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with the discovery of an association between polymorphic
variation in the complement factor H gene (CFH) and
AMD. Following this, other loci at 10q26, ARMS2/HTRAI
(8-12), were implicated, in addition to several genes in-
volved in the complement pathway. The discovery of CFH
variants and the alternative complement pathway in the
pathophysiology of AMD subsequently led to the investiga-
tion of other complement factors, such as complement
component 3 (C3) (13-30), complement component 2
(C2), and complement factor B (CFB) (13, 31-37). We pre-
viously performed a systematic review of C3 (38). The
current review focuses on the C2 and CFB variants.

The C2 gene, located on 6p21.33, encodes a serum gly-
coprotein that functions as part of the classical complement
pathway, which is involved in innate immunity and inflam-
mation (Online Mendelian Inheritance in Man (OMIM)
number 613927). Two polymorphisms (159332739 G>C
and rs547154 G>T) have been implicated in AMD. The
C2 polymorphisms may be associated directly with AMD

or indirectly through the high level of linkage disequili-

brium (LD) that exists between C2 and CFB, which is
located downstream on the same chromosome (OMIM
number 138470) and which contains additional variants
that are also highly associated with AMD (33, 36),
1s4151667 T> A and rs641153 G > A. Therefore, we con-
ducted a systematic review to pool the results of all avail-
able population-based association studies on C2 (15547154
and 1rs9332739), CFB (rs4151667 and rs641153), and
AMD, with the following objectives:

To estimate the prevalence of the minor alleles of C2
and CFB.

To ascertain whether there are genetic associations with
AMD susceptibility and, if so, to estimate the magnitude of
those associations and the possible genetic modes of action.

MATERIALS AND METHODS
Search strategy

Studies were identified from the MEDLINE (US Nation-
al Library of Medicine), EMBASE (Excerpta Medica Data-
base; Elsevier B.V., Amsterdam, the Netherlands), and
Scopus (SciVerse Scopus; Elsevier B.V.) databases using
the PubMed, Ovid, and Scopus search engines up to June
18, 2011, by 1 reviewer (A. T.). Search strategies used for
PubMed were as follows: (gene or allele or polymorphism)
and (macular degeneration) and (“complement component
2” or “C2” or “complement factor 2”) or (“CFB” or “com-
plement factor B”). Where there were multiple publications
with the same subjects, the most complete and recent
results were used. The reference lists of the selected articles
were also reviewed to identify additional relevant publica-
tions. Details of other search strategies are described in the
Appendix.

Inclusion criteria

Two reviewers (A. T. and M. M.) independently went
through all titles and abstracts of the identified studies. Any

human population-based association study, regardless of
sample size, was included if it met the following criteria:

Genotyped C2 (13547154 G>T and 159332739 G>C)
or CFB (154151667 T>A and r1s641153 G>A)
. polymorphisms.

The outcome was AMD, and there was at least 1 compar-
ison/control group.

There was sufficient description of the results—that is,
numbers of subjects in genotype and outcome groups.
Where eligible, the authors of articles with insufficient
information were contacted, with a request for additional
information. If they did not provide data after 2 contacts,
those studies were excluded from our review.

Data extraction

Summary data for C2 and CFB were extracted independent-
ly by 2 reviewers (A. T. and M. M.) using a standardized data
extraction form. Data on covariables such as mean age, per-
centage of males, percentage of smokers, and ethnicity were
also extracted. Any disagreement was resolved by consensus.

Risk of bias assessment

The quality of studies was independently assessed by 2
reviewers (A. T. and M. M.) using a risk of bias assessment
for genetic association studies, described in detail previously
(38). Briefly, the assessment considered 5 domains: selection
bias, information bias, confounding bias, multiple tests and
selective reports, and assessment of Hardy-Weinberg equilib-
rium (HWE). Each item was classified with regard to risk of
bias (“yes/no™) or as unclear if there was insufficient infor-
mation to assess risk of bias (“unclear’).

Statistical analysis

Data in the control group of each study were used to
assess HWE using an exact test. Genetic effects were strati-
fied by ethnicity (Caucasian or Asian) and analyzed using
2 approaches, as described below (38, 39).

Per-allele approach. Suppose that g and G are minor and
major alleles, respectively, and gg, Gg, and GG are minor
homozygous, heterozygous, and common homozygous geno-
types, respectively, for each polymorphism. A minor g allele
frequency was estimated for each study, and data were then
pooled using meta-analysis for pooling prevalence (40).
Odds ratios for g alleles versus G alleles, along with 95%
confidence intervals, were estimated. Heterogeneity of odds
ratios across studies was assessed using a Q test, and the
degree of heterogeneity was quantified using I°. If heteroge-
neity was present (i.e., if the Q test was significant or I* was
greater than 25%), the cause of heterogeneity was explored
by fitting a covariable (e.g., age, percent male, or percent
smokers) in a meta-regression model, when the data for these
covariables were available (41-44).

Per-genotype approach. Two odds ratios (gg vs. GG,
denoted odds ratio 1 (OR;), and Gg vs. GG, denoted odds
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ratio 2 (OR,)) were estimated for each study. Heterogeneity
of odds ratios was assessed using the method mentioned
previously. If there was heterogeneity in at least 1 of these
odds ratios, the cause of heterogeneity was explored using
meta-regression analysis. A mixed-effects hierarchical
model with a logit link function (40) was applied to deter-
mine the overall gene effect using the xtmelogit command
in STATA (StataCorp LP, College Station, Texas). The ge-
notypes were considered in the model as fixed effects,
whereas the study was considered a random effect. A likeli-
hood ratio test was used to assess whether an overall gene
effect was significant. Pooled odds ratios and 95% confi-
dence intervals were then estimated from the mixed model.

The mode of genetic effect, measured by the parameter
lambda (1), which is defined as the ratio of log OR, to log
OR,, was then estimated using the model-free Bayesian
approach (45). The value of lambda ranges from O to 1. If
A =0, a recessive model is suggested; if A=1, a dominant
model is suggested; and if A=0.5, a codominant model is
suggested. If > 1 or A <0, then a homozygous or heterosis
model is likely, although this is rare.

Sensitivity analyses were performed by including and ex-
cluding studies not in HWE. Publication bias (study-size
effect) was assessed using the Egger test and contour-
enhanced funnel plots (46—48). Trim-and-fill meta-analysis
was applied to impute unidentified studies (49). The popu-
lation attributable risk (PAR) for genotypes was calculated
as in the papers by Hayden et al. (50) and Rossman et al.
(51). Analyses were performed using STATA, version 11.1
(52), and WinBUGS 1.4.2 (53), with normal vague prior
distributions for estimation of parameters (i.e., lambda and
the odds ratio). The analyses were run with a burn-in of
1,000 iterations, followed by 10,000 iterations for parame-
ter estimates. A P value less than 0.05 was considered stat-
istically significant, except for tests of heterogeneity, where
a level of 0.10 was used.

RESULTS

Identifying studies

A total of 59, 87, and 319 studies were located from
MEDLINE, EMBASE, and Scopus (Figure 1), respectively.
After removal of 110 duplicates, 355 titles or abstracts were

screened, with 23 determined to be eligible. The full articles’

on the 23 remaining studies were reviewed; 4 studies were
further excluded, leaving 19 studies for data extraction.
Among the 19 included studies, 11 (57.9%) were identified
in all 3 databases, 5 (26.3%) were identified through both
MEDLINE and EMBASE, 2 (10.5%) were identified only
in Scopus, and 1 (5.3%) was identified only in EMBASE.
Sixteen studies had data on rs9332739 polymorphisms, 13
studies had data on rs547154, 14 studies had data on
rs4151667, and 14 studies had data on rs641153. The char-
acteristics of these 19 studies are given in Table 1.

Risk of bias assessment

As is shown in Web Table 1 (available on the Journal’s
website (http:/aje.oxfordjournals.org/)), the criteria for
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diagnosis of early and late AMD and controls were clearly
described for all included studies, and therefore the risk of
ascertainment bias was low. The risk of bias was highest in
the quality control for genotyping (unclear or not men-
tioned in 8 out of 19 studies, or 42.1%), followed by selec-
tive reporting (7/19, 36.8%) and not assessing HWE (5/19,
26.3%).

