AMD development. Also, their effect is protective 

against to AMD development. These factors might not have any effect on AMD, to 

increase or decrease risk. 

Genes and biological pathways which are not directly related with AMD 

development, affects AMD development in these patients. Repair mechanism is not 

enough to reduce drusen formation. And Drusen Formation rate might be faster than 

normal patients with AMD. And also, this is early stage of AMD, thus gene effects might 

be not shown in this stage.  
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Table 9. Multivariate Logistic Regression of Individually Significant Association of Risk 
Factors with AMD in patients with AIDS LSOCA cohort 

 
Category Subcategories P OR (95%CI)

Age (%) 

<30 Ref Ref 
30–39 0.269 0.51 (0.16 - 1.92)
40–49 0.622 1.31 (0.49 - 4.56)
50–59 0.294 1.81 (0.66 - 6.39)
>60 0.059 3.37 (1.01 - 13.34)

Smoking history (%)  
Never Ref Ref 
Former 0.801 0.94 (0.59 - 1.51)
Current 0.093 1.5 (0.93 - 2.41)

HIV transmission category 
(%) 

Injections drug use Ref Ref 
Male-to male sexual contact 0.006 0.47 (0.28 - 0.81)

Hetero sexual contact 0.322 0.76 (0.44 - 1.32)
other 0.071 0.38 (0.12 - 1.01)

Cardiovascular disease (%) 
No Ref Ref 
Yes 0.139 1.46 (0.87 - 2.39)

Hypertension (%) 
No Ref Ref 
Yes 0.914 0.98 (0.61 - 1.52)

Diabetes (%) 
No Ref Ref 
Yes 0.95 1.02 (0.52 - 1.86)

CFH 
RS800292 Ref Ref 

RS800292/(A-recessive) 0.4 1.2 (0.77 - 1.85)

IL10R1 

RS2229113 Ref Ref 
RS2229113/(A-dominant) 0.406 0.83 (0.53 - 1.28)

RS3135932 Ref Ref 
RS3135932 (G-dominant) 0.013 0.38 (0.17 - 0.78)

 

 

To conclude, Age is significantly risk factor for AMD development. Aging cause 

to also chronic inflammation and accumulation of ROS. Chronic inflammation and 

oxidative stress cause to AMD development. Chronic inflammation and oxidative stress 

might be the major factors for the early development of AMD. AIDS patients might be 

used for aging model.  
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CHAPTER 4 

 

CONCLUSION AND FUTURE DIRECTIONS 

 

Aging is the primary factor for AMD development. Smoking history, 

Transmission categories of HIV infection, cardiovascular disease, diabetes, and 

hypertension are significant factors individually. Although AMD is a complex 

multifactorial disease, missense variant mutations of IL10R1 genes and missense variant 

mutations of CFH have a considerable role in developing AMD. IL10R1 gene variants 

are reported for the first time for the development of AMD.  

The population of patients with AIDS showed that HIV infection assesses can 

AIDS patients be using the Accelerated and Accentuated Aging Model.  

Classic AMD gene effects which directly related with AMD development from 

GWAS studies we could not see because this patient with AIDS, they are not normal 

people and they have a chronic inflammation. Their immune system is highly induced.  It 

caused to AMD development so we can see it early aged. Also, chronic inflammation 

effect is over the AMD genes effects. AMD development might be just resulting of 

complex disease, is not known yet.   

In the future, AMD Related gene pathways should be examined according to 

drusen compositions. Drusen's compositions give an idea about the end of products of 

these pathways. Understanding the etiopathogenesis of AMD will allow for the 

development of earlier and more effective therapies. Early therapies and treatments are 

safer for people than loss of visual acuity and blindness, in addition, they provide to 

improve the quality of life of patients. 
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Supplement Table 5. PIP Network Analysis for 10 Candidate Genes with STRING 
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ARMS2 C3 0 0 0 0 0 0.3 0 0.662 0.75

