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Abstract 

Association between PLA2G7 and 

CCL2 variants and diabetic retinopathy 

in Koreans 
Jeeyun Ahn 

Medicine, Ophthalmology 

The Graduate school 

Seoul National University 

 

Purpose: To investigate the association between 2 single nucleotide polymorphisms 

(SNPs), PLA2G7 rs76863441 and CCL2 rs1024611, and diabetic retinopathy (DR) in 

Korean patients.  

Methods: This was a cross-sectional, multi-center case control study involving 1,516 

DR and 7,437 control subjects consisting of 2 subgroups; those with diabetes but no 

DR (diabetic control, n=571) and those without diabetes (healthy control, n=6,866). 

Baseline demographic data was collected through a detailed questionnaire and 

electronic medical record review. DR patients were graded according to their worst-

ever DR phenotype for each eye as having either no DR, mild non-proliferative 

diabetic retinopathy (NPDR), moderate NPDR, severe NPDR, or proliferative 

diabetic retinopathy (PDR). Each patient was designated with the worse eye DR 

phenotype. Two SNPs, PLA2G7 rs76863441 and CCL2 rs1024611, encoding the 

enzyme lipoprotein-associated phospholipase A2 (Lp-PLA2) and pro-inflammatory 

chemokine monocyte chemoattractant protein-1 (MCP-1), respectively, were 
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genotyped using a customized biobank array. Logistic regression analysis was done 

with adjustment for age, sex, body mass index (BMI) and HbA1c to assess the 

association of the 2 SNPs with DR. 

Results: DR patients were significantly older, had higher HbA1c, more likely to have 

hyperlipidemia and hypertension in comparison to both diabetic and healthy control. 

PLA2G7 rs76863441 did not show significant association when DR patients were 

compared with the 2 control subgroups. CCL2 rs1024611 showed significant 

association with DR cases compared to healthy controls in the dominant and 

codominant genotype association models (P = 0.039 and 0.038), and allele 

association analysis (P = 0.037). There was no association for DR cases compared to 

diabetic control. 

Conclusion: There was no significant association between PLA2G7 rs76863441, 

CCL2 rs1024611and DR in Korean patients. CCL2 rs1024611 showed significant 

association when DR cases were compared to healthy controls. Since this may be due 

to the presence of diabetes, further studies are warranted to determine the role of 

MCP-1 in the pathogenesis of diabetes in Koreans.  

Keywords: diabetic retinopathy, inflammation, genetic risk factor, lipoprotein-

associated phospholipase A2, monocyte chemoattractant protein-1 

Student Number: 2011-30559 
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Introduction 

Diabetes and diabetic retinopathy, a growing epidemic 

Diabetes is a rapidly growing epidemic all over the world. The estimated global 

prevalence of diabetes in adults aged 20-79 is 415 million, a number projected to 

increase to 642 million in 2040, thought to cause 5.0 million deaths and cost between 

673-1197 billion US dollars (USD) in healthcare spending.1 The domestic situation 

in Korea is not much different and along with westernized life styles and eating habits, 

the prevalence of diabetes has continued to grow. According to the Korean Diabetes 

Fact Sheet 2015, 2.7 million Korean people (8.0%) aged 30 years or older had type 2 

diabetes in 2013 compared to 1.7 million (5.6%) in 2006, and based on fasting 

glucose level, 25% of adults had prediabetes.2 Diabetes is the 5th leading cause of 

death in Korea, the number one cause of blindness in adults and responsible for about 

40% of chronic renal failure leading to renal replacement therapy.2,3 The growing 

prevalence of diabetes will surely result in increased socioeconomic burden as well 

as an overall surge in patients with diabetes related microvascular complications such 

as diabetic retinopathy, nephropathy, and neuropathy.   

Diabetic retinopathy (DR), one of the three major microvascular 

complications of diabetes, is the leading cause of blindness in working-aged adults 

(20-74 years) and ranks as the 5th most common cause of preventable blindness.4,5 In 

terms of prevalence, a meta-analysis involving 35 studies conducted worldwide from 