C2 rs9332739. In 16 studies, investigators assessed the
association between 1s9332739 and AMD (see Web
Table 2). Among these, 14 studies were carried out among
persons of European descent (13, 15, 19, 22, 24, 26, 27,
31-36, 54) and 2 were carried out in Asian populations
(37, 55). HWE was assessed in the control groups and was
met in all studies. Among the Caucasian studies, the
pooled frequency of minor allele C was lower in AMD
cases than in non-AMD populations, with frequencies of
2.5% (95% confidence interval (CI): 2.0, 3.0) and 4.8%
(95% CI. 3.9, 5.6), respectively. The odds ratios were
mildly heterogeneous (y*=17.46 (14 df), P=0.233, *=
19.8%), with a pooled odds ratio of 0.55 (95% CI: 0.46,
0.65), suggesting that the C allele was approximately half
as frequent in the AMD group as in controls. The frequen-
cy of the C allele in the single Chinese population was very
similar to that in Caucasians (approximately 2%), but it
was the major allele in the single Indian population, at ap-
proximately 96%, and was more prevalent in cases than in
controls. :

Genotype frequencies in the AMD and control groups
are shown in Table 2. The gene effects for OR; (CC vs.
GG) and OR, (GC vs. GG), along with 95% confidence
intervals, were plotted across studies in Caucasian popula-
tions (see Web Figure 1, parts A and B). OR; was homoge-
nous (x*=2.33 (14 df), P=1.00, I*=0%), whereas OR,
showed mild heterogeneity across studies (x*=18.69 (14
df), P=0.177, I* =25.1%). The mixed logit model yielded
pooled estimates for OR; and OR; of 0.38 (95% CI: 0.14,
1.08) and 0.52 (95% CIL. 0.45, 0.61), respectively, which
suggested that persons with CC and GC genotypes had ap-
proximately 62% and 48% lower risks of AMD than
persons with the GG genotype.

The estimated lambda value was 0.69 (95% CI: 0.37,
0.97), suggesting that a dominant or additive mode of
effect was most likely. Publication bias was assessed for
OR; and OR; using funnel plots, which suggested symme-
try of gene effects for both odds ratios (see Web Figure 1,
parts C and D) (for OR;, Egger test coefficient = 0.92 (stan-
dard error (SE), 0.66), P=0.188; for OR,, Egger test coef-
ficient =0.23 (SE, 0.85), P=0.789). Adding the 2 Asian
studies yielded very similar results, with a lambda value of
0.71 (95% CIL: 0.34, 0.99). Despite the C allele’s being the
major allele in the Indian population (37, 55), the direction
of the association was still protective. Pooling only ad-
vanced AMD cases in 6 Caucasian studies yielded
summary estimates of OR; and OR; of 0.22 (95% CI: 0.04,
1.10) and 0.52 (95% CI: 0.43,0.63), respectively.

C2 rs547154. Thirteen studies (13, 15, 19, 20, 22, 26,
31-33, 35-37, 55) were eligible for pooling of gene effects
of the rs547154 polymorphism (see Web Table 3). Ten
studies (15, 19, 22, 26, 31-33, 35, 36) were in Caucasians,
and 3 studies (20, 37, 55) in Asians. The allele frequency
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Figure 1. Selection of published studies (2006-~2011) for a systematic review and meta-analysis of the association of complement component
2(C2)/complement factor B (CFB) gene polymorphisms with age-related macular degeneration (AMD). (GAS, genetic association study).

in 1 Caucasian study (19) was not in HWE and was exclud-
ed from pooling. The pooled frequencies of the T allele in
AMD and non-AMD populations were 4.6% (95% CI: 4.0,
5.2) and 9.0% (95% CIL: 7.3, 10.8), respectively. The odds
ratios (T vs. G) were moderately heterogeneous (y* = 13.12
(8 df), P=0.108, I>=39.0%), with a pooled odds ratio of
0.47 (95% CI: 0.37, 0.60). This suggested that the T allele
was about half as frequent in AMD cases as in controls.
There was no evidence of publication bias (Egger test coef-
ficient=0.02, P =0.986). Sensitivity analysis was per-
formed by including the study which did not observe

HWE; this yielded similar results, with a pooled odds ratio
of 0.42 (95% CI: 0.32, 0.55). Subgroup analysis in ad-
vanced AMD cases was not performed because of insuffi-
cient data.

In Asian studies, the absolute frequency of the T allele in
cases and controls was almost double that in Caucasians,
with similar relative frequencies (pooled odds ratio = 0.48,
95% CI: 0.22, 1.05).

~ Genotype frequencies were characterized in the AMD
and non-AMD groups separately by ethnicity (see Table 3).
OR,; (TT vs. GG) was homogenous across studies (x2=
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Table 1.

General Characteristics of Studies Included in a Systematic Review and Meta-Analysis of the Association of Complement Component :
Polymorphisms With Age-Related Macular Degeneration, 2006-20112

Y earF:rRs;feA:g::;’N 0.) Mean Age, years % Male % Smokers Study Design Type of Case
Maller, 2006 (13) 76.3 455 Case-control Advanced AMD
Gold, 2006 (32) 736 Matched case-control AMD
Spencer, 2007 (36) 73.7 38.8 57.6 Case-control AMD grades 3-5
Chu, 2008 (56) 67.1 54.8 Matched case-control Exudative AMD
Jakobsdottir, 2008 (33) 76.2 43.7 43.3 Case-control 56%—66% GA and CN'
Scholl, 2008 (26) 735 43.6 475 Case-control 69.6% CNV
Bergeron-Sawitzke, 2009 (15) 65.4 45.7 46.5 Age-, sex-, and race-matched AMD grades 3-5
! case-control
Francis, 2009 (19)—AREDS Cohort GA/CNV
Francis, 2009 (19)—CEIMDC 76.7 33.2 Case-control GA/CNV
Farwick, 2009 (31) 70.9 40.4 40.2 Cross-sectional 30.5% advanced AMD
Goto, 2009 (20) 73 54.8 Matched case-control Advanced AMD
Park, 2009 (22) Cohort Early and late (54.6%)
Pei, 2009 (23) 69.9 53 45.8 Age- and sex-matched CNV
case-control
Reynolds, 2009 (24) 50 54.4 Case-control Grade 4 (GA)/5(CNV) i
or both eyes
Richardson, 2009 (35) 731 347 Case-control 71.7% advanced AMD
Seddon, 2009 (27) Case-control Advanced AMD
Kaur, 2010 (37) Matched case-control
Liu, 2010 (55) 64.2 454 Age-matched case-control 66.4% CNV and 33.6%
McKay, 2009 (34) 74.9 38.5 Age-matiched case-control GA/CNV
Chen, 2011 (54) 774 43.8 35.7 Case-control 38% GA and 72% CN!

Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; CEIMDC, Casey Eye Institute Mac

neovascularization; GA, geographic atrophy.

