
Age-related macular degeneration (AMD) is a leading 
cause of irreversible visual impairment estimated to affect 
more than 50 million people worldwide [1]. Patients in 
advanced stages of AMD develop choroidal neovasculariza-
tion (CNV) or atrophic changes in the central macula. As 
a result, patients have low vision, which eventually leads 
to legal blindness. The major risk factors for AMD include 
increasing age and smoking. Although the mechanism for 
AMD is unclear, several established factors are known to be 
involved in angiogenesis. Vascular endothelial growth factor 
(VEGF) appears to be the most important among them.

Ranibizumab (Lucentis; Genentech, Inc., South 
San Francisco, CA) is an anti-VEGF agent that targets all 
VEGF-A isoforms and their biologically active degradation 
products [2]. Intravitreal anti-VEGF injection is currently the 
standard treatment for exudative AMD. Anatomically, ranibi-
zumab treatment is associated with arrested CNV growth 

and reduced leakage from CNV. Retinal thickness on optical 
coherence tomography (OCT) was reduced dramatically after 
initial treatment, and this reduction was associated with mean 
improvement in visual acuity [3,4]. Through several years of 
clinical experience of anti-VEGF, we recognized that there 
is a broad spectrum of clinical response, with a substantial 
proportion of patients experiencing further visual deteriora-
tion in spite of ongoing treatment [5].

Genetic factors also play a substantial role in the etiology 
of AMD and its overall severity [6]. Recently, a thymine-
to-cytosine (T-to-C) transition in the complement factor H 
gene (CFH, Y402H) was found to be strongly associated 
with AMD [7-9]. Through family linkage studies and fine 
mapping, another two major nearby genes associated with 
AMD were identified: age-related maculopathy susceptibility 
2 (ARMS2) and high temperature requirement factor A1 
(HTRA1) [10-12].

VEGF is involved in angiogenesis for exudative AMD 
and has been a target for treating exudative AMD. VEGF 
acts through specific tyrosine kinase receptors, of which 
VEGF receptor-2 (VEGFR-2) is a high-affinity receptor for 
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VEGF-A, and mediates most of the endothelial growth and 
survival signals from VEGF-A. An association between a 
polymorphism in VEGF and its receptor gene with the devel-
opment of AMD has also been reported [13,14]. Galan et al. 
[14] reported that two polymorphisms (rs833069 in intron 2 
of the VEGF-A gene, rs2071559 in the promoter of the kinase 
insert domain receptor [KDR] gene) were significantly 
associated with the development of AMD. In particular, for 
VEGF-A rs833069 the AMD risk was increased fivefold for 
G homozygotes compared with the homozygous carriage of 
the A allele. For KDR rs2071559, the AMD risk was increased 
threefold for T homozygotes compared with the homozygous 
carriage of the C allele.

Recently, several pharmacogenetic studies among Cauca-
sian populations reported a relationship between genetic char-
acteristics and response to anti-VEGF treatment. However, 
the phenotypic and genotypic characteristics of Asian AMD 
are unique from those of Caucasian AMD including the 
proportion of polypoidal choroidal vasculopathy (PCV) and 
frequency of CFH Y402H [15-17]. Therefore, identifying the 
genetic associations in Asian populations that may predict the 
response to ranibizumab, the current standard treatment for 
exudative AMD, is important. Accordingly, this study evalu-
ated the association of the genotype for the CFH, ARMS2, 
HTRA1, VEGF-A, and KDR genes with the change in visual 
acuity and macular thickness after 6 months of intravit-
real ranibizumab therapy for exudative AMD in a Korean 
population.

METHODS

Patients: This study was approved by the Institutional Review 
Board of Yeungnam University Medical Center. All subjects 
provided written informed consent before participation. The 
research adhered to the tenets of the Declaration of Helsinki. 
All individuals were recruited from the Department of 
Ophthalmology, Yeungnam University Medical Center, and 
underwent a clinical examination by two retina specialists.

All patients were examined with best-corrected visual 
acuity (BCVA), fundus photography, fluorescein, indocya-
nine green angiography, and optical coherence tomography 
(Stratus OCT; Carl Zeiss, Jena, Germany). The BCVA was 
measured at the initial presentation and at each follow-up 
visit. The BCVA was converted to the logarithm of minimum 
angular resolution (logMAR) values for the calculation. Fluo-
rescein and indocyanine green angiography (HRA2, Heidel-
berg Engineering, Heidelberg, Germany) were performed at 
the initial presentation for all patients. PCV was diagnosed 
primarily based on the indocyanine green angiographic find-
ings, branching vascular network and terminating polypoidal 

lesion(s). The central subfield macular thickness (CSMT) was 
measured with the fast macular thickness map protocol at the 
baseline and at each follow-up visit. The inclusion criteria 
were age 60 years or more, diagnosis of exudative AMD 
in one or both eyes, and minimum 6 months of monthly 
follow-up after the first intravitreal ranibizumab injection. 
Eyes with subfoveal atrophy, CNV secondary to pathologic 
myopia, angioid streak, and a previous history of photody-
namic therapy or anti-VEGF injection were excluded. We 
included the second eye only if both eyes met the inclusion 
criteria. All patients underwent three consecutive intravitreal 
ranibizumab injections in the loading phase and further injec-
tions as required in the maintenance phase. Retreatment was 
prompted only if signs of lesion activity (i.e., persistent or 
recurrent subretinal fluid, intraretinal cysts or thickening on 
OCT, or new subretinal hemorrhage on fundus examination).

