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Abstract 

Comparative Analysis of the Aqueous Humor 

Between Exudative Age-related Macular 

Degeneration Patients and Control Group 

Dong Min Cha 

Medicine, Ophthalmology 

The Graduate School 

Seoul National University 

 

Purpose: To compare the density of more than 500 molecules in 

aqueous humor between exudative age-related macular 

degeneration (AMD) patients and control group. 

 

Methods: Aqueous humors were acquired from 18 patients with 

exudative AMD and 15 control group before they were mixed in 

each group. Raybio® human antibody array technology to 

screen 507 molecules simultaneously was used to find out any 

difference of these molecules in densities between 2 groups. 
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Results: Twenty molecules in aqueous humor were measured in 

different densities between 2 groups. Twelve molecules 

including insulin-like growth factor binding protein 2 (IGFBP-

2), IGFBP-6, IGFBP-7, and glucocorticoid induced tumor 

necrosis factor receptor family related gene (GITR) ligand 

were detected in high densities in exudative AMD patients and 

8 molecules including C-C motif chemokine receptor 7 (CCR7), 

CCR8, CCR9, and eotaxin-3 were detected in high densities in 

control group. 

 

Conclusion: We found out that IGFBPs and GITR ligand were 

measured in high levels in aqueous humor of eyes with 

exudative AMD in comparison of control group using Raybio® 

antibody array. 

 

------------------------------------------ 

Keywords: Aqueous humor, Exudative age-related macular 

degeneration, Insulin-like growth factor binding protein 

 

Student Number: 2011-21861  
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Introduction 

Age-related macular degeneration (AMD) is one of the leading 

causes of irreversible blindness in the elderly. AMD is often 

grouped into two clinical categories: the ‘dry’ atrophic form 

and the ‘wet’ exudative form. Exudative AMD is 

characterized by the presence of choroidal neovascularization 

(CNV), which accounts for approximately 80% of cases with 

severe visual loss.  

The discovery that vascular endothelial growth factor (VEGF) 

is associated with exudative AMD was followed by anti-VEGF 

agent, which could dramatically improve central visual acuity in 

exudative AMD patients.1-4 Nevertheless, the pathophysiology 

of exudative AMD is not still well known. There have been 

numerous studies to demonstrate that other cytokines as well 

as VEGF were found in elevated concentrations in patients with 

exudative AMD. It included basic fibroblast growth factor, 

platelet-derived growth factor (PDGF), erythropoietin, 

monocyte chemoattractant protein-1 (MCP-1), interleukin-6 

(IL-6), IL-8, and so on.5-11 Most studies had a limitation in 
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that a few molecules were only targeted to find out the 

correlation to exudative AMD. 

In this study, we used Raybio® Biotin Label-based Human 

Antibody Array broadly to screen the change of cytokines in 

the aqueous humor of eyes with exudative AMD in comparison 

of those with healthy control. This antibody array can detect 

the expression levels of 507 human proteins simultaneously. 

This study might help improve the understanding of the 

pathophysiology of exudative AMD. 
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Material and Methods 

(1) Preparation of patient samples: This study scrutinized the 

levels of various proteins in the aqueous humor of patients with 

exudative AMD and control patients. Twenty exudative AMD 

patients who visited Seoul National University Bundang Hospital 

from October 2011 to June 2012 were enrolled in the study. 

The inclusion criteria of exudative AMD patients were as 

follows: (1) more than 60 years old; (2) first diagnosed as 

exudative AMD which was confirmed with fluorescein 

angiography and optical coherence tomography finding; (3) no 

history of treatments such as intravitreal anti-vascular 

endothelial growth factor (anti-VEGF) injection, photodynamic 

therapy, and photocoagulation. The exclusion criteria included 

other ocular disease apart from exudative AMD and cataract, 

history of intraocular surgery except for cataract surgery, 

cataract surgery performed less than 6 months before 

enrollment, any significant systemic diseases apart from 

hypertension and diabetes mellitus. Undiluted aqueous humor 

samples (100 – 150 µl) were acquired through anterior 

chamber paracentesis immediately before intravitreal anti-
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VEGF injection. Twenty age, sex matched control group was 

selected during the same period. Control group consisted of 10 

cataract patients and 10 idiopathic epiretinal membrane patients. 