2 For details on the AMD grading scale, see the AREDS website (https:/web.emmes.com/study/areds/mop.htm) and the article by Seddon et :
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Table 2. Frequencies of the Complement Component 2 (C2) rs9332739 Genotype in AMD and Control Groups and Genotype Effects of

Studies Included in the Meta-Analysis, 20062011

No. of Subjects Genotype Effect
F(i;fetf:f;:g;’,\]’:‘;" AMD Group Non-AMD Group CCvs. GG GC vs. GG
CcC GC GG Total ccC GC GG Total OR{ 95% Cl OR; 95% Cl
Caucasians

Maller, 2006 (13) 1 63 1,174 1,238 3 95 836 934 0.24 0.03,229 047 0.34,0.66
Gold, 2006 (32) 1 35 861 897 1 40 340 381 040 0.03,633 0.19 0.12,0.29
Spencer, 2007 (36) 1 40 657 698 1 27 254 282 0.39 0.02,6.20 0.57 0.34,0.95
Jakobsdottir, 2008 (33) 0 10 172 182 1 156 166 0.30 0.01,7.48 1.01  0.40,2.54
Scholl, 2008 (26) 0 7 105 112 0 5 62 67 059 0.01,30.23 0.83 0.25,272
Bergeron-Sawitzke, 2009 (15) 0 17 404 421 0 22 193 215 048 0.01,2420 0.37 0.19,0.71
Farwick, 2009 (31) 2 35 767 804 0 7 95 102 0.62 0.03,13.06 0.62 0.27,1.43
Francis, 2009 (19)—AREDS 0 37 484 521 1 37 370 408 025 0.01,6.28 076 0.48,1.23
Francis, 2009 (19)—CEIMDC 0 6 392 398 0 20 256 276 0.65 0.01,33.04 020 0.08,0.49
Park, 2009 (22) 0 9 114 123 0 10 138 148 121 0.02,61.44 1.09 043,277
Reynolds, 2009 (24) 0 8 96 104 0 9 48 57 050 0.01,25.72 0.44 0.16,1.22
Richardson, 2009 (35) 0 23 494 517 0 11 146 157 0.30 0.01,15.00 -0.62 0.29,1.30
Seddon, 2009 (27) 0 8 272 280 2 90 1,075 1,167 079 0.04,1655 0.35 0.17,0.74
McKay, 2009 (34) 1 29 395 425 0 45 383 428 291 0.12,71.63 0.62 0.38,1.02
Chen, 2011 (54) 1 78 1,256 1,335 1 48 460 509 0.37 0.02,5.87 0.60 0.41,087

Pooled data 7 405 7,642 8,054 10 475 4812 5297 038 0.14,1.08 052 045,0.61

Asians .

Kaur, 2010 (37) 164 11 2 177 154 20 1 175 053 0.05593 0.28 0.02,3.39
Liu, 2010 (55) 0 10 228 238 0 10 210 220 0.92 0.02,46.64 0.95 0.39,2.34

Pooled data 164 21 230 415 154 30 211 395 0.77 043,138 054 0.46,0.63

Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; CEIMDC, Casey Eye Institute Macular

Degeneration Center; Ci, confidence interval; OR, odds ratio.

2 Continuing correction was performed by adding 0.5 in all cells for OR;.

1.38 (8 df), P =0.994, I* =0%), but OR, (GT vs. GG) was
moderately heterogeneous (x2= 13.47 (8 df), P=0.097,
1> =40.6%) (see Web Figure 2, parts A and B). A mixed-
effects model was applied and resulted in pooled OR; and
OR; estimates of 0.23 (95% CL: 0.11, 0.48) and 0.48 (95%
CIL: 042, 0.56), respectively, indicating that persons with
the TT and GT genotypes had approximately 77% and
52% significantly lower risks of having AMD compared
with persons with the GG genotype, respectively. The esti-
mated lambda value was 0.53 (95% CI: 0.30, 0.93), which
suggested that an additive model was most likely. Neither
the Egger test nor the funnel plot suggested asymmetry
of the funnel plot for OR; (coefficient=0.33 (SE, 29),
P=0.347) or OR, (coefficient=—0.16 (SE, 1.14), P =0.892)
(see Web Figure 2, parts C and D). The gene effects in the 3
Asian studies were moderately to highly heterogeneous, with
I? values of 52.3% (x*=4.19 (2 df), P=0.123) and 82.8%
(xz =11.65 (2 df), P=0.003) for OR; and OR,, respectively.
The pooled OR; and OR, were 0.32 (95% CI: 0.12, 0.83)
and 040 (95% CI: 0.28, 0.56), respectively, which were
similar to the associations in Caucasians.

CFB rs4151667. Fourteen studies (13, 15, 19, 22, 23,
26, 31-35, 37, 55, 56) assessed the association between

rs4151667 and AMD. After unsuccessful attempts to
contact the authors, 1 study (56) was excluded because of
insufficient data. Allele frequency data for the remaining 13
studies were characterized by ethnicity (see Web Table 4),
and all studies observed HWE. The pooled frequencies of
the A allele in the 10 Caucasian studies were 2.4% (95%
CL 2.1, 2.7) and 4.7% (95% CI. 4.4, 5.1) in AMD and
non-AMD groups, respectively. The allele-effect odds
ratios (A vs. T) were homogeneous across studies (x*=
7.20 (9 df), P=0.616, I* =0%), with a pooled odds ratio
of 0.54 (95% CI. 0.45, 0.64), suggesting that the A allele
was approximately half as frequent in the AMD group as in
controls. Allele frequencies in Asians were 2.4% (95% CI:
1.1, 3.6) and 3.5% (95% CI: 0.9, 6.0) in AMD and non-
AMD groups, respectively—Ilargely similar to Caucasians.
Genotype frequencies from the 13 studies are shown
in Table 4. In the 10 Caucasian studies, genotypic effects
for OR; (AA vs. TT) and OR; (AT vs. TT) were homoge-
nous, with I values of 0% for both OR, (x2 =3.16 (9 df),
P=0957) and OR, (x*=7.19 (9 df), P=0.618). The
mixed-effects logit model yielded pooled estimates for OR;
and OR, of 0.99 (95% CI: 0.28, 3.58) and 0.50 (95% CIL:
0.42, 0.61), respectively, which suggested a nonsignificant
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Table 3. Frequencies of the Complement Component 2 (C2) rs547154 Genotype in AMD and Control Groups and Genotype Effects of

Studies included in the Meta-Analysis, 2006-2011

No. of Subjects Genotype Effect
F(i{as;fgr‘g:g;’r}( g AMD Group Non-AMD Group TT vs. GG GTvs. GG
T GT GG Total TT GT GG Total OR{ 95% Cl OR; 95% Cl
Caucasians

Maller, 2006 (13) 4 126 1,108 1,238 9 164 761 934 0.31 0.09,0.99 0.53 0.41,0.68
Gold, 2006 (32) 2 86 806 894 5 75 302 382 0.15 0.03,0.78 0.43 0.31,0.60
Spencer, 2007 (36) 2 66 630 698 4 55 223 282 0.18 0.03,0.97 0.42 0.29,0.63
Jakobsdottir, 2008 (33) 0 9 170 179 0 31 130 161 0.77 0.02,38.83 022 0.10,0.48
Scholl, 2008 (26) 0 106 112 0 10 57 67 054 0.01,2757 032 0.11,0.93
Bergeron-Sawitzke, 2009 (15) 0 51 379 430 0 39 176 215 047 0.01,2353 061 0.39,0.96
Farwick, 2009 (31) 0 60 609 669 0 5 83 88 0.14 0, 6.95 164 0.64,4.19
Francis, 2009 (19 p.c 0 14 184 198 0 139 167 306 091 0.02,46.01 0.09 0.05,0.16
Park, 2009 (22) 1 31 354 386 1 26 133 160 0.38 0.02,6.05 045 0.26,0.78
Richardson, 2009 (35) 2 54 469 525 3 41 156 200 022 0.04,1.34 044 0.28,0.68

Pooled data 11 483 4631 5,131 22 446 2,022 2490 023 0.11 ,0.48 0.48 0.42,0.56

Asians

Goto, 2009 (20) 2 7 89 98 4 28 158 180 0.89 0.16,4.94 0.44 0.19,1.06
Kaur, 2010 (37) 2 26 149 177 11 74 90 175 0.11  0.02, 0.51 021 0.13,0.36
Liu, 2010 (55) 2 28 208 238 2 32 186 220 0.89 0.12,6.41 0.78 0.45,1.35

Pooled data 6 61 446 513 17 134 434 585 0.32 0.12,0.83 040 0.28,0.56

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval; OR, odds ratio.

2 Continuing correction was performed by adding 0.5 in all cells for OR;.

b Both subsamples (Age-Related Eye Disease Study and Casey Eye Institute Macular Degeneration Center) were included.
¢ Not included in pooling because of departure from Hardy-Weinberg equilibrium.

risk association for the AA genotype (likely due to the
outlier study by McKay et al. (34)) but a significant preven-
tive association for the AT genotype when compared with
the TT genotype (see Web Figure 3, parts A and B). The
estimated lambda value was 0.70 (95% CI: 0.37, 0.98),
suggesting that a dominant or additive effect was most
likely. Neither the Egger test not the funnel plot suggested
asymmetry of the funnel for either OR; (coefficient = —0.14
(SE, 1.12), P=0.509) or OR, (coefficient=0.51 (SE,
0.78), P=0.530) (see Web Figure 3, parts C and D).