1980 to 2008 estimated global prevalence of any DR and proliferative diabetic 
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retinopathy (PDR) to be 35.4 and 7.5%, respectively.6 Domestically, numerous 

studies have analyzed DR prevalence using data from the Korean National Health 

and Nutrition Examination Survey (2007~2011) and reported DR prevalence to be 

11.4-20.0%, 3.8%, and 2.2-4.6% for any DR, PDR, and vision-threatening DR, 

respectively.7-9 According to a study comparing the clinical and economic outcomes 

of patients with and without visual impairment and blindness (VI&B) in Korea, 

patients with VI&B had 3.5-4.2 times higher odds for diabetes with or without 

complications compared to controls, implying DR to be a major concomitant disease 

in patients with VI&B.10  

Pathogenesis of diabetic retinopathy 

Chronic hyperglycemia is identified as the major culprit in the pathogenesis 

of DR with activation of various biochemical pathways leading up to microvascular 

damage, retinal ischemia, neovascularization and progression to PDR. The implicated 

biochemical pathways include the accumulation of sorbitol, advanced glycation end-

products (AGE), oxidative stress, protein kinase C activation, inflammation, and 

upregulation of the renin-angiotensin system (RAS) (Figure 1).11 Structural retinal 

vascular changes are also the hallmark of DR and an initiating point in the research 

for the pathogenesis of DR. Loss of pericytes is the earliest and most specific 

histologic sign of DR whereas microaneurysms are the earliest visible clinical sign of 

DR.12-15 Blood flow dysregulation, breakdown of the blood retinal barrier, and 

capillary endothelial death are also other aspects of retinal microvascular dysfunction 
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occurring in DR. The interplay of such microvasculopathies, RPE-choroid changes, 

retinal neuron and glial dysfunction, and immune cell activation all contribute to the 

pathogenesis of DR.16 
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Figure 1. Pathophysiology of diabetic retinopathy (Reference: Figure 2. Cheung et 

al., Lancet 376, 201011) 
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Role of inflammation in the pathogenesis of diabetic retinopathy 

There has been mounting evidence that chronic inflammation plays a key role 

in the pathogenesis of DR. Analysis of ocular fluids and membranes obtained from 

diabetic animals and DR patients has consistently shown increased levels of 

inflammatory mediators such as tumor necrosis factor (TNF)-, interleukin (IL)-1, 

and monocyte chemotactic protein 1 (MCP-1/CCL2). Histopathologic examination 

of human DR retinal tissue also showed vascular dilatation, exudation and intraretinal 

leukocyte infiltration, all microscopic characteristics of inflammation.17-20 Retinal 

hypoxia and hyperglycemia-initiated biochemical pathways induce proinflammatory 

molecules which in turn cause vascular structural damage resulting in retinal ischemia 

aggravation and subsequent further upregulation of inflammatory pathways. Based 

on such findings, anti-inflammatory treatments such as corticosteroids and anti-TNF-

 agents have been applied for DR treatment with moderate success and research 

targeting proinflammatory pathways is continuing with the ultimate goal of 

elucidating new therapeutic targets.  

Evidence for a genetic component in the pathogenesis of diabetic 

retinopathy 

The main risk factors for DR are the duration of diabetes, the degree of 

glycemic and blood pressure control.21-24 However, the Action in Diabetes and 

Vascular Disease: Preterax and Diamicron MR Controlled Evaluation 
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(ADVANCE) trial demonstrated that blood pressure lowering and intensive glucose 

control did not significantly reduce the incidence or progression of DR suggesting the 

possibility of other important risk factors in play.25,26 A genetic component has been 

long thought possible considering markedly higher concordance in monozygotic vs 

dizygotic twins and ethnical differences in DR risk, with higher risk of severe DR in 

Mexican Americans compared to non-Hispanic Whites [OR=2.37; 95% CI(1.04-

5.39)], independent of disease duration and hyperglycemia control, and familial 

clustering of DR which was reported by the Diabetes Control and Complications Trial 

(DCCT) and numerous other studies.27-31   

Genetics of diabetic retinopathy 

Investigators have used 2 major approaches to investigate genetic risk factors 

for DR; candidate gene analysis and systematic genome wide association study 

(GWAS). Candidate gene analysis has been the main approach with genes selected 

from a list of those already associated with diabetes, diabetic nephropathy, or major 

pathways implicated in the pathogenesis of DR such as VEGF, AGE, RAS, and 

aldose reductase (AR).32,33 To date, there are at least 75 independent genetic loci 

reported to be associated with type 2 diabetes (T2D) most of which are located in the 

intergenic or intronic region making it challenging to investigate their functional 

consequences.34 Most of the variants that have been identified were found to regulate 

insulin secretion and not action in insulin-sensitive tissues.35 As for diabetic 

nephropathy, genetic factors consistently found to be associated through meta-



7 

 

analysis of replicated loci include variants in or near ACE, AKR1B1, APOC1, APO3, 

