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PURPOSE. To determine whether variants in the candidate genes
TLR4, CCL2, and CCR2 are associated with age-related macular
degeneration (AMD).

METHODS. This study was performed in two independent Cau-
casian populations that included 357 cases and 173 controls
from the Netherlands and 368 cases and 368 controls from the
United States. Exon 4 of the TLR4 gene and the promoter, all
exons, and flanking intronic regions of the CCL2 and CCR2
genes were analyzed in the Dutch study and common variants
were validated in the U.S. study. Quantitative (q)PCR reactions
were performed to evaluate expression of these genes in laser-
dissected retinal pigment epithelium from 13 donor AMD and
13 control eyes.

RESULTS. Analysis of single nucleotide polymorphisms (SNPs) in
the TLR4 gene did not show a significant association between
D299G or T399I and AMD, nor did haplotypes containing these
variants. Univariate analyses of the SNPs in CCL2 and CCR2 did
not demonstrate an association with AMD. For CCR2, haplo-
type frequencies were not significantly different between cases
and controls. For CCL2, one haplotype containing the minor
allele of C35C was significantly associated with AMD (P �

0.03), but this did not sustain after adjustment for multiple
testing (q � 0.30). Expression analysis did not demonstrate
altered RNA expression of CCL2 and CCR2 in the retinal pig-
ment epithelium from AMD eyes (for CCL2 P � 0.62; for CCR2
P � 0.97).

CONCLUSIONS. No evidence was found of an association be-
tween TLR4, CCR2, and CCL2 and AMD, which implies that the
common genetic variation in these genes does not play a
significant role in the etiology of AMD. (Invest Ophthalmol Vis
Sci. 2008;49:364–371) DOI:10.1167/iovs.07-0656

Accumulating evidence demonstrates that disregulation of
the local inflammatory and immunologic response is an

important causal pathway in age-related macular degeneration.
Initial proof of this insight was provided by histopathology
studies that showed that drusen contain complement compo-
nents, complement regulators, immunoglobulins, and anaphy-
latoxins.1 Recently, the role of inflammation in AMD was fur-
ther established by multiple genetic studies. Genes involved in
the complement pathway, such as the complement factor H
(CFH) gene, the complement factor B (FB) gene, and the
complement component 2 (C2) gene have repetitively been
associated with AMD.2–8 The general hypothesis is that dys-
function of these genes may lead to an increase in complement
activation and a high release of proinflammatory proteins,
which results in an augmentation of the local inflammatory
response. It is currently unclear whether inflammatory path-
ways other than complement regulation are involved in AMD
pathogenesis.

The immune system detects and responds to infection
mainly through a family of pattern recognition receptors called
toll-like receptors (TLRs).9 These receptors recognize a wide
range of microbial molecules (e.g., lipopolysaccharide, pepti-
doglycan, lipopeptide) and induce phagocytosis after binding.
They are expressed by many immune cells, as well as by
corneal cells and retinal pigment epithelium (RPE) cells.10

TLRs trigger a signal transduction cascade that results in acti-
vation of transcription factor NF-�B, which leads to increased
expression of proinflammatory genes.11,12 A significant associ-
ation between a common single nucleotide polymorphism
(SNP; rs4986790, D299G) in the TLR4 gene and AMD was
reported by Zareparsi et al.13 This genetic variant alters the
extracellular domain of the receptor, which interrupts the
signaling transduction cascade14 and interferes with the ex-
pression of genes such as TNF-a, IL-1, IL-6, monocyte chemo-
attractant protein-1 (MCP-1 or CCL2), and its cognate receptor
C-C chemokine receptor-2 (CCR2).15 Although biologically
plausible, the reported association between TLR4 and AMD
awaits confirmation.16

