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Genetic Association with Response to Intravitreal
Ranibizumab in Patients with Neovascular AMD
Barbara Kloeckener-Gruissem,*,1,2,3 Daniel Barthelmes,3,4,5 Stephan Labs,1
Christian Schindler,6 Malaika Kurz-Levin,4 Stephan Michels,4,7 Johannes Fleischhauer,4
Wolfgang Berger,1,8 Florian Sutter,*,4,8 and Moreno Menghini3,4
PURPOSE. Neovascular age-related macular degeneration (AMD)
resulting in decreased central vision severely impairs affected
individuals. Current standard treatment is an intravitreal antiVEGF therapy (ranibizumab), but responses to treatment show
large variability. Genetic factors that influence AMD and that
affect the outcome of ranibizumab treatment were sought
within a sample of Swiss patients.
METHODS. Changes in visual acuity (VA) after initiation of antiVEGF treatment were observed during 12 months, and percentiles of VA were calculated. Genotypes of polymorphisms in
known AMD susceptibility loci (CFH, CFB, HTRA1, AMRS2,
and VEGFA) as well as not yet reported AMD-associated genes
(KDR, LRP5, and FZD4) were determined, and their frequencies were compared.
RESULTS. Of the 309 eyes included in the study, 243 completed
VA assessment. On average, 3.9 ⫾2.6 ranibizumab injections
were administered. Based on the change in visual acuity, two
responder groups were established: 63 eyes were assigned to
the poor responders (ⱕ25th percentile) and 63 eyes to the
good responders (ⱖ75th percentile). Individuals with genotype CC of p.Y402H in CFH had a decreased chance of positive
treatment outcome compared with those with the CT and TT
genotypes (P ⫽ 0.005 and P ⫽ 0.006). In this study, the
genotype combination of AG at CFH with CT at FZD4 (SNP
rs10898563) promised an increased chance of positive treatment outcome (P ⫽ 0.004). Furthermore, the association with
the known genetic susceptibility loci CFH, HTRA1, and AMRS2
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were confirmed, and a risk-conferring polymorphism in one
new locus, LRP5, was identified.
CONCLUSIONS. Genetic predisposition may account for the variability in response to anti-VEGF treatment. (Invest Ophthalmol
Vis Sci. 2011;52:4694 – 4702) DOI:10.1167/iovs.10-6080

A

ge-related macular degeneration (AMD) remains the leading cause of progressive, irreversible visual impairment in
the elderly population in Western countries. Advanced stages
of the disease involve either the development of choroidal
neovascularization or atrophic changes in the central macula.
The newly formed vessels tend to leak and to form a fibrovascular tissue, thereby severely affecting the neural tissue of the
central retina. As a result, patients have low visual acuity (VA),
eventually leading to legal blindness (vision ⬍20/200). Although the mechanisms leading to the disease are not yet fully
understood, it is well established that several factors influence
this process of neovascularization and angiogenesis. One of the
most important seems to be the production of vascular endothelial growth factor (VEGF).1,2
Intravitreal injection of the anti-vascular endothelial growth
factor (anti-VEGF) compounds, ranibizumab (Lucentis; Novartis, Basel, Switzerland; and Genentech Inc., South San Francisco, CA) and bevacizumab (Avastin; Roche, Basel, Switzerland) is currently the standard treatment for neovascular AMD.
In the pivotal clinical trials MARINA3 and ANCHOR,4 monthly
injections of ranibizumab demonstrated a gain in VA of 6.6 and
10.7 ETDRS letters after 24 months. Several years of clinical
application of anti-VEGF drugs have shown a broad range of
responses, with a substantial fraction of patients experiencing
further deterioration of VA despite intensive and regular treatment.5 Few studies have been undertaken to investigate the
relationship between genetic factors and photodynamic therapy (PDT) or intravitreal injection of anti-VEGF compounds.6 – 8
Genetic factors that influence the development of AMD
have been primarily identified through association studies with
DNA sequence variants.9 Several of the identified proteins
respond to systemic and local inflammation.10 Among them are
components of the complement system,11,12 such as complement factor H (CFH)13–15 and component factors C3, C2, and
B.16,17 Other physiological responses, such as stress responses,
may also play a role in AMD. One such stress response protein
is the serine protease, which accumulates within drusen,18 a
structure that forms between the retina and Bruch’s membrane
and is considered a typical pathologic feature of AMD. The
protein is encoded by HTRA1,18,19 and DNA sequence variants
at this locus have been shown to associate with AMD. An SNP
at the genetically linked locus ARMS2 (LOC387715; age-related
maculopathy susceptibility 2 gene), which encodes a mitochondrial protein, was also shown to associate with AMD.20,21
Vascular endothelial growth factor (VEGF) is involved in the
process of vascularization and as such has been a candidate
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target for AMD. Especially in the context of anti-VEGF treatment it is noteworthy that DNA sequence variants in the
VEGFA gene were found to be associated with AMD,22,23
although these results have not been confirmed in all patient
populations.24,25
The purpose of the study was to search for genetic factors
that associate with treatment outcome. For that, retinal lesion
type and the patient’s age and sex were assessed. For genetic
analysis, we chose several of the previously identified and
published SNP sequence variants that have been shown to
confer increased risk or protective properties on AMD to test
the effect of these factors in our patient sample. Furthermore,
we tested additional sequence variants in loci, which encode
proteins involved in angiogenesis and vascularization.

