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A Normal, RP1L1 mutation () (22 y/o woman, OS)

B omD, RP1L1 mutation (+)
@ No subjective visual disturbance {Case 1, OD)

® 26 yrs after the onset (Case 1, OS)

® 63 yrs after the onset (Case 4, OD)

C oMD, Sporadic, RP1L1 mutation (-)
@ 66-year-old female patient

®@ 55-year-old male patient

Fig. 3. Optical coherence tomography images horizontally profiled along the foveola (left) and magnified images in the fovea and the perimacular
region (right). Outer retinal structures, such as external limiting membrane (ELM), photoreceptor IS/OS line, COST line, and RPE, are indicated by
arrows. The foveal center is indicated by an asterisk. All the OCT images were taken with the HD-OCT (Carl Zeiss). A. Optical coherence tomography
image of a normal control without the RP/LJ mutation (22-year-old woman). All the outer retinal structures, for example, external limiting membrane,
15/0S line, COST line, and RPE, are clearly observed both in the fovea and the perimacular region. B. Optical coherence tomography images of patients
affected by OMD with the RPJL] mutation. @. Optical coherence tomography image of the right eye of Case 1, which did not have subjective visual
disturbances. The COST line is present in the foveal center (black arrow), but not in the parafoveal region (arrowheads). The 1S/0S line is clearly
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eye of Cases 1 to Casel3), whereas the fovea of all the
affected eyes with durations =20 years were classified
as thin (Case 7 to Case 4).

To determine whether a significant correlation
existed between the results of mfERGs and OCT, the
relative amplitudes of the mfERGs at the fovea (Ring
1/Ring 5 or 6) are listed in Table 3. In cases where the
disease durations was =3 years, the relative amplitude
at the fovea was approximately 1.0 or nonrecordable
because the responses of the central locus were extin-
guished. Only cases with very short durations had
mildly reduced mfERGs in the fovea (2.34 in the right
eye of Case 1 and 1.63 in the right eye of Case 14).

Discussion

Course of OMD Patients with RP1L1 Mutation

Our results confirmed that all the patients with the
RPI1LI mutation had similar phenotypes; slowly pro-
gressive visual disturbances of both eyes, normal-
appearing fundus, normal FA and full-field ERGs
during the entire course of the disease, selective dys-
function at the macula detected by focal macular ERGs
and mfERGs, selective abnormality of the photorecep-
tor layer in the macula revealed by OCT, and a final
BCVA not poorer than 0.1. The age at the onset of
OMD was, however, very variable among the family
members and varied from 6 years to 50 years.

Our study also confirmed that there are patients with
OMD who have normal visual acuity and no sub-
jective visual disturbances until the disease progressed
to a more advanced stage. Similar findings have been
reported for other patients with OMD,'*?* although
the etiology of these patients was not confirmed by
genelic analyses. For such patients, the function of
the small region in the foveola of these eyes has prob-
ably been spared so that the BCVA was normal. This
was morphologically confirmed by the OCT; in the
right eye of Case 1, the BCVA of which was 1.2,
the OCT image showed that photoreceptor structures
were spared only at the foveal center.

Among the 14 family members with the RPIL]
mutation, only Case 5 (60-year-old woman) did not

show any signs of macular dysfunction in both sub-
jective and objective tests. Thus, this woman may be
a carrier of a mutated gene, but we cannot exclude the
possibility that macular dysfunction may appear later.
In our genetic study of 4 other OMD families, 2 broth-
ers (58 and 55 years old) were not diagnosed with
OMD, although both had the RPIL] mutation
(p.Arg45Trp)."* In all the OMD patients with the
RPIL] mutation, the visual dysfunction was detected
no later than 50 years of age.'?

Occult macular dystrophy has been reported to be
a slowly progressive disease; however, there were no
patients whose BCV A became worse than 0.1 except
for Patient 7 who had an untreated senile cataract. Our
results confirmed that once the BCVA is reduced to
0.1 to 0.2, the disease becomes stationary and both the
subjective and objective visual functions do not
deteriorate thereafter. Similarly, in 3 other families
with the RPIL] mutation, the final BCVA was not
worse than 0.15 in any member.'?

There was 1 family member (asterisk, Figure 1) who
had a sudden decrease of vision in the left eye at age
49 years, but she was diagnosed with retrobulbar neu-
ritis at the Niigata University. Her vision did not re-
cover after steroid pulse therapy, and the optic disk
gradually became atrophic. The BCVA 1 year later
was 1.2 in the right eye and 0.07 in the left eye. We
concluded that the vision reduction was not related to
the OMD. Nakamura et al* reported a case of OMD
that had normal-tension glaucoma with abnormal cup-
ping of the optic disk. To date, the relationship
between OMD and optic disk diseases has not been
determined. In our family, the optic disks of all the
OMD patients appeared normal, and OCT did not
show any thinning of the nerve fiber layer or ganglion
cell layer in any of the patients.

Diagnostic Reliabilities of mfERGs and OCT

There were patients, such as Case 6 (both eyes),
Case 1 (right eye), and Case 11 (left eye), with OMD
from an RPILI mutation who did not have any sub-
jective visual disturbances and whose diagnosis were
only confirmed by the electrophysiologic tests. These

Figure 3. (continued) observed at the foveal center (asterisk) but appears blurred in the parafoveal region (arrowheads). @, ®, and®. Optical co-
herence tomography image of the right eye of Case 11, the left eye of Case 1, and the right eye of Case 8, which show typical signs of OMD. The COST
line is not present over the entire macula but is present in the perimacular regions. The 1S/0S line is blurred and thick in the fovea. ®. Optical coherence
tomography image (vertical section) of the right eye of Case 4. This image was obtained 63 years after the onset of visual symptoms. The I1S/0S line is
disrupted at the fovea. The COST line cannot be seen in the macula but is still visible in the perimacular region. There is an apparent thinning of the
photoreceptor layer at the fovea. C. Optical coherence tomography images of sporadic cases of OMD without the RPILJ mutation. @ and @. Both
patients had progressive central scotoma with normal-appearing fundus and normal FA. The full-field ERGs were normal but focal macular ERGs
elicited by a 10° spot were not recordable. The IS/OS line could be clearly observed at the fovea in both cases, except in minute disruption at the foveola
in @ (asterisk). The COST line could be observed at the fovea in both cases, although slightly more blurred than in the normal case.



Table 3. Optical Coherence Tomography Findings in 21 Eyes of 11 Family Members with RP1L1 Mutation in the Order of Years After the Onset

OCT Findings at Fovea

Years Blurring Thinning of
After Relative Amplitude  Disappearance  of IS/OS Fovea
the Onset oD/ in mfERG at fovea of COST Junction  Abnormality {Thickness Other
(Years) Case oS BCVA  (Ring 1/Ring 5 cr 6) at fovea at Fovea of RPE <160 umy) Findings
None 5 oD 1.2 4.24 - - - —(217) Not diagnosed as OMD
Unknown 1 oD 1.2 2.34 +* +* - ~(200) No subjective visual
disturbance
2 14 oD 1.0 1.63 + + - —(160)
3 11 (O] 0.4 Not measurabiz + + - —(168)
6 12 oD 0.3 0.98 + + - —(174)
0s 0.3 1.08 + + - —(168)
10 14 0s 0.6 0.66 + + - —(160)
10 11 oD 0.1 Not measurable + + - —(164)
12 13 oD 0.2 Not measurable + + - —(181)
0s 0.15 Not measurable + + - -(177)
20 7 OD 0.1 Not measurabie + + - +{134)
0s 0.07 Not measurabie + + - +(142)
31 1 (O1) 0.1 0.60 + + - +(150)
38 10 oD 0.1 Not measurable + + - +(150)
0Ss 0.1 Not measurabie + + - +(153)
41 8 oD 0.1 1.01 + + - +(148)
0S 0.1 1.30 + + - +(148)
46 2 oD 0.4 Not measurable + +t - +(156)
oS 0.5 Not measurabie + +1 - +(154)
63 4 oD 0.2 Not measurabie + +T - +77)
0s 0.2 Not measurable + +1 - +(76)

TV L VGONNSL - AHJOULSAU ¥VINOVI LINJ20

*The COST and IS/0OS junction were normal only at the foveal center. In the parafovea, the COST could not be observed and the 1S/0S junction was blurred.
1The IS/0S junction was disrupted at the fovea.