Genotype determination: Genomic DNA was extracted from 
a buccal swab using a Qiagen QIAamp Mini Kit (Qiagen, 
Valencia, CA), and the DNA concentration was determined 
using a NanoDrop ND1000 (Wilmington, DE) spectro-
photometer. The purity of the DNA was assessed based 
on the 260/280 nm absorbance ratio ranging from 1.7 to 
2.1. Genotyping was undertaken using the Sequenom (San 
Diego, CA) iPLEX platform, according to the manufacturer’s 
instructions. Five single nucleotide polymorphisms (SNPs; 
rs1061170, rs10490924, rs11200638, rs833069, and rs2071559) 
were detected by analyzing the primer extension products 
generated from previously amplified genomic DNA using 
a Sequenom chip-based matrix-assisted laser desorption/
ionization time-of-flight (MALDI-TOF) mass spectrometry 
platform. Multiplex SNP assays were designed using Spec-
troDesigner software (Sequenom). Polymerase chain reaction 
(PCR) amplification took place in a 5 µl mixture containing 
10 ng of genomic DNA, 100 nM of each amplification primer, 
a 500 mM dNTP mix, 1.625 mM MgCl2, and 5.5 units 
HotStarTaq DNA Polymerase (Qiagen). The mixture was 
subjected to the following PCR conditions: a single denatur-
ation cycle at 95 °C for 15 min, followed by 45 cycles at 94 °C 
for 20 s, 56 °C for 30 s, 72 °C for 60 s, and a final extension 
at 72 °C for 3 min. The unincorporated nucleotides in the 
PCR product were deactivated using shrimp alkaline phos-
phatase. The allele discrimination reactions were conducted 
by adding the allele-specific extension primers (UEP), DNA 
polymerase, and a cocktail mixture of deoxynucleotide 
triphosphates and dideoxynucleotide triphosphates to each 
well. MassExtend clean resin (Sequenom Inc.) was added to 
the mixture to remove the extraneous salts that could interfere 
with MALDI-TOF analysis. The primer extension products 
were then cleaned and spotted onto a SpectroChip (Sequenom 
Inc.). The genotypes were determined by spotting an aliquot 
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of each sample on to a 384 SpectroChip, which was then read 
with the MALDI-TOF mass spectrometer. Table 1 lists the 
primer sequences.

Data analysis: An independent Student t test was conducted 
to determine the statistical significance of the potential 
predictor variables. The association between the genotype 
and the change in the BCVA and the CSMT was assessed with 
one-way analysis of the variance. The comparisons between 
the genotypes were adjusted for multiple comparisons using 
Tukey’s multiple comparison test. The predetermined level 
of statistical significance was p<0.05. All analyses were 
performed using commercially available software (SPSS 
v18.0K; SPSS Inc., Chicago, IL).

RESULTS

This study evaluated 102 patients with AMD treated with 
ranibizumab across the five known genetic risk factors 
for AMD. Table 2 lists the baseline demographics, lesion 
subtype, BCVA, and the CSMT. The mean baseline visual 
acuity was 0.96±0.59 logMAR (approximately 20/200 in the 
Snellen equivalent), and the mean number of injections was 
3.87 before the month 6 visit. The association of smoking 
status, lesion subtype, and baseline BCVA with the change in 
the BCVA and the CSMT at 6 months was analyzed (Table 3 
and Table 4). Table 5 and Table 6 show the changes in BCVA 
and CSMT from the baseline according to the genotypes 
examined at 3 and 6 months after the intravitreal ranibizumab 
injection, respectively. There was no significant statistical 
difference between change in BCVA and each genotype. 
For the change in the CSMT, however, a significant differ-
ence was observed for the VEGF-A gene. The decrease in 
the CSMT at month 3 for the major allele homozygote AA 
genotype, the heterozygote AG genotype, and the risk allele 
homozygote GG genotype was 25.66±85.40, 86.93±92.31, 
and 85.30±105.30 μm, respectively (p=0.012, p=0.44, and 

p=0.002 for AG, GG, and combined AG or GG genotype 
compared with the AA genotype). This trend was also 
observed at month 6 (Table 7). No association was observed 
between the CSMT changes and the genotype for the CFH, 
ARMS2, HTRA1, and KDR genes.