METHODS
Participants
Demographic and clinical data of patients treated with ranibizumab for
neovascular AMD, at the University Hospital Zurich, were recorded
and used for analysis. The recruiting and analysis stretched over a
period of approximately 3 years. The MARINA3 and ANCHOR4 trials
criteria regarding age, VA, and lesion type (minimally classic, predominantly classic, and occult) were applied. Prior treatments other than
ranibizumab were not an exclusion criterion. In patients in whom the
second eye became eligible for treatment during the course of the
study, both eyes were included and handled separately. Patients were
given a full explanation of the nature and purpose of the study.
Anti-VEGF treatment with ranibizumab was initiated if the diagnosis of
neovascular AMD was established and the patient consented to the
treatment. The study was conducted according to the Declaration of
Helsinki and was approved by the local ethics committee. DNA of
individuals representing the general population was used as the control for SNP analysis.26 These individuals were not age matched and did
not undergo clinical assessment for the present study.

Clinical Data Collection
Ophthalmic baseline examinations were performed before the start of
the treatment. The initial clinical assessment included testing of best
corrected visual acuity (BCVA) with ETDRS-like logMAR charts,27 dilated funduscopy, optical coherence tomography (OCT), color fundus
photography, and fundus fluorescein angiography. The diagnosis of
neovascular AMD was established by known retina specialists (FS, MK,
JF, SM). The lesion type of the choroidal neovascularization was determined by assessing fluorescein angiography (FA) and defined according to the AREDS trial classification,28,29 the Macular Photocoagulation
Study (MPS),30 the Verteporfin in Photodynamic Therapy Study
(VIP),31 and the Treatment of Age-Related Macular Degeneration with
Photodynamic Therapy Study (TAP).32,33 At baseline, one intravitreal
administration of 0.5 mg ranibizumab was given. Subsequent injections
were performed only if signs of lesion activity (i.e., subretinal fluid,
cystoid macular edema, sub- or intraretinal bleeding, or active lesion in
FA) were present. Follow-up visits were scheduled monthly, but could
vary due to patients’ personal needs. VA, dilated funduscopy, and OCT
were always performed during follow-up visits. FA was repeated only
if deemed necessary by the treating ophthalmologist or in cases where
a deterioration of VA could not be explained by funduscopy or OCT.
The course of VA was monitored during a follow-up time of 12 months.
In all eyes with completed 12-month visits and complete datasets,
percentiles were calculated for the range of changes in VA at month
12. Two responder groups were established: poor responders (PRs;
ⱕ25th percentile) and good responders (GRs; ⱖ75th percentile).