ARMS2 LIPC 0 0 0 0 0 0 0 0.739 0.74

ARMS2 C2 0 0 0 0 0 0 0 0.77 0.77

ARMS2 CFH 0 0 0 0 0 0 0 0.916 0.92

ARMS2 CFI 0 0 0 0 0 0 0 0.682 0.68

C2 C3 0 0 0 0 0.148 0.3 0.8 0.762 0.97

C2 LIPC 0 0 0 0 0.065 0.06 0 0.514 0.53

C2 CX3CR1 0 0 0 0 0 0 0 0.43 0.43

C2 CFH 0 0 0 0 0.063 0 0 0.783 0.79

C2 CFI 0 0 0 0 0.099 0 0.65 0.737 0.91

C3 CFI 0 0 0 0 0.139 0.97 0.8 0.971 1

C3 CFH 0 0 0 0 0.118 0.98 0.8 0.989 1

CFH LIPC 0 0 0 0 0.095 0 0 0.666 0.68

CFH CX3CR1 0 0 0 0 0 0 0 0.417 0.42

CFH CFI 0 0 0 0 0.12 0.87 0.6 0.93 1

CFI LIPC 0 0 0 0 0.139 0.06 0 0.428 0.5

CX3CR1 IL10RA 0 0 0 0 0.198 0 0 0.43 0.52

IFNL3 IL10RA 0 0 0 0 0 0 0.6 0.54 0.81
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Supplement Table 6.  PIP Network Analysis for AMD Genes from GWAS Studies and 
Candidate Genes with STRING  

 

#n
od

e1
 

no
de

2 

ne
ig

hb
or

ho
od

_o
n_

ch
ro

m
os

om
e 

ge
ne

_f
us

io
n 

ph
yl

og
en

et
ic

_ 
co

oc
cu

rr
en

ce
 

ho
m

ol
og

y 

co
ex

pr
es

si
on

 

ex
pe

ri
m

en
ta

ll
y_

 d
et

er
m

in
ed

_ 
in

te
ra

ct
io

n 

da
ta

ba
se

_ 
an

no
ta

te
d 

A
ut

om
at

ed
 .t

ex
tm

in
in

g 

co
m

bi
ne

d_
sc

or
e 

ABCA1 CETP 0 0 0 0 0 0 0 0.847 0.847 
ABCA1 APOE 0 0 0 0 0.063 0 0 0.983 0.983 
ABCA1 LIPC 0 0 0 0 0.062 0 0 0.716 0.722 
ABCA1 CFH 0 0 0 0 0.087 0 0 0.425 0.452 
ABCA1 TLR4 0 0 0 0 0.107 0.056 0 0.521 0.561 
ABCA1 ARMS2 0 0 0 0 0 0 0 0.498 0.497 
ABCA4 TIMP3 0 0 0 0 0.065 0 0 0.427 0.441 
ABCA4 HMCN1 0 0 0 0 0.089 0 0 0.404 0.434 
ABCA4 CFH 0 0 0 0 0.062 0 0 0.556 0.565 
ABCA4 CFB 0 0 0 0 0.069 0.056 0 0.39 0.417 
ABCA4 RAX2 0 0 0 0 0 0.057 0 0.457 0.466 
ABCA4 ARMS2 0 0 0 0 0 0 0 0.561 0.561 
ADAMTS9 COL8A1 0 0 0 0 0 0 0 0.522 0.522 
ADAMTS9 TIMP3 0 0 0 0 0.118 0 0 0.421 0.468 
ADAMTS9 SLC16A8 0 0 0 0 0 0 0 0.535 0.535 
ADAMTS9 B3GALTL 0 0 0 0 0 0 0.9 0.707 0.969 
ADAMTS9 FILIP1L 0 0 0 0 0.065 0 0 0.499 0.511 
ADAMTS9 CFH 0 0 0 0 0.061 0 0 0.39 0.402 
ADAMTS9 DDR1 0 0 0 0 0.049 0 0 0.407 0.412 
ADAMTS9 ARMS2 0 0 0 0 0 0 0 0.517 0.517 
ADAMTS9 RAD51B 0 0 0 0 0 0 0 0.597 0.597 
APOE CETP 0 0 0 0 0.062 0 0.72 0.827 0.95 
APOE C3 0 0 0 0 0.138 0 0 0.563 0.607 
APOE TIMP3 0 0 0 0 0.076 0 0 0.423 0.444 
APOE CFB 0 0 0 0 0.08 0 0 0.47 0.491 
APOE VEGFA 0 0 0 0 0 0 0 0.594 0.594 
APOE ARMS2 0 0 0 0 0 0 0 0.6 0.6 
APOE CFH 0 0 0 0 0.054 0.297 0 0.66 0.754 
APOE TLR4 0 0 0 0 0 0 0 0.756 0.756 
APOE LIPC 0 0 0 0 0.062 0 0.9 0.722 0.971 
ARMS2 CETP 0 0 0 0 0 0 0 0.681 0.681 
ARMS2 C3 0 0 0 0 0 0.297 0 0.662 0.752 
ARMS2 COL8A1 0 0 0 0 0 0 0 0.602 0.602 
ARMS2 TIMP3 0 0 0 0 0 0 0 0.595 0.595 
ARMS2 HMCN1 0 0 0 0 0 0.27 0 0.877 0.906 
ARMS2 LIPC 0 0 0 0 0 0 0 0.739 0.739 

(Cont. on Next Page) 
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Supplement Table 4. (cont.) 
 