CCL2 and CCR2 are key mediators in the infiltration of
monocytes from blood into foci of inflammation. The CCL2
protein is ubiquitously expressed and exerts its effect after
binding to its receptor CCR2, which leads to actin rearrange-
ment, shape change, and movement of monocytes.17 Evidence
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of a potential role of CCL2 and CCR2 in AMD was provided by
Ambati et al.,18 who showed that aging mice deficient in these
genes develop hallmarks of AMD (i.e., accumulation of drusen
and lipofuscin, photoreceptor atrophy, and choroidal neovas-
cularization). Similar to human AMD, complement-associated
proteins such as C5, IgG, vitronectin, CD46, and serum amy-
loid P component were also present in the RPE of these mice.
The occurrence of AMD-like disease in these knockout mice
raises the question of whether CCL2 and CCR2 play a role in
human AMD.

In this study, we assessed the association with the D299G
allele of TLR4 in independent case–control studies from the
Netherlands and the United States. Furthermore, we performed
a comprehensive genetic analysis of the CCL2 and CCR2 genes
in the Dutch study and validated common variants of these
genes in the U.S. study. We also performed quantitative (q)PCR
experiments to investigate whether mRNA expression of these
genes in the retinal pigment epithelium was different between
individuals with AMD and healthy control subjects.

METHODS

Study Population

This study consisted of two independent populations of AMD cases
and age-matched control subjects. The first set consisted of 357 unre-
lated patients with AMD and 173 unrelated control individuals from the
Netherlands. Subjects were all Caucasian and were recruited from the
Netherlands Institute of Neuroscience, Amsterdam, and Erasmus Uni-
versity Medical Center, Rotterdam, and through newsletters and pa-
tient organizations. Controls were 65 years of age and older and were
mostly unaffected spouses or nonrelated acquaintances of cases or
individuals who attended the ophthalmology department for reasons
other than retinal disease.

The second set consisted of 368 unrelated individuals with AMD
and 368 unrelated controls of American-European descent recruited at
Columbia University as previously described.5 Cases and controls of
both studies were examined by trained ophthalmologists before diag-
nosis (described later).

The study was approved by the Ethics Committee of Academic
Medical Centre Amsterdam, and the Institutional Review Board of
Columbia University and adhered to the tenets of the Declaration of
Helsinki. All participants provided signed, informed consent for par-
ticipation in the study, and for the publication of the data obtained,
retrieval of medical records, and use of blood and DNA for AMD
research.

Diagnosis of AMD

All participants underwent fundus photography after pharmacologic
mydriasis. Fundus transparencies were subsequently graded according
to a modification of the international classification and grading
system for AMD under the supervision of senior retinal specialists
(CCWK, PTVMdJ, IAB, RTS, GRB).19,20 Grading criteria were iden-
tical for both studies. Cases were stratified according to the eye
with the most severe disease: early AMD (soft indistinct drusen with
or without pigmentary changes, or soft distinct drusen with pig-
mentary changes, i.e., stages 2 and 3) or end-stage AMD (stage 4).
The latter was subclassified into geographic atrophy, neovascular
macular degeneration, or a mixed type of end-stage AMD. Controls
had no or only a few small hard drusen and no other macular disease
(stage 0) in both eyes.

Genotyping

DNA was extracted from peripheral blood leukocytes after venous
puncture. Exon 4 of the TLR4 gene, as well as the promoter region,
all exons and flanking intronic regions of CCR2 and CCL2, and exon
9 of CFH were amplified by PCR. In the Dutch study, the samples
were analyzed for sequence variations by using denaturing high-
performance liquid chromatography (DHPLC) on an automated sys-
tem (Wave; Transgenomic, Santa Clara, CA). For identification of
homozygous variants in amplicons with frequent heterozygous
SNPs, aliquots of a known wild-type sample were added to the DNA
before the reannealing step. Variants on DHPLC were graded by two
researchers and subsequently identified by direct sequencing
(model 310; Applied Biosystems, Inc. [ABI], Foster City, CA). Dis-
crepancies between DHPLC grading were also analyzed by using
direct sequencing.