DNA Preparation
Venous blood was collected in EDTA tubes, and genomic DNA was
extracted as described.34 DNA concentration was adjusted to 10 ng/
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L. SNP genotyping was performed either by DNA sequencing or by
the genetic analysis technology (TaqMan; Applied Biosystems, Inc.
[ABI], Rotkreuz, Switzerland) in both cases, the chemistry was supplied by ABI. Sequencing primers were designed by Primer3 (ver. 4.0;
http://frodo.wi.mit.edu/primer3, provided in the public domain by
Massachusetts Institute of Technology, Cambridge, MA) and synthesized by Microsynth (http://www.microsynth.ch; Balgach, Switzerland) (Table 1). PCR conditions were 50 ng genomic DNA, 5 M
primers, 0.2 mM dNTPs, and 0.6 U DNA polymerase (HotFire; Solis
BioDyne, Tartu, Estonia) were mixed. Annealing temperatures varied
between 54°C and 60°C, depending on the individual primer pair. The
denaturing and elongation steps lasted for 1 minute each. Each temperature cycle was repeated 35 times. For the SNP assay analysis
(TaqMan; ABI), either predesigned or custom-made assays were used.
Associated software (Software SDS2.2; ABI) was applied for genotype
calling. The allele calling of the SNP assays was verified by DNA
sequence analysis from 15 DNA samples for each assay yielding 100%
concordance. In addition, genotyping of 10% of all samples were
repeated for each SNP.

Genetic Analysis
Previously described risk factors for AMD (CFH [rs1061170], HTRA1
[rs11200638], VEGF [rs1413711], ARMS2 [rs10490924], and CFB
[rs641153]) were analyzed. Furthermore, we included SNPs in three
candidate genes that play a role in angiogenesis and vascularization
(KDR [rs7671745], FZD4 [rs10898563], and LRP5 [rs3736228]; Table
1). The criteria for choosing the SNPs within KDR and FZD4 were
based on the frequency of the minor allele (not below 40% within
European populations on the basis of HapMap information, 2009;
http://www.hapmap.org; developed and maintained in the public domain by a multinational consortium of scientists) as well as the availability of the TaqMan assay from ABI. The SNP in LRP5 has been used
in other association studies.48

Statistical Analysis
Statistical calculations were performed with either a commercially
available software package (IBM SPSS Statistics 19; SPSS Inc. Chicago,
Il) or open-access Internet portals from Vassar College (Poughkeepsie,
NY; http://faculty.vassar.edu/lowry/odds2x2.html) and the University
of Kansas (Lawrence, KS). Normally distributed data were presented as
the mean ⫾ SD. Normality was assessed with the Shapiro-Wilk test.
Odds ratios from independent samples were compared as described.49
The eight SNPs were analyzed independently. The 2 test of goodness
of fit and independence was performed on the genotype data. The
Bonferroni correction was applied for multiple testing. The specific
number of tests and the appropriate corrections are given in the table
legends. We used logistic regression to determine the effect of different genotypes on the likelihood of a favorable treatment outcome
(software SAS, ver. 9.2; SAS, Cary, NC). Since there were only a small
number of patients with two treated eyes, we refrained from using
standard methods to account for correlation of outcomes within subjects and determined confidence intervals of the ORs by the bootstrap
method. Resampling was performed separately in patients with one or
with two treated eyes and iterated 5000 times.50,51

RESULTS
Characteristics of Patient Cohort and Effect
of Treatment
In total, 309 eyes of 267 patients were enrolled in the study.
Forty-two (13.6%) eyes had received treatment for neovascular
AMD other than ranibizumab. In 215 patients, 243 eyes (154
female, 89 male) had a complete dataset at month 12 and were
included in the final analysis. In 28 patients, both eyes were
included in the study. The mean age of the patients at study
entry was 78.9 ⫾ 7.0 years (78.3 ⫾ 7.4 in the women, 79.8 ⫾

A/G
C/T
A/G

rs11200638

rs1061170

rs641153

rs1413711

rs10896563

rs3736228

rs7671745

HTRA1 (HtrAserine peptidase 1)
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CFH (complement factor H)

CFB (complement factor B)

VEGFA (Vascular endothelial
growth factor)

FZD4 (frizzled homolog 4
[Drosophila])
LRP5 (low-density lipoprotein
receptor-related protein 5)
KDR (kinase insert domain
receptor; vascular endothelial
growth factor receptor 2
precursor)
57/43

86/14

54/46

N/A

94/6

72/28

N/A

80/20

Frequency (%)

⫹581 3⬘UTR

Intron 22

For_CCCTTCCGTATGAAGCTGAA
Rev_TTCTTGTGCTCCCCAAGACT

Taqman assay (ABI)

Taqman assay (ABI)

⫹674C⬎T (intron 1)

A1330V (exon 18)

For_CAGGTACGTGTCTGCACAGG
Rev_TCTGGAGGTAAGCGAGGGTA
Taqman assay (ABI)

R32Q

Taqman assay (ABI)