ARMS2 C2 0 0 0 0 0 0 0 0.77 0.77 
ARMS2 CFHR1 0 0 0 0 0 0 0 0.662 0.662 
ARMS2 SLC16A8 0 0 0 0 0 0 0 0.6 0.6 
ARMS2 COL10A1 0 0 0 0 0 0 0 0.494 0.493 
ARMS2 B3GALTL 0 0 0 0 0 0 0 0.596 0.596 
ARMS2 FBLN5 0 0 0 0 0 0 0 0.469 0.469 
ARMS2 FILIP1L 0 0 0 0 0 0 0 0.405 0.405 
ARMS2 CFHR3 0 0 0 0 0 0 0 0.653 0.653 
ARMS2 CFH 0 0 0 0 0 0 0 0.916 0.916 
ARMS2 HTRA1 0 0 0 0 0 0 0 0.77 0.77 
ARMS2 CFI 0 0 0 0 0 0 0 0.682 0.682 
ARMS2 CFB 0 0 0 0 0 0 0 0.844 0.844 
ARMS2 RAD51B 0 0 0 0 0 0 0 0.556 0.556 
ARMS2 VEGFA 0 0 0 0 0 0 0 0.556 0.556 
B3GALTL CETP 0 0 0 0 0 0 0 0.455 0.455 
B3GALTL TNFRSF10A 0 0 0 0 0 0 0 0.406 0.406 
B3GALTL IER3 0 0 0 0 0 0 0 0.517 0.517 
B3GALTL COL8A1 0 0 0 0 0 0 0 0.595 0.595 
B3GALTL LIPC 0 0 0 0 0 0 0 0.519 0.519 
B3GALTL SLC16A8 0 0 0 0 0.062 0 0 0.68 0.687 
B3GALTL COL10A1 0 0 0 0 0 0 0 0.47 0.47 
B3GALTL FRK 0 0 0 0 0.064 0 0 0.393 0.407 
B3GALTL TGFBR1 0 0 0 0 0.064 0 0 0.42 0.433 
B3GALTL CFB 0 0 0 0 0 0 0 0.456 0.456 
B3GALTL CFH 0 0 0 0 0 0 0 0.458 0.457 
B3GALTL DDR1 0 0 0 0 0 0 0 0.518 0.518 
B3GALTL RAD51B 0 0 0 0 0.109 0 0 0.591 0.62 
B3GALTL FILIP1L 0 0 0 0 0 0 0 0.632 0.632 
C2 C3 0 0 0 0 0.148 0.296 0.8 0.762 0.967 
C2 C9 0 0 0 0 0.146 0.176 0 0.604 0.697 
C2 HMCN1 0 0 0 0 0 0 0 0.608 0.608 
C2 LIPC 0 0 0 0 0.065 0.057 0 0.514 0.534 
C2 CX3CR1 0 0 0 0 0 0 0 0.43 0.43 
C2 CFHR1 0 0 0 0 0 0 0 0.519 0.519 
C2 FBLN5 0 0 0 0 0 0.056 0 0.52 0.527 
C2 RAX2 0 0 0 0 0 0.057 0 0.54 0.547 
C2 CFHR3 0 0 0 0 0 0 0 0.561 0.561 
C2 HTRA1 0 0 0 0 0.062 0.056 0 0.566 0.582 
C2 CFB 0 0 0 0.882 0.172 0 0.6 0.801 0.687 
C2 CFH 0 0 0 0 0.063 0 0 0.783 0.788 
C2 CFI 0 0 0 0 0.099 0 0.65 0.737 0.91 
C3 TLR3 0 0 0 0 0.062 0.087 0 0.369 0.412 
C3 HTRA1 0 0 0 0 0.089 0 0 0.405 0.434 
C3 VEGFA 0 0 0 0 0.073 0 0 0.459 0.477 
C3 TLR4 0 0 0 0 0.062 0.087 0 0.583 0.611 
C3 C9 0 0 0 0 0.18 0.078 0 0.627 0.693 
C3 CFHR3 0 0 0 0 0 0.27 0.6 0.936 0.979 

(Cont. on Next Page) 
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Supplement Table 4. (cont.) 
 