EPO, NOS3, HSPG2, VEGFA, FRMD3, CARS, CPVL/CN2, UNC13B, and GREM1.36 

Unfortunately for diabetic retinopathy, there has been no genetic association 

consistently replicated and confirmed as a risk factor with this approach. Although a 

relatively large scale candidate gene study was conducted to increase statistical power, 

genes previously reported to be associated with T2D, diabetic nephropathy and 

vascular diseases were not consistently found to be associated with DR and another 

study found nominal association in 13 genes involved in glucose metabolism, 

inflammatory processes, angiogenesis, vascular permeability, insulin signaling, 

retinal development, blood pressure regulation, with DR progression.37,38 Another 

method used is the GWAS, in which single nucleotide polymorphisms (SNPs) across 

the whole genome is tested for association with disease without a priori hypothesis as 

to which specific sets of genes are associated with DR. There has been smaller 

number of GWAS conducted to date, since larger sample sizes are required with 

replication in independent cohorts for an association of modest size to be found. As 

with candidate gene association studies, results of GWAS have also been relatively 

non-consistent with no SNP meeting the threshold for genome-wide significance.39-

43 A recent study used a slightly different strategy analyzing the whole exome instead 

of the whole genome in small number (40-60 patients for case and control) of 

“extreme phenotypes” to not only increase cohort homogeneity but also the odds of 

identifying genetic risk factors.44,45 Although the major limitation of this study is the 

lack of replication in an independent set of patients, 3 novel genes (NME3, 
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LOC728699, and FASTK) were found to reach genome-wide significance at the 10-8 

threshold.  

PLA2G7 rs76863441 and CCL2 rs1024611 as potential risk 

factors for diabetic retinopathy 

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an enzyme encoded 

by the PLA2G7 gene that specifically hydrolyses the fatty acid at the second carbon 

positions on the glycerol backbones of the phospholipids, releasing both a fatty acid 

and a lysophospholipid.46 It is believed to be involved in the generation of pro-

inflammatory products found in atherosclerotic plaques and elevated levels of Lp-

PLA2 have been constantly reported in association with increased risk for coronary 

artery disease (CAD) and other vascular diseases.47,48 In a study analyzing Lp-PLA2 

activity in Japanese, a null V279F allele caused by a G to T transversion in exon 9 of 

the PLA2G7 gene was found.49 Interestingly, the null allele is rather frequent in Japan, 

of intermediate frequency in both China and Korea, but near nonexistent in the West. 

The V279F allele was found to have a direct effect on the enzyme activity of Lp-

PLA2, with homozygous carriers having no enzyme activity in the plasma and hence 

numerous studies were performed to assess the association between the V279F allele 

and CAD.50-54 Study results were heterogeneous with increased risk reported in some 

and decreased risk reported is others. A recent study analyzing the largest number of 

patients to date found that carrying one copy of the 279F null allele was associated 

with a 20% reduction in the risk for CAD in Korean males.55  
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Monocyte chemoattractant protein-1 (MCP-1/CCL2) is a member of the C-

C chemokine family, a potent pro-inflammatory chemotactic factor for monocytes 

and leukocytes.56 MCP-1 has been associated with vascular inflammatory responses 

and vascular remodeling, such as atherosclerosis that can be caused by hypertension. 

Hyperglycemia, in turn, was found to stimulate human retinal pigment epithelial 

(hRPE) cells to produce IL-8 and MCP-1, both chemoattractants for neutrophils, 

eosinophils, lymphocytes, and monocytes.57 Increased MCP-1 levels were also 

reported in the aqueous and vitreous of DR patients.58,59 Genetic variations in the 

MCP-1 gene have been reported to affect MCP-1 expression and several studies have 

investigated the association between MCP-1 polymorphism and DR in Japanese, 

Korean and Chinese.60-63 Findings from these studies were inconsistent with either 

the G or A allele being reported to be associated with increased DR risk. 

The purpose of this study was to investigate the association between 2 SNPs, 

PLA2G7 rs76863441 and CCL2 rs1024611, both closely association with 

inflammation, and DR risk in the largest Korean DR patient cohort reported to date. 
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Materials and Methods 

This study was approved by the institutional review boards of Seoul National 

University Hospital (SNUH), Seoul National University Bundang Hospital (SNUBH), 

SMG-SNU Boramae Medical center, and Healthcare System Gangnam Center and 

abided by the tenets of the Declaration of Helsinki. Written informed consent was 

obtained from all participants prior to enrollment. 

Patient recruitment 

This was a multi-center case-control study involving 1516 DR case patients 

recruited from the retina clinics at SNUH, SNUBH, SMG-SNU Boramae Medical 

center and 7437 control subjects recruited at the Healthcare System Gangnam Center 

from January 2010 to January 2015. 