DISCUSSION

In this study, we found a significant association between 
VEGF-A (rs833069) genotype variants and anatomic response 
to intravitreal ranibizumab in patients with AMD. However, 
there was no association in visual improvement for any of 
the genes studied, CFH (rs1061170), ARMS2 (rs10490924), 

Table 1. Sequenom maSSaRRaY PRime SequenceS

Gene SNP Number Region Primer Name Sequence (5’ to 3’)

CFH rs1061170 Y402H Forward Reverse UEP ACGTTGGATGGTTATGGTCCTTAGGAAAATGACGTTGGATGAC-
GTCTATAGATTTACCCTGCTGTACAAACTTTCTTCCAT

ARMS2 rs10490924 A69S Forward Reverse UEP ACGTTGGATGAAGCAGAGGAGCAAACTGTCACGTTGGAT-
GAAGAAGGCTGGTAAGCAGAGAGCTCAGTGTGGATTTTAG

HTRA1 rs11200638 Promoter Forward Reverse UEP ACGTTGGATGTCACGCGCTGGTTCTGCCCACGTTGGATGTTTCT-
GCCAGCTCCGCGGACGGACGCTGCCTTCGTCC

VEGF-A rs833069 Intron Forward Reverse UEP ACGTTGGATGTGTGACCCTTCCTGTGTGAGACGTTGGAT-
GCCCAAAGGAATGCAAACCAGTCAGCCTAATGGGATCTC

KDR rs2071559 Promoter Forward Reverse UEP ACGTTGGATGATCAGAAAACGCACTTGCCCACGTTGGATGGGT-
CACTTCAAACTTGGAGCGGGAAATAGCGGGAATG

SNP=single nucleotide polymorphism; UEP=unique-event polymorphism

Table 2. DemogRaPhic feaTuReS of 
The PaTienTS aT The baSeline

Characteristics Values
Number of patients 102
Age (mean±SD) 69.12±8.82
Gender (male/female) 67/35
Subtype
 -Typical nAMD 70(68.6%)
- PCV 32(31.4%)
Central subfield macular thickness, µm 
(mean±SD)
-Typical nAMD 282.34±78.47
-PCV 293.38±84.37
LogMAR vision (mean±SD) 0.96±0.59
Mean BCVA (approximate Snellen 
equivalent) 20/200

BCVA=best-corrected visual acuity; LogMAR=logarithm of 
minimum angular resolution; nAMD=neovascular age-related 
macular degeneration; PCV=polypoidal choroidal vasculopa-
thy; SD=standard deviation
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Table 3. aSSociaTion of The Smoking STaTuS, leSion SubTYPe anD baSeline bcVa wiTh bcVa aT monTh 6

Potential variables p values
Smoking status Never smoked Ex-smokers Current smokers
Number of cases 41 17 44

Mean baseline BCVA 0.99±0.53 0.70±0.62 0.97±0.61 0.19/ 0.96
Mean BCVA improvement 0.06±0.37 0.15±0.31 0.07±0.36 0.63/ 0.80

Lesion subtype Typical nAMD PCV
Number of cases 70 32

Mean baseline BCVA 0.90±0.57 1.00±0.63 0.44
Mean BCVA improvement 0.10±0.35 0.00±0.32 0.42

Baseline visual acuity <20/100 20≥100
Number of cases 55 47

Mean baseline BCVA 1.05±0.62 0.80±0.53 0.04
Mean BCVA improvement 0.11±0.37 0.04±0.34 0.28

Never smoked is the reference category (one-way ANOVA). BCVA=best-corrected visual acuity, LogMAR vision; nAMD=neovascular 
age-related macular degeneration; PCV=polypoidal choroidal vasculopathy

Table 4. aSSociaTion of The Smoking STaTuS, leSion SubTYPe anD baSeline bcVa wiTh cSmT change aT monTh 6

Potential variables p values
Smoking status Never smoked Ex-smokers Current smokers  
Number of cases 41 17 44  

Mean baseline CSMT 268.27±64.85 293.35±76.82 299.23±93.68 0.53/ 0.18
Mean CSMT decrease 39.07±69.27 93.88±71.76 71.66±103.91 0.08/0.20
Lesion characteristics Typical nAMD PCV

 

 
Number of cases 70 32  

Mean baseline CSMT 282.34±79.04 293.38±85.71 0.526
Mean CSMT decrease 50.53±92.29 80.06±105.10 0.051
Baseline visual acuity <20/100 20≥100

 

 
Number of cases 55 47  

Mean baseline CSMT 292.39±78.87 278.10±83.47 0.38
Mean CSMT decrease 66.04±81.29 57.85±95.90 0.64

Never smoked is the reference category (one-way ANOVA). CSMT=central subfield macular thickness (µm); nAMD=neovascular age-
related macular degeneration; PCV=polypoidal choroidal vasculopathy