Only 4 studies (13, 19, 22, 34) had data on advanced
AMD cases. The AA and AT effects were homogeneous (for
ORy, ¥*>=2.49 (3 df), P=0.477, I>=0; for OR,, *>=045
(3 df), P=0.929, I*=0), with the pooled OR, and OR,
being equal to 0.53 (95% CI: 0.41, 0.68) and 1.66 (95% CIL:
0.30, 9.09), respectively; the discrepancy in the pooled OR,
was probably due to the outlier study by McKay et al. (34).

The genotyping effects in the 4 Asian studies were ho-
mogenous for both OR; and OR,, with an I? value of 0%.
The pooled OR; and OR; were 0.96 (95% CI: 0.06, 15.31)
and 0.68 (95% CI: 0.40, 1.16), respectively.

CFB rs641153. Fourteen studies (13, 23, 24, 26, 27,
31, 32, 34-37, 54-56) had data for the CFB rs641153
polymorphism. Of these, 10 studies (13, 24, 26, 27, 31, 32,
34-36, 54) were conducted in Caucasians, and 4 (23, 37,
55, 56) were conducted in Asians (see Web Table 5). All
control groups were in HWE. Among the Caucasian
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studies, the pooled frequency of the A allele was 4.1%
(95% CI: 3.1, 5.2) in AMD groups and 9.6% (95% CI: 7.9,
11.3) in non-AMD groups. The allele-effect odds ratios
were moderately heterogeneous across studies (x> =22.44
(8 df), P=0.004, I =59.9%). The pooled odds ratio (A vs.
G) was 040 (95% CI: 0.31, 0.52); that is, having the A
allele was less than half as frequent in AMD cases as in
controls. The pooled absolute frequency of the A allele
within the 4 Asian studies was slightly higher than that in
Caucasians, but the relative frequency was very similar
(OR =0.55, 95% CI: 0.30, 1.02).

The odds ratios for genotypic effects, OR; (AA vs. GG)
and OR, (GA vs. GG), were estimated for each study (see
Table 5). Pooled estimates were homogenous for OR;
(x*=1.42 (9 df), P=0.998, I*=0%) but highly heteroge-
neous for OR, (x*=25.96 (9 df), P=0.002, I*=65.3%)
(see Web Figure 4, parts A and B). The mixed logit model
yielded pooled OR; and OR, estimates of 0.26 (95% CI:
0.14, 0.48) and 0.42 (95% CI: 0.37, 0.48), respectively, in-
dicating that persons with the AA and GA genotypes were
at 74% and 58% lower risk of AMD, respectively, than
those with the GG genotype. The estimated lambda value
was 0.72 (95% CIL: 0.44, 0.98), which suggested that a
dominant or additive effect was more likely. The Egger test
found no evidence of asymmetry of the funnels for either
OR; (coefficient=-0.10" (SE, 0.37), P=0.790) or OR,
(coefficient=—1.87 (SE, 1.42), P=0.226) (see Web
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Table 4. Frequencies of the Complement Factor B (CFB) rs4151667 Genotype in AMD and Control Groups and Genotype Effects of Studies

Included in the Meta-Analysis, 2006—-2011

No. of Subjects Genotype Effect
FE,':;;”:::;J o AMD Non-AMD Group AAvs. TT ATvs. 1T
AA AT T Total AA AT T Total OR 95% ClI OR, 95% Cl
Caucasians

Maller, 2006 (13) 1 70 1,167 1,238 2 89 843 934 0.36 0.03,3.99 057 0.41,0.79
Gold, 2006 (32) 1 35 867 903 1 41 341 383 0.39 0.026.31 0.34 0.21,0.54
Jakobsdottir, 2008 (33) 0 10 168 178 1 10 156 167 0.31 0.01,7.66 0.93 0.38,2.29
Scholl, 2008 (26) 0] 7 105 112 0 5 62 67 0.59 0.01,30.23 0.83 0.25,2.72
Bergeron-Sawitzke, 2009 (15) 0 17 404 421 0 22 193 215 048 0.01,2420 037 0.19,0.71
Farwick, 2009 (31) 2 35 765 802 O 7 95 102 062 0.03,13.09 062 0.27,1.44
Francis, 2009 (19)° 0 6 191 197 0 11 150 161 079 0.02,39.84 043 0.15,1.18
Park, 2009 (22) 0 19 367 386 O 15 145 160 040 0.01,20.05 050 0.25,1.01
Richardson, 2009 (35) 0 23 497 520 O 12 150 162 0.30 0.01, 15.31 0.58 0.28,1.19
McKay, 2009 (34) 3 23 399 425 0 45 383 428 6.72 0.35,130.53 049 0.29,0.83

Pooled data 7 245 4930 5,182 4 257 2,518 2,779 0.99 0.28,3.58 0.50 0.42,0.61

Asians

Pei, 2009 (23) 0 5 118 123 0 8 122 130 1.03 0.02,52.53 0.65 0.21,2.03
Kaur, 2010 (37) 1 12 164 177 1 20 154 175 094 0.06,15.14 056 0.27,1.19
Liu, 2010 (55) 0 8 230 238 0 7 213 220 0.93 0.02,46.89 1.06 0.38,2.97

Pooled data 1 25 512 538 1 35 489 525 0.96 0.06, 15.31 0.68 0.40,1.16

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval; OR, odds ratio.

@ Continuing correction was performed by adding 0.5 in all cells for OR;.

b Both subsamples (Age-Related Eye Disease Study and Casey Eye Institute Macular Degeneration Center) were included.

Figure 4, parts C and D). The genotypic effects in ad-
vanced AMD cases were determined within 5 studies (13,
24, 27, 34, 54), which suggested a homogenous effect for
OR; (x*=1.02 (4 df), P=0.907, I? = 0%) but a moderately
heterogeneous effect for OR, (x2=7.60 @ df), P=0.107,
I?> =47.4%); the corresponding OR; and OR, were 0.27
(95% CIL: 0.12, 0.59) and 0.45 (95% CIL: 0.38, 0.53), re-
spectively. There was no evidence of publication bias.

Pooling genotypic effects within the 4 Asian studies
yielded estimates for OR; and OR; of 0.17 (95% CI: 0.05,
0.59) and 0.55 (95% CL: 0.41, 0.74), respectively—largely
consistent with those seen in Caucasians.

DISCUSSION

We performed a systematic review and meta-analysis of
the associations between C2 (rs9332739, rs547154) and
CFB (rs4151667, rs641153) polymorphisms and AMD, in-
cluding Caucasian subjects numbering 7,121-13,351 and
Asian subjects numbering 810-1,301. The results suggest
robust associations in Caucasians; that is, carriage of a
minor allele of C or T in the C2 rs9332739 and C2
1s547154 polymorphisms decreases the risks of having
AMD by approximately 45% and 53% relative to carriage
of G and G major alleles, respectively. A similar trend was
found for the CFB polymorphisms; carrying a minor allele
A in rs4151667 and rs641153 decreased the risks of AMD
by approximately 46% and 59%, respectively, relative to a

e

major allele of T and G. The genetic mode of action could
be additive or dominant for all polymorphisms. Sensitivity
analyses, including and excluding studies not observing
HWE, yielded similar results.

The minor C and T protective alleles of the C2 polymor-
phisms investigated here are quite rare in Caucasians, with
frequencies of 4.8% and 9.0%, respectively. The minor
protective alleles for the 2 CFB polymorphisms are equally
rare, with frequencies of 4.7% and 9.6%, respectively. The
pooled odds ratios for AMD for these corresponding alleles
were 0.55, 0.47, 0.54, and 0.41, respectively, and the PARs
were 2.0%, 5.0%, 2.2%, and 6.0%. This does not imply
that these alleles are causally responsible for the association
with AMD and, given the LD in this region, they are prob-
ably overlapping effects. Nevertheless, we can say that
these C2/CFB polymorphisms together probably serve as a
marker for an absolute lowering of the risk of all AMD in
Caucasians by 2.0%-6.0%.