SHIL
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findings indicate that mfERGs or focal macular ERGs
are sensitive enough to detect very early macular dys-
function in OMD.

Similarly, OCT could be another sensitive tool for
the detection of early OMD because an abnormality of
the COST line and the IO/OS line in the macula was
observed in all the affected cases. However, we believe
that the mfERG is more sensitive than OCT in detecting
early dysfunctions of the macula in eyes with OMD.
For example, Case 14 was a 28-year-old man whose
BCVA was 1.0 (right eye) and 0.6 (left eye), but his
fundus and visual field tests did not show any differ-
ences between the 2 eyes. He did notice a visual
disturbance in his left eye 8 years before the onset in his
right eye. In the OCT images, both the COST line and
the IS/OS line were similarly affected for both eyes at
the fovea, and the retinal thickness at the fovea was 160
um in both eyes (Table 3). The mfERGs, on the other
hand, were different in the 2 eyes; the relative amplitude
of mfERG at the fovea (Ring 1/Ring 5) was 1.63 (38.2/
23.5) in his right eye and 0.66 (15.8/23.8) in his left eye
(Table 3). Thus, we believe that both the mfERGs and
OCT can be useful in the diagnosis of OMD, but
mfERGs are more reliable in detecting and evalua-
ting minimal macular dysfunction at the early stage of
the disease. The abnormalities in the OCT, however,
progress slowly and continuously until the late stage,
and thus they may be more useful for following the
long-term progression of OMD.

Roles of RP1L1 Gene and Occurrence of OMD

Our study confirmed that all the affected patients
with RPJL] mutation had abnormalities of the photo-
receptor structures; the 1S/OS line was very blurred
and thick and the COST line could not be observed
in the macula (Figure 2). But in the perimacular re-
gion, which had normal visual function, all the outer
retinal structures were seen to be normal. During the
whole disease process, neither the external limiting
membrane nor the RPE had any significant changes
and remained normal. In some of sporadic cases of the
OMD, similar abnormalities in the OCT could not be
observed, although localized macular dysfunction was
confirmed electrophysiologically (Figure 3C).

The location of COST line coincided with the
Jocation where the outer segment disks are renewed
in the cones.?>*® The disappearance of the COST line
indicates an early stage of dysfunction of the cone
photoreceptors as has been found in acute zonal occult
outer retinopathy.’' Recently, ultrahigh-resolution
OCT with adaptive optics has revealed that the IS/
OS line corresponds to the ellipsoids of the photore-
ceptor inner segments, which are rich in mitochondria
and play important roles in cellular metabolism.?’

Immunohistochemistry for the RPILI gene in ret-
inal section of cynomolgus monkeys showed that it
was expressed in both the inner and outer segments of
the rod and cone photoreceptors, although the exact
site within the photoreceptor has not been con-
firmed.’? RPILI is believed to play important roles
in the morphogenesis of photoreceptors, and once the
function of RPIL] is disrupted by a mutation, both
the electrophysiologic responses and structures of the
photoreceptor can be altered. Cellular dysfunction
because of an RP/LI mutation affects either the inner
or outer segment, or both, of the photoreceptors,
which first becomes apparent as an abnormality of
both the COST line and IS/OS line in the OCT
images.

Considering that the OCT abnormalities in sporadic
cases did not show similar pattern as patients with the
RPIL] mutation, the phenotypically confirmed OMD
surely consists of diseases caused by several indepen-
dent etiologies. In any case, the abnormalities in the
mfERGs and OCT observed in OMD in this family
strongly support the contribution of RPILI mutation
to the presence of this disease.

There are still some important questions of the
disease process in OMD that are unsolved. First, why
is only the macular region affected while the peri-
macular region remains intact both functionally and
morphologically even at a very advanced stage?
Second, why do OMD patients have normal fundus
appearance until the end stage, and why does the RPE
remain intact until the end stage when the photorecep-
tor structures are markedly damaged (Figure 3B, ®)?
Fujinami et al*® demonstrated that the fundus auto-
fluorescence images in the macula of OMD patients
are normal, indicating that the RPE is normal. Third,
why does the disease progression stop when the
BCVA decreases to 0.1 to 0.27

These characteristics in the disease process are
peculiar to the OMD and not observed in other
macular dystrophies. More detailed investigations on
the function of RPIL1 should provide information to
answer these questions.

We suggest that OMD is not a single disease
caused by a specific gene mutation, RP1LJ, but may
represent different disease entities with similar retinal
dysfunctions. Considering all our findings on OMD,
we can phenotypically define the OMD as a slowly
progressing bilateral dysfunction of the photorecep-
tors located in the macula, not accompanied by either
vascular or RPE damage. The etiology of OMD cases
without the RPJL] mutation is now under investiga-
tion with large number of cases and some of them
might be found to be because of other autosomal
recessive mutations.
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The authors performed a systematic: review of the assocxahon of com Iemen’( component Z(Ca/compiement‘ ;
factor B (CFB) gene po!ymorphnsms with age-related macuiar degeneranon (AMD) In total, data from 19 tudxes o

publ;shed between 2006 ‘and 2011 were pooled for 4 po!ymorphxsms r89332739 and r55471 54 iri[‘

‘denﬂy peﬁormed by 2 revaeWers Alicle frequenmes and alleie and genotypic effects were pooled 'Heterogenelty
“and. pubhcatlon bias were ‘explored. Pooled minor allele frequencies for all'4- SNPs were between 4.7% and -
"9 6% for all polymorphisms except for an lndxan populatlon in whxch the C allele at rs9332739 was the ma;or

0.57), respecnve!y For the CFB poiymorpmsms the mmor A atleies at rs4151667 and rsm 4153 ca' timat-
ed risks of 0.54 (95% Cl: 0.45, 0.64) and'0.41 (85% Cl: 0.34, O. 51), respectively. These allele effects contribtited
to an absolute lowering of the risk of all AMD in Caucasian populations by 2.0%-6.0%. This meta-anal ys:s pro-
vides a robust estimate of the protective assocuanon of C2/CFB with AMD. G

~ complement component factor 2; complement factor B; genetic associ jation studies; genetics; genome, human;
‘ ,’macular degeneratxon meta-anaiysm moiecular epidemiology

Abbreviations: AMD age-related macular degeneratlon, c2, compiement component 2 C3, complement component 3; CFB,
compiement factor B; CFH, complerent factor H; HWE, Hardy- \Nemberg equ;lzbrmm LD, hnkage dlsequmbnum, OMIM, On!me

Mendellan inhentance in Man OR, odds ratio; PAR, popu!at;on aﬂnbuiabe nsk SE standard error.

Ed:fo;’ s note: Tlns amcle cu’so appears on the website
of the Human Genome Epzdenuology Network (http:Hwww.
cde. gaw’genomzcsﬂmgener/default htm).

- Age-related macular degeneration (AMD) is one of the
]eadmg causes - of b]mdness worldwide {1-4), accounting
for half of -all new zegistered cases of blindness (5) With
the increase in longevity, the burden of AMD is set to
grow, with almost 30% of persons older than 75 years

showmg early signs of the dlsease (1, 6,7). The patho]ooic

khailmaﬂ\ of the dxsease 1s dmsen deposns of plotems dnd

Proomsszon to late AMD involves ge: “'r'lphlc atxophy,""f
which there is loss of retinal pigment eplthehum and. photo-
receptors and/or neovascularization.