In the U.S. study, participants were genotyped for common se-
quence variations in the CCR2, CCL2, and TLR4 genes (Taqman assay;
ABI). Primer sequences are available on request.

Human Postmortem Eyes and Evaluation
of RNA Expression

Human bulbi from 26 donors were provided by the Corneabank,
Amsterdam. Histopathology was evaluated on 8-�m sections of the
maculae that were stained with the periodic-acid-Schiff reaction. Mac-
ulae with drusen and/or a continuous layer of basal laminar deposit
were classified as cases (mean age, 76.31 � 2.72 [SD] years; n � 13);
maculae with no disease were classified as age-matched controls (mean
age, 75.43 � 2.07 years; n � 7) and young controls (mean age, 24.83 �
6.91 years; n � 6). We collected RPE cells from retinal sections with a

TABLE 1. Baseline Characteristics of the Study Population

U.S. Study Netherlands Study

Cases
(ntot � 357)

Controls
(ntot � 173) P

Cases
(ntot � 368)

Controls
(ntot � 368) P

Diagnosis
No AMD 173 (100.0) 368 (100.0)
Early AMD 89 (24.9) —
Neovascular AMD 180 (50.4) 276 (75.0)
Geographic atrophy 54 (15.1) 92 (25.0)
Mixed AMD 34 (9.5) —

Age, y 78.2 (7.6) 74.1 (6.3) �0.001 78.7 (6.9) 74.6 (5.8) �0.001
�65 19 (5.3) 5 (2.9) 18 (4.9) 28 (7.6)
65–74 88 (24.6) 98 (56.6) 70 (19.0) 150 (40.8)
75–84 184 (51.5) 61 (35.3) 180 (48.9) 160 (43.5)
�85 66 (18.5) 9 (5.2) 100 (27.2) 30 (8.2)

Sex 0.07 0.06
Men 143 (40.1) 83 (48.0) 139 (37.8) 164 (44.6)
Women 214 (59.9) 90 (52.0) 229 (62.2) 204 (55.4)

Data are unadjusted mean � SD for continuous variables and percentages for dichotomous variables. ntot, total number of participants.
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laser dissection microscope (P.A.L.M.; Microlaser Technologies AG,
Bernried, Germany) and isolated and amplified RNA according to
Agilent protocols (Agilent Technologies, Palo Alto, CA). Amplified RNA
(200 ng) was transcribed into cDNA by reverse transcriptase (Super-
script III; Invitrogen, Carlsbad, CA). We performed qPCR reactions and
detected levels of amplified product by real-time monitoring of SYBR
Green I dye fluorescence (Prism 7300; ABI), according to methods
described by van Soest et al.21

Statistical Analysis

Baseline characteristics of cases and controls were compared by
using analysis of covariance for continuous variables and logistic
regression analysis for discrete variables and were adjusted for age
and sex. Genotype distributions were tested for Hardy-Weinberg

equilibrium using the �2 test. Haploview software (http://www.
broad.mit.edu/mpg/haploview/ provided in the public domain by
The Broad Institute, Massachusetts Institute of Technology, Cam-
bridge, MA) was used to estimate allele frequencies and allele-based
risk of AMD. Logistic regression was used to calculate odds ratios
(ORs) and 95% confidence intervals (CIs) for risk of AMD, adjusted
for age and sex, with major alleles used as the reference. Haplotypes
were estimated by using the expectation–maximization algorithm,
and the risk of AMD for each haplotype was determined with
Haplo.stats 1.2.2 (http://mayoresearch.mayo.edu/mayo/research/
biostat/schaid.cfm/ provided in the public domain by Mayo Clinic,
Rochester, MN). To account for multiple comparisons, we esti-
mated the q statistic to determine the approximate false-discovery
rate (FDR), which is defined as the proportion of statistical tests

TABLE 2. Frequency of the Single Nucleotide Polymorphisms in the TLR4 Gene
A. Netherlands Study