Genetic effects for both sets of polymorphisms were
very similar across Caucasian and Asian ethnic groups rep-
resented in this meta-analysis, and is in accord with the
findings of Ioannidis et al. (57). Allele frequencies differed
only slightly across ethnic groups, except for the C2
1s9332739 polymorphism, in which the minor C allele fre-
quency was dramatically higher in Indians than in Cauca-
sians (37) (96% vs. 3%). Kaur et al. (37) confirmed that
these results were verified by sequencing and hence do not
represent a miscalled strand. This raises the possibility of
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Table 5. Frequencies of the Complement Factor B (CFB) rs641153 Genotype in AMD and Control Groups and Genotype Effects of Studies

Included in the Meta-Analysis, 2006-2011

No. of Subjects Genotype Effect
anse‘f‘e‘r“;:g;';’ :‘;" AMD Non-AMD Group AAvs. GG GAvs. GG
AA GA GG Total AA GA GG Total OR{ 95% Cl OR, 95% Ci
Caucasians

Maller, 2006 (13) 3 106 1,129 1238 10 171 753 934 020 0.06,0.73 041 0.32,053
Gold, 2006 (32) 2 52 497 551 3 53 213 269 029 0.05,1.72 042 0.28,0.64
Spencer, 2007 (36) 2 66 630 698 3 50 229 282 0.24 0.04,1.46 048 0.32,0.71
Scholl, 2008 (26) 0 6 106 112 0 10 57 67 054 0.01,2757 032 0.11,0.93
Farwick, 2009 (31) 0 26 750 776 0 26 93 119 0.12 0.002, 6.32 0.12 0.07,0.22
Reynolds, 2009 (24) 0 6 97 103 0 1 46 57 048 0.01,2441 026 0.09,0.74
Richardson, 2009 (35) 2 54 473 529 3 41 155 199 022 0.04,1.32 043 0.28,0.67
Seddon, 2009 (27) 0 23 256 279 6 138 1,023 1,167 031 0.02,547 0.67 0.42,1.06
McKay, 2009 (34) 3 33 389 425 5 86 337 428 052 0.12,2.19 0.33 0.22,0.51
Chen, 2011 (54) 3 128 1,204 1,335 4 83 422 509 026 0.06,1.18 0.54 0.40,0.73

Pooled data 15 500 5531 6,046 34 669 3,328 4,031 026 0.14,048 042 0.37,0.48

Asians )

Chu, 2008 (56) 1 30 113 144 32 90 126 0.20 0.02,1.81 0.75 0.42,1.32
Pei, 2009 (23) 0 18 105 123 0 18 112 130  1.07 0.02,5423 1.07 053216
Kaur, 2010 (37) 2 18 142 162 10 53 95 158 0.13  0.03,0.62 0.23 0.13,0.41
Liu, 2010 (55) 0 17 221 238 25 194 220 029 0.01,7.23 060 0.31,1.14

Pooled data 3 83 581 667 15 128 491 634 0.17 0.05,0.59 055 041,074

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval; OR, odds ratio.
& Continuing correction was performed by adding 0.5 in all cells for OR;.

the “flip-flop” phenomenon, in which varying LD structure
between different populations leads to a flip in the direction
of the allelic effect, presumably because the genotyped
SNP is tagging the causative allele, and different marker
alleles are in LD with the causative allele across different
populations (58-60). However, the C allele in the Indian
population was consistent in having a protective associa-
tion, similar to other ethnic groups, which did not fit with
the “flip-flop” phenomenon.

These genetic associations are very similar to the ones
recently described in a meta-analysis of genome-wide asso-
ciation studies for AMD (61); the allele effect for C2
rs9332739 was 0.46, and the allele effect for CFB
rs641153 was 0.54. These pooled estimates were derived
from over 2,500 cases and over 4,100 controls, and the con-
sistency of the results shows that this effect size is robust.

Multilocus associations

Although some studies had assessed compound genotype
effects of the 2 SNPs in C2 and CFB, the way in which
investigators had reported their data did not allow us to
pool haplotype effects. Previous reports show nearly com-
plete LD between C2 rs9332739 and CFB rs4151667 (r=
0.91-1.00) (32-34) and separately between C2 rs547154
and CFB rs641153 (r=0.92-0.96) (35, 36), indicative of
dependent genetic effects. Given that all 4 SNPs showed
similar magnitudes of genetic effects, identification of

Am J Epidemiol. 2012;176(5):361-372

functional causal variants from the existing data would be
difficult and might require very diverse populations with
smaller LD blocks to isolate functional regions. This is a
timely reminder that distance is a poor proxy for LD; the 2
SNPs examined here in CFB are only 156 base pairs apart
and are not in LD (r2=0.004), yet rs641153 in CFB is in
complete LD with rs547154 in C2, which is 3,242 base
pairs away (http:/hapmap.ncbi.nlm.nih.gov/). Likewise, the
2 SNPs in C2, which are 7,134 base pairs apart, are not in
LD (+*=0.004), but rs9332739 in C2 is in complete LD
with rs 4151667 in CFB, which is 10,220 base pairs away.

The fact that 2 LD blocks are equally powerful markers
for AMD risk but are independent of each other leads
to the possibility that they are both tagging a causative
SNP that is not in either LD block. Fine mapping or next-
generation sequencing may shed more light on this
possibility.

Burden of disease

The C2 and CFB polymorphisms analyzed here contrib-
ute only 2%—6% of the population risk of AMD. In terms
of public health prevention, focusing on smoking cessation
would carry a much greater benefit, with a PAR of 36.9%
(34), and stronger genetic loci, such as CFH, carry a much
greater PAR (i.e., 58.9%) (11). Some groups of researchers
have combined the PAR of the 14 variants identified to
obtain much larger and clinically useful estimates (61) in
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an attempt to develop a genetic risk score (27). Others have
generated haplotypes, which is concordant with the evolv-
ing view that this could represent a more robust method of
analysis (35).

Strengths and weaknesses

This study had a number of strengths. We followed a rig-
orous protocol of systematic review, identifying data from 3
different databases. Data extraction was carried out in du-
plicate. We pooled allele frequencies and genetic effects
separately, as suggested by the guidelines of the Human
Genome Epidemiology Network (62). We pooled effects
using a model-free method, which allows the data to
suggest which genetic mode of action might be at work.
We thoroughly investigated heterogeneity and study-size
effects and estimated the PAR. However, we could not
assess haplotype effects, which would have required indi-
vidual patient data or compound genotype summary data.
Another potential drawback is that the majority of the
studies were clinic-based case-control studies, which might
have produced overestimation of the genetic association.
This bias could be avoided through the use of population-
based nested case-control studies, but these types of studies
are few, because it is costly to perform examinations and
fundus photographs on thousands of people to determine
who has early signs of AMD. In addition, few people
would have advanced AMD in such studies.

In summary, our meta-analysis provides evidence for an
association between C2/CFB polymorphisms and AMD.
Carriage of preventive alleles for C2 rs9332739 and
rs547154 would decrease the risk of AMD in Caucasians
by approximately 45% and 53%, respectively; carriage of
preventive alleles for CFB rs415667 and rs641153 would
decrease it by approximately 46% and 59%. These allele
effects contribute to an absolute lowering of the risk of all
AMD in general Caucasian populations by 2.0%-6.0%. Al-
though these associations appear consistent in Caucasian
and Asian ethnic groups, the data are still sparse, and
further studies are required to estimate the effects in non-
Caucasian ethnic groups with more precision. Early work
indicates that these polymorphisms may affect binding af-
finities (e.g., between CFB and C3b (63, 64)), promoting
or retarding the complement cascade; however, better un-
derstanding of the full functional implications of these
alleles will require more research.
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APPENDIX
Search strategy used for EMBASE (Ovid)
1. Gene
2. Allele

3. Polymorphism

4. Macular degeneration

5. Complement component 2
6. Complement factor 2

7. Component 2

8.C2

9. Complement factor B

10. Component B

11. CFB

12. FB

13.(1OR2 OR 3)