C3 CFHR1 0 0 0 0 0 0.973 0.6 0.955 0.999 
C3 CFI 0 0 0 0 0.139 0.974 0.8 0.971 0.999 
C3 CFH 0 0 0 0 0.118 0.982 0.8 0.989 0.999 
C3 CFB 0 0 0 0 0.311 0.977 0.8 0.989 0.999 
C9 CFB 0 0 0 0 0.146 0.157 0 0.519 0.623 
C9 CFH 0 0 0 0 0.262 0 0 0.519 0.629 
C9 CFI 0 0 0 0 0.1 0.077 0 0.609 0.647 
CETP COL8A1 0 0 0 0 0 0 0 0.4 0.4 
CETP SLC16A8 0 0 0 0 0 0 0 0.421 0.42 
CETP CFB 0 0 0 0 0.085 0 0 0.52 0.542 
CETP CFH 0 0 0 0 0.087 0 0 0.6 0.619 
CETP LIPC 0 0 0 0 0.09 0 0.54 0.859 0.936 
CFB COL8A1 0 0 0 0 0 0 0 0.456 0.456 
CFB TIMP3 0 0 0 0 0.088 0 0 0.409 0.437 
CFB HMCN1 0 0 0 0 0.065 0 0 0.41 0.424 
CFB LIPC 0 0 0 0 0.065 0.057 0 0.604 0.621 
CFB CFHR1 0 0 0 0 0 0.297 0 0.756 0.821 
CFB SLC16A8 0 0 0 0 0 0 0 0.407 0.407 
CFB CFHR3 0 0 0 0 0 0 0.6 0.732 0.888 
CFB CFH 0 0 0 0.543 0.158 0.297 0.8 0.884 0.923 
CFB HTRA1 0 0 0 0 0.088 0.056 0 0.53 0.56 
CFB CFI 0 0 0 0 0.133 0 0.65 0.833 0.944 
CFB VEGFA 0 0 0 0 0.098 0 0 0.369 0.406 
CFH COL8A1 0 0 0 0 0.14 0 0 0.501 0.552 
CFH TIMP3 0 0 0 0 0.111 0 0 0.518 0.553 
CFH HMCN1 0 0 0 0 0.068 0 0 0.505 0.518 
CFH LIPC 0 0 0 0 0.095 0 0 0.666 0.684 
CFH CFHR1 0 0 0 0.96 0.325 0.932 0 0.874 0.954 
CFH SLC16A8 0 0 0 0 0 0 0 0.466 0.465 
CFH FBLN5 0 0 0 0 0.131 0 0 0.478 0.527 
CFH ERCC6 0 0 0 0 0 0 0 0.537 0.537 
CFH CX3CR1 0 0 0 0 0 0 0 0.417 0.416 
CFH CFHR3 0 0 0 0.946 0.065 0.229 0.9 0.87 0.925 
CFH TLR4 0 0 0 0 0.162 0 0 0.323 0.409 
CFH VEGFA 0 0 0 0 0.062 0 0 0.593 0.601 
CFH HTRA1 0 0 0 0 0.102 0 0 0.714 0.733 
CFH CFI 0 0 0 0 0.12 0.87 0.6 0.93 0.996 
CFHR1 HMCN1 0 0 0 0 0 0 0 0.442 0.442 
CFHR1 ERCC6 0 0 0 0 0 0 0 0.412 0.412 
CFHR1 RAX2 0 0 0 0 0 0 0 0.416 0.416 
CFHR1 CFI 0 0 0 0 0 0 0 0.708 0.708 
CFHR1 CFHR3 0 0 0 0.919 0.905 0 0.6 0.915 0.963 
CFHR3 HMCN1 0 0 0 0 0 0 0 0.457 0.457 
CFHR3 ERCC6 0 0 0 0 0 0 0 0.414 0.414 
CFHR3 RAX2 0 0 0 0 0 0 0 0.43 0.43 
CFHR3 CFI 0 0 0 0 0 0 0.6 0.681 0.866 
CFI TIMP3 0 0 0 0 0.069 0 0 0.629 0.64 

(Cont. on Next Page) 
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Supplement Table 4. (cont.) 
 