SNP rs-Numbers
Nucleotide

Change

Frequency

OR (95% CI)* PCases Controls

Genotype
D299G rs4986790 AA 0.903 0.893 1.00

AG 0.094 0.107 0.85 (0.45–1.60) 0.61
GG 0.003 — —

K354K AA 0.980 0.988 1.00
AG 0.020 0.012 2.04 (0.39–10.71) 0.40
GG — — —

T3991 rs4986791 CC 0.897 0.877 1.00
CT 0.100 0.123 0.72 (0.40–1.32) 0.29
TT 0.003 — —

�2 P

Allele
D299G rs4986790 G 0.050 0.053 0.05 0.83
K354K G 0.010 0.006 0.47 0.49
T3991 rs4986791 T 0.050 0.061 0.57 0.45

*Adjusted for age and sex.

B. U.S. Study

SNP rs-Numbers
Nucleotide

Change

Frequency

OR (95% CI) PCases Controls

Genotype
D299G rs4986790 AA 0.885 0.907 1.00

AG 0.107 0.090 1.21 (0.74–1.97) 0.44
GG 0.008 0.003 3.07 (0.32–29.71) 0.33

�2 P

Allele
D299G rs4986790 G 0.058 0.048 1.32 0.25

C. Both Studies Combined

SNP rs-Numbers
Nucleotide

Change

Frequency

OR (95% CI) PCases Controls

Genotype
D299G rs4986790 AA 0.895 0.903 1.00

AG 0.101 0.096 1.07 (0.73–1.56) 0.74
GG 0.004 0.002 2.30 (0.24–22.13) 0.47

�2 P

Allele
D299G rs4986790 G 0.055 0.050 0.31 0.58

366 Despriet et al. IOVS, January 2008, Vol. 49, No. 1

Downloaded from iovs.arvojournals.org on 06/29/2019



called significant that are actually false positive.22,23 The q statistic,
also known as FDR-adjusted probabilities, was calculated incorpo-
rating all probabilities from the 54 tests performed for SNPs and
haplotypes in this study. Mean gene expression levels between
cases and controls were compared by Mann-Whitney U test and
were adjusted for expression of housekeeping genes (RBLP0,
CYCLOP, and EF1a) to correct for differences in cDNA load.24

RESULTS

Table 1 shows the characteristics of cases and controls. Cases
were, on average, 4 years older than controls in both studies.
The distribution of gender was not significantly different be-
tween cases and controls.

TABLE 3. Frequency of the Single Nucleotide Polymorphisms in the CCL2 Gene
A. Netherlands Study

SNP rs-Number
Nucleotide

Change

Frequency

OR (95% CI)* PCases Controls

Genotype
�2578 A�G AA 0.569 0.519 1.00

AG 0.350 0.442 0.71 (0.45–1.13) 0.15
GG 0.081 0.039 1.96 (0.67–5.73) 0.22

�2136 A�T AA 0.663 0.589 1.00
AT 0.287 0.397 0.67 (0.43–1.06) 0.09
TT 0.050 0.014 3.13 (0.67–14.57) 0.15

IVS1 � 50 A�T rs28730833 AA 0.975 0.992 1.00
AT 0.008 0.025 0.25 (0.04–1.65) 0.15
TT — — —

C35C rs4586 TT 0.388 0.451 1.00
TC 0.473 0.459 1.31 (0.81–2.13) 0.27
CC 0.139 0.090 1.67 (0.75–3.73) 0.21

A71T GG 0.996 1.000
GA 0.004 — —
AA — — —

�2 P

Allele
�2578 A�G G 0.256 0.221 0.059 0.81
�2136 A�T T 0.193 0.213 0.544 0.46
IVS 1�50 A�T rs28730833 T 0.004 0.012 1.704 0.19
C35C rs4586 C 0.376 0.320 2.213 0.14
A71T A 0.002 — 0.491 0.48

*Adjusted for age and sex.