Table 5. beST-coRRecTeD ViSual acuiTY changeS fRom The baSeline foR each genoTYPe

dbSNP ID Gene logMAR Vision Change at month 3 P value logMAR Vision Change at month 6 P value
rs1061170 CFH 0.0817(83)/0.0465(17)/-0.1505(2) 0.629 0.0835(83)/0.0641(17)/-0.0880(2) 0.791

rs10490924 ARMS2 0.0689(8) /0.0471(37)/0.0873(57) 0.867 0.1285(8) /0.1010(37)/0.0540(57) 0.756
rs11200638 HTRA1 0.0947(9) /0.0342(37)/0.0920(56) 0.731 0.1672(9) /0.0833(37)/0.0581(56) 0.694
rs833069 VEGF-A 0.0157(38)/0.0963(41)/0.1704(23) 0.115 0.0542(38)/0.0757(41)/0.1166(23) 0.807
rs2071559 KDR 0.0762(43)/0.0449(47)/0.1472(12) 0.618 0.0620(43)/0.0679(47)/0.1652(12) 0.662

CFH=complement factor H; ARMS2=age related maculopathy susceptibility protein 2; HTRA1=high-temperature requirement A-1; 
logMAR=logarithm of minimum resolution; SNP=single nucleotide polymorphism; VEGF=vascular endothelial growth factor; 
KDR=kinase insert domain receptor. Data are mean logMAR vision change from baseline (n) for each genotype; major allele homozy-
gous/heterozygous/risk allele homozygous.

http://www.molvis.org/molvis/v19/702
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1061170
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=10490924
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=11200638
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=2071559


Molecular Vision 2013; 19:702-709 <http://www.molvis.org/molvis/v19/702> © 2013 Molecular Vision 

706

HTRA1 (rs11200638), VEGF-A (rs833069), and KDR 
(rs2071559).

Previous studies have investigated a possible associa-
tion between the CFH genotype and anti-VEGF treatment 
response, mostly in Caucasian populations. With intravitreal 
bevacizumab, Brantley et al. [18] and Nischler et al. [19] 
reported a trend toward worse visual outcome and a lower 
chance of improving visual acuity for the CC genotype. With 
intravitreal ranibizumab, Lee et al. [20] reported that the CFH 
genotype did not affect the post-treatment visual outcome, but 
the CC genotype was more likely to require more injection 
than the TT genotype. However, Francis [21] and McKibbin 
et al. [22] reported different results showing that the CC 
genotype required fewer injections and had a more favorable 
visual outcome. Menghini et al. [23] recently reported that 
in a long-term study the CT genotype had an approximately 
three times higher probability of experiencing a significant 
long-term gain in visual acuity at 12 and 24 month follow-up. 
In addition to these confusing results, another study of Cauca-
sians by Orlin et al. [24] reported no association between the 
CFH genotype and the response to anti-VEGF. In our study, 
there was no significant visual outcome difference between 
the TT genotype and the CT genotype.

ARMS2/HTRA1 is the second major polymorphism asso-
ciated with AMD which is localized in  chromosome 10q26. 
Brantley et al. [18] and Orlin et al. [24] reported no association 
of the anti-VEGF treatment outcome with an ARMS2 poly-
morphism, but McKibbin et al. [22] observed a better visual 
outcome with the risk allele G in the HTRA1 gene through a 
+2.2 and +7.5 EDTDRS letter score change in the GG and GA 

genotypes, respectively. Unlike the CFH gene, the incidence 
of the ARMS2/HTRA1 polymorphism appears to be similar 
in Caucasians and Asians, and this polymorphism is strongly 
associated with PCV and AMD [15,16,25-27]. A high inci-
dence of polymorphism was observed in the present study 
population, the number of homozygotes of each risk allele 
was more than half, and there was no significant association 
with the response to ranibizumab.

The VEGF gene does not appear to be a major genetic 
risk factor for developing exudative AMD. Considering the 
role of VEGF in angiogenesis and hyperpermeability (the 
major characteristics of exudative AMD), the polymorphism 
in the VEGF and VEGF receptor gene might be a factor 
that affects the pharmacological mechanism of anti-VEGF. 
With this theoretical base, we selected two SNPs, VEGF-A 
(rs833069) and KDR (rs2071559), which Galan et al. recently 
reported were associated with the development of AMD [14]. 
Recently, Park et al. [26] reported that an rs833069 polymor-
phism in VEGF-A was significantly associated with the risk 
of PCV in a Korean population. They revealed a 2.29-fold 
increased risk in the risk allele G compared to the major allele 
A and a 6.25-fold increased risk of PCV in the GG genotype 
compared to the major allele AA genotype. Several studies 
reported an association of the VEGF gene with the treat-
ment response. McKibbin et al. [22] reported an association 
between a variation of the VEGF-A gene (rs1413711) and the 
response to ranibizumab, and Nakata et al. [28] observed a 
better visual outcome with the VEGF-A rs699946 GG geno-
type after intravitreal bevacizumab in a Japanese population. 
These findings suggest that many components of the VEGF 