Case and control definitions 

Case recruitment 

Patients at least 18 years of age receiving medical treatment for either type 1 

(T1D) or type 2 (T2D) diabetes were eligible to participate. All patients underwent 

comprehensive ophthalmologic examination including measurement of best-

corrected visual acuity, intraocular pressure, slit-lamp biomicroscopy, and indirect 

fundus examination. Medical, social and demographic history was obtained through 

a detailed questionnaire to determine the body mass index (BMI), smoking history, 
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diabetes duration, the presence of comorbidities such as hypertension, dyslipidemia, 

coronary artery disease, diabetic nephropathy, and diabetic foot. Biochemistry results 

including HbA1c and lipid levels were collected by reviewing the electronic medical 

record (EMR). DR phenotype was determined through indirect fundus examination 

by experienced retina specialists and clinically graded according to the Early 

Treatment Diabetic Retinopathy Study Criteria with the following stages: no DR, 

mild NPDR, moderate NPDR, severe NPDR, or PDR.64 Worse ever DR grading for 

the worse eye was used as the DR phenotype of each individual.   

Control recruitment 

Controls subjects at least 18 years of age were recruited from people visiting 

the Healthcare System Gangnam Center for regular medical checkup. The control 

group consisted of 2 subgroups, “healthy control” and “diabetic control”. The 

“diabetic control” subgroup consisted of subjects with diabetes, defined as having 

one of the following criteria: 1) HbA1c  6.5 %, 2) fasting plasma glucose  

126mg/dL, 3) 2-hour plasma glucose  200mg/dL during an oral glucose tolerance 

test, who were confirmed as not having DR based on fundus photographs read by a 

retina specialist.65 The “healthy control” subgroup was subjects without diabetes, 

defined as those without previous diabetes diagnosis or prescribed medication for 

diabetes. Underlying medical history, except for the duration of diabetes, as well as 

biochemistry results was obtained following the same format as those for cases 

through EMR review.  
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Genotyping 

Genomic DNA was extracted from leukocytes in peripheral blood using 

QIAamp DNA Blood Maxi Kits (Qiagen, Venlo, The Netherlands). The 2 SNPs, 

PLA2G7 rs76863441 and CCL2 rs1024611, were genotyped using a customized 

biobank array (Affymetrix, Santa Clara, CA, USA).  

Sample size 

Sample size was calculated under the assumption of achieving 80% power to 

detect an allelic odds ratio (OR) of 0.8. A total of 1470-1760 cases and 6250-7480 

controls are required. The allelic OR of 0.8 is the effect size of the protective effect 

of PLA2G7 (V279F) for CAD reported by Jang et al (2011), and a similar effect size 

using an additive model is assumed to detect an association with DR.55 Population 

prevalence of DR in the general population is assumed to be 3 to 7%. 

Statistics 

Hardy-Weinberg equilibrium was confirmed for both SNPs using the 

standard approach. Baseline demographics were compared between patients and 

controls using chi-square test for categorical variables and Mann-Whitney U test for 

continuous variables. Association between genotypes and allele frequencies with DR 

was examined using logistic regression analyses adjusting for age, sex, BMI and 

HbA1c. Statistical analyses were performed using SAS v9.1 (SAS Institute Inc, 

Raleigh NC, USA), and statistical significance was set at P < 0.05. 
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Results 

Baseline characteristics 

A total of 1516 DR case patients and 7437 control subjects were recruited. 

The 7437 control subjects consisted of 571 diabetic control and 6866 healthy control 

subgroups. Baseline characteristics of DR cases compared with both control 

subgroups are presented in Table 1. According to DR phenotype by individual, 598 

(39.4%) had NPDR and 918 (60.6%) had PDR (Table 2). DR patients were 

significantly older, had higher HbA1c, more likely to have hyperlipidemia, coronary 

artery disease, and hypertension. Interestingly, diabetic control subjects were 

significantly more likely to be male and have a higher BMI compared to DR patients. 

The mean duration of diabetes for DR cases was about 17 years. The duration of 

diabetes data was not available for the control group. 