B. U.S. Study

SNP rs-Number
Nucleotide

Change

Frequency

OR (95% CI) PCases Controls

Genotype
C35C rs4586 TT 0.343 0.367 1.00

TC 0.480 0.481 1.07 (0.77–1.47) 0.70
CC 0.177 0.152 1.24 (0.81–1.92) 0.32

�2 P

Allele
C35C rs4586 C 0.417 0.393 0.90 0.34

C. Both Studies Combined

SNP rs-Number
Nucleotide

Change

Frequency

OR (95% CI) PCases Controls

Genotype
C35C rs4586 TT 0.361 0.388 1.00

TC 0.477 0.476 1.08 (0.83–1.40) 0.57
CC 0.162 0.137 1.27 (0.88–1.83) 0.20

�2 P

Allele
C35C rs4586 C 0.400 0.374 1.53 0.22
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SNP analysis in the TLR4 gene did not show a significant
association with D299G or T399I in the TLR4 gene and AMD.
We identified a previously unknown rare variant (i.e., K354K,

in the amplified region of exon 4; Table 2). Haplotype analysis
of the three SNPs in TLR4 did not convey a risk of AMD. We
determined the potential additive effect of the hetero- and

TABLE 4. Frequency of the Single Nucleotide Polymorphisms in the CCR2 Gene
A. Netherlands Study

SNP rs-Number
Nucleotide

Change

Frequency

OR (95% CI)* PCases Controls

Genotype
V52V rs3918367 GG 0.980 0.975 1.00

GT 0.020 0.025 0.73 (0.16–3.21) 0.67
TT — — —

V64I rs1799864 GG 0.855 0.810 1.00
GA 0.141 0.182 0.61 (0.33–1.13) 0.11
AA 0.004 0.008 0.38 (0.02–6.20) 0.50

R233Q GG 1.000 0.992
GA — 0.008 —
AA — — —

N260N rs1799865 TT 0.453 0.492 1.00
TC 0.449 0.443 1.04 (0.65–1.68) 0.86
CC 0.097 0.066 1.47 (0.60–3.61) 0.40

IVS 1�103 G�A rs3092960 GG 0.992 0.992 1.00
GA 0.008 0.008 1.11 (0.10–12.96) 0.93
AA — — —

I318T TT 0.992 1.000
TC 0.008 — —
CC — — —

�2 P

Allele
V52V rs3918367 T 0.010 0.012 0.08 0.78
V64I rs1799864 A 0.153 0.099 1.26 0.26
R233Q A — 0.004 2.00 0.16
N260N rs1799865 C 0.322 0.287 0.93 0.33
IVS 1�103 G�A rs3092960 A 0.004 0.004 0 0.99
I318T C 0.004 — 1.00 0.32

*Adjusted for age and sex.

B. U.S. Study

SNP rs-Number
Nucleotide

Change

Frequency

OR (95% CI) PCases Controls

Genotype
V64I rs1799864 GG 0.796 0.826 1.00

GA 0.183 0.166 1.14 (0.78–1.67) 0.50
AA 0.022 0.008 2.77 (0.43–10.53) 0.14

�2 P

Allele
V64I rs1799864 A 0.113 0.091 1.90 0.17

C. Both Studies Combined

SNP rs-Number
Nucleotide

Change

Frequency

OR (95% CI) PCases Controls

Genotype
V64I rs1799864 GG 0.820 0.822 1.00

GA 0.166 0.170 0.98 (0.71–1.34) 0.88
AA 0.015 0.008 1.79 (0.55–5.84) 0.34

�2 P

Allele
V64I rs1799864 A 0.097 0.093 0.11 0.74
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homozygous genotypes of D299G and T399I in TLR4, and did
not find evidence for such an effect (D299G P � 0.74; T399I
P � 0.50). The frequency of D299G was within the same range
in the U.S. study, and no significant frequency differences
between cases and controls were found. Pooling studies did
not alter results (Table 2), nor did adjustment or stratification
for the CFH Y402H allele (data not provided). Analysis of RNA
expression of TLR4 in the RPE was low and did not reveal any
significant differences between cases and controls.