Table 6. change in The cenTRal SubfielD maculaR ThickneSS fRom The baSeline foR each genoTYPe

dbSNP ID Gene CSMT Change at month 3 P value CSMT Change at month 6 P value
rs1061170 CFH 66.07(83)/54.76(17)/43.00(2) 0.868 63.77(83)/56.35(17)/50.00(2) 0.934

rs10490924 ARMS2 39.00(8)/57.65(37)/71.16(57) 0.609 54.88(9) /63.59(37)/62.44(57) 0.969
rs11200638 HTRA1 52.67(9)/53.54(37)/72.25(56) 0.622 69.67(9)/58.32(37)/63.68(56) 0.928
rs833069 VEGF-A 25.66(38)/86.93(41)/85.30(23) 0.008 28.71(38)/83.66(41)/79.57(23) 0.011
rs2071559 KDR 43.42(43)/76.23(47)/87.58(12) 0.182 55.14(43)/64.51(47)/79.00(12) 0.692

CFH=complement factor H; ARMS2=age related maculopathy susceptibility protein 2; HTRA1=high-temperature requirement 
A-1; CSMT=central subfield macular thickness; SNP=single nucleotide polymorphism; VEGF=vascular endothelial growth factor; 
KDR=kinase insert domain receptor. Data are mean logMAR vision change from baseline (n) for each genotype; major allele homozy-
gous/heterozygous/risk allele homozygous.

Table 7. aSSociaTion beTween VEGF-A RS833069 PolYmoRPhiSm anD a change in cenTRal 
SubfielD maculaR ThickneSS afTeR The Ranibizumab TReaTmenT

dbSNP ID CSMT Change at month 3 P value CSMT Change at month 6 P value
VEGF-A rs833069 AA : GA AA : GG AA : GA, GG 0.012 0.044 0.002 AA : GA AA : GG AA : GA, GG 0.014 0.065 0.001

VEGF=vascular endothelial growth factor; SNP=single nucleotide polymorphism; CSMT=central subfield macular thickness

http://www.molvis.org/molvis/v19/702
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=11200638
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=2071559
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=2071559
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1413711
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=699946
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1061170
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=10490924
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=11200638
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=2071559
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069


Molecular Vision 2013; 19:702-709 <http://www.molvis.org/molvis/v19/702> © 2013 Molecular Vision 

707

system are involved in the treatment outcome. In this Korean 
population–based study, the risk allele G of rs833069 was 
significantly associated with a better anatomic outcome and 
had a tendency to be associated with improvement in the 
mean BCVA after ranibizumab loading, but the improvement 
was not statistically significant. Most prior studies did not use 
the CSMT as an outcome measure. The visual outcome is an 
integrated outcome that reflects the functional ability of the 
visual system, but is still a subjective measure for assessing 
the pharmacogenetic response, particularly in a retrospective 
study. Moreover, the CSMT, particularly measured at month 
3, is relatively objective because the CSMT data measured 
with OCT are not biased by drug dosage and ocular condi-
tions other than AMD.

The marker rs833069 is located in intron 2 of the 
VEGF-A gene. There are no functional data on this poly-
morphism. However, the VEGF-A rs833069 polymorphism 
has been reported to be associated with the development of 
AMD in Caucasians [14] and PCV in Asians [26]. Lima et 
al. [29] reported that PCV might be a subset of AMD with 
similar demographic and genetic risk factors and clinical 
features through a Caucasian patient–based genetic study. In 
the present study, there was a significant association between 
the rs833069 polymorphism and the change in CSMT in the 
heterogeneous patient group, which includes typical neovas-
cular AMD and PCV.

With recent advances in OCT technology, studies of 
exudative AMD have recently reported that foveal thickness 
measurements were useful in evaluating treatment response 
to intravitreal ranibizumab [30,31]. OCT is extremely useful 
in detecting intraretinal and subretinal f luid and is thus 
important for evaluating the treatment response. However, 
the relationships between visual acuity and central retinal 
thickness were inconsistent. According to a recent report [32], 
improvement in the inner segment/outer segment photore-
ceptor junction (IS/OS) line after anti-VEGF injection would 
be a good indicator for predicting the initial response to anti-
VEGF treatment. However, the present study based on stratus 
OCT was limited in analyzing the IS/OS line in detail, and 
thus, we used the CSMT as the only OCT parameter, which 
might cause the discrepancy between visual and anatomic 
outcomes in the VEGF-A rs833069 polymorphism.

To our knowledge, no other group has investigated the 
influence of the genotype on the response to ranibizumab 
therapy in an Asian population, and the CSMT was used as a 
secondary parameter to assess the treatment outcome to over-
come the limitation of a retrospective study when evaluating 
the pharmacogenetic response. The change in the CSMT 
should be considered another good indicator of the treatment 

response while eliminating subjective bias, particularly the 
interval change after the loading phase. However, this study 
is limited by small sample size, relative low minor allele 
frequency in some SNPs, and short follow-up period.