For_ATGCCACCCACAACAACTTT
Rev_GGGGAAAGTTCCTGCAAATC

⫺625G⬎A

Y402H

For_ACCCAGGACCGATGGTAACT
Rec_AAGCACCTGAAGGCTGGTTA

Method Sequencing
(Primer)/Assay

A69S

Location

This study

This study

Rivera et al.21; Weger et al.35;
Kanda et al.36; Leveziel et
al.37; Kaur et al.38; Xu et al.39;
Francis et al.40; Jakobsdottir
et al.41
Rivera et al.21; Weger et al.35;
Kanda et al.36; Leveziel et
al.37; Kaur et al.38; Xu et al.39;
Francis et al.40
Klein et al.42; Haines et al.14;
Edwards et al.13; Maller et
al.43; Thakkinstian et al.12;
Narayanan et al.44;
Jakobsdottir et al.41
Gold et al.16; Spencer et al.45;
Jakobsdottir et al.41;
Churchill et al.22; Haines et
al.23; Richardson et al.25; Lin
et al.47; Boekhoorn et al.24
This study

Reference

Kloeckener-Gruissem et al.

Allele frequencies were taken from HapMap (http://www.hapmap.org) unless no information was available (N/A). The DNA sequences for primers are given as 5⬘ to 3⬘. The first five loci have
been shown to affect AMD (Reference).

A/G

G/A

T/C

A/G

G/T

rs10490924

ARMS2 (age-related
maculopathy susceptibility 2)

Nucleotides

SNP ID

Gene

TABLE 1. Characteristics of the Genetic Loci, the SNPs, and the Method of Investigation
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6.4 in the men, P ⫽ 0.19). Baseline VA was 54.0 ⫾ 14.5 ETDRS
letters (53.7 ⫾ 15.0 in the women, 54.4 ⫾ 13.8 in the men; P ⫽
0.81) and was comparable among lesion types (Table 2). The
baseline VA in the responder groups was significantly higher in
PRs than in GRs (P ⫽ 0.005). The mean changes of VA in all
eyes after a period of 12 months are displayed in Figure 1A.
In all eyes, there was an average increase of 1.9 ⫾ 11.0
ETDRS letters (change from 54.0 ⫾ 14.5 to 55.9 ⫾ 17.1) after
12 months. Eyes in the PR group (ⱕ25th percentile, which
corresponds to a loss of 5 or more letters) lost on average
12.7 ⫾ 5.6 letters (change from 55.4 ⫾ 13.9 to 42.9 ⫾ 16.2
letters), whereas eyes in the GR group (ⱖ75th percentile,
which corresponds to a gain of 11 or more letters) gained on
average 14.8 ⫾ 4.2 letters (change from 48.2 ⫾ 14.6 to 62.6 ⫾
14.9 letters; Fig. 1). The difference between the average loss in
the PRs and average gain in the GRs is approximately 20 ETDRS
letters. Based on these changes, 63 eyes of 57 patients were
allocated to the PR group and 63 eyes of 59 patients to the GR
group. Two patients had one eye allocated to the PR group and
the other eye to the GR group.
All three lesion types were found in both groups at a
comparable frequency (Table 2). An average of 4.2 ⫾ 2.3
ranibizumab injections were administered to the group that
turned out to show a poor response (PR), whereas eyes demonstrating a good response (GR) had received 4.1 ⫾ 2.5 injections (P ⫽ 0.78). Although the follow-up scheme was not fixed
and the individual patient’s needs were taken into account
when scheduling the visits, across all groups and classifications
(PR, GR, sex, and lesion type) the number of visits was close to
10 per 12 months (9.7 ⫾ 2.1 in the PR group, 9.6 ⫾ 2.1 in the
GR group; P ⬎ 0.05; Table 2; i.e., the variation was rather low).