In the Netherlands study, we found five different variants in
the CCL2 gene: two localized in the promoter region (�2578
A�G; �2136 A�T), one intronic variant (IVS1 �50 A�T), one
previously described synonymous SNP (C35C), and a newly
identified missense variant in exon 3 (A71T). We observed six
variants in the CCR2 gene: two synonymous (V52V; N260N)
and three nonsynonymous (V64I; R233Q; I318T) substitutions
and one intronic SNP (IVS1 �103G�A). Genotype frequencies
of all SNPs were in Hardy-Weinberg equilibrium. No statisti-
cally significant association was found between any of the
sequence variations in these genes and AMD in the univariate
analysis. The frequencies of C35C of CCL2 and V64I of the
CCR2 gene were within the same range in the U.S. study, and
did not show any significant differences between cases and
controls. Pooling did not alter these results (Tables 3, 4), nor
did stratification or adjustment for Y402H of CFH (data not
provided). We generated haplotypes using all identified SNPs
in the Dutch study. For CCR2, the estimated haplotype fre-
quencies were not significantly different. For CCL2, one hap-
lotype containing the minor allele of C35C and the major
alleles of all other SNPs was significantly associated with AMD
(P � 0.03). This difference did not remain significant after
adjustment for multiple testing (q � 0.30; Table 5).

Results from the gene expression study did not reveal any
significant differences between cases and controls. Gene ex-
pression levels of CCL2 and CCR2 in the human RPE decreased
with age. The expression level of CCL2 was, on average, 2.6
times lower in the old control eyes than in the young non-AMD

eyes (P � 0.15 for difference). The expression level of CCR2
was on average 1.3 times lower (P � 0.81 for difference).
Expression levels were highly variable in the entire group and
showed no significant differences between the AMD and the
old control eyes (CCL2: P � 0.62; CCR2: P � 0.97).

DISCUSSION

We could not confirm the association between the D299G
variant of the TLR4 gene and AMD in two large, independent
case–control studies. In addition, we did not find a significant
relationship with genetic variants in the coding region of the
CCR2 and CCL2 genes. The qPCR experiments did not reveal
any significant differences in expression levels in these genes.
The lack of positive results implies that these genes do not play
an important role in the etiology of AMD.

Strengths of our study include the use of two independent
case–control studies, both employing the same method of
diagnosis. Although the genetic approach was different, the
studies had very similar findings. The Dutch study was de-
signed to detect known and unknown variants by using
DHPLC; the U.S. study validated known variants with a geno-
typing assay (Taqman; Invitrogen). A limitation was that the
statistical power to establish significant associations of rare
alleles was still relatively low. We could detect ORs of at least
1.47 with a power of 80% and a significance level of 0.05 for
allele frequencies of 0.20, whereas we were able to detect odds
ratios of 1.90 or higher for allele frequencies of 0.05. There-
fore, we cannot exclude that infrequent alleles of these genes
carry a low risk of AMD.

The association of TLR4 with AMD was initially proposed by
Zareparsi et al.13 in a study of Caucasians consisting of 667
cases and 439 controls, showing an increased risk for those
with the D299G allele (OR � 2.65, 95% CI 1.13–6.25). Kaur et
al.16 could not replicate this finding in a study consisting of 100
cases and 120 controls from India; on the contrary, they found

TABLE 5. Haplotype Analyses in the Dutch Study
A. TLR4 Gene

D299G K354K T399IT
Freq.

in Cases
Freq.

in Controls OR (95% CI)* P

H1 1 1 2 0.009 0.013 0.61 (0.16–2.31) 0.47
H2 2 1 2 0.041 0.048 0.75 (0.38–1.46) 0.40
H3 1 1 1 0.939 0.924 Ref

*Adjusted for age and sex; 1 � major allele; 2 � minor allele.