In conclusion, this study evaluated the potential asso-
ciation between the selected SNPs in the CFH, ARMS2, 
HTRA1, VEGF-A, and KDR genes, and the response to an 
intravitreal ranibizumab injection for exudative AMD in a 
Korean population. A significant association between the 
VEGF-A (rs833069) genotype variants and the anatomic 
response to intravitreal ranibizumab was observed, but no 
significant difference was found between the genotype of the 
potential risk polymorphism for the development of AMD 
and the visual acuity change after treatment with intravitreal 
ranibizumab. A larger cohort study including more potential 
risk SNPs for the development of AMD is needed to evaluate 
the pharmacogenetic association with the response to an anti-
VEGF treatment.

ACKNOWLEDGMENTS

This study was supported by a Yeungnam University research 
grant in 2011. The authors have no financial conflicts of 
interest.

REFERENCES
1. Klein R, Peto T, Bird A, Vannewkirk MR. The epidemiology of 

age-related macular degeneration.  Am J Ophthalmol  2004; 
137:486-95. [PMID: 15013873].

2. Lowe J, Araujo J, Yang J, Reich M, Oldendorp A, Shiu V, 
Quarmby V, Lowman H, Lien S, Gaudreault J, Maia M. 
Ranibizumab inhibits multiple forms of biologically active 
vascular endothelial growth factor in vitro and in vivo.  Exp 
Eye Res  2007; 85:425-30. [PMID: 17714704].

3. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, 
Chung CY, Kim RY. MARINA Study Group.  Ranibizumab 
for neovascular age-related macular degeneration.  N Engl J 
Med  2006; 355:1419-31. [PMID: 17021318].

4. Kaiser PK, Blodi BA, Shapiro H, Acharya NR. MARINA 
Study Group.  Angiographic and optical coherence tomo-
graphic results of the MARINA study of ranibizumab in 
neovascular age-related macular degeneration.  Ophthal-
mology  2007; 114:1868-75. [PMID: 17628683].

5. Mariani A, Deli A, Ambresin A, Mantel I. Characteristics of 
eyes with secondary loss of visual acuity receiving variable 
dosing ranibizumab for neovascular age-related macular 
degeneration.  Graefes Arch Clin Exp Ophthalmol  2011; 
249:1635-42. [PMID: 21725716].

6. Seddon JM, Reynolds R, Rosner B. Peripheral retinal drusen 
and reticular pigment: Association with CFHY402H and 
CFHrs1410996 genotypes in family and twin studies.  Invest 
Ophthalmol Vis Sci  2009; 50:586-91. [PMID: 18936151].

http://www.molvis.org/molvis/v19/702
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=833069
http://www.ncbi.nlm.nih.gov/pubmed/15013873
http://www.ncbi.nlm.nih.gov/pubmed/17714704
http://www.ncbi.nlm.nih.gov/pubmed/17021318
http://www.ncbi.nlm.nih.gov/pubmed/17628683
http://www.ncbi.nlm.nih.gov/pubmed/21725716
http://www.ncbi.nlm.nih.gov/pubmed/18936151


Molecular Vision 2013; 19:702-709 <http://www.molvis.org/molvis/v19/702> © 2013 Molecular Vision 

708

7. Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes 
C, Henning AK, SanGiovanni JP, Mane SM, Mayne ST, 
Bracken MB, Ferris FL, Ott J, Barnstable C, Hoh J. Comple-
ment factor H polymorphism in age-related macular degen-
eration.  Science  2005; 308:385-9. [PMID: 15761122].

8. Edwards AO, Ritter R 3rd, Abel KJ, Manning A, Panhuysen 
C, Farrer LA. Complement factor H polymorphism and age-
related macular degeneration.  Science  2005; 308:421-4. 
[PMID: 15761121].

9. Haines JL, Hauser MA, Schmidt S, Scott WK, Olson LM, 
Gallins P, Spencer KL, Kwan SY, Noureddine M, Gilbert JR, 
Schnetz-Boutaud N, Agarwal A, Postel EA, Pericak-Vance 
MA. Complement factor H variant increases the risk of age-
related macular degeneration.  Science  2005; 308:419-21. 
[PMID: 15761120].

10. Jakobsdottir J, Conley YP, Weeks DE, Mah TS, Ferrell RE, 
Gorin MB. Susceptibility genes for age-related maculopathy 
on chromosome 10q26.  Am J Hum Genet  2005; 77:389-407. 
[PMID: 16080115].

11. Rivera A, Fisher SA, Fritsche LG, Keilhauer CN, Lichtner 
P, Meitinger T, Weber BH. Hypothetical LOC387715 is a 
second major susceptibility gene for age-related macular 
degeneration, contributing independently of complement 
factor H to disease risk.  Hum Mol Genet  2005; 14:3227-36. 
[PMID: 16174643].