Genetic Analysis
SNP genotype and allele frequencies of the previously reported
genetic factors CFH, HTRA1, and ARMS2 were found to be
significantly different in patients compared with the control
group, whereas those in CFB and VEGFA did not (Table 3A).
We also examined a possible effect of VEGF receptor 2, encoded by the gene KDR, as well as that of two factors playing
an important role in the process of vascularization: the low
density lipoprotein receptor–related protein 5 (LRP5) and the
frizzled homolog 4 (FZD4).52 The minor allele (T) and its
genotype of SNP rs3736228 in LRP5 were found at a significantly higher frequency in patients compared with controls
(P ⬍ 0.0006). The size of the effect (odds ratio [OR]) was
calculated for the minor allele (as defined in a normal population), as well as the corresponding homozygous genotype.
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Odds ratios calculated for those SNPs that showed significant
differences in frequency (CFH, HTRA1, ARMS2, and LRP5)
ranged from the lowest value of 1.70 (LRP5: T allele) to the
highest value of 5.24 (LRP5: TT genotype), all showing statistical significance; confidence intervals and P values are given in
Table 3B. We also analyzed potential interactions between loci
and their three possible genotypes. The combinations of genotypes at HTRA1 with FZD4, LRP5 and KDR; at ARMS2 with
KDR and LRP5; and at CFH with LRP5 yielded statistical significance (P ⬍ 0.0001; with ␣ ⱕ 0.0055; detailed data not
shown).
The differences in response to treatment could not be
explained by demographic and therapeutic characteristics (Table 2) but rather by genetic components as outlined below.
Comparison of the genotype frequencies at SNP rs1061170 in
CFH between the two responder groups indicated statistically
significant differences (Table 4). Thirty-eight percent of the
PRs carried the CC genotype rs1061170 in CFH compared with
15% of the GRs. With the CC genotype as the reference category, the OR for the CT genotype was 3.94 (95% CI, 1.64 –
11.43; P ⫽ 0.005), whereas the OR for the TT genotype alone
was not statistically significant (OR, 2.67; 95% CI, 0.89 –9.14;
P ⫽ 0.08). In a combined analysis, individuals carrying the CT
or TT genotype fared better than those with the CC genotype
(OR, 3.42; 95% CI, 1.4 –9.42; P ⫽ 0.006). Analysis of the SNP
rs10898563 in FZD4 did not reveal a statistically significant
change in treatment outcome (Table 4B).
Because of the expected genotypic complexity of the disease, we performed a pair-wise analysis among the studied
SNPs in CFH and FZD4. Patients who were simultaneously
heterozygous at both SNPs had a better chance of improving
VA (Table 4C). This genotype combination was found in 36%
of the GRs compared with only 13% of the PRs (OR, 3.66; 95%
CI, 1.58 –11.11; P ⫽ 0.004). The chance for positive treatment
outcome is significantly elevated in individuals carrying the
genotype combination AG;CT, compared with those with the
other possible genotypes.

DISCUSSION
The sequence variant p.Y402H of the complement factor H
(CFH) is the most consistently found genetic susceptibility
locus for both AMD forms and most ethnic groups. With the
exception of several Asian populations, individuals who carry
the variant C leading to the amino acid histidine at p.402 are
between 2.4 and 4.6 times more likely to be affected by AMD
(reviewed in Ref. 53). Our results concur. Of particular interest

TABLE 2. Clinical Characteristics

All AMD
Occult
Min-classic
Pred-classic
25th Percentile
Occult
Min-classic
Pred-classic
75th Percentile
Occult
Min-classic
Pred-classic

n

Female, n (%)

Male, n (%)

Age

Baseline VA

Change in VA

Visits

Injections

243
156
34
53
63
33
9
21
63
41
10
12

154 (63)
100 (64)
24 (70)
30 (57)
39 (62)
20 (60)
6 (67)
13 (62)
39 (62)
26 (63)
7 (70)
6 (50)

89 (37)
56 (36)
10 (30)
23 (43)
24 (38)
13 (40)
3 (33)
8 (38)
24 (38)
15 (37)
3 (30)
6 (50)

78.9 ⫾ 7.0
78.8 ⫾ 7.2
78.9 ⫾ 6.5
79.2 ⫾ 7.3
79.1 ⫾ 7.0
80.7 ⫾ 6.0
77.3 ⫾ 7.8
78.9 ⫾ 8.3
77.7 ⫾ 6.8
77.3 ⫾ 7.2
79.5 ⫾ 7.6
77.8 ⫾ 4.9

54.0 ⫾ 14.5
54.8 ⫾ 14.9
52.8 ⫾ 12.2
52.1 ⫾ 15.1
55.3 ⫾ 13.7*
56.9 ⫾ 12.2
54.1 ⫾ 9.0
53.2 ⫾ 18.0
48.2 ⫾ 14.6*
47.0 ⫾ 16.2
48.6 ⫾ 13.3
51.8 ⫾ 10.1