14. SOR6 OR7 OR8)
15.(9OR100R 11 OR 12)
16. 13 AND 4 AND (14 OR 15)

Search strategy used for Scopus

[(ALL(*gene”) OR ALL(*allele”) OR ALL(*“polymor-
phism™)] AND [ALL(“macular degeneration”)] AND [(ALL
(“complement component 2”) OR ALL(“complement
factor 2”) OR ALL(“c2”) OR ALL(“component 2”)] OR
[ALL(“complement factor B”) OR ALL(“component B”)
OR ALL(“cfb”) OR ALL(“bf’)] AND [LIMIT-TO(SUB-
JAREA, “MEDI”) OR LIMIT-TO(SUBJAREA, “BIOC™)]
AND [EXCLUDE(SUBJAREA, “NEUR”) OR EXCLUDE
(SUBJAREA, “IMMU”) OR EXCLUDE(SUBJAREA,
“AGRI”)] AND [EXCLUDE(SUBJAREA, “MULT”) OR
EXCLUDE(SUBJAREA, “PHAR”) OR EXCLUDE(SUB-
JAREA, “CHEM™)].
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A new mutation in the RPIL1 gene in a patient with occult macular
dystrophy associated with a depolarizing pattern of focal macular

electroretinograms
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Purpose: To determine whether a mutation in the RP1-like protein 1 (RPILI) gene is present in a Japanese patient with
sporadic occult macular dystrophy (OMD) and to examine the characteristics of focal macular electroretinograms (ERGs)
of the patient with genetically identified OMD.

Methods: An individual with OMD underwent detailed ophthalmic clinical evaluations including focal macular ERGs.
Mutation screening of all coding regions and flanking intron sequences of the RPILI gene were performed with DNA
sequencing analysis in this case with OMD.

Results: A new RP/LI mutation (¢.3596 C>G in exon 4) was identified. The variant ¢.3596 C>G in exon 4 resulted in
the substitution of cysteine for serine at amino acid position 1199. The serine at position 1199 is well conserved among
the RP1L1 family in other species. Four out of five computational assessment tools predicted that this mutation is damaging
to the protein function. This mutation was not present in 294 control alleles. The waveform of focal macular ERGs recorded
from the patient with OMD had a depolarizing pattern, simulating the ERG waveforms observed after the hyperpolarizing
bipolar cell activity is blocked.

Conclusions: We have demonstrated in a Japanese patient the possibility that sporadic OMD may also be caused by an
RPI1L] mutation. The waveform of focal macular ERGs elicited from the OMD patient with the RPILI mutation showed

a depolarizing pattern. This characteristic is the same as reported for the focal macular ERGs of OMD.

Occult macular dystrophy (OMD; OMIM 613587) is an
inherited macular dystrophy characterized by a progressive
decrease in visual acuity with an essentially normal fundus
and normal fluorescein angiograms [1,2]. The full-field
electroretinograms (ERGs) are normal; however, the focal
macular ERGs and multifocal ERGs (mfERGs) recorded from
the macular area are -abnormal [1-3]. Despite normal
ophthalmoscopic findings, spectral domain-optical coherence
tomography (SD-OCT) has shown morphological changes in
the retina in the macular area [4-8]. Several studies have
reported various degrees of disruption of the inner segment/
outer segment (IS/OS) junction and the cone outer segment
tip (COST) line [4-8].

The hereditary form of OMD is an autosomal dominant
trait; however, sporadic patients have also been reported [3,

9]. The gene responsible for the disease was recently.

identified as the RP1-like protein 1 (RPILI) in four families

Correspondence to: Shuhei Kameya, Department of Ophthalmology,
Nippon Medical School Chiba Hokusoh Hospital, 1715 Kamagari,
Inzai, Chiba 270-1694, Japan; Phone: +81 476 99 1111; FAX: +81
476 99 1923; email: shuheik@nms.ac.jp

with autosomal dominant OMD [10]. The RPILI gene has
been identified through sequence analyses of human and
mouse genomes [11,12]. The human RPILI gene is encoded
in four exons that span 50 kb on chromosome 8p. The length
of the mRNA of RP1L1 is more than 7 kb, but the exact length
varies among individuals because of the presence of several
length polymorphisms. RPILI encodes a protein with a
minimal length of 2,400 amino acids and a predicted weight
of 252 kDa.

The expression of RPIL1 is limited to the retina, and
appears to be specific to photoreceptors [12]. The RPILI gene
was also found to be conserved in distant vertebrates [11].
Knockout mice lacking the RP1L1 protein have reduced ERG
amplitudes and progressive photoreceptor degeneration [13].
The study of RPILI7" mice also showed that the RPIL1
protein is located in the axoneme of the outer segments and
connecting cilia exclusively in rod photoreceptors. The
RP1L1 protein appears not to be expressed in cone
photoreceptors in mice, although more than 97% of the
photoreceptors in mice are rods [13]. However,
immunohistochemical analysis of the RP1L1 of Cynomolgus
monkeys with the human RP1L 1 antibody showed that RP1L1
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was expressed in rod and cone photoreceptors [10]. Because
the amino acid sequence of human RPILI is only 39%
identical to that of the mouse, researchers have suggested that
the primate RP1L1 might have different functional roles in the
cone photoreceptors of the retina than that of other species
[10].

We have identified a new mutation in the RPILI gene in
a patient with clinical characteristics of OMD: abnormal focal
macular ERGs and blurring of the IS/OS junction and the
disappearance of the COST line in SD-OCT images. The
fundus examination, fluorescein angiograms, and full-field
ERGs were normal in this case. The mutation is an amino acid
substitution of cysteine for serine in exon 4 of the RPIL1 gene
that has not been reported in the Single Nucleotide
Polymorphism (SNP) database and was also not detected in
any of the 294 normal control alleles. The serine at position
1199 is well conserved among the RPI1L1 family in other
species. Four out of five computational assessment tools
(PolyPhen-2, SIFT, PMut, Align GVGD, and
MutationTaster) predicted that this mutation is damaging to
the protein function. A segregation of the mutation and the
disease was found in one affected member and one unaffected
member of the same family.

METHODS

The protocol conformed to the tenets of the Declaration of
Helsinki and was approved by the Institutional Review Board
of the Nippon Medical School and the ethics review
committees of the National Hospital Organization Tokyo
Medical Center. Written informed consent was obtained from
all patients after the nature and possible consequences of the
study were explained.

Clinical studies: The ophthalmological examinations
included best-corrected visual acuity (BCVA) measurements,
refraction, slit-lamp biomicroscopy, ophthalmoscopy, fundus
photography, perimetry, SD-OCT, fluorescein angiography
(FA), full-field ERGs, focal ERGs, and mfERGs. The visual
fields were determined with the Goldman perimetry and the
Humphrey Visual Field Analyzer (model 745i; Carl Zeiss
Meditec, Inc., Dublin, CA). The Swedish interactive threshold
algorithm standard strategy was used with program 30-2 of
the Humphrey Visual Field Analyzer. The OCT images were
recorded using a SD-OCT (Carl Zeiss Meditec) on this patient
and normal controls. Full-field scotopic and photopic ERGs
were recorded using an extended testing protocol
incorporating the International Society for Clinical
Electrophysiology of Vision standards [14]. The full-field
ERGs were-used to assess retinal function under scotopic and
photopic states.

Focal macular electroretinograms: Focal macular ERGs
were recorded with a commercial Focal Macular ERG system
(ER80; Kowa Company, Tokyo, Japan, and PuREC; Mayo
Company, Nagoya, Japan) using a bipolar contact lens

© 2012 Molecular Vision

electrode (MY type Electrode; Mayo Company). The stimulus
and background lights were integrated into an infrared fundus
camera [15-17]. The size of the stimulus spot was 15° in
diameter and was placed on the macula by observing the
infrared image of the retina on a monitor. The white stimulus
and background illumination were generated by light-emitting
diodes that had maximal spectral emissions at 440 to 460 nm
and 550 to 580 nm, respectively. The luminances of the stimuli
and background were 115.7 cd/m? and 8.0 cd/m? The duration
of the stimulation was 100 ms. The responses were amplified
and filtered with digital band pass filters from 5 to 200 Hz.
Three hundred responses were summed with a stimulus
frequency of 5 Hz. The a-wave, b-wave, d-wave, and
oscillatory potentials (OPs) were evaluated.