Genotype analysis 

The genotype frequencies of PLA2G7 rs76863441 and CCL2 rs1024611 for 

DR cases and diabetic and healthy control subjects are shown in Table 3 and 4. The 

PLA2G7 279F null variant frequency was 11.7% among DR cases, compared to 12.3% 

and 12% in diabetic and healthy control, respectively. As for CCL2 rs1024611, the 

GG genotype showed frequencies of 41.39%, 41.33%, and 39.57% for DR cases, 

diabetic and healthy controls, respectively. Results of the genotype association 

analysis according to the dominant, recessive, codominant models and allelic 
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association analysis are shown in Table 5 and 6 with and without adjusting for age, 

sex, BMI and HbA1c. There was no significant association between PLA2G7 

rs76863441 and DR for any of the analyzed models. As for CCL2 rs1024611, there 

was significant association with DR versus healthy control for the dominant, 

codominant and allele analyses models. The GG genotype was significantly 

associated with DR susceptibility with OR of 1.39 (95% CI, 1.02-1.90, P=0.039) in 

the dominant analysis model and the G allele was significantly associated with DR 

(OR=1.26, 95% CI, 1.01-1.57, P=0.037) after adjusting for age, sex, BMI, and HbA1c. 

For the CCL2 rs1024611 SNP, additional association analysis was done in the 2 

control subgroups (Table 7) but there were no significant findings.  
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Table 1. Clinical characteristics of diabetic retinopathy cases and control subjects with and without diabetes 

Variables DR (n=1516) 

Control (n=7437) P value 

Diabetic control 

(n=571) 

Healthy control 

(n=6866) 

DR vs 

diabetic control 

DR vs healthy 

control 

Age, yrs, mean (SD) 59.72 (11.78) 55.97 (8.66) 49.66 (10.05) <0.001 <0.001 

   <40 yrs 93 (6.13) 13 (2.28) 1040 (15.15) 

<0.001 <0.001 

   40-49 yrs 186 (12.27) 108 (18.91) 2176 (31.69) 

   50-59 yrs 420 (27.7) 271 (47.46) 2618 (38.13) 

   60-69 yrs 476 (31.4) 132 (23.12) 862 (12.55) 

   70-79 yrs 308 (20.32) 46 (8.06) 160 (2.33) 

   80 yrs 33 (2.18) 10 (0.18) 10 (0.15) 

Male, n (%) 872 (57.52) 450 (78.81) 3861 (56.23) <0.001 0.361 

Type 2 diabetes, n (%) 1461 (96.56)       

Duration of diabetes, yrs, mean (SD) 16.80 (9.43) N/A N/A   

HbA1c, %, mean (SD) 7.89 (1.54) 6.82 (1.03) 5.54 (0.31) <0.001 <0.001 

BMI, mean (SD) 24.14 (3.32) 24.79 (2.97) 22.98 (2.98) <0.001 <0.001 

Hyperlipidemia, n (%) 895 (59.75) 273 (47.81) 1326 (19.31) <0.001 <0.001 

Lipid levels 

   TG, mean (SD) 147.26 (99.86) 143.69 (94.91) 104.83 (68.99) 0.247 <0.001 

   LDL, mean (SD) 89.36 (34.36) 113.34 (32.91) 121.87 (30.09) <0.001 <0.001 

   HDL, mean (SD) 47.93 (17.82) 49.68 (10.68) 54.23 (12.13) <0.001 <0.001 

Coronary artery disease, n (%) 83 (5.47) 36 (6.3) 129 (1.88) 0.466 <0.001 
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Hypertension, n (%) 1016 (67.02) 299 (52.36) 1542 (22.46) <0.001 <0.001 

 

BMI = body mass index; DM = diabetes mellitus; DR = diabetic retinopathy; HbA1c = hemoglobin A1c; HDL = high-density 

lipoprotein; LDL = low-density lipoprotein; N/A = not available; SD = standard deviation; TG = triglyceride; yrs = years 
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Table 2. Distribution of diabetic retinopathy phenotype by patient and eye 

 

DR = diabetic retinopathy; NPDR = non-proliferative diabetic retinopathy; N/A = not available; PDR = proliferative diabetic 

retinopathy 

  

DR phenotype By patient 
By eye 

Right eye Left eye 

No DR, n (%) 0 (0) 12 (0.79) 12 (0.79) 

Mild NPDR, n (%) 216 (14) 215 (14.18) 211 (13.92) 

Moderate NPDR, n (%) 159 (10) 181 (11.94) 169 (11.15) 

Severe NPDR, n (%) 223 (15) 256 (16.89) 247 (16.29) 

PDR, n (%) 918 (61) 847 (55.88) 869 (57.33) 

N/A, n (%) 0 (0) 5 (0.33) 8 (0.53) 

Total, n 1516   1516   1516   
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Table 3. Genotype frequencies of PLA2G7 rs76863441 for diabetic retinopathy cases and control subjects with and without 

diabetes 

Chromosome Gene SNP Genotype DR (n=1516) 
Control (n=7437) 