B. CCL2 Gene

�2518 A > G �2076 A>T IVS1�50 A>T C35C A71T
Freq.

in Cases
Freq.

in Controls OR (95% CI)* P

H1 1 2 1 1 1 0.190 0.197 1.11 (0.72–1.71) 0.65
H2 2 1 1 2 1 0.248 0.247 1.15 (0.76–1.72) 0.51
H3 1 1 1 2 1 0.125 0.072 1.99 (1.07–3.73) 0.03
H4 1 1 1 1 1 0.424 0.458 Ref

*Adjusted for age and sex; 1 � major allele; 2 � minor allele.

C. CCR2 Gene

V52V V64I R233Q N260N IVS1�103 G>A I308T
Freq.

in Cases
Freq.

in Controls OR (95% CI)* P

H1 1 2 1 1 1 1 0.073 0.099 0.61 (0.34–1.09) 0.10
H2 1 1 1 2 1 1 0.313 0.274 1.10 (0.75–1.61) 0.63
H3 1 1 1 1 1 1 0.597 0.606 Ref

*Adjusted for age and sex; 1 � major allele; 2 � minor allele.
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a slightly lower risk of AMD for the haplotype containing
D299G. Our Caucasian study from two continents consisted of
725 cases and 541 controls and yielded results in line with
those of Kaur et al. The allele frequency of D299G was very
similar in both our case groups (5%), which approached the
frequency in the cases of Zareparsi et al. (6%).13 However, we
found a similar frequency in controls (5%), whereas Zareparsi
et al. found a frequency of 3% in the control group.

The CCL2 and CCR2 genes were initially proposed as candi-
date genes in animal studies.18 We analyzed the genetic variation
of these genes in all exons and flanking intronic regions in the
Dutch study, and validated common variants in the U.S. study.
The allele frequencies were very similar in both study populations
and were within the same range as reported in other Caucasian
populations.25 Our analyses revealed no significant associations
with single SNPs. In particular, we did not find altered risks for the
�2518 and �2076 alleles in the promoter of CCL2, which are
known to increase the risk of coronary artery disease, HIV infec-
tion, and AIDS dementia.26,27 We also failed to detect an associ-
ation with the V64I allele in CCR2, which reduces the risk of HIV
progression and coronary artery disease.28,29 Contrary to the
univariate analyses, haplotype analysis revealed one statistically
significant haplotype in CCL2. However, this association did not
remain significant after correction for false-discovery rate, suggest-
ing a false-positive finding.

RNA expression of CCL2 and CCR2 showed high variation
among individuals, but was within the same range in cases and
controls. Thus, as opposed to mice, in which deficiency of the
CCL2 or CCR2 genes leads to a prominent AMD-like pheno-
type, we did not find evidence of decreased RNA-expression of
CCL2 and CCR2 in humans with AMD, nor did we find any
association with genetic variants. The opposite appears to be
true of the CFH gene: whereas genetic variations show high
association with AMD in humans, CFH-deficient mice do not
develop a significant AMD phenotype. Taken together, these
data suggest a different pathogenesis in mice and humans,
leading to similar pathologic features. What are the possible
explanations? First, the sequences of these genes are not fully
identical, which could lead to differences in protein function
between mice and humans. Second, biological pathways gen-
erally contain many proteins with equivalent function, and this
functional redundancy may differ across species.

In summary, the findings in our study do not support a role
for common genetic variation in the TLR4, CCL2, and CCR2
genes in the etiology of AMD. These results, however, do not
exclude the possibility that immune response and/or inflam-
matory pathways other than the alternative complement cas-
cade are involved in the disease. The broad spectrum of in-
flammatory proteins found in AMD eyes warrants further
research in this domain.
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