Multifocal electroretinograms: The mfERGs were
recorded using a commercial mfERG system (LE-4000,
Tomey, Nagoya, Japan; LE4100; Mayo Company, Inazawa,
Japan). This system uses basically the same technology as the
Visual Evoked Response Imaging System [18]. The visual
stimuli consisted of 37 hexagonal elements with an overall
subtense of approximately 50°. The luminance of each
hexagon was independently modulated between black (2.47
cd/m?) and white (200.4 c¢d/m?) according to a binary m-
sequence at 75 Hz. The surround luminance was set at 75.4
cd/m?.

Mutation analysis: Blood samples were collected from
the patient, and genomic DNA was isolated from peripheral
white blood cells using a blood DNA isolation kit (NucleoSpin
Blood XL; Macherey Nagel, Diiren, Germany). The DNA was
used as the template to amplify the RPILI gene. Coding
regions and flanking introns of the RPILI gene were
amplified with polymerase chain reaction (PCR) using
primers produced by Greiner Bio-One (Tokyo, Japan). Primer
sequences are listed in Table 1. The PCR products were
purified (ExoSAP-IT; USB Corp., Cleveland, OH) and were
used as the template for sequencing. Both strands were
sequenced on an automated sequencer (Bio Matrix Research;
Chiba, Japan). The identified mutations and coding
polymorphisms were assayed in 294 control chromosomes
from 147 healthy Japanese individuals with direct sequencing
except the length polymorphism region. To sequence the
length polymorphism region of the RPIL1 gene, the amplified
PCR products were subcloned into the StrataClone PCR
cloning vector (Stratagene; La Jolla, CA). At least five cloned
products from this case and 20 control individuals were
sequenced on an automated sequencer.

Computational assessment of missense mutation: The
effect of a missense mutation on the encoded protein was
predicted with the PolyPhen-2, SIFT, PMut, Align GVGD,
and MutationTaster online tools [19-24]. PolyPhen-2 is a
software tool that predicts the possible impact of amino acid
substitutions on the structure and function of human proteins
using straightforward physical and evolutionary comparative
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TABLE 1. SEQUENCES OF OLIGONUCLEOTIDE PRIMERS USED IN THIS STUDY AND PCR PRODUCT SIZE.

Fragment name  Forward primer (5'-3")

RP1L1-2A GAGACAGGAAATGCCAATCC
RP1L1-2B CCTCTGCTCTGATAAGAAGC
RPILI-3 CCTCCAGCTAGTGATAGAGG
RPILI-4A TTCCTTTATCCTGATGCTGC
RP1L1-4B TGTGGGAGGGCTACCCTTGG
RPIL1-4C CTATGCATAGATGGAGCAGG
RPIL1-4D CAATGTCCTCACCCAGCAGC
RP1L1-4E GACTCCTGCTCAAAATCTGG
RP1L1-4F GGACAGCAGTCCCTGGAAGG
RPIL1-4G AAACACAGTGCAAGAAGAGG
RP1L1-4H GGGAAAGGCTCCCAGGAAGATGACC
RPIL1-41 CACAGAGGAACCCACAGAGC
RP1L1-4J CAAGAGAGAGCTCCAGAAGC
RPIL1-4K GACAAAGATCCCAAACTCGG
RPIL1-4L TGAAGGGGAGATGCAAGAGG
RPIL1-4M AGGCTTCTGAAAGCAGCAGC

Reverse primer (5-3") Product size

(bp)
CCGCAACTGCTGAGCAGTGG 471
TCCATGTGAGTATTTTGACC 373
GATTGACAGTACTGAGAAGG 498
CCAAAGACTTCCCTGCATCC 509
GCTGACGAGTCCGAAGAAGC 508
GTTACAGAGGAGTCCAGTGG 536
TCCAACCTGCAGAACCAAGG 494
GGACACCCTCTCCTGATTGG 784
ACTGCACCGCCTCTTCTTGC 937
AGGCTCAAGCTGGGAGCCACTCTGC variable
TTCTGCACCTTCTGACTCTGGCTGG 1470
GAGAAGGCCGAGAGGTTTCG 522
TCTGTTGAGTCTCTGGCTCC 547
AGAGTCAGAAGATGTAGAGG 836
GAGTGGGCCTGTCCTCAGGGACTGG 821
ACTATGGACATCTCCAGTGG 517

Figure 1. Fundus photographs (A, B)
and fluorescein angiograms (C, D) of
this case showing no abnormal findings.

considerations. SIFT generates multiple alignments of the
sequence over different species to look at the conserved
sequences of a gene; it assesses the conserved amino acid
positions and analyzes the effect of missense changes on the
conserved structure of proteins over the course of evolution.
The SIFT tool assigns a score to the mutations, and a score of
<0.05 is considered potentially damaging. PMut is software
aimed at annotating and predicting pathological mutations.
Align GVGD combines the biophysical characteristics of

amino acids and protein multiple sequence alignments to
predict where missense substitutions in genes of interest fall
in a spectrum from enriched deleterious to enriched neutral.
MutationTaster evaluates the disease-causing potential of
sequence alterations.

Statistical analysis: We calculated the 95% confidence
intervals (CI) of the results of the focal macular ERGs of
normal controls. There were 25 men and 21 women whose
age ranged from 23 to 60 years (mean, 38.04+8.33 years) in
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Figure 3. Spectral-domain optical
coherence tomography (SD-OCT)
findings of the eyes in normal controls
(A, B) and in this case (C-F). Images
from right eyes (C, D) and left eyes (E,
F) are shown. Images at lower
magnification (A, C, E) and higher
magnification (B, D, F) are shown. The
SD-OCT findings for the eyes in this
case show obvious blurring ofthe IS/OS
junction and the COST line. The COST
line disappeared in the peripheral
macula area in this case.

this control group. We recorded focal macular ERGs from
either of the eyes of normal controls and calculated the 95%
CI of the amplitudes of the a-waves and the b-waves, the
implicit time of the a-waves and b-waves, the potentials at
70 ms after the stimulus was turned on, and the time of the
recovery of the b-wave to the baseline.

RESULTS

Case report: A 52-year-old woman complained of a gradual
decrease in vision in both eyes during the past two to three
years. Family history revealed no other members with any eye
diseases, including her parents who were deceased. Her
BCVAs were 20/63 in the right eye and 20/50 in the left eye.
The fundus examination, fluorescein angiography, and full-
field ERG results were within the normal limits (Figure 1A-

D and Figure 2). The visual fields were full with the Goldman
perimetry, but a relative central scotoma was detected in both
eyes with the Humphrey Visual Field Analyzer.

Spectral domain optical coherence tomography: The SD-
OCT images of this case showed a blurred IS/OS junction and
COST line at the foveal center (Figure 3D,F). In the peripheral
macula area, the COST line was absent, and only the blurred
IS/OS junction was visible in this case (Figure 3C,E).

Focal macular electroretinograms and  multifocal
electroretinograms: A severe reduction in the a-waves of the
focal macular ERGs was found in this case (Figure 4).
Although the b-waves were large, their shapes were abnormal.
The b-waves rose to a peak, and the potential was maintained
longer than normal. The plateau region of the b-wave was
significantly elevated above the baseline potential (Figure 4,
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arrow). To analyze this characteristic, we quantified the
potentials at 70 ms after the stimulus was turned on, and the
recovery time of the descending slope of b-wave to the
baseline from the peak of the b-wave. We calculated the 95%
confidence intervals (CI) for the amplitudes of the a-waves
and b-waves, the implicit times of the a-waves and b-waves,
the potentials at 70 ms after the stimulus turns on, and the time
of the recovery of the b-waves to the baseline obtained from
the normal controls (Figure 5). Among these six parameters,
the amplitudes of the a-waves, the implicit times of the b-
waves, the potentials at 70 ms after the stimulus was turned
on, and the time of the recovery of the descending slope of the
b-wave to the baseline obtained from both eyes of this case
were outside the range of the standard deviation and the 95%
CI of the normal controls (Figure 5). Especially, the
amplitudes of the a-waves, the potentials at 70 ms after the
stimulus was turned on, and the time of the recovery of the
descending slope of the b-wave to the baseline obtained from
this case were severely affected. The amplitudes of the
mfERGs in the foveal area were severely reduced in this case
(Figure 4).