Genome-wide association studies have had considerable
success in identifying genenc contributions to ccmplcx dis-

orders. The first success in ocular diseases came in 2005,

Am J Epidemiol. 2012;176(5):361-372
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wnh the di3cove1y of an association between polymorphic

variation in the complement factor H gene (CFH) and
AMD, Following this, other Joci at 10g26, ARMS2/HTRAI
(8-12), were implicated, in addition to several genes in-
volved in.the complement pathway. The discovery of CFH
vatiants and the alternative complement pathway in the”

pathophysmlogy 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 -

mation {Online Mendelian. Inheritance in Man (OMIM)
number 613927). Two polymorphisms (rs9332739 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 (L) that exists between C2 and CFB, which is

located downstream on the same chromosome (OMIM

number 138470) and which contains additional vadiaats
that are also highly associated with AMD (33, 36),
14151667 T> A and 15641153 G> A. Therefore, we con-
ducted a systematic review to pool the results of all avail-
able population-based association studies on C2 (547154
and 1s9332739), CFB (1s4151667 and 15641153), and
AMD, with the following objectives:

To estimate the prevalence of the minor aﬂeles of 02 ;

and CFB,

To ascertain whether there u:e genstic a.,mc:mnqs 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

Swdies were identified from the MEDLINE (US Nation-

al Library of Medicine), EMBASE (Excerpta Medica Data-
base; Elsevier B.V., Amsterdam, the Netherlands), and
Scopus (Scherse Scopus, Elsevier B.V.) databases using
the PubMed, Ovid, and Scopus search ' engmas ¥p 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 pubhca~
tions. Details of other search stxategxes are described in the
Appendix.

lnclusion critetia

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

‘human population-based association study, regandless of

sample size, was included if it met the following criteria:

' Genotyped €7 (15547154 G>T and 159332739 G>C)

or CFB (184151667 T>A and rs641153 G>A)
; polymoxphxsms

+ The ouicome was AMD and there was af least 1 compar-» :
ison/control group.

There was sufficient descnpt:on of the msults——-that m,
numbers of subjects in genotype and outcome groups.

Where eligible, the authors of asticles with insuificient
information were contacted, with a request for additional
information. If they did not provide data after 2 contacts, ,

pathway, which is involved in innate immunity and inflam- .- o those studies were excluded from our mvm

‘ “bata extraction

Summary data for C2 and CFB were extracted mdependent- ;

f“’xybyzmewels (A. T. and M. M) using a standardized data.

exiraction 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.,

o= Risk of blas assessment

The quality of studies was independéntly assessed by 2

- reviewers (A. T. and M. M.) using a risk of bias assessment

for genetic association studies, described in detail prevnously
- (38). Briefly, the assessment considered 5 domains: selection
 bias, information bias, confoundmg bias, muitzple tests and

selective reports, and assessment of Hardy-Weinberg equllxb-

Fg %z

- rium (HWE). Bach item was classified with regard to risk of
~bias (“yes/no™) or as unclear if there was msufﬁcxent imfor-
_ mation to assess risk of bias (“unclear”).

Statistical analysis

Data in the control group of each study wei’e"‘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-afiele 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, tespectively, 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 72 If heteroge-
neity was present (i.e., if the 0 test was significant or /> was
greater than 25%), the cause of heterogeneity was explored
by fitting a covariable (e. . age, percent male, or percent

smokers) in a meta-regression model, when the data for these
nmmﬂahlm were availahle {41-44),

i 2LV TILIRVE

Per—genovpe approach Two ‘odds ratios (gg vs. GG
denoted odds ratio 1 (OR,), and Gg vs. GG, denoted odds

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



ratio 2 (ORy)) were estimated for each study Heteroveneny .

of odds ratios was assessed usi mentioned
previously. If there was hetemueneity ina 11 of these
odds ratios, the cause of heterogeneity was exp}ored using
meta-regression  analysis. A nnxed»eifects hierarchi
model with a logit link function (40) was applied to dete:
mine the overali gene effect using the xtmelogit command

in STATA (StataCorp LP, Colle,ge 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

Jambda (A), wlnch is defined as the ratio of Tog'OR5 10 log

OR;, was then estimated using the mode ree Bayesian

approach (45). The value of hmbda ranges from 0 to 1. If '

A=0, a recessive model is suggested; if A=1, a dominant
model is suggested; and if A=0.5
suggested. IfA>1 or A<0, then a homozy,,ous or heteiosxs
model is likely, although this is rare.

Sensitivity analyses Were. pexformed by mcludmg 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 mcta-analyszs‘ ‘

was applied to impute unidentified studles {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 prier
distributions for estimation of parameters (i.e., lambda and
the odds ratic). 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 svere locaied 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 1emaining studies were reviewed; 4 studies were

further excluded, leavmc 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 1dent1ﬁed only in ‘EIVIBASE
Sr(teen studies had'dah on 15933'3739 polymo ohisms, 13
studies had data on rs547154, 14 studies had data on
154151667, and 14 studies had data on rs641153. The char~
acteristics of thase 19 studxes 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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iagnosis of early and late AMD, and controls were clearly
1bed for a]i included stuﬁ lh ,reforx. the risk of

.....

lhe quahty contro] for nenotypmo (nnclear or not men-

. ‘\,;&;.uoned in 8 out of 19 studies, or 42.1%), followed by selec-
tive mportmg (7719, 36.8%) and not assessing HWE (5/19,
26.3%).

C2 rs98582739. In 16 studies, investigators assessed the

association between 159332739 and AMD (see Web

Table 2). Among these, 14 studies were cairied ont 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
cages than in non-AMD populations, with frequencies of
2.5% (95% confidence interval (CI); 2.0, 3.0) and 4.8%
(95% CL 3.9, 5.0), respectively. The odds ratios were

~mildly ‘beterogeneous (x°=17.46 (14 df), P=0.233, P=

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 Caucasz(ms {approximately 2%), but it
was the major allele in the single Indian populatlon 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 siudles in Caucasian popula-
tions (qee Web Figure 1, parts A and B} OR; was homoge-
nous (x =233 (14 daf), P=1.00, P=0%), whexeas OR')
showed mild heterooenexty across studies (x =18.69 (14
daf), P=0.177, ?=25, 1%). The mixed logit mode] yielded
pooled estimates for OR; and OR5 of 0. 38 95% CI: (.14,
1.08) and 0.52 (95% CI: 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% CF 0.34, 0:99), Despite the € allele’s being the
major allele in the Indian population (37, 33), the direction
of the association was still protective. Pooling only ad-
vanced AMD cases in 6 Cancasian. studies yielded
summary estimates of OR, and OR; of 0.22 (95% CI: 0.04,
1.10) and 0.52.(95% C1: 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 13547154 polymorphism (sec 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



59 vecords Taeniited 57 vecords identified ETETrerr e S
from MEDLINE from EMBASE from Scopus.
By i \-m" :
. 465 records’ remamed aﬁef wmovmg ;
1 duplications i <
1 110 duplicates
e — 1332 records were excluded:
355 records screened on titles or ~110490n-C2/CFB e '
-gbstracts - 95 pon-AMD and CZ/CFB et
-421eviews . .
- 40 non-AMD>
-25 non-GASs ,
; - 10 ammal studies
R ; -3 meta-studies
=2 famxly-based smdxes
2?! ful} -texts were assessed for |2 commentaries
cligivility -3 non-English studies
[ recotds v were excluded
¥ -t non-C2/CFB
Substudy19 studies were eligible - 1 preliminary reporl
for data extrachon - 1 duplicated report -
-1 subsmdy
. c2 CFB
] T 3 I ; ‘ 1
16 studies with 13 studies with 14 studics with 14 studies with
159332739 178547154 154151667 15641153
21 1 excluded:
insufficient data
X
13 studies

Figure 1 Saiecﬁon of pubhshe(i siumeé {2000~

11) fog & sysiematic revisw and meia-analysis of the association of co*ﬂpseneﬁi eﬁnparxen

2(02)lcomplemem !actor B (CFB) gene po!ymcrphnsms with age-related macular degena:al:on {AMD). (GAS genahc assoclaimn smdy)

hY

inl Caucasaan 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% CI: 7.3, 10.8), respectively. Tha odds
ratios (T vs. G) were moderately hetemgeneous (x =13,12
(8 df), P=0.108, 1*=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 wae no evidence of pnhhc:mnn bias (Fonrar test coef-

ficient =0.02, P=0.986). Sensitivity analys:s was' per-
formed by including the study which did not observe

HWE; this yielded sum’lar results, wnh a pooled odds ratio
of 042 (95% CL: 0.32, 0.55). Subgroup ana!ysns in ad-
vanced AMD cases was not perfonned b‘ ause. ufﬁ
cient data, \ P ‘

In Asian studies, the absolute frequency of tbe T allele in
cases and controls was almost double that in Caucasians,
with similar relative frequencies (pooied edds mtlo 048
95% CIL: 0.22, 1.05).

