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

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

C oWmD, Sporadic, RP1L1 mutation (-)
@ 86-year-old female patient

@ 55-year-old male patient

Fig. 3. Optical coherence tomography 1mages horizontally profiled along the foveola (left) and magnified 1mages 1n 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 1s indicated by an asterisk. All the OCT images were taken with the HD-OCT (Carl Zeiss). A. Optical coherence tomography
1mage of a normal control without the RP7/LJ mutation (22-year-old woman). All the outer retinal structures, for example, external hmiting membrane,
IS/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 RP/L] mutation. @ Optical coherence tomography image of the right eye of Case 1, which did not have subjective visual
disturbances. The COST hine 1s present in the foveal center (black arrow), but not 1n the parafoveal region (arrowheads). The IS/OS lne 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
RPILI 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
genetic 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 RPILI
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 RPILI mutation
(p.Argd5Trp)."* In all the OMD patients with the
RP]LI 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 BCVA 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 RPILI 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 gangtion
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 &, which show typical signs of OMD. The COST
lmne 1s not present over the entire macula but is present in the perimacular regions. The IS/OS line 1s blurred and thick in the fovea. ® Optical coherence
tomography 1mage (vertical section) of the right eye of Case 4. This image was obtamned 63 years after the onset of visual symptoms. The IS/OS line is
disrupted at the fovea. The COST line cannot be seen in the macula but 1s still visible in the persmacular 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 RP/LI 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 Ime could be clearly observed at the fovea in both cases, except i minute disruption at the foveola
in @ (astenisk). 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 ob/ in mfERG at fovea of COST Junction  Abnormality (Thickness Other
(Years) Case 0s BCVA  (Ring 1/Ring 5 or 6) at fovea at Fovea of RPE <160 pum) 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 Ob 1.0 1.63 + + - ~(160)
3 11 0s 0.4 Not measurable + + - —(168)
6 12 oD 0.3 0.98 + + - -(174)
0s 0.3 1.03 + + - —(168)
10 14 0s 0.6 0.66 + + - -(160)
10 iR OD 0.1 Not measurable + + - ~(164)
12 13 oD 0.2 Not measurable + + - —(181)
0s 0.15 Not measurable + + - -(77)
20 7 oD 0.1 Not measurable + + - +(134)
(O] 0.07 Not measurable + + - +(142)
31 1 0Ss 0.1 0.60 + + - +(150)
38 10 oD 0.1 Not measurable + + - +(150)
oS 0.1 Not measurable + + - +(153)
41 8 OD 0.1 1.01 + + - +(148)
(OF] 0.1 1.30 + + - +(148)
46 2 OD 0.4 Not measurable + +1 - +(1586)
oS 0.5 Not measurable + +1 - +(154)
63 4 oD 0.2 Not measurable + +t - +H77)
0s 0.2 Not measurable + +1 - +(76)

TV L3 VAONNSL » AHJOYLSAd IVINOVI L1300

*The COST and IS/0OS junction were normal only at the foveal center. In the parafovea, the COST could not be observed and the IS/0S junction was blurred.
1The I1S/0S junction was disrupted at the fovea.
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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
pm 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 1n 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 RPILI Gene and Occurrence of OMD

Our study confirmed that all the affected patients
with RPIL] mutation had abnormalities of the photo-
receptor structures; the IS/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
location 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 occuit
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 RP/LI 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 RPILI is disrupted by a mutation, both
the electrophysiologic responses and structures of the
photoreceptor can be altered. Cellular dysfunction
because of an RP1L] 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
RPILI 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 RPJLI should provide information to
answer these questions.

We suggest that OMD is not a single disease
caused by a specific gene mutation, RPILI, 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 RPIL1 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 complemem component 2(02)/comp1ement .
factor B (CFB) gene polymorphlsms with age-related macular degeneration (AMD). In fotal, data from 19 studies

. . publ:shed ‘between 2006 and 2011 were pooled for 4 polymorphmms rs9332739 and 1$547154 in the c2 gene

and 154151667 and r5641153 in the CFB gene. Data extraction and assessments for risk of bias were mdepen-
_dently performed by 2 reviewers. Allele frequenmes and allele and genotypic effects were pooled. Heterogeneity
and pubhcaixon bias were eprored Pooled minor allele frequencles for all 4 SNPs were. between 4.7% and
9.6% for all poiymorphisms ‘except for an ‘Indian population in which the C aliele at rs9332739 was the major
allele. For the C2 polymorphisms, the minor C allele at 1$9332739 and the minor T allele at rs547154 carried
estimated relative risks (odds ratios) of 0.55 (95% confidence interval (Cl): 0.46, 0.65) and 0.47 {95% CI: 0.39,
0.57), respecnvely For the CFB polymorphisms, the minor A alleies at rs4151667 and rs614153 cartied estimat-
ed risks of 0.54 {95% Cl: 0.45, 0.64) and 0.41 (95% Cl: 0.34, 0.51), respectively. These allele effects contributed
to an absolute lowering of the risk of all AMD in Caucasian populations by 2.0%-6.0%. This meta-analysis pro-
vides a robust estimate of the protect:ve assocxanon of C2/CFB with AMD. :

complement component factor 2; complement | factm B; genetic association studies; genetics; genome, human;
macular degenenahon meta-anaiysxs molecular epxclemnology

Abbrevigtions: AMD, age-rehtecl macu!a: degeneraﬂon, C2, complement componeni 2; G3, complement component 3 CFB,
complement factor B; CFH, complement factor H; HWE, Hardy-Weinberg equilibrium; LD, Imkage disequilibrium; OMIM, Oniing
Mendehan Inheritance in Man; OR, odds 1atio; PAR, population attributable risk; SE, standard error.

Edifor’s note: This article also appears on the website
of the: Human Genome Epidemiology Network (httpzfiwwiw.
cde.gov/genomics/hugenel/default.iim).

Avc rchted macular degeneration (AMD) is one of the
leadmc causes of blmdness worldwide (1-4), accounting
for. h’ﬁf of all new registered cases of blindness (3) With
the increase in lon«evxty, the burden of AMD is set to
orow, -with almost 30% of persons older than 75 years

shownw early signs of the discase (1, 6, 7). The pathclomc,
hailmmk of the dlsease is drusen, deposits of proteins and
lipids, in the retinal pigment epithelium; these deposits,

- along with pigmentary irregularities, constitute. early AMD.

Progression to late AMD mvo]vcg oeoumphn attophy, in
which there is loss of retinal pigment epithelium and photo-
recepiors and/or neovascularization.

Genome-wide association studies have had considerable
suceess in identifying genetic contributions to complex dis-
orders. The first success in ocular discases came in 2005,

Am J Epidemiol. 2012;176(5):361-372
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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 10926, ARMS2/HTRAI
(8-12), were implicated, in addition to several genes in-
volved in-the complement pathway. The discovery of