1.9 ⫾ 11.0
2.4 ⫾ 10.5
3.4 ⫾ 11.4
⫺0.7 ⫾ 11.9
⫺12.6 ⫾ 7.2
⫺13.1 ⫾ 6.8
⫺12.7 ⫾ 5.6
⫺11.7 ⫾ 8.6
14.3 ⫾ 3.7
14.2 ⫾ 3.6
14.8 ⫾ 4.2
14.3 ⫾ 3.7

9.5 ⫾ 2.4
9.5 ⫾ 2.5
9.9 ⫾ 1.7
9.2 ⫾ 2.5
9.7 ⫾ 2.1
9.8 ⫾ 2.1
10.4 ⫾ 2.0
9.2 ⫾ 2.0
9.6 ⫾ 2.1
9.7 ⫾ 2.3
9.6 ⫾ 1.4
9.3 ⫾ 2.0

3.9 ⫾ 2.6
4.1 ⫾ 2.6
3.4 ⫾ 2.5
3.6 ⫾ 2.3
4.2 ⫾ 2.3
4.2 ⫾ 2.2
4.4 ⫾ 2.5
4.0 ⫾ 2.5
4.1 ⫾ 2.5
4.4 ⫾ 2.6
4.0 ⫾ 2.6
3.1 ⫾ 2.1

Demographic and clinical data of all eyes. The 25th percentile represents the PR group and the 75th percentile, the GR group. Demographic
data are comparable among all eyes. min-classic, minimally classic lesions; pred-classic, predominantly classic lesions.
* The difference in baseline VA in the PR and GR groups is statistically significant (P ⫽ 0.005); the average number of visits and injections are
not.
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A

B

FIGURE 1. (A) The change in ETDRS letters compared with baseline in
PRs, GRs, and all patients over the study period of 12 months. (B)
Similarly, the change in ETDRS letters compared with baseline in PRs,
GRs, and all patients assigned to the three different lesion types.

is that finding that CFH influences the response to intravitreal
ranibizumab therapy. Individuals who carry the CT genotype at
SNP rs1061170 in CFH are more likely to experience a positive
outcome (i.e., an increase in VA) after ranibizumab treatment.
Of interest, treatment with the other anti-VEGF compound,
bevacizumab, showed a similar association with improved VA.7
Strong support for the involvement of FZD4 comes from our
observation that individuals who were simultaneously
heterozygous for the SNPs in both loci, CFH and FZD4, seem
to fare better after ranibizumab treatment than did those who
did not have this genotype combination (P ⫽ 0.004). FZD4
encodes a seven-transmembrane domain protein that functions
as receptor of Wnt proteins and Norrin protein and has been
implicated in development and/or maintenance of retinal vasculature.52 Our results suggest that, in this context, the FZD4
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protein may influence ranibizumab therapy results, although
probably at a rather complex level, involving more than one
factor.
Complement factor H plays an important role in the innate
immune system, specifically in the regulation of induction of
the alternative pathway.11 The C-variant (p.Y402H) of CFH is
postulated to result in aberrant activation of the complement
pathway leading to reduced removal of cellular debris along
the macular retinal pigment epithelial cells, most likely due to
reduced binding capabilities to C-reactive protein (CRP).54
This modified activation of the complement cascade may lead
to an enhanced inflammatory response,55 which ultimately
may lead to increased levels of VEGF.56 Until the exact process,
mechanism, and consequences of the treatment are understood, this argument remains speculative. Nevertheless, we
propose that anti-VEGF treated patients who carry the CFH CC
genotype experience a reduced response due to a possible
inferior capacity to reduce the level of VEGF-A in the retina.
VEGF-A was suggested to be a risk factor for neovascular
AMD on the basis of the association of SNPs in the promoter
and intron of the gene.22 Hence, we find it possible that the
treatment outcome could also be influenced by VEGFA. As we
did not find a VEGFA association in our data set, we suggest
that other components of the VEGF system, in particular
VEGF-A receptors, may influence AMD and the response to
treatment.
For that purpose, we investigated sequence variants of the
VEGF-A receptor 2 (VEGFR2). It is encoded by the gene kinase
insert domain receptor (KDR).57 The intronic sequence variant
that we tested in KDR lies within one of the haplotype blocks
that were recently reported to lack association with AMD in a
Caucasian population.58 We did not find an association for
KDR alone or in combination with other SNPs.
In addition to the VEGF system, the product of the frizzled
homolog 4 gene also influences angiogenesis. Supportively, in
our analysis the heterozygous AG genotype in FZD4 of SNP
rs10898563 in combination with the CT genotype in CFH of
SNP rs1061170 demonstrated an effect on the response to
treatment.
Our data emphasize the heterogeneity of genetic factors
that can influence an individual’s response to ranibizumab
treatment. Furthermore, we were able to confirm previously
reported associations with AMD (CFH, HTRA1, and ARMS2). In
addition, one of the candidate genes for angiogenesis, LRP5,
showed an increased risk for neovascular AMD in our patient
cohort. The low-density lipoprotein receptor–related protein 5
is an essential co-receptor of the Wnt-signaling pathway.
Lrp5⫺/⫺ knockout mice show a lack of development of a
complete vasculature in the deeper plexus of the retina and
Müller cell–specific glutamine transporter Slc38a5 expression
is significantly reduced.59 These observations make LRP5 a
promising candidate to affect AMD. It could directly interfere
with retinal vasculature, but an indirect effect is equally possible, for example, via the glutamine transporter SLC38A5. A
similar situation has recently been reported, where association
of LIPC and HDL with AMD is thought likely to be due to
another factor, acting within a common pathway of lipid metabolism.60
The general validity of our results has to be confirmed in
additional patient cohorts. The combination of various genetic
factors could modify the effect on AMD exerted by single loci
as first shown by Maller et al.43 and later repeated by others.
Our data, however, did not confirm these observations, possibly due to patient heterogeneity.
Our results may have been further affected by the heterogeneity in the treatment regimen. Of interest is the finding that
PR showed a statistically significant higher baseline VA compared
with GR. It could be argued that a ceiling or flooring effect may
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TABLE 3. Allele and Genotype Characteristics in Patients and Controls
A. Frequencies*