Diabetic control (n=571) Healthy control (n=6866) 

6 PLA2G7 rs76863441 

VV, n (%) 1177 (77.64) 436 (76.36) 5313 (77.38) 

VF, n (%) 324 (21.37) 129 (22.59) 1458 (21.24) 

FF, n (%) 15 (0.99) 6 (1.05) 95 (1.38) 

MAF (%) 11.7 12.3 12 

 

 DR = diabetic retinopathy; MAF = minor allele frequency; SNP = single nucleotide polymorphism 
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Table 4. Genotype frequencies of CCL2 rs1024611 for diabetic retinopathy cases and control subjects with and without diabetes 

 

Chromosome Gene SNP Genotype DR (n=1516) 
Control (n=7437) 

Diabetic control (n=571) Healthy control (n=6866) 

17 CCL2 rs1024611 

GG, n (%) 627 (41.39) 236 (41.33) 2717 (39.57) 

AG, n (%) 693 (45.74) 255 (44.66) 3256 (47.42) 

AA, n (%) 195 (12.87) 80 (14.01) 893 (13.01) 

MAF (%) 35.7 34.3 36.7 

 

 DR = diabetic retinopathy; MAF = minor allele frequency; SNP = single nucleotide polymorphism 
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Table 5. Genotype and allelic association analysis of PLA2G7 rs76863441 with diabetic retinopathy cases and control subjects 

with and without diabetes 

 

CI = confidence interval; DR = diabetic retinopathy; OR = odds ratio; SNP = single nucleotide polymorphism 

 

  

SNP 
Analysis 

model 

DR (n=1516) vs diabetic control (n=571) DR (n=1516) vs healthy control (n=6866) 

Unadjusted Adjusted* Unadjusted Adjusted* 

OR (95% CI) 
P 

value 
OR (95% CI) 

P 

value 
OR (95% CI) 

P 

value 
OR (95% CI) 

P 

value 

rs76863441 

Dominant 0.93 (0.74-1.17) 0.533 0.86 (0.66-1.12) 0.278 0.99 (0.86-1.13) 0.829 0.88 (0.61-1.27) 0.494 

Recessive 0.94 (0.36-2.44) 0.899 0.65 (0.22-1.96) 0.448 0.71 (0.41-1.23) 0.225 0.18 (0.03-1.32) 0.092 

Codominant 0.94 (0.76-1.16) 0.542 0.86 (0.67-1.10) 0.229 0.97 (0.86-1.10) 0.617 0.84 (0.59-1.18) 0.309 

Allele 0.94 (0.76-1.16) 0.550 0.86 (0.68-1.10) 0.240 0.97 (0.86-1.10) 0.619 0.84 (0.59-1.18) 0.314 
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Table 6. Genotype and allelic association analysis of CCL2 rs1024611 with diabetic retinopathy cases and control subjects with 

and without diabetes 

 

CI = confidence interval; DR = diabetic retinopathy; OR = odds ratio; SNP = single nucleotide polymorphism 

  

SNP 
Analysis 

model 

DR (n=1516) vs diabetic control (n=571) DR (n=1516) vs healthy control (n=6866) 

Unadjusted Adjusted* Unadjusted Adjusted* 

OR (95% CI) 
P 

value 
OR (95% CI) 

P 

value 
OR (95% CI) 

P 

value 
OR (95% CI) 

P 

value 

rs1024611 

Dominant 1.00 (0.82-1.21) 0.982 1.16 (0.92-1.46) 0.212 0.93 (0.83-1.04) 0.192 1.39 (1.02-1.90) 0.039 

Recessive 0.91 (0.69-1.20) 0.493 1.04 (0.75-1.44) 0.813 0.99 (0.84-1.17) 0.888 1.29 (0.85-1.96) 0.241 

Codominant 0.98 (0.85-1.12) 0.721 1.09 (0.92-1.28) 0.313 0.96 (0.88-1.04) 0.309 1.26 (1.01-1.57) 0.038 

Allele 0.97 (0.85-1.12) 0.720 1.09 (0.92-1.28) 0.310 0.96 (0.88-1.04) 0.315 1.26 (1.01-1.57) 0.037 
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Table 7. Genotype and allelic association analysis of CCL2 rs1024611 in the control subgroups 

 

 

 

 

 

 

 

CI = confidence interval; OR = odds ratio; SNP = single nucleotide polymorphism

SNP 
Minor 

allele 

Analysis 

model 

Healthy control (n=6866) vs diabetic control (n=571) 

Unadjusted Adjusted* 

OR (95% CI) 
P 

value 
OR (95% CI) 