All the cataract patients did not present any abnormal retinal 

findings. Their undiluted aqueous humor samples (100 – 150 µl) 

were acquired before cataract and vitrectomy surgery. All 

acquired aqueous humor samples were immediately stored at -

70 °C until analysis. Informed consent was obtained from all 

participants and the study was approved by Institutional Review 

Board of Seoul National University Bundang Hospital. There 

was no significant statistical difference between two groups for 

age and sex (AMD group: 73.1±7.9 years, 7 males and 13 

females; control group: 72.7±5.9 years, 7 males and 13 

females). 

 

(2) Membrane-based human antibody array: In this study, we 

used Raybio® Biotin Label-based Human Antibody Array I 

(Catalog No: AAH-BLM-1-2; Ray Biotech, Inc., Norcross, GA) 

to compare the differences in protein expression levels 

between the aqueous humor of exudative AMD patients and 
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control group. This antibody array membrane is marked with 

507 specific antibodies toward cytokines, chemokines, growth 

factors, angiogenic factors, adipokine, proteases, soluble 

adhesion molecules, soluble receptors, and other proteins in cell 

culture supernate and serum so that researchers can 

simultaneously obtain a broad, panoramic view of these 

expressions. The assay was proceeded according to the 

manufacturer’s instructions. At first, the concentrations of 40 

aqueous humor samples were measured using bicinchoninic acid 

(BCA) assay. The concentration of the samples of exudative 

AMD group ranged from 0.24 to 1.22 µg/µl and those of control 

group from 0.23 to 2.05 µg/µl. The volume of aqueous humor 

corresponding to 20 µg was acquired in the each sample. The 

acquired aqueous humor was mixed in each group (400 µg in 

each group) and dialyzed with 2 L phosphate buffer saline (PBS; 

137mM NaCl, 2.7mM KCl, 10mM Na2HPO4, mM, 2mM KH2PO4, 

pH 8.0) at 4 °C for overnight. After internal control was added 

to the dialyzed samples, 3.5 µl of biotin labeling reagent was 

added to the samples and they were incubated at room 

temperature (RT) for 30 minutes. The samples were diluted 
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with 10 ml of blocking buffer after free biotin of the samples 

was eliminated with the spin column. Array membranes were 

also blocked with 8 ml of blocking buffer at RT for 30 minutes, 

and mixed with biotin-labeled samples at 4 °C for overnight. 

The membranes were cleaned three times with 20 ml of wash 

buffer I and II at RT for 5 minutes with shakings and then 

incubated with 8 ml of 400-fold HRP-conjugated streptavidin 

at 4 °C for overnight. After the membranes were cleaned 

according to the same protocol, 4 ml of mixed detection buffers 

were added to the membranes covering the entire surface at RT 

for 2 minutes. At last, several films were acquired after 

exposing the membranes to radiographic film (Kodak Industrex 

Processor Model, Rochester, NY). Two films best suitable for 

comparing different spot signal intensities between exudative 

AMD and control groups were selected among acquired films. 

(3) Comparison of the two groups: The difference of densities 

between 2 groups was evaluated meticulously with the naked 

eye. After selecting specific molecules which showed 

significant difference of density between 2 groups, the densities 

were measured quantitatively using Chemi-Luminescent Image 
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Analysis (Bio-Rad Quantity one 4.6.7 program) after the two 

films were changed to computer files by the machine (Bio-Rad 

ChemiDoc XRS, Hercules, CA).  
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Figure 1. Expression levels of 507 proteins in aqueous humor 

of patients with exudative age-related macular degeneration 

(AMD) and control group. 

The mixed aqueous humor samples in each group were assayed 

with Raybio® human antibody array kit. The molecules which 

showed different densities between two groups were marked in 

order. 
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Figure 2. List of the molecules shown in different densities in 

aqueous humor between patients with exudative age-related 

macular degeneration and control group 

There were 20 molecules to show different densities between 2 

groups including 12 molecules which were measured in high 

density in patients with exudative AMD and 8 molecules in 

control group. 
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Results 

Various cytokines, chemokines, growth factors, and receptors 

were detected in the aqueous humor of both groups; 164 

molecules in control group and 176 molecules in exudative 

AMD group (Fig. 1). In control group, insulin-like growth 

factor binding protein-related protein 1 (IGFBP-rp1/IGFBP-7, 

number 15 in Fig. 1), interleukin-20 receptor beta (IL-20 R 

beta), and secreted protein acidic and rich in cysteine (SPARC) 

were detected in higher density than positive control (number 1 

in Fig. 1). In exudative AMD group, IGFBP-rp1, lipocaline-2 

(number 18 in Fig. 1), SPARC, and tissue inhibitors of 

metalloproteinase-1 (TIMP-1, number 20 in Fig. 1) were 

detected in higher density than positive control.  