CFI LIPC 0 0 0 0 0.139 0.057 0 0.428 0.495 
CFI HTRA1 0 0 0 0 0 0.056 0 0.433 0.442 
CFI FRK 0 0 0 0 0 0.056 0 0.42 0.429 
COL10A1 TIMP3 0 0 0 0 0.053 0 0 0.407 0.414 
COL10A1 LIPC 0 0 0 0 0 0 0 0.453 0.453 
COL10A1 SLC16A8 0 0 0 0 0 0 0 0.432 0.432 
COL10A1 FILIP1L 0 0 0 0 0 0 0 0.406 0.406 
COL10A1 FRK 0 0.001 0 0 0 0 0 0.436 0.436 
COL8A1 DDR1 0 0 0 0 0.062 0 0 0.394 0.407 
COL8A1 TIMP3 0 0 0 0 0.09 0 0 0.457 0.484 
COL8A1 LIPC 0 0 0 0 0 0 0 0.503 0.503 
COL8A1 RAD51B 0 0 0 0 0 0 0 0.513 0.513 
COL8A1 FILIP1L 0 0 0 0 0.084 0 0 0.533 0.554 
COL8A1 SLC16A8 0 0 0 0 0 0 0 0.574 0.574 
CX3CR1 IL10RA 0 0 0 0 0.198 0 0 0.43 0.523 
CX3CR1 HMCN1 0 0 0 0 0 0 0 0.43 0.43 
CX3CR1 TLR3 0 0 0 0 0 0 0 0.421 0.42 
CX3CR1 VEGFA 0 0 0 0 0 0 0 0.502 0.502 
CX3CR1 TLR4 0 0 0 0 0.099 0 0 0.619 0.642 
DDR1 SLC16A8 0 0 0 0 0.072 0 0 0.475 0.492 
DDR1 FILIP1L 0 0 0 0 0 0 0 0.475 0.475 
DDR1 RAD51B 0 0 0 0 0 0 0 0.405 0.405 
ERCC6 HMCN1 0 0 0 0 0.066 0 0 0.401 0.416 
ERCC6 RAD51B 0 0 0 0 0.062 0.185 0 0.351 0.461 
FBLN5 TIMP3 0 0 0 0 0.126 0 0 0.394 0.448 
FBLN5 VEGFA 0 0 0 0 0.062 0 0 0.44 0.453 
FBLN5 RAX2 0 0 0 0 0 0.059 0 0.457 0.467 
FILIP1L IER3 0 0 0 0 0.062 0 0 0.476 0.488 
FILIP1L SLC16A8 0 0 0 0 0 0 0 0.595 0.595 
FILIP1L RAD51B 0 0 0 0 0 0 0 0.566 0.566 
FRK TNFRSF10A 0 0 0 0 0 0 0 0.49 0.49 
FRK LIPC 0 0 0 0 0 0 0 0.404 0.404 
HMCN1 RAX2 0 0 0 0 0 0 0 0.54 0.54 
HTRA1 IER3 0 0 0 0 0 0 0 0.682 0.682 
HTRA1 TIMP3 0 0 0 0 0.338 0 0 0.325 0.535 
HTRA1 LIPC 0 0 0 0 0 0 0 0.404 0.404 
IER3 SLC16A8 0 0 0 0 0 0 0 0.476 0.476 
IFNL3 IL10RA 0 0 0 0 0 0 0.6 0.54 0.808 
IFNL3 TLR3 0 0 0 0 0 0 0 0.549 0.549 
IL10RA TLR4 0 0 0 0 0.141 0 0 0.467 0.522 
LIPC TIMP3 0 0 0 0 0 0 0 0.491 0.491 
LIPC RAD51B 0 0 0 0 0 0 0 0.408 0.408 
LIPC SLC16A8 0 0 0 0 0 0 0 0.637 0.637 
RAD51B SLC16A8 0 0 0 0 0.062 0 0 0.575 0.584 
RAD51B TGFBR1 0 0 0 0 0.049 0.078 0 0.389 0.418 
SLC16A8 TIMP3 0 0 0 0 0 0 0 0.413 0.412 
SLC16A8 TGFBR1 0 0 0 0 0 0 0 0.481 0.481 

(Cont. on Next Page) 
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Supplement Table 4. (cont.) 
 

SYN3 TIMP3 0 0 0 0 0 0 0 0.683 0.683 
TGFBR1 VEGFA 0 0 0 0 0 0 0 0.525 0.525 
TIMP3 VEGFA 0 0 0 0 0.092 0 0 0.665 0.683 
TLR3 TLR4 0 0 0 0.592 0.062 0 0 0.956 0.427 
TLR3 VEGFA 0 0 0 0 0 0 0 0.469 0.469 
TLR4 VEGFA 0 0 0 0 0 0 0 0.65 0.65 
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