Locus/SNP

Group

AF (%)

CFH rs1061170

C
36
51
A
23
42
T
20
42
T
15
23

Controls
Patients
HTRA1 rs11200638
Controls
Patients
ARMS2 rs10490924
Controls
Patients
LRP5 rs3736228
Controls
Patients
CFB rs641153

C
91
94
G
47
46
G
62
61
G
31
38

Controls
Patients
VEGF rs1413711
Controls
Patients
FZD4 rs10898563
Controls
Patients
KDR rs7671745
Controls
Patients

P
(␣ < 0.00625)

⬍0.0001
⬍0.0001
⬍0.00001
0.0006

NS (0.07)
NS (0.81)
NS (0.71)
NS (0.035)

n (%)

Genotype
n (%)

n (%)

CC
46 (16)
71 (27)
AA
16 (6)
49 (19)
GG
141 (66)
92 (36)
CC
202 (71)
157 (61)

CT
112 (40)
122 (47)
AG
83 (33)
115 (45)
GT
60 (28)
117 (45)
CT
78 (27)
78 (30)

TT
124 (44)
66 (25)
GG
152 (61)
92 (36)
TT
12 (6)
50 (19)
TT
5 (2)
22 (9)

CC
222 (83)
230 (88)
AA
60 (21)
57 (22)
AA
75 (40)
90 (36)
AA
21 (11)
39 (15)

CT
43 (16)
30 (11)
AG
149 (52)
125 (48)
AG
81 (44)
123 (49)
AG
72 (39)
117 (45)

TT
3 (1)
1 (0)
GG
78 (27)
77 (30)
GG
30 (16)
36 (14)
GG
92 (50)
103 (40)

P
(␣ < 0.00625)

⬍0.00001
⬍0.00001
⬍0.00001
0.0006

NS (0.19)
NS (0.69)
NS (0.48)
NS (0.10)

B. Odds Ratios†
Locus SNP
CFH rs1061170
HTRA1 rs11200638
ARMS2 rs10490924
LRP5 rs3736228
CFB rs641153
VEGF rs1413711
FZD4 rs10898563
KDR rs7671745

Allele/Genotype

OR

95% CI

2

P (␣ < 0.0125)