There were 12 molecules which were detected in higher 

density in exudative AMD group in comparison of control group; 

they included a proliferation-induction ligand (APRIL), 

chordin-like 1, glucocorticoid induced tumor necrosis factor 

receptor family related gene (GITR) ligand, growth hormone 

receptor, IGFBP-2, IGFBP-6, IGFBP-rp1, IL-4 receptor, 

lipocaline-2, thrombospondin, TIMP-1, and TIMP-2 (Fig. 2). 
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The ratio of density between 2 groups were 2.61, 9.92, 1.48, 

4.84, 9.02, 4.25, 3.31, 3.44, 3.02, 8.67, 2.29, and 3.31 in order 

when they were measured quantitatively with Chemi-

Luminescent Image Analysis and calibrated with density of 

positive control in each group. 

On the other hand, there were 8 molecules detected in higher 

density in healthy control group comparing exudative AMD 

group; they comprised C-C motif chemokine receptor 7 

(CCR7), CCR8, CCR9, C-X-C motif chemokine ligand 14 

(CXCL14), C-X-C motif chemokine receptor 1 (CXCR1), 

CXCR2, eotaxin-3, and IL-1 receptor 4 (Fig. 2). The ratio of 

density between two groups were 0.14, 0.12, 0.15, 0.04, 0.20, 

0.12, 0.31, and 0.49 in order. 
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Discussion 

Exudative AMD leads to neovascularization under the macula 

via a cascade of angiogenic and inflammatory responses after 

damage to the outer retinal cells and retinal pigment epithelium. 

VEGFs are known to be the most potent regulators of 

angiogenesis concerning the pathogenesis of exudative AMD 

and various clinical studies have showed encouraging results 

for intravitreal anti-VEGF agent injections in exudative AMD 

patients.2, 3 However, problems still exist with its curative value: 

about 70% of patients with exudative AMD did not have 

increase of 15 or more ETDRS letters from baseline visual 

acuities after repetitive intravitreal anti-VEGF agent 

injections.12 There have been numerous studies to find other 

molecules as well as VEGF to play an important role in the 

pathogenesis of exudative AMD.5-11 However, most studies 

have limitations in that specific targeted cytokines were only 

measured. Recently, advanced technologies such as Multiple 

Reaction Monitoring Mass Spectrometry were tried broadly to 

investigate molecules of aqueous humor in patients with 

exudative AMD.13 
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We used Raybio® antibody-based protein array technology to 

screen the change of various molecule levels in aqueous humor 

in patients with exudative AMD. This technology can scrutinize 

507 cytokines, chemokines, growth factors, and other 

molecules at one time generally to understand the change of 

cytokine levels. There have been few reports using it to 

investigate protein levels in aqueous humor in patients with 

exudative AMD.1 We could find out the differences of various 

molecules in aqueous humor of exudative AMD patients and 

control group. 

The levels of IGFBP-2, IGFBP-6, and IGFBP-rp1 were 

increased in patients with exudative AMD. IGFBPs are a group 

of proteins that bind the insulin-like growth factors (IGFs). 

They transport the IGFs in the vessel and across intact 

capillary membranes, localize the IGFs to specific cell types and 

tissues, control IGF interaction with cell surface receptor, and 

modulate biologic actions of the IGFs.14 There has been little 

knowledge about the association of IGFBP and exudative AMD, 

although it was reported that IGF-1 contributes to 

neovascularization in exudative AMD by increasing VEGF 



１４ 

 

secretion.15 Feldman et al. documented that retinal pigment 

epithelial cells (RPE) secrete IGFBPs and treatment of RPE 

cells with IGF-1 markedly stimulated the secretion of 

IGFBPs.16 Considering the role of IGFBP associated with IGF, 

we hypothesize that IGFBPs might be useful biomarkers for 

detection of exudative AMD. 