12. Dewan A, Liu M, Hartman S, Zhang SS, Liu DT, Zhao C, Tam 
PO, Chan WM, Lam DS, Snyder M, Barnstable C, Pang CP, 
Hoh J. HTRA1 promoter polymorphism in wet age-related 
macular degeneration.  Science  2006; 314:989-92. [PMID: 
17053108].

13. Churchill AJ, Carter JG, Lovell HC, Ramsden C, Turner SJ, 
Yeung A, Escardo J, Atan D. VEGF polymorphisms are asso-
ciated with neovascular age-related macular degeneration.  
Hum Mol Genet  2006; 15:2955-61. [PMID: 16940309].

14. Galan A, Ferlin A, Caretti L, Buson G, Sato G, Frigo AC, 
Foresta C. Association of age-related macular degeneration 
with polymorphisms in vascular endothelial growth factor 
and its receptor.  Ophthalmology  2010; 117:1769-74. [PMID: 
20471686].

15. Gotoh N, Yamada R, Hiratani H, Renault V, Kuroiwa S, Monet 
M, Toyoda S, Chida S, Mandai M, Otani A, Yoshimura N, 
Matsuda F. No association between complement factor H 
gene polymorphism and exudative age-related macular 
degeneration in Japanese.  Hum Genet  2006; 120:139-43. 
[PMID: 16710702].

16. Gotoh N, Yamada R, Nakanishi H, Saito M, Iida T, Matsuda F, 
Yoshimura N. Correlation between CFH Y402H and HTRA1 
rs11200638 genotype to typical exudative age-related 
macular degeneration and polypoidal choroidal vasculopathy 
phenotype in the Japanese population.  Clin Experiment 
Ophthalmol  2008; 36:437-42. [PMID: 18939352].

17. Gotoh N, Nakanishi H, Hayashi H, Yamada R, Otani A, Tsuji-
kawa A, Yamashiro K, Tamura H, Saito M, Saito K, Iida 
T, Matsuda F, Yoshimura N. ARMS2 (LOC387715) variants 
in Japanese patients with exudative age-related macular 

degeneration and polypoidal choroidal vasculopathy.  Am J 
Ophthalmol  2009; 147:1037-41. [PMID: 19268887].

18. Brantley MA Jr, Fang AM, King JM, Tewari A, Kymes 
SM, Shiels A. Association of complement factor H and 
LOC387715 genotypes with response of exudative age-
related macular degeneration to intravitreal bevacizumab.  
Ophthalmology  2007; 114:2168-73. [PMID: 18054635].

19. Nischler C, Oberkofler H, Ortner C, Paikl D, Riha W, Lang 
N, Patsch W, Egger SF. Complement factor H Y402H gene 
polymorphism and response to intravitreal bevacizumab 
in exudative age-related macular degeneration.  Acta 
Ophthalmol (Copenh)  2011; 89:e344-9. [PMID: 21232084].

20. Lee AY, Raya AK, Kymes SM, Shiels A, Brantley MA Jr. Phar-
macogenetics of complement factor H (Y402H) and treatment 
of exudative age-related macular degeneration with ranibi-
zumab.  Br J Ophthalmol  2009; 93:610-3. [PMID: 19091853].

21. Francis PJ. The influence of genetics on response to treat-
ment with ranibizumab (lucentis) for age-related macular 
degeneration: The lucentis genotype study (an American 
ophthalmological society thesis). Trans Am Ophthalmol Soc 
2011; 109:115–56.

22. McKibbin M, Ali M, Bansal S, Baxter PD, West K, Williams 
G, Cassidy F, Inglehearn CF. CFH, VEGF and HTRA1 
promoter genotype may influence the response to intravitreal 
ranibizumab therapy for neovascular age-related macular 
degeneration.  Br J Ophthalmol  2012; 96:208-12. [PMID: 
21558292].

23. Menghini M, Kloeckener-Gruissem B, Fleischhauer J, Kurz-
Levin MM, Sutter FK. Impact of loading phase, initial 
response and CFH genotype on the long-term outcome of 
treatment for neovascular age-related macular degeneration.  
PLoS ONE  2012; 7:e42014-[PMID: 22848690].

24. Orlin A, Hadley D, Chang W, Ho AC, Brown G, Kaiser RS, 
Regillo CD, Godshalk AN, Lier A, Kaderli B, Stambolian D. 
Association between high-risk disease loci and response to 
anti-vascular endothelial growth factor treatment for wet age-
related macular degeneration.  Retina  2012; 32:4-9. [PMID: 
21878851].

25. Bessho H, Honda S, Kondo N, Negi A. The association of 
age-related maculopathy susceptibility 2 polymorphisms 
with phenotype in typical neovascular age-related macular 
degeneration and polypoidal choroidal vasculopathy.  Mol 
Vis  2011; 17:977-82. [PMID: 21541271].