P 

value 

rs1024611 A 

Dominant 0.93 (0.78-1.11) 0.409 1.077 (0.81-1.44) 0.613 

Recessive 1.09 (0.85-1.40) 0.494 0.995 (0.66-1.51) 0.982 

Codominant 0.98 (0.87-1.12) 0.798 1.038 (0.84-1.28) 0.724 

Allele 0.98 (0.87-1.12) 0.800 1.038 (0.84-1.28) 0.724 
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Discussion 

This study is the first to investigate the association between both PLA2G7 

rs76863441 and CCL2 rs1024611 and DR risk in Korean patients with the largest 

number of Korean DR patients recruited to date. There was no significant association 

for PLA2G7 rs76863441, CCL2 rs1024611 and DR risk, although some association 

was found for CCL2 rs1024611 when DR cases were compared to non-diabetic 

controls. 

Despite the rapidly growing number and socioeconomic burden of DR 

patients, the precise pathogenic mechanism of DR has yet to be fully understood with 

few options in our armamentarium for treatment. DR pathogenesis is believed to be 

a collaborative result of vascular and neural dysfunction, chronic inflammation and 

hypoxia-ischemia induced changes.16 The current treatment paradigm continues to be 

focused on secondary events occurring at the advanced stages of disease instead of 

focusing on the initial stages to stop progression or the primary pathogenic 

mechanism itself. Laser photocoagulation remains the mainstay of treatment since it 

was reported to be effective in reducing risk of severe visual loss by 50%, 35 years 

ago.66 Although the introduction of anti-VEGF antibodies has changed the landscape 

of DR treatment with better visual outcome and decreased need for destructive laser 

ablative therapy, the need for repetitive treatment is a major burden.67,68 

The biochemical pathways implicated in the pathophysiology of DR may 

provide some insight into possible target points in the pathogenic cascade. Among 

these, there has been considerable accumulation of evidence for the involvement of 



24 

 

the inflammatory pathway in DR development.17-19,69,70 Studies using diabetic rodents 

have shown that blocking proinflammatory changes resulted in decreased 

development of DR-like changes and diabetic mice genetically deficient in adhesion 

molecule ICAM-1 or its ligand were protected from  development of early DR 

changes.17,71 Analysis of aqueous and vitreous humor from DR patients also showed 

increased levels of proinflammatory cytokines such as TNF-, IL-8, IL-6, MCP-1, 

endothelin-1, sE-selectin, ICAM-1, CXCL10/IP-10.72,73 

Both Lp-PLA2 and MCP-1 are well-known pro-inflammatory modulators. 

After the Asian-specific non-functioning V279F allele, which leads to absence of 

enzyme activity in plasma, was reported to be protective for CAD in Korean men, it 

remained to be determined if this protective effect was valid for other kinds of 

vascular diseases, namely DR.55 Also, previous studies showed that the G allele of 

the MCP-1 rs1024611 SNP may be a risk allele for DR in Asians and that MCP-1 

gene expression is higher in the GG genotype group.60,62,63 Pharmacologic inhibition 

of Lp-PLA2 is possible using the potent drug darapladib.74 Interestingly, when 

darapladib was orally administered to diabetic and hypercholesterolemic swines, 

MCP-1 gene expression was also significantly suppressed.75 If the 2 SNPs, PLA2G7 

rs76863441 and CCL2 rs1024611, had significant association with DR risk in 

Koreans, it could be important supporting evidence for the use of darapladib in 

Korean DR. Darapladib has already been used for diabetic macular edema and results 

of the phase II study have shown modest improvements in vision and macular edema 

after oral administration of darapladib for 3 months.76 Unfortunately although the 
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number of patients included in this study was quite large in comparison to similar 

studies conducted before, there was no significant association between PLA2G7 

rs76863441, CCL2 rs1024611 and DR risk. Specifically, for PLA2G7 rs76863441, 

the minor allele frequency (MAF) for the 279F null allele was 11.7% in cases and 12 

and 12.3% in healthy and diabetic controls, respectively (P >0.05).  As for CCL2 

rs1024611, the frequency of the G allele, associated with increased production of 

MCP-1, was 64.3% in cases, and 63.3 and 63.7% in healthy and diabetic controls, 

respectively. Although the p value for the allelic association analysis comparing DR 

cases and healthy controls after adjusting for age, sex, BMI, and HbA1c, was 

significant (P=0.037), it is unclear if this is due to diabetes or DR, itself, even if 

HbA1c was adjusted for.  