GITR ligand was also increased in aqueous humor of eyes with 

exudative AMD. GITR ligand is mainly expressed in antigen 

presenting cells and endothelial cells and activates GITR. 

GITR/GITR ligand system is known to participate in the process 

of inflammatory responses.17 Kim et al. reported that GITR 

ligand was expressed constitutively on RPE and in high levels 

on photoreceptor inner segments and the stimulation of pro-

inflammatory cytokines up-regulated GITR ligand.18 

Inflammation is nowadays considered to play a large role in the 

pathogenesis of AMD, although many studies have focused on 

dysfunction of complement system associated with genetic 

polymorphism.19 Further investigation of GITR/GITR ligand 

might widen the understanding of role of inflammation in the 

pathogenesis of exudative AMD. 
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We did not find any difference in level of VEGF between 

exudative AMD and control group. Many authors have reported 

that the level of VEGF was increased in aqueous humor of eyes 

with exudative AMD patients and intravitreal anti-VEGF agent 

injection decreased the expression of VEGF in aqueous 

humor.20-23 However, there were also several reports that did 

not find increase of VEGF level in exudative AMD patients 

comparing control group.4, 6, 8, 24 No authors provided 

satisfactory explanations for the discrepancy. Although Kramer 

et al.4 documented that intravitreal anti-VEGF agents which 

exudative AMD patients received > 6 weeks prior to sampling 

might hinder the recovery of level of VEGF at the time of 

sampling, it can’t apply to our cases because we only 

recruited the exudative AMD patients first diagnosed without 

any experience of intravitreal anti-VEGF injections. Ecker et al. 

compared the level of 34 proteins between aqueous humor and 

vitreous and showed that 8 proteins were significantly 

correlated, 3 proteins including VEGF had a tendency to 

correlation without statistical significance, and 23 proteins had 

no correlation.25 Because anterior chamber has an independent 
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circulating system besides transmission from vitreous, it will be 

not reasonable that the density of proteins in aqueous humor 

totally reflects those of vitreous or retina. Therefore, the 

discrepancy for level of VEGF in aqueous humor in exudative 

AMD patients would not deny the essential role of VEGF in the 

pathophysiology of exudative AMD. 

Our study had a limitation in that quantitative analysis of 

various proteins in each sample using enzyme-linked 

immunosorbent assay (ELISA) or multiplex bead array were 

not fulfilled. Because we mixed the aqueous humors in each 

group to analyze using Raybio® antibody array, there is a 

possibility that one abnormal sample containing a specific 

protein in high density makes it difficult to interpret the results 

as it is. 
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Conclusion 

In conclusion, we found out various molecules, especially 

IGFBPs and GITR ligand to be measured in high levels in 

aqueous humor of eyes with exudative AMD comparing control 

group using Raybio® antibody array. Further quantitative 

studies would be needed to confirm the findings of new 

molecules in aqueous humor. 
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국   

목 : 삼출  나이 황 변  자군과 조군 간에 에 

존재하는 500개 이상  분자들에 한 농도  차이를 알아보고자 

하 다. 

법: 삼출  나이 황 변  진단  18명  자들과 

15명  조군 부  를 추출하 고, 각군  들  

분  해 하나  시료  합쳐 다. 507개  분자들  농도를 

한번에 인할  있는 Raybio® 인간항체어 이  이용하여 

 군간에 어떠한 차이가 존재하는지를 인하 다. 

결과:  군간에 20개  분자들이 다른 농도  이 었다. 

인슐린 사 장인자결합단 질2, 6, 7, 당질 르티 이드 도  

종양 사인자 용체 자 리간드 등  포함한 12개  

분자들이 삼출  나이 황 변  자군에  높게 이 었고, 

모카인 용체7, 8, 9, 에 탁신-3 등  포함한 8개  분자들이 

조군에  높게 이 었다. 

결 : 우리는 Raybio® 인간항체어 이  이용하여 

인슐린 사 장인자결합단 질들과 당질 르티 이드 도  

종양 사인자 용체 자 리간드가 삼출 나이 황 변  

자군  에  높  농도  존재함  인하 다. 



２４ 

 

주요어: 삼출  나이 황 변 , 인슐린 사 장인자결합단 질, 
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