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TLR3

To the Editor

Yang et al. (Oct. 2 issue)1 describe the association between a variant of the toll-like receptor 

3 gene (TLR3) and protection from geographic atrophy, a major cause of blindness. They 

also show that the TLR3 genotype affects the sensitivity of human retinal pigment epithelial 

cells and the retinal pigment epithelium of mice to the proapoptotic effects of long double-

stranded RNA (dsRNA), a recognized ligand of TLR3. The dsRNA that they used in these 

experiments is roughly 100 times the length of small interfering RNA (siRNA) molecules, 

and yet they conclude that the “results suggest a role of viral dsRNA in the development of 

geographic atrophy and point to the potential toxic effects of short-interfering-RNA 

therapies in the eye.” I am not persuaded that this conclusion is supported by their data.

Those of us developing small dsRNA molecules for therapy are aware of their potential to 

activate components of the innate immune system. That said, the remark by Yang et al.1 

about the risks of RNA-based therapeutic agents may be misleading.

Alfred S. Lewin, Ph.D.

University of Florida

Gainesville, FL 32610
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To the Editor

Given the strong relationship between geographic atrophy and age,1,2 the difference in age 

between cases and controls in the studies that Yang et al. describe is a concern. The mean 

age of the patients with geographic atrophy in the primary study (the Utah case–control 

series) and the first replication study was 84 years, as compared with a mean age of 77 years 

among the controls. In the Blue Mountains Eye Study,1 a 7-year difference in age was 

associated with a prevalence of geographic atrophy that was increased by a factor of three 

(unpublished data), whereas a meta-analysis2 showed that the risk differed by a factor of five 

between these age groups. These data, together with reports that age-related macular 

degeneration is associated with the rate of death from cardiovascular causes,3,4 raise the 

possibility of confounding by age or selective mortality. Although this limitation does not 

apply to the second replication study, which used age-matched data from the Age-Related 
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Eye Disease Study (AREDS) (ClinicalTrials.gov number, NCT00000145), it is unclear how 

the 184 patients with geographic atrophy and 134 controls were selected from among the 

more than 3600 AREDS subjects. Finally, the mean age of persons with choroidal 

neovascularization in the Han Chinese sample was approximately 10 years younger than the 

mean age of persons in the other samples, suggesting disease processes other than age-

related macular degeneration (e.g., myopic choroidal neovascularization or polypoidal 

choroidal vasculopathy). Thus, adjustment for age would strengthen the validity of these 

important findings.
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To the Editor

Yang et al. report an association between the F412L (rs3775291) variant of TLR3 and 

protection against the development of geographic atrophy, a phenotype of late-stage age-

related macular degeneration. The International Age-related Macular Degeneration Genetics 

Consortium genotyped rs3775291 in eight well-known case–control studies involving data 

from a total of 1080 patients of European descent with geographic atrophy and 2669 

matched controls (for consortium members and methods, see the Supplementary Appendix, 

available with the full text of this letter at NEJM.org).

Data from the eight studies are summarized in Table 1. The studies show — both 

individually and collectively — neither a significant association nor a trend toward an 

association between the TLR3 rs3775291 single-nucleotide polymorphism (SNP) and 

protection against geographic atrophy (P≥0.29 in all cohorts) (Table 1). The difference in the 
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minor-allele frequency between patients with geographic atrophy and controls did not 

exceed 4% in any study and, summarizing the data across studies, the minor-allele frequency 

of the rs3775291 SNP was identical in the 2669 controls than in the 1080 patients with 

geographic atrophy. Moreover, the minor-allele frequency of rs3775291 did not differ 

significantly between any of the geographic-atrophy groups or between any of the control 

groups, making population stratification an unlikely explanation for the difference between 

our findings and those of Yang et al.

Two other explanations remain. Random variability of this SNP in the general population 

can result in a chance finding in relatively small cohorts. Alternatively, the difference can be 

explained by experimental error. We and Yang et al. screened samples from the AREDS 

cohort1 and obtained significantly different results. Since there were only 237 subjects with 

verified geographic atrophy in the AREDS cohort (in the Coriell Cell Repositories), there 

should be substantial overlap and concordance between data generated in the two studies. 