26. Park DH, Kim IT. Polymorphisms in the VEGF-A in polyp-
oidal choroidal vasculopathy in a Korean population.  Jpn J 
Ophthalmol  2012; 56:145-51. [PMID: 22307775].

27. Park DH, Kim IT. Association of ARMS2/HTRA1 variants 
with polypoidal choroidal vasculopathy phenotype in a 
Korean population.  Jpn J Ophthalmol  2012; 56:60-7. [PMID: 
21959923].

28. Nakata I, Yamashiro K, Nakanishi H, Tsujikawa A, Otani A, 
Yoshimura N. VEGF gene polymorphism and response to 
intravitreal bevacizumab and triple therapy in age-related 
macular degeneration.  Jpn J Ophthalmol  2011; 55:435-43. 
[PMID: 21744122].

http://www.molvis.org/molvis/v19/702
http://www.ncbi.nlm.nih.gov/pubmed/15761122
http://www.ncbi.nlm.nih.gov/pubmed/15761121
http://www.ncbi.nlm.nih.gov/pubmed/15761120
http://www.ncbi.nlm.nih.gov/pubmed/16080115
http://www.ncbi.nlm.nih.gov/pubmed/16174643
http://www.ncbi.nlm.nih.gov/pubmed/17053108
http://www.ncbi.nlm.nih.gov/pubmed/17053108
http://www.ncbi.nlm.nih.gov/pubmed/16940309
http://www.ncbi.nlm.nih.gov/pubmed/20471686
http://www.ncbi.nlm.nih.gov/pubmed/20471686
http://www.ncbi.nlm.nih.gov/pubmed/16710702
http://www.ncbi.nlm.nih.gov/pubmed/18939352
http://www.ncbi.nlm.nih.gov/pubmed/19268887
http://www.ncbi.nlm.nih.gov/pubmed/18054635
http://www.ncbi.nlm.nih.gov/pubmed/21232084
http://www.ncbi.nlm.nih.gov/pubmed/19091853
http://www.ncbi.nlm.nih.gov/pubmed/21558292
http://www.ncbi.nlm.nih.gov/pubmed/21558292
http://www.ncbi.nlm.nih.gov/pubmed/22848690
http://www.ncbi.nlm.nih.gov/pubmed/21878851
http://www.ncbi.nlm.nih.gov/pubmed/21878851
http://www.ncbi.nlm.nih.gov/pubmed/21541271
http://www.ncbi.nlm.nih.gov/pubmed/22307775
http://www.ncbi.nlm.nih.gov/pubmed/21959923
http://www.ncbi.nlm.nih.gov/pubmed/21959923
http://www.ncbi.nlm.nih.gov/pubmed/21744122


Molecular Vision 2013; 19:702-709 <http://www.molvis.org/molvis/v19/702> © 2013 Molecular Vision 

709

29. Lima LH, Schubert C, Ferrara DC, Merriam JE, Imamura Y, 
Freund KB, Spaide RF, Yannuzzi LA, Allikmets R. Three 
major loci involved in age-related macular degeneration 
are also associated with polypoidal choroidal vasculopathy.  
Ophthalmology  2010; 117:1567-70. [PMID: 20378180].

30. Sayed KM, Naito T, Nagasawa T, Katome T, Mitamura Y. 
Early visual impacts of optical coherence tomographic 
parameters in patients with age-related macular degenera-
tion following the first versus repeated ranibizumab injec-
tion.  Graefes Arch Clin Exp Ophthalmol  2011; 249:1449-58. 
[PMID: 21494878].

31. Gerding H, Loukopoulos V, Riese J, Hefner L, Timmermann 
M. Results of flexible ranibizumab treatment in age-related 
macular degeneration and search for parameters with impact 
on outcome.  Graefes Arch Clin Exp Ophthalmol  2011; 
249:653-62. [PMID: 21387180].

32. Kim YM, Kim JH, Koh HJ. Improvement of photoreceptor 
integrity and associated visual outcome in neovascular 
age-related macular degeneration.  Am J Ophthalmol  2012; 
154:164-73. [PMID: 22541932].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 21 March 2013. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article.

http://www.molvis.org/molvis/v19/702
http://www.ncbi.nlm.nih.gov/pubmed/20378180
http://www.ncbi.nlm.nih.gov/pubmed/21494878
http://www.ncbi.nlm.nih.gov/pubmed/21387180
http://www.ncbi.nlm.nih.gov/pubmed/22541932

	Reference r32
	Reference r31
	Reference r30
	Reference r29
	Reference r28
	Reference r27
	Reference r26
	Reference r25
	Reference r24
	Reference r23
	Reference r22
	Reference r21
	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1
	Table t2
	Table t3
	Table t4
	Table t5
	Table t6
	Table t7

