AMD risk alleles are not implicated in Age-Related Macular Degeneration in Liver Transplantation patients
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Introduction and Methods
We previously reported an increased prevalence of age-related macular degeneration (AMD) in liver transplant (LT) patients compared to the general population of similar ethnicity and age (64.6% versus 37.1% in the Rotterdam Study baseline population, p<0.001).1,2 The reasons for the increased prevalence of AMD have not been fully explained. This study aims to determine whether other SNPs in genes associated with AMD in the general population, are also associated with AMD in our LT patient group.

Full methodology of patient recruitment and DNA analysis is described in our previous paper.2 Statistical significance was defined as p≤0.05. Data analysis was carried out using PLINK v1.07 (Centre for Human Genetic Research, Massachusetts General Hospital, USA) and SPSS version 21 (IBM, New York, USA). Ethical committee approval was obtained and the study adhered to the tenets of the Declaration of Helsinki. 

Analysis of SNPs in LT patients with AMD status
Recipient DNA was analysed for SNPs in 9 genes associated with AMD.3,4 Donor CFH rs1061170 status was obtained through measurement of levels of both Y402 and H402 CFH proteins in recipient blood. All SNPs conformed to Hardy-Weinberg Equilibrium (table 1). 

Multivariate analysis within the LT group was carried out using binary logistic regression with AMD status (present/absent) as the dependent variable and other covariates added in a forward stepwise method. Only increasing age (P=0.018, OR = 1.060, CI 1.010-1.112) and recipient CFH rs1061170  SNP (P=0.049, OR = 1.508, CI 1.002-2.268) were associated with AMD. No association was found between AMD status and the remaining 8 recipient SNPs explored in this LT group study, when controlling for known significant risk factors for AMD (age, gender, smoking status, BMI). 
Univariate analysis using the chi square test, showed no significant association between any SNP and AMD status in the LT group, after Bonferroni correction (table 1). 

Comparing SNPs between LT and general population group
Genotype data for the same SNPs were extracted from a genome-wide association study for a local Southampton AMD group (515 AMD cases and 616 controls).5 Three SNPs were not significantly associated with AMD in this group (CFI rs10033900, TIMP3 rs9621532, LIPC rs10468017) (table 1, genotype counts in table 2, available at http://www.ophthalmology-retina.org/).

We sought to determine if the lack of association in the LT group was due to a difference between the controls in the LT versus the Southampton general population group, or due to a difference between AMD cases in the LT versus Southampton general population (using the chi square test). In four of the six significant SNPs there was a significant difference in allele frequencies between the two AMD case groups including, CFH rs1061170 and HTRA1/ARMS2 rs10490924.

Conclusion
We expected to find the same SNPs associated with AMD in our LT group as in the general population, however this was not the case. We did find a significant association between AMD and recipient CFH rs1061170 in the multivariate analysis (as previously reported2), although it did not pass multiple testing correction in the univariate analysis. However, we found no association between the remaining SNPs and AMD status in LT patients.

Three SNPs previously associated with AMD (CFI rs100033900, TIMP3 rs9624532, LIPC rs10468017)3, were not found to be significant in our Southampton AMD group. This suggests that the associations with AMD at these particular SNPs are less robust, although other SNPs within these genes may be associated. A limitation of this study was the relatively small sample size of 144 AMD cases and 79 controls in the LT group. We may have been underpowered to detect smaller effects at some of these SNPs. However, it was surprising not to see any association of the HTRA1/ARMS SNP rs10490924 with AMD in our LT group. This gene is often the most strongly associated with AMD in the general population3 and in our Southampton AMD group had a p-value of 4.33x10-21 and an odds ratio of 2.419. Furthermore, although the risk allele is the same for the CFH rs1061170 SNP the effect size is much reduced in the LT group, with an OR of 1.58 versus 2.013 in the Southampton AMD group.

The lack of association for rs1061170 and rs10490924 in the LT group is due to a significant reduction in the risk allele frequency in AMD cases in the LT group as shown by comparison to the Southampton AMD group case group (P= 0.01, P <0.0001 respectively). The frequency of the risk allele in the control groups remained similar (P=0.575 and 0.463 respectively). There were no significant differences in the frequency of risk alleles between the control groups for all SNPs tested, except TIMP3 rs9621532 (the minor allele frequency for this rare SNP may not have been accurately assessed in the LT group due to sample size). Therefore the LT group controls are similar to the general population controls but the cases are different, suggesting LT patients may have a different underlying genetic mechanism of developing AMD.

A further limitation of this study was the small number of SNPs studied. The SNPs were chosen based on information derived from the literature that was deemed most inclusive and current at the time this study was conducted.3 Next generation sequencing methods may uncover alternative genetic risk factors unique to LT AMD cases.
[bookmark: _GoBack]
Other factors may also affect AMD prevalence in the LT group. Insufficient donor genotyping available to us; therefore it is hard to know whether the SNP of recipients or donors play a role in the pathogenesis of AMD in LT patients. Systemic hepatic protein production will be profoundly affected through liver transplantation. Furthermore, LT patients are systemically unwell prior to transplantation, and undergo compulsory immunosuppression following LT.

In summary, this study shows that not only is AMD more prevalent in an LT group but there appear to be different underlying genetic risk factors. Although CFH (rs1061170) is significant it has a smaller effect on AMD risk than in the general population, and strikingly HTRA1/ARM2 (rs10490924) is not associated with AMD risk in the LT group at all.
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