Although the minor-allele frequency in AREDS controls was very similar in our study and 

in the study by Yang et al. (0.30 and 0.31, respectively), in AREDS patients with geographic 

atrophy, the minor-allele frequency differed significantly between the two studies (0.28 and 

0.21, respectively; P = 0.02). The reasons underlying these differences could be resolved by 

a direct comparison of the genotypes obtained in the AREDS subjects in the two studies. We 

conclude that it is incorrect to describe TLR3 as being associated with dry age-related 

macular degeneration and therefore inappropriate to suggest revising therapeutic strategies 

on the basis of the available data.
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To the Editor

Age-related macular degeneration is a leading cause of visual impairment in older persons 

and is a late-onset complex trait influenced by heredity and modifiable risk factors, 

including cigarette smoking. The accumulation of inflammatory deposits called drusen 

under the retina heralds the clinical onset of early age-related macular degeneration. The 

extent of these changes is a primary predictor of which patients with early age-related 

macular degeneration will have the advanced complications of age-related macular 

degeneration: atrophy of the retina (geographic atrophy) and abnormal angiogenesis (“wet” 

age-related macular degeneration).1,2 Genetic variants consistently associated with age-

related macular degeneration (complement factor H [CFH], complement component 2–

complement factor B [C2–CFB], complement component 3 [C3], and age-related 

maculopathy susceptibility 2 gene–HtrA serine peptidase 1 [ARMS2–HTRA1]) increase the 

risk of early and advanced age-related macular degeneration.

Yang et al. report that in their study, geographic atrophy — but not early or neovascular age-

related macular degeneration — was associated with a variant of TLR3 (a SNP at 

rs3775291) that results in the substitution of phenylalanine for leucine at amino acid 412. 

We have previously reported that there is no consistent association between this SNP and 

early or advanced age-related macular degeneration.3

Table 1 shows distributions of alleles and genotypes for rs3775291 among four independent 

samples composed of case patients and controls of European descent. We did not detect a 

consistent effect of Leu412Phe on the risk of age-related macular degeneration. In contrast 

to the study by Yang et al., showing a protective effect of the minor allele, a meta-analysis 

involving our 880 case patients with geographic atrophy and 1189 controls showed a higher 

minor-allele frequency among the case patients (odds ratio with the use of the Mantel–

Haenszel test, 1.05; 95% confidence interval, 0.91 to 1.21) and no evidence of the reported 

protective effect on disease (P = 0.75).

The four samples were genotyped with the use of different techniques with call rates that 

were higher than 97%. We sequenced the region around rs3775291 in subgroups of subjects 

to verify the results of genotyping. Genotyping of SNPs associated with risk at other loci, 

such as CFH, has yielded results that are consistent with those of other genetic studies of 

age-related macular degeneration. We are therefore confident that our failure to detect an 

association between TLR3 and age-related macular degeneration is not explained by 

genotyping errors or misclassification of cases and controls.

The prevalence of genotypes among the AREDS subjects, with genotyping performed by the 

Center for Inherited Disease Research with the use of the Human-1 platform (Illumina) 

(Table 1) differs from that among the AREDS subjects in the study by Yang et al.
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We conclude that the Leu412Phe variant in TLR3 is unlikely to have a major effect on the 

risk of age-related macular degeneration.
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The Authors Reply

Lewin is correct that polyinosine– polycytidylic acid induces retinal degeneration through 

TLR3. Our earlier study1 indicated that 21-nucleotide siRNAs activate TLR3 and induce 

cytotoxic effects in vivo as effectively as polyinosine–polycytidylic acid. Those findings, 

coupled with in vitro and structural data2,3 suggesting that 21-nucleotide siRNAs bind and 

activate TLR3, fuel our concern about potential ocular toxic effects.

Liew and colleagues are correct that there is an age difference between case patients and 

controls in the two cohorts. However, this difference is unlikely to account for all of the 

association signals. Klein et al.4 found that the 10-year incidence of geographic atrophy 

among 75-year-old patients was only 3.1% and that over a period of 10 years, geographic 

atrophy did not develop in any of the 2572 persons who had no drusen or had drusen smaller 

than 63 µm in diameter (these characteristics correspond to those of our controls). 

Furthermore, the AREDS showed that geographic atrophy developed in less than 0.2% of 

patients in AREDS category 1 (corresponding to controls in our two replication case–control 

series) over a period of 5 to 7 years.

The difference between our results and those of Allikmets and colleagues and Edwards and 

colleagues may be explained by our stringent criteria for controls (i.e., the absence of drusen 

in the Utah cohort and fewer than 5 drusen smaller than 63 µm in diameter in the control 

groups).5 With regard to the difference in allele frequencies and consequent P-value 

differences in the AREDS case–control series, we note that Edwards and colleagues 

obtained their genotype data from the dbGaP; this genotyping was performed by the Center 

for Inherited Disease Research. We obtained AREDS samples from the Coriell Cell 

Repositories; 50 of 184 of our case patients with geographic atrophy and 91 of 134 of our 

controls also were genotyped by the Center for Inherited Disease Research. A difference in 

sample populations and a difference in phenotypic classes may underlie the discrepancy in 

allele frequencies.

We are disappointed that Edwards and colleagues and Allikmets and colleagues interpret the 

difference in findings to support a false positive association between TLR3 and geographic 

atrophy. Another possibility is that the overall allele effect is modest and not readily 

detectable in all populations (due to insufficient power). We advise caution in dismissing this 

second possibility, not least because loci with a modest contribution to disease offer 

invaluable insights into the mechanisms of disease pathogenesis.
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