Molecular genetic findings: Mutation analysis of the RP1LI
gene in this case showed three missense mutations. There was
a ¢.2578 C>T in exon 4 with a substitution of tryptophan
(TGG) for arginine (CGG) at amino acid position 860, a c.
3596 C>G in exon 4 with a substitution of cysteine (TGT) for
serine (TCT) at amino acid position 1199, and a c. 4484 C>G

in exon 4 with a substitution of arginine (CGC) for proline
(CCC) at amino acid position 1495. The amino acid
substitution at position 860 and 1495 has already been
reported in the SNP database and is found in a high percentage
of the normal population. A mutation at amino acid position
1199 has not been reported in the SNP database or in earlier
reports (Figure 6A). The serine at position 1199 is well
conserved among the RP1L1 family in other species (Figure
6B). This mutation was predicted to be probably damaging
with a score of 0.999 by PolyPhen-2. The SIFT tool analysis
revealed a score of 0 and predicted that the replaced amino
acid is potentially damaging and would not be tolerated.
PMut predicted that this mutation is pathological. Align
GVGD predicted this mutation as class C65, which means it
most likely interferes with the protein function. Out of five
computational assessments, only MutationTaster predicted
this mutation as a polymorphism. We confirmed that the
mutation in this case was segregated with the disease in one
affected member and one unaffected member of the family
(Figure 6C). The unaffected member of the family in Case 1
underwent clinical examination, including BCVAs, slit-lamp
biomicroscopy, fundus ophthalmoscopy, OCT, and focal
ERGs. All examination findings were normal. This mutation
wasnot present in 300 control alleles. This mutation p.S1199C
has been registered in GenBank with accession number
AB684329.

1035



Molecular Vision 2012; 18:1031-1039 <http://www.molvis.org/molvis/v18/a109>

3.0
— 2.5" — 30-1
> 5]
220! £ 257
< o
§ g 20 3
a. 1.51 = E
= S 15 &
o & =
% 1.0 = <
= o 10- K%
5 O B g
0.51 = 5 5
® g
Lo N
5.0 _
45- __170-
(@]
> 4.0- 2 60-
3 &
Ee %50l 8 s
R = ’
;Cé 3.0 £ $ z
a 254 B B 40+ >
=] = 8
& 1.5 © 2
g L 2 204 =
E 1.0- E s
! Q
0.5_ Q 10’ >§
o ol —

© 2012 Molecular Vision

257 O
> 204 O
2 15-
=
S 1.0-
1)
£ 05-
= - Figure 5. Plot of the amplitudes of the a-
% O 7 waves, b-waves, and the implicit time of
= -O 5] the a-waves, b-waves, the potentials at
. S‘ : 70ms after the stimulus turns on, and the
7 -1.04 time of the recovery of b-wave to the
) baseline for normal controls. There were
‘5 -1.5 - 25 men and 21 women whose age
5) ranged from 23 to 60 years (mean,
A 204 L 38.04:£8.33 years) in this control group.
© The boxes represent the 95% confidence
-2.5- interval ranges, the horizontal line

represents mean values, and the bars
represent standard deviation. Data
recorded from this case are plotted at
indicated mark.

3

£100-

Q

= 804 O
(0]

%

< 60

£

2 404

O

>

<

= 20+

3 0 ==

Bowne et al. [11] reported that RPILI mRNA is variable
due to the presence of a 48 bp polymorphic coding repeat.
They reported that as many as six 48 bp repeats have been
observed in normal controls. In this case, one allele contains
a48 bp repeat, and the other allele contains three 48 bp repeats
(Figure 6D). There are variations of only two amino acids in
the length polymorphism region from this case compared to
the reference sequence (NP_849188). One variation with the
substitution of E to G in the 14th amino acid of the length
polymorphism region was in a previous report [12]
(AANB6962, AAN8B6963, and AAN86964). The other
variation with the substitution of G to V in the ninth amino
acid of the length polymorphism region was found in more
than 10 normal control alleles from a Japanese population.
These variations of the length polymorphisms of RP/LI with

one and three repeats have been registered in GenBank with
accession numbers AB684331 and AB684332, respectively.

DISCUSSION

The mutation found in the RPILI gene in this case was a
missense mutation with cysteine substituted for serine at
amino acid position 1199. This residue is well conserved
among the RP1L1 family in other species, suggesting the
importance of this amino acid residue for RP1L1 function.
Four out of five computational analysis tools predicted this
mutation is damaging to the protein function. We did not find
this mutation in the sister of the patient with normal vision,
although she was the only other family member we were able
to test. To decide whether this mutation was pathogenic, we
need to examine more family members and a larger number
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ENFTPTSSSEVDISSGSGGS Homo sapiens
ENFTPTSSSGVDISSGSGGS Macaca mulatta
ENFTPTSSSEVDISSGSGES Callithrix jacchus
ENFTPTSSSGVDISSGSGGES Cricetulus griseus
ECFTPTSYSRVDYSSGSKGS Loxodonta Africana
ECLTPTSSSGVDYGSGSGGS Canis lupus familiaris
ECFRPTSSSGVDY:SGSGGS  Bos Taurus
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Figure 6. DNA analysis for ¢.3596C>G mutation and deduced amino acids of length polymorphism region of the RP1-like protein 1
(RPILI) gene and the pedigree of the family with RP/LI gene mutation. A: Sequence chromatograms for this case (top) and the normal control
(bottom) are shown. This case had a ¢.3596 C>G mutation in exon 4. B: Alignment of S1199 in the RP1L1 family proteins. Amino acid-
sequence alignments of RP1L1 from 10 species reported in the NCBI database are shown. Amino acid residues of S1199 in humans and
conserved residues from other species are boxed. The asterisks indicate completely conserved residues. S1199 is well conserved in all species
reported. C: We confirmed that the mutation in Case 1 was segregated with the disease in one affected member and one unaffected member
of the family. D: Deduced amino acids (AA) of repeated regions of the RP1L1 length polymorphism. In this case, one allele contains a 16
AA, and the other allele contains three 16 AA repeats. Variations of amino acids from reference sequence of RP1L1 are shown in red. Those

variations are within normal limits.

of normal controls. However, the phenotype of this case was
typical of OMD, and thus the mutation in this case was most
likely pathogenic.

The photoreceptor IS/OS junction and the COST line can
be detected in the SD-OCT images of normal eyes [25-28].
Recently, several degrees of disruption of the IS/OS junction
and/or COST line in the SD-OCT images of patients with
OMD have been reported [4-8]. In our case, the IS/OS junction
and the COST line appeared blurred in the SD-OCT images
similar to previous reports.

Researchers have emphasized that the key to
differentiating OMD from other diseases, such as optic
neuritis or psychological disorders, is the recording of focal
macular ERGs from the central retina [1-3]. Focal macular
ERGs have a unique waveform when elicited by long-duration

stimuli [29]. As shown in this patient, the waveform of focal
macular ERGs recorded from patients with OMD with long-
duration stimuli had a depolarizing pattern, simulating the
ERG waveforms observed after the hyperpolarizing bipolar
cell activity is blocked [30-33]. Researchers have
demonstrated that by blocking hyperpolarizing bipolar cells
with cis-2,3-piperidine dicarboxylic acid or kynurenic acid in
monkeys, the a- and d-waves of photopic ERGs become
smaller and the plateau between the b- and d-waves remains
elevated above the baseline potential [34]. Full-field cone
ERG in some human retinal dystrophies show a similar
depolarizing pattern [29,35]. Kondo et al. [29] reported
similar focal macular ERGs elicited with 100 ms stimuli from
a patient with glittering crystalline deposits in the posterior
fundus. The waveform of the focal macular ERGs of this case
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was similar to those reported for patients with OMD [31-33].
Because this case had a putative disease-causing mutation of
the RPIL1 gene, we suggest the reduced amplitude of the a-
wave and the persistent plateau between the b- and d-waves
of the focal macular ERGs elicited with long-duration stimuli
might be specific markers that could help diagnose OMD.
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