C
CC
A
AA
T
TT
T
TT

1.83
1.94
2.40
3.48
2.94
4.01
1.70
5.24

1.44–2.34
1.28–2.94
1.83–3.15
1.92–6.30
2.18–3.95
2.07–7.75
1.26–2.31
1.96–14.06

24.08
9.82
40.47
18.48
52.92
19.15
11.91
13.22

⬍0.0001
0.002
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
0.001
0.0003

C
CC
A
AA
G
GG
G
GG

1.54
1.54
1.03
1.07
0.95
0.88
0.74
0.67

0.97–2.45
0.94–2.51
0.81–1.31
0.71–1.61
0.72–1.25
0.52–1.49
0.56–0.98
0.46–0.98

3.39
2.97
0.06
0.1
0.14
0.23
4.44
4.35

0.07
0.08
0.81
0.75
0.71
0.63
0.035
0.037

* Allele and genotype frequencies are compared between patients and controls. Number (n), fractions (%), allele frequency (AF) and P values
are given. P values were adjusted by application of the Bonferroni correction for multiple testing (eight SNPs); thus significance is reached with
␣ ⱕ 0.00625. SNPs with significant differences are separated by a line space from those that are not (NS).
† Statistical analysis of sequence variants and AMD phenotypes. ORs with 95% CI. The 2 values are based on Pearson calculation with 1 df.
P values were adjusted with the Bonferroni correction for multiple testing (four tests); thus, significance is reached with ␣ ⱕ0.0125. SNPs with
significant ORs are separated by a line space from those that are not (NS).

have influenced the results in our study (i.e., the PRs “can only
lose” because they have a rather high starting VA, whereas the
GRs “can only gain” since they are starting from a lower VA). To
check whether such a ceiling/flooring effect may have been
present, all patients were grouped, according to the baseline VA:
25 to 35 letters, 36 to 45 letters, 46 to 55 letters, and so forth. An
analysis of these groups created with respect to the baseline VA
did not reveal a significant imbalance for the distribution of eyes
to GR and PR (i.e., eyes with a rather low or rather high VA at
baseline were well distributed to GR and PR within each group;
data not shown). Therefore, a floor or ceiling effect in our study
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seems unlikely. Furthermore, it is conceivable that the amount of
the injected compound and/or variations in the injection frequency could have affected the outcome. A significantly higher
average number of intravitreal injections of ranibizumab have
recently been reported for patients carrying the p.CFH Y402H
variant.8 In our study, however, the injection frequency was
similar for GRs and PRs.
The heterogeneity of the treatment regimen seems unlikely
to have influenced the observed response to treatment. Rather
genetic factors appear to contribute to patients’ response to
anti-VEGF treatment. Undoubtedly, further support must be
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TABLE 4. Ranibizumab Treatment Results
A. Genotype Frequencies from the PR and GR Groups
Frequency n (%)*
Locus/SNP

Allele/Genotype

PR

GR

CC
CT
TT
AA
AG
GG

24 (38)
23 (37)
16 (25)
25 (41)
30 (49)
6 (10)

9 (15)
34 (58)
16 (27)
14 (24)
36 (61)
9 (15)

CFH rs1061170
FZD4 rs10896563

B. Odds Ratios†

Locus/SNP
CFH rs1061170
FZD4 rs10896563

Reference
Category

Genotype

OR

95% CI

P (0.025)

CC
CC
CC
AA
AA
AA

CT
TT
CT and TT
AG
GG
AG and GG

3.94
2.67
3.42
2.14
2.68
2.23

1.64–11.43
0.89–9.14
1.4–9.42
0.98–5.33
0.70–18.65
0.97–5.6

0.005
0.083
0.006
0.058
0.148
0.055

C. Frequencies of Genotype Combinations CT (CFH) and AG (FZD4) in the PR and
GR Groups†
Frequency (%)
Locus/SNP/Genotypes
CFH rs1061170 CT;
FZD4 rs10898563 AG

PR (%)

GR (%)

OR

95% CI

P (0.025)

13

36

3.66

1.58–11.11

0.004

Association of SNPs rs1061170 (CFH) and rs10898563 (FZD4) with treatment outcome.
* Total number, n; fractions, %.
† The Bonferroni correction for multiple testing was applied (two tests); thus significance is reached
with ␣ ⱕ 0.025. Lower and upper limit of bootstrap at 95% for confidence interval (CI).

obtained to implement the predictive consequences of individually tailored medical treatments.
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