Genotype frequencies were chamctenmd in the AMD
and non-AMD groups separately by ethmcnty 3
OR; (TT vs. GG) was homogenons across studies’ (x &
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“Table 1.

General Charactensncs of Studles lnc!uded in a Systematxc Review and Meta«Analyms of the Assoclat:on of Compiement Component 2(02)/Complement Factor B (C-‘FB) Gene
Polymorphxsms Wxth Age~Related Macular Degeneratuon 2006-«201 12 , ,

Yea:: :rks:fgf::;'blo) Me'ah Age, yea,rs" i %Male ~yf%Smokers ; smdy Design Type of Cass " Type
, Mal[er. 2006 (13) 763 455 Case control Advanced AMD Non-AMD :
~ Gold, 2006 (32) 736 : Matched case-control AMD o _ Non-AMD
= Spencer, 2007 (35) 787 538'9 57.6 ‘Case-control - AMD grades 3-5 AMD grade -2
h : 671 548 Matched case-control Exudative AMD ~ Non-AMD
‘762 487 433 . Case-contrl ' 56%-66% GA and CNV © Non-AMD
785 : '43,6 S 478 Case-confrol 69.6% CNV 'i\!on-AMDf
654 457 46,5 Age- sex-, and race‘matched " AMD grades 3-5 Non:AMD
- ‘case- -control - R
; 0 )= L o Cohort , GA/ICNV AMD grad91 Y
* Francis, 2009 (1 9)—-CEEMDC, 767 332 Case- control GAICNV © Drusen, <63 ym iri-diameter.
Farwick, 2000 (31) 70.9 40.4 402 Cross-sectional 30.5% advanced AMD Non-AMD
Goto, 2009.(20) 73 54.8 Matched case-control Advanced AMD © Non-AMD
© Park,2009(22) i T m Cohort Early-and late (54.6%) ;_AMQ\grade }_
~ Pel, 2009 (23) ' 69.9 58 45.8 Age—andsex.matched o . Nc'n'.i\MD"’f‘
v o " gcase-control SRS
: Reynolds‘ 2009 (24) 50 54.4 E Gasefcontrol Grade4(GA)/5(CNV) inone AMD grade1 in. both eyes ‘
: : Lo S orbotheyes = - -
F(iohardson, 2009 (35);, 73.1" 347 : Case-control 71.7% advanced AMD Drusen, <63 pmin: diametern
© Seddon; 2009 (27) ' ' ~ Case-control Advanced AMD © AMDgrade 1 ’
Kaur, 2010(37) : . Matched case-control :
, Liu,,2010,(,55) 642 454 - Age-matched case-control '66.4% CNV arid 33.6% drusen Non-AMD
McKay;y’ZOOQ'(SZt) 7“9 385 - Agé~matched case-control GAICNY Non-ANMD
Chen, 2011 (654) T 438 3.7 Case-control 38% GA and 72% CNV Non-AMD

Abbrewaﬁons AMD, age~related macular degeneratlon, AREDS Age-Reiated ‘Eye Disease Study; CEIMDC, Casey Eye lnsmute Macufar Degenaraﬁon Center; CNV, chormdai

neovascu!arlzatlon GA geographlc atrophy: ;
a; For details onthe AMD gradmg scale, see the AF{EDS websnte (htips fweb. emmes com/study/areds/mop him) and the article by Seddon et a! (65)

“gog ‘uojjelsusBag fenoeyy pereier-aby pue g40/20



Table 2. Frequencies of the Complement Component 2 (C2) rs9332730 Genatype in AMD and Control Groups and Bsnolypa Effects of

Studies Included in the Meta-Analysis, 2006—2011

- No. of Subjests Ganoiype Effest
it AMD Group Non-AMD Group CCvs.G&E  GCve.GG
€ GC GG Tol ©OC GC GG Tow ORS  85%C1  OR;  85%CI
Caucasians i P s T Ty
Maller, 2006 (13) 1 63 1174 1208 3 95 836 934 024 003,220 047 034,068
Gold, 2006 {(32) 1 35 851 897 1 40 340 381 040 003,633 049 012029
Spencer, 2007 (36) 1 40 657 698 1 27 254 282 039 002,620 057 034,095
Jakobsdottir, 2008 (33) 0 10 172 182 1 9 158 166 080 001,748 101 040,254
Scholl, 2008 (26) 0 7 05 2 ¢ § 82 67 052 001,3023 083 025272
Bergeron-Sawitzke, 2008 (15)  © 17 404 421 0 22 193 215 048 001,2420 037 0.13,074
Farwick, 2009 (31) ! 2 3 767 84 0 7 95 102 062 0031306 062 027,143
Francis, 2008 (18)—AREDS O 37 484 521 1 37 870 408 025 001,628 076 048,123
Francls, 2009 (19}-CEIMDC  © 6 392 398 O 20 256 276 065 001,3304 020 0.08,049
Park, 2008 (22) o 0 9 114 128 0 10 138 148 121 0026144 100 043,277
Reynolds, 2009 (24) 0O 8 9 104 0 9 48 57 050 001,2572 044 016,122
Hichardson, 2008 (35) 0 23 484 S17 0 11 146 157 030 001,1500 0.62 0.29,1.30
Seddon, 2009 (27) 0 8 272 280 2 90 1,075 1,167 079 004,1655 035 0.17,0.74
McKay, 2009 (34) 1 20 395 425 0 45 383 428 291 0.12,71.63 062 038 1.02
Chen, 2011 (54) 1 78 1256 1,835 1 48 460 509 087 002587 060 041,087
Pooled data 7 405 7642 8,054 10 475 4812 5297 038 014,108 052 0.45,061
Aslans ‘ ‘ . ) '
Kaur, 2010 {37) - 184 11 2 177 18 20 4 175 053 005593 028 002339
Liu, 2010 (55) © 10 228 238 0 10 210 220 092 0024664 085 039,234
Pooled data 164 21 230 415 154 30 211 395 077 043,138 054 046,063

Abbreviations: AMD, age-related macular degenaratlon, AREDS, Ags-Related Eye Dissase Study, CEIMDC, Casey Eya Institute Macular

. Degeneration Center; Cl, confidence interval; OR, adds ratio.

& Continuing corraction was performed by adding 0.5 in all ceils for OR,.

but OR, (GT vs. GG) was

1.38 (8 df), P=0.994, = 02) 71t ORs (OT Ve 50 s

moderately heterogeneous (x°=

I*=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% CI: 0.11, 0.48) and 048 (95%
Cl: 042, 0.56), respectively, indicating that persons with
the TT and GT genotypcs had approximately 77% and
52% significantly lower zrisks 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 fonnel plot suggested asymmetry
of the funne! 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% {*=4.19 2 df), P=0.123) and 82.8%

(% =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 0.40 (95% CI: 0.28, 0.56), respectively, which were.

similar to the associations in Cancasians.
CFB rs4151667. Fourteen stndies (13, 15, 19, 22, 23,
26, 31-35, 37, 55, 56) assessed the association between

154151667 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% CF: 4.4, 5.1) in AMD and
non-AMD. groups, respectively. The allele-effect gdds
ratios (A vs. T) were homogeneeus across studies (x =
720 (9 d&f), P=0.616, *=0%), with a pooled odds ratio
of 0.54 (95% CI: 0.45, 0.64), suggasung that the A allele
was approximately half as frequent in the AMD group as in
controls. Allele frequencies in Asians were 2.4% (95% CL
1.1, 3.6) and 3.5% (95% CL: 0.9, 6.0) in AMD and non-
AMD groups, respectively—Iargely 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 /2 values of 0% for both OR; (*=3.16 (9 df),

P=0957) and OR, (x*=7.19 (9 df), P=0.618). The

mixed-effects logxt model yielded pooled estimates for OR,
and OR, of 0.99 (95% CI: 0.28, 3.58) and 0.50 (95% CL:
0.42, 0.61), respectively, which suggested a nonsignificant

Am J Epidemiol. - 2012;176(5):361-372
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Table 3. Frequencies of the Co:jnp!emeo{ Component 2 .(02) rss471 54 Genotype m AMD and Controi Groups and Genotype Eﬂeots of

Studies Included in the M

lysis, 2006-2011

‘Genotype jEﬁ,ect

e -No. otSub}ects - o
LT 6T GG V“‘fti‘!'otal t w GT GG . Total OR{  95%Cl OR;  95%Cl
Caucasians ’ T SR R ‘
Maller, 2006 (13) 4 126 1,008 1,238 9 164 761 934 031 009,089 053 041,068
Gold, 2006 (32) 2 8 805 894 5 75 302 382 015 003,078 043 031,060
Spencer, 2007 (36) ‘2 66 630 698 4 55 223 282 018 003,097 042 0.20,0.63
Jakobsdottir, 2008 (33) 0 9 170 178 © 31 130 181 077 002,38.83 022 0.10,048
Scholl, 2008 (26) 0 6 106 112 0 10 57 67 054 001,27.57 082 011,003
Bergeron-Sawitzke, 2009 | (1) o0 51 37 430 0 39 176 215 047 001,2353 061 039086
Farwick, 2009 (31) 0 60 609 669 O 5 8 8 014 0,695 164 064,419
Francis, 2009 (19)>° 0 14 184 198 0 139 167 306 091 0024601 009 005016
Park, 2009 (22) 1 31 854 386 1 26 133 160 038 002,605 045 026,078
Richardson,2009(35) 2 54 460 525 8 41 156 200 022 004,134 044 028068
Pooled data 11 489 4,631 5131 22 446 2,022 2490 023 011,048 048 042,056
Asians ‘ ' k (\ ‘
Golo, 2009 (20) 2 7 89 98 4 28 188 190 089 016,494 044 019,106
Kaur, 2010 (37) 2 25 148 177 11 74 80 175 041 002,051 021 0.13,036
Liu, 2010 (55) 2 28 208 238 2 32 186 220 089 012,641 078 045135
Pooled data 6 61 448 5138 17 134 434 585 032 012,083 040

0.28, 0.56

Abbreviations: AMD, age- re!ated macular degenerahon, ci, conhdence :ntowal OR odds ratio.

2.Continuing correction was performed by adding 0.5 in alt célls for OR;,

b Both subsamples (Age—Relaied Eye Disease Study and Casey Eye institute’ Macular Degenerahon Cemer) were mc!oded
© Not ingluded in pooling because of departuré from Hardy-Weintierg equilibrium.

risk association for the AA Uenotype (hkely due to the )

outlier study by MCK'\}’ et al. (34)) but a significant preven-

tive association for the AT venotypo‘whenf compared thh :

0. 30 9.09), respect:vely, the. discrepancy. in
was plobably due to the outlier study by M
The oenotypmo effects in the 4 ¢

C nd 4 (2
55, 36) were condncied n;As;ans (see Web. Table 5) Aﬁ; ,
contro]l  groups were m HWE Amono the C'mcasmn"k_

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

stud;es, the pooled frequency of the A allele was 4.1%
(95% CL 3.1, 5. 2)in AMD groups and 9. 6% (95% CL 7.9,
i1.3) in non-AMD groups. The allele-effect odds ratios
were modemtely heteroceneous across studics (x =22.44
8 df), P= -0.004, P= 59 9%). The poolcd odds ratio (A vs.
G) was 0.40 (95% CL: 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
Cducasxans, but the relative frequency was very sxmﬁar
{OR =0.55, 95% CI: 030 1. 0’?) ' ‘
The odds ratios for aenotypxc effects, OR; (AA vs. GG)
and OR, (GA vs. GG), were estimated for each study (see
Table 5). Pooled estimates were homogenous for OR;
(=142 O df), P 0.998, P= 0%) but hlohly heteroge-
neous for OR, (x =25.96 9 df), P=0.002, P=65. 3%)
(see Web Fiaure 4, pm“[s ‘A and B). The mixed logit model
yielded pooled OR, and OR, estimates of 0.26 (95% CI
0.14, 048) and() 42 (95% CL: 0. 37 048), respectlve]y, in-
dlcatmu that persons wuh the AA and GA venotypes wexe '

(coe‘f‘ﬁcxem.,i 87 (SE 142), P= - 0. 26) (see Web
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Tabled. Frequencies of the Campien‘ent Faclor B (CFB) (4151667 Genotyps in AMD and Control Groups and Genotype Ef!eg!s of Studies. .

Included in the Meta-Anaiysxs, 2006—2011

"~ No. of Subjects

Gonolypo Effest

F:m;’:;’ggf AWD — NomAMD Group AAVE.TT ATVS.TT
~ AL AT TT  Total AA AT TT  Towml OR®  95%CI  OR; 95%OCl ;

Caucasians . '
Matler, 2606 (13) 1 70 1,167 1,238 2 89 843 934 036 003,399 057. 041,079
Gold, 2006 (32) 1 35 87 808 1 41 341 383 039 002631 034 '021 054
Jakobsdottir, 2008(33) O 10 168 178 1 10 156 167 031 001,766 093 038,229
Scholl, 2008 (26) R 7 105 112 0 5 62 67 059 001,3023 083 025272
Borgeron-Sawilzke, 2009(15) © 17 404 421 0 22 193 215 048 001,2420 037 049,071
Farwick, 2009 (31) 2 3 765 802 © 7 95 102 062 0031300 062 027,144
Francis, 2009 (19)°. 0 6 191 197 0 11 150 161 079 0.2 39.84 0.43 0.15, 1'18"
Park, 2009 (22) 0O 19 867 38 0 15 145 160 040 001,2005 050 0.25,1.01
Richardson, 2008 (35) 0 23 497 520 © 12 150 162 030 001,1531 058 028,119
McKay, 2008 (34) 3 28 809 425 0 45 383 428 672 03513053 049 020,083

Pooled data 7 245 4930 5182 4 257 2518 2779 099 028,858 050 042 061
Asiang ‘ S
Pei, 2000 {23) 0 5 118 128 © 8 422 180 1.03 00252853 085 021,203
Kaur, 2010 (37) 1 12 184 177 1 20 154 175 0.94 0081514 056 027,119
Liu, 2010 (58) 0 8 280 288 0 7 213 220 083 0024689 105 028,297

Pocled data 1 925 512 538 1 85 480 525 0.98

0.06,1531  0.68 0.40,1.16

Abbreviations: AMD, age-related maculas degensration; Cl, confidence inferval; OR, odde ralio.
& Continuing correction was performed by adding 0.5 in &ll cells jor OR;.

b Both subsamples (Age-Related Eye Disease Study and Casey Eye Institute Manular Qeganerahon Center) were mcluded

Figure 4, parte C and D). The genotypic effects in ad-
vanced AMD cases were determained within § studies (13,
24, 27, 34 54), which suggested a homogenous effect for
OR, (3*=1.02 (4 df), =0.907, > =0%) but a moderately

heterogeneous effect for ORy (x2 =7.60 (4 df), P=0.107,

P=474%), the corresponding OR, and OR; were 0.27
(95% CL: 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% CI: 041, 0.74), respecnvely—largely
consistent wath those seen in Caucasxans ;

L

DISCUSSION

We performed a systematlc review and meta~ana1ysxs of

the associations between C2 (159332739, 1s547154) and

CFB (154151667, 1s641153) polymorphisms and AMD, in-

cluding Caucasian subjects numbering 7,121-13,351 and
Asian subjects numbermg 810-1,301. The results suggest

robust associations in Caucasxans, that is, camage of a

minor allele of C or T in the €2 159332739 and C2
15547154 polymorphxsms decreases the risks of havmg
AMD by appmxnnately 45% and 53% relative to carriage

of G and G major alleles, respectively. A similar trend was

Lomnoem
found for the CFB polymorphisms; carrying 2 minor allele

A in 154151667 and rs641153 decreased the risks of AMD
by approximately 46% and 59%, respectively, relative to a

i aaalnl

major allele of T and G. The genetic mode of action could
be additive or dominant for all polymorphisms. Sensitivity
analyses, including and excluding studles not observmg
HWE, yielded similar results. o
The miror C and T protective alleles of the 2 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 respmsxbie 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 asa

matker for an absolute lowering of the risk of all AMD in
Caucasjans 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-analys;s, and is in accord with the
findings of Toannidis et al. (57). Allele imquencies differed
only slightly across ethnic groups, except for the C2
19332739 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 venﬁed by saquencmg and hence do not
represent a miscalled strand. This raises the possibility of

Am J Epidemiol. 2012;176(5):361-372
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Table 5. Frequencies of the Complement Factor B (CFB} rsGM 153 Gemtypa in AMD and Control Groups and Genotype Eﬁects of Sudies

included inthe Mewnmlysls, 200 ‘2011 L

ﬂ No of Sub}ects : Genotypa:lsmci
ﬁéﬁ,‘:,‘;‘;’:;ﬁ:;’" T Aw " Non-AWD Group AAve. GG GAvs. 66
AAGA GG Yol  AA ~_”‘;ng GG Toll ORS 95% Cl OR;  95%T
Caucasians e e g G b o ‘ e | ‘
Maller,200813) 3 106 1,128 1,288 10 174 753 934 020 006073 041 032,053
Geld, 2008 (32) - 2 52 497 551 3 53 213 269 029 005172 042 028,064
Spencer, 2007 {36) 2 86 630 €SB 8 50 220 282 024 0.04,146 048 032,071
Scholl2008(26)  © 6 106 112 0 10 § 67 054 0.01,2757 032 011,088
Farwick,2009(31)  © 26 780 776 0 26 93 19 012 0002,682 0.2 007,022
Roynolds, 2009(24) 0 & 97 108 0 i1 46 57 048 001,2441 026 009,074
Richardson, 2009(35) 2 54 478 529 3 41 155 189 022 004,132 043 028,087
Seddon, 2009 (27) - 0 23 256 279 6 138 1,023 1,167 031 002,547 067 042,106
McKey,2000(34) 8 83 389 425 5 8 337 428 052 042,219 033 022051
Chen, 2011 {54) 3 28 1204 183 4 83 422 500 026 006,118 054 040,073
Pooled data 5 500 5531 6046 34 660 332 4031 026 014,048 042 037,048
Asians ’ o S ‘ ‘
Chu, 2008 (56) 1 30 198 144 4 32 8 126 020 002,181 075 042182
Pel, 2009 (23) 0. 18 105 128 0 18 112 130 107 002,5428 107 053,216
Kaur, 2010 (37) 2 18 142 182 10 53 85 158 013 003,082 023 013 0.4
Liy, 2010 (55) 0 17 221 288 1 25 184 220 020 001,723 060 031,114
Pooleddsta 3 83 581 667 15 128 491 834 017 005059 055 041,074

Abbreviations: AMD, age-nslated masular dapeneration; Cl, confidence interval; OR, odds ratio.
8 Ccmhmnng comschon was performad by add‘mg 0.5 inall cens for OR,.

the “Rip-flop” phenomenon, in which varying LD structure
between different populations leads to a flip in the direction
of the allelic effect, presumably becauss the :genotyped
SNP is taggmg the cansative allele, and different marker
alleles are in LD with the causative allele across different
populations (58-60). wever, ‘the C allele in the Indian
populanon was consistent in havmg a pmtecnve associa-
tion, similar to other ethnic groups, which chd not fit. thh
the “Hip-flop” phenomenon.

hese genetic assocnanons‘are vew samﬂaz’ to the ones

recenﬂy described in a meta-analysis of ‘genome-wide asso-
ciation studies for AMD (61); the allele effect for C2
159332739 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 thls effect sme is mbust

Multilecus associaijpns

Although some studies had assessed compound genotype
effects of the 2 SNPs it C2-and CFB, the way in which
investigators had reported their data did not allow us to
poo! haplotype effects. Previous reports show nearly com-

plete LD between C2 r59332739 and CFB 154151667 (r=
091»1 .00) (32-34) and separately between C2 15347154

and CFB rs641153 (r-092-0 96) (35, 36), indicative of

dependent genetic effects, Given that all 4 SNPs showed
similar magnitudes of genetic effects, identification of

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

functional causal variants from the existing data would be
difficult and might require very diverse populauons with
smaller LD blocks 1o isolate functxonal yegions. 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 (+*=0.004), yet 13641153 in CFB is in
complete LD with 15547154 in C2, which is 3,242 base
pairs away (http #hapmap.ncbinlm.nih.gov/). Likewise, the
2 SNPs in €2, which are 7,134 base paus apart, are not n
1D {r =0,004), but 159332739 in €2 is in comp'iete D
with 1s 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 possnblhty 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 polymorph:sms 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 & much greater benefit, with a PAR of 36.9%
(34), and stronger genetxc loci, such as CFH, carry a much
greater PAR (ie., 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

genemted haplotypes, which is concordant with the evolv-
ing view that this could: repment a more robust method of _

analysis (35}

Sirengths 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-conirol studies, which m_;ch\‘

have protiuced overestimation of the gensiic assoc;auon
This bias conld be avoided through the use of population-
based nested case-control studies, but these types of studies
are few, because it is costly to perfonn examinations and
fundus photogxaphs 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 evxdence for an
association between C2/CFB polymorphisms and AMD,
Carriage of preventive alleles for €2 159332739 and
18547154 would decrease the risk of AMD in Caucasians

by appmxunately 45% and 53%, respectively; camiage of

preventive alleles for CFB 15415667 and rs641153 would
decrease it by approximately 46% and 59%. These allele
effects contribute to an absolute lowenng 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 ate still sparse, and -
further studies are required to estimate the effects in non-

Caucasian ethnic groups with more precision. Early work

indicates that these polymorplnsms 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 anhcagong of these .

alleles will require more research,  *

- Ryw); Macular Degenenation Center, Casey Eye Institute,
~ Otegon Health and Science University, Portland, Oregon
- (Peter Francis); Division of Molecular and Cellular

ACKNOWLEDGNMENTS

Author affiliations: Section for Clinical Epldémzology

and Biostatistics, Facuity of Medicine, Ramathibodi Hospi-
tal, Mahidol University, Bangkok, Thailand {(Ammarin

Thakkinstian); Centre for Clinical Epidemiology and Bio-
statistics, University of Newcastle, Newcastle, New South
Wales, Australia (Mark McEvoy, John Attia); Centre for
Public Health, Queen’s University of Belfast, Belfasl,j
United Kingdom (Usha Chakravarthy, Gareth J. McKay,
Giuliana Silvestri); Brien Holden Bye Research Centre,-

L. V. Prasad Eye Institute, Hyderabad, India (Subhabxatafff'j;
Chakrabarti, Inderjeet Kaur); Department of Health Scienc-

es Research, Mayo Clinic, Rochester, Minnesota (ijung

Biology, National Institute of Sensory Organs, National )
Hospital Organization Tokyo Medical Center, Tokyo,

" Japan (Takeshi Iwata, Masakazu Akahori); Leibniz Institute
of Arteriosclerosis Research, Miinster, Germany (Astrid
. Aming); Institute of Molecular Biology, University of °
_ Oregon, Eugene, Owgon (Albert O. Edwards); Ophthalnuck
Epidemiology and Genetics Service, Department of

Ophthalmology, Tufts University School of Medicine and

‘Tufts Medical Center, Boston, Massachusetts (Johanna
M. Seddon); and John Hunter Hospital and Hunter Medical
- Research Institute, Newcastle, New South Wales, Australia
. (John Attia).

Conflict of interest: none dgclared

REFERENCES

1. Xlein ML, Schultz DW, Edwards A, et al. Age-related ‘,
macular degeneration: clinical features in a large family and
: l’tggage to chromosome 1q. Arch Ophihalmol. 1998;116(8):
1082-1088, .

2, Mitchell P, SmlthW AneboK et al. Ptevalence of age- ,:f .

related maculopathy in Australia, The Blue Mountains Eye
Study, Ophthalmology, 1995;102(10):1450~1460.

3, Pang CP, Baum L, Chen WM, et al. The apolipoprotein E 4
allele is unlikely to be a major risk factor of age-related ‘
macylar degeneration In Chinese, Qp.’:#’a.’nm!oc fea,
2000;214(4):289-291. .

4. VanNewkirk MR, Nanjan MB, Wang Y, et al. The
prevalence of age-related maculopathy: the Visual : et
Impairment Project, Ophthalmology. 2000;107(8): 1593—~1600. -

5. Evans J, Wormald R. Is the incidence of registrable age- ;
related macular deganeranon mcmasmg? Br J Ophtkalmol
1996;80(1):9~14. :

6. Schmidt 8, Klaver C, Saunders A, et al. A pooled case-
control study of the apolipoprotein B (APOE) gene in age-
related maculopathy. Ophthalmic Genet. 2002;23(4):209-223.

7. Vingerling JR, Dielemans I, Hofman A, et al. The prevalence
of age-related maculopathy in.the Rotterdam Study. :

Ophthaimology. 1995;102(2):205-210. ..

Rivera A, Fisher SA, Fritsche LG, et al. Hypotheucal 7

LOC387715 is a second major snscepnbﬂxty gene for age-

related macular degeneration, contributing independently of

coraplement factor H to disease risk. Hum MoI Genet,
2005;14(21):3227-3236.

9, Conley YP, Jakobsdottir J, Mah T, et a] CFH vau
PLEKHAT and LOC387715 genes and susceptibility to age-
related maculopathy: AREDS and CHS cohoits and meta-
analyses. Hum Mol Gener. 2006;15(21):3206-3218.

10. Despriet DD, Klaver CC, Witteman JC, et al. Complament «
factor H polymorphism, complement activators, and risk of age-
related macular degencration. JAMA, 2006,296(3) 301-309.

11. Thakkinstian A, Han P, McEvoy M, et al. Systematic review
and meta-analysis of the association between ‘complement ‘
factor H Y402H potymorphisms and age-related macular -
degeneration. Hum Mol Genet. 2006;15(18):2784-2790.

8

&

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




C2/CFE and Age-related Macular Degeneration 371

12.

13.

14,

15.

16.

17.

18.

1.

20.

21.

22,

23

Kaur I, Katta S, Hussain A, et al. Variants in the 10426 gene
cluster (LOC387715 and HTRAI) exhibit enhanced riskof
age-xelated macular degeneration along with CFH in .
patients. Invest Ophthalmol Vis Sci. 2008;49(5):177 1776.‘
Maller 3, George 8, Purcell S, et al. Common ariat
three genes, including a noncoding variant in CFH, strongly
influences risk of age-related macular degeneranon Nat
Genet. 2006;38(9):1055-1059. :
Maller JB, Fagerness JA, Reynolds RC, et al Vananon n
complement factor 3 is associated with risk of age-related
matular degeneration. Nat Genet 2007 39(10) 1200-1201.
Bergeron-Sawitzke J, Gold B, Olsh A, et al, Multilocus
analysis of age-related macular dggenemuon Eur.! Hum )
Genet, 2009;17(9):1190-1199. o o

Cui L, Zhon H, Yu J, et al. Noncoding variant in the
complement factor H gene and risk of exudative age-related
macular degeneration in a Chinese population. Jnvest
Ophthaimol Vis Sci. 2010;51(2):1116-1120,

Despriet DD, van Duijn CM, Qostra BA, et al, Complement

component C3 and risk of age-related macular degeneration.

Ophthaimology. 2009;116(3):474. €2-480.62.

Edwards AQ, Fridiey BL, James KM, et al, Evaluation of
clustering and genotype distribution for replication in genome
wide association studies: the Age-Related Eye Disease Study
PLoS One, 2008;3(11):¢3813, (doi:10. 1371/joumal
pone.0003813). B
Francis PJ, Hamon SC, Ott J, et al. Polymorphxsms in C2,
CFB and C3 are associated with progression to advanoed age
related macular degeneration associated with visual 10ss,

J Med Genet, 2009;46(5):300-307.

Goto A, Akahori M, Okamoto H, et al. Genetic analysisof
typical wet-type age-related macular degenerationand.
polypoidal choroidal vasculopathy in Japanese populanon

J Ocul Biol Dis Infor. 2009;2(4):164-175.

Gu J, Paver GJI, Yue X, et al. Assessing. snscepnblhty o
age-related macular degeneration with proteomic and
genomic biomarkers, Mol Cell Proteomics. 2009; 8{6)
1338-1349,

Park KH, Fridley BL, Ryu E, et al. Complement component
3 (C3) haplotypes and risk of advanced age-related macular
degeneration. Jnvest Op}zthalmol Vis Sei. 2009; 50(7)
3386-3393.

Pei XT, Li XX, Bao YZ, et al. Asscciation of 3 gene

polymorphisms with neovascular age-related macular
 degeneration in a Chinese population. Curr Eye Res. 2009;
34(8):615-622.

.- Reynolds R, Hacineti ME, Atkinson JF, e al. Plasma -

complement components and activation fragments:
associations with age-related macnlar degeneration genotypes

_and phenotypes. Invest Ophthalmol Vis Sci. 2009 50(12)

- 5818-5827.

. Scholl HP, Fleckenstein M, Fritsche LG, et al. CFH, €3
and ARMS?Z are significant risk Joci for susceptibility but not

* for disease progression of geographic atrophy dueto AMD. -

26.

27

" PL0S One. 2009:4(10):¢7418. (doi:10. ]3’?1/joumal

pone.0007418).

Scholl HP, Charbel Issa P, Walier M, et al. Systemrc
complement activation in age-related macular degeneration.
PLoS One, 2008;3(7):¢2593. (doi:10.1371/journal,
pone.0002593).

Seddon JM, Reynolds R, Maller J, et al. Prediction model
for prevalence and incidence of advanced age-related
maculer degeneration based on genetic, demographie, and
environmental variables, Inves: Ophthalimol Vis Sci,
2009;50(5):2044~2053,

Am J Epidemiol. 2012;176(5):361-872

28,

- 28,

30.

31.

32,

33.

34.

35.

36.

37,

38.

38.

41.
42,

43,

Seitsonen SP, Onkamo P, Peng G, et al. Multifactor effecis
and evidence of potential interaction between complement '
factor H Y402H and LOC387715 A69S in age-related
macular degeneration. PLoS One. 2008;3(12): e3833
(dei:10.1371/joumal. pona0003833) ‘ s
Spencer KL, Olson LM, Anderson BM, et al. C3 R102G
polymorphism increases risk of age~re1a1ed macular
degeneration. Hum Mol Genet. 2008;17(12):1821-1824.
Yates JR, Sepp T, Matharu BK, et al. Complement C3 variant
and the risk of age-related macular degeneranom N Engi J :
Med. 2007;357(6):553-561.

Farwick A, Dasch B, Weber BH, et al. Variations in five
genes and the severity of age-related macular degeneration: -
results from the Muenster Aging and Retma Study. Eye o
(Lond). 2009;23(12):2238-2244, ‘
Gold B, Merriam JE, Zernant J, et al. Variation in factor B
(BF) and complement component 2 {C2) genes is assocxawd
with age-related macnlar degeneranon Nat Genet, 2006
38(4):458-462. ‘

»Jakcbsdomr 3, Conley YP, Weeks DE, et al. C2 and CFB

genes in age-related maculopathy and joint sction with CFH
and LOC387715 genes. PLoS One. 2008;3(5): e2199
(doi:10.1371/journal.pone.0002199). ,

McKay GJ, Silvestri G, Patterson CC, et al. Further
assessment of the complement component 2 and factor B
region associated with age-related macular degencration.
Invest Ophthaimo! Vis Sci. 2009; 50{2).533—539 i
Richardson AJ, Amirul Islam FM, Guymer RH, et al.
Analysis of rare variants in the complement component 2
{C2) and factor B (BF) genes refine association for age-
related macular degeneration (AMD). Invest Opbthalmol Vis
Sci. 2009;50(2):540-543.

Spencer KL, Hauser MA, Olson LM, et al. Protective effect
of complement factor B and complement component 2
variants in age-related macular degeneration. Hum Mol Gene:.
2007;16(16):1986-1992.

Kaur 1, Katta S, Reddy RK, et al. The involvement of
complement factor B and complement component C2 in an
Indian' cohort with age-related macular degenerauon' Invesi
Ophthalmol Vis Sci. 2010;51(1):59-63,

Thakkinstian A, McKay GJ, McEvoy M, et al. Systemauc
review and meta-analysis of the association between
complement component 3 and age-related macular
degeneration: a HuGE review and me!a~analysxs AmJ
Epidemiol. 2011;173(12):1365-1379.

Thakkinstian A, Thompson JR, Minelli C, et al. Choosmg
between per-genotype, per-aliele, and trend approaches for
initial detection of gene-disease association. J Appl. Szars
2009:36(6):633-646.

. Thakkinstian A, McEvoy M, Minelli C, et al. Sysxemanc :

review and meta-analysis of the association between Bz-
adrenoceptor polymorphisms and asthma: a FuGE review.
Am J Epidemiol. 2005;162(3):201-211.

Thompson JR, Minelli C, Abrams KR, et al. Meta-analysxs
of genetic studies using Mendelian randomization—a
multivariate approach. Sia¢ Med. 2005;24(14):2241-2254,
Thompson SG. Why sources of heterogeneity in meta-
analysis should be investigated. BMJ. 1994;305(6965):
1351-1355.

Thompeon 8G, Sharp SI. Explaining heterogeneity in meta-
analysis: a comparison of methods. Sta? Med. 1999;18(20):
2693-2708,

. Thompson SG, Smith TC, Sharp SI. Investigating underlying

risk as & source of heterogeneity in meta-analysis. Stat Med.
1997;16(23):2741-2758.



45. Mmelh C, Thompson JR, Abrams KR, et al. '!‘he choaoe ofa
genetic model in the meta-analysis of molecular association
studies. Jnt J Epzdemwl 2005;34(6):1319-1328. -

46. Bgger M, Davey Smith G, Schneider M, et al. Biasin ‘ﬁ .
meta-analysis detected by 2 simple, gmph.cal mr. BMJ
1997;315(7109):629-634.

47, Palmer TM, Peter JL, Sutton Al et al. Contour-enhanced) :
funnel plots in meta-analysis. STATA J, 2008;8(2):242-254.

48, Peters JL, Sutton AJ, Jones DR, et al, Contour-enhanced
meta-analysis funne! plots help distinguish publication bias
from other causes of asymmetry. J Clin Epidemiol. 2008 '
61(10): 991—996

49. Duval S, Tweedie R. Trim and ﬁll a simple funnel~ ;
plot-based method of testing and adjusting for pubhcauon b
bias in meta-analysis. Biometrics. 2000.56(2) 455-463.

50. Hayden KM, Zandi PP Lyk:etsos CG, etal, Apolxpopmtemj

s1. Rossman MD, ThompsonB FmdenckM etal HLA-

DRB1*1101: a significant risk factor for sarcoidosis in bla;:ks '

and whites, Am J Hum Genet. 2003;73(4):720-735.

52, StataCorp LP. Stata Statistical Software: Release 11. 0
College Station, TX: SeataCoxp LP;2009. ‘

53. Spiegeihaiter D, Thomas A, Best N, ei al. WinBUGS User
Manual. Cambndge, United ngdom MRC Bmsmnsucs ‘
Unit, Institute of Pubhc Health University of Cambndge,
2007.

54. Chen Y, Zeng J, Zhao C, et al. Assessmg susoeptﬂamty [
age-zeiated ‘macular degenemtzon with genetic markers and
environmental factors. Arch Ophrhalmol 2011 129(3)
344-351,

55. LiuX, Zhao P, Tang §, et al. Association study of ;
complement factor H, CZ CFB, and C3 and age-related -
macular degeneration in 2 Han Chmese populabcn Rea.na
2010;30(8):1177-1184.

56. Chu J, Zhou CC, Lu N, et al, Genetic variants in three genes ;

and smokmg show strong associations with susceptxb;!ny
to exudative age-related macular degeneration in a Cmnese
population. Chin Med J (Engl). 2008;121(24):

2525-2533.

57. Toannidis JP, Ntzani EE, Trikalinos TA. ‘Racial’
differences in genetic effects for complex dxseases
Nat Genet. 2004;36(12):1312-1318. ‘

58. Clarke GM, Cardon LR. Aspects of observing aud chuxmng
allele flips in association studies. Genet Epzdemza! 2010 34
(3):266-274.

59. Zaykin DV, Shibata K. Gengtic flip-flop without an -
accompanying change in linkage duseqml’bnum Iletter] AmJ
Hum Genet. 2008;82(3):794-796. :

60. Lin PI, Vance JM, Pericak-Vance MA, et al, No'gerie - -
is an island: the fip-flop phenomenon Am J Hum Genet
2007;80(3):531-538.

61. YuY, Bhangale TR, Fagerness J, et al. Common vanams
near FRK/COLI0AT and VEGFA are associated with
advanced age-related macular degenerahon Hum Mol Genet
2011; 20(1 8):3699-3709.

NJ' et al. Cmmnon,
factor H colleborate to
nvny and dxsease nsk. Proc

Clinical Age-Rclated Macnlopathy Stagmg System :
Ophrhalmo)ogy 2006-113(2) 260-266 o :

APPENDIX

Search siraiagy useﬂ f@r EMBASE (va)
1. Gene -
2 Alleie

WiTersiasisin

3 rux.]uxux.y}'usl

4. Macular degeneration

5. Complement component 2
6, Complement factor 2
7. Component 2.

8.C2

. Complement factor B
10. Component B \
1.CFB

12.FB '
13.(10R20R3)

14, (5 0R60R7OR8)
15.(9 OR 10 OR 11 OR 12)
16. 13 AND 4Aé{3 (14 OR }5}

Search sirategy used ior Scopus

(ALL(“gene”) OR ALL(“allelc") OR AIL(“polymor
phism”)] AND [ALL(“mscalar degenenation”)] 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, “MEDTI”) OR LIMIT-TO(SUBJAREA, “BIOC”)]
AND {EXCLUDE(SUBJAREA “NEUR”) OR EXCLUDE
(SUBJAREA, “IMMU”) OR EXCLUDE(SUBJAREA,
“AGRF’)] AND TEXCLUDE(SUBJAREA, “MULT”) OR
EXCLUDE(SUBJAREA, “PHAR™) OR EXCLUDE(SUB-

v JAREA, “CHEM”)]
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