The strength of this study is the large number of DR case and control subjects 

recruited. The DR case phenotyping was relatively reliable, since DR grading was 

done by experienced retina specialists to ensure correct phenotyping of each patient. 

The two major hurdles in performing genetic studies in DR are the lack of power due 

to small sized samples and the lack of phenotype standardization.77 Much care was 

taken in the process of designing this study to make sure these two points were not 

an issue that may have a significant effect on the outcome of the analysis. 

The major limitation of our study is the fact that it was a cross-sectional study. 

Diabetes duration is a well-known risk factor for DR and since DR progresses with 

time, diabetic controls may progress to DR in the near future, migrating from a control 

subject to a case. Also in this context, the fact that data on the duration of diabetes for 
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control subjects was not available is another major limiting factor since this could not 

be adjusted for in the logistic regression analyses. Finally, although diabetic controls 

were carefully screened through meticulous review of fundus photographs, it is 

possible that some degree of DR present may have been undetected.  

In conclusion, there was no association between PLA2G7 rs76863441, CCL2 

rs1024611 and DR risk in Korean patients. There was a significant correlation 

between CCL2 rs1024611 when DR cases were compared with healthy control and 

further studies will be required to determine any possible role of MCP-1 in the 

pathophysiology of diabetes in Koreans.
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국문 초록 

 

목적: 본 연구는 한국인에서 당뇨망막병증과 2 개의 단일염기다형성, 

PLA2G7 rs76863441 그리고 CCL2 rs1024611, 사이의 연관성을 분석하고자 

하였다. 

방법: 본 연구는 1516 명의 당뇨망막병증 환자 그리고 7437 명의 대조군으로 

구성된 단면 다기관 환자-대조군 연구였다. 대조군의 경우 2 개의 

부분군으로 나뉘었으며 이는 당뇨병이 있으나 당뇨망막병증은 없는 

“당뇨병성 대조군” 571 명과 당뇨병이 없는 “건강한 대조군” 6866 명이었다. 

상세한 설문조사 및 전자의료기록의 검토를 통하여 인구통계학적 기초 

데이터를 수집하였다. 당뇨망막병증 환자는 양쪽 눈에 대하여 각각 가장 

진행된 단계에 맞춰 당뇨망막병증 없음, 가벼운 비증식당뇨망막병증, 

중등도 비증식당뇨망막병증, 심한 비증식당뇨망막병증, 증식당뇨망막병증 

등의 표현형을 부여받았으며 각 환자는 양쪽 눈 중 더 진행된 단계의 

표현형을 지정받았다. 지질단백 관련 포스포리파아제 A2 그리고 염증유발 

케모카인 단핵구화학주성 단백-1 을 부호화하는 2 개의 단일염기다형성인 

PLA2G7 rs76863441 그리고 CCL2 rs1024611 의 유전자형을 주문제작한 

바이오뱅크 어레이를 이용하여 분석하였다. 두 개의 단일염기다형성과 
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당뇨망막병증 간의 연관성 분석을 위해 연령, 성별, 체질량지수, 당화혈색소 

보정 후 로지스틱 회귀분석을 시행하였다.  

결과: 당뇨망막병증 환자는 당뇨병성 대조군이나 건강한 대조군에 비하여 

통계적으로 유의하게 나이가 더 많았으며, 당화혈색소가 더 높았고, 

고지혈증과 고혈압의 빈도가 더 높았다. PLA2G7 rs76863441 은 

당뇨망막병증 환자를 2 개의 대조군 부분군과 비교하였을 때 유의한 

연관성을 보이지 않았다. CCL2 rs1024611 은 당뇨망막병증 환자를 건강한 

대조군과 비교하였을 때 우성 및 공우성 유전자형 연관성 모델 (P=0.039 

그리고 0.038) 그리고 대립유전자 연관성 분석 (P=0.037)에서 유의한 

연관성을 보였다. 당뇨망막병증 환자와 당뇨병성 대조군을 비교하였을 

때는 유의한 연관성이 없었다.  

결론: 한국인에서 당뇨망막병증과 PLA2G7 rs76863441 그리고 CCL2 

rs1024611 간 유의한 연관성은 없었다. CCL2 rs1024611 은 당뇨망막병증 

환자군을 당뇨병이 없는 건강한 대조군과 비교했을 때 유의한 연관성을 

보였다. 이 연관성의 경우 당뇨병의 유무에 따른 차이일 가능성이 있으므로 

단핵구화학주성 단백-1 이 한국인 당뇨병의 병태기전에 있어서의 역할을 

연구하기 위한 추가 연구가 필요할 것으로 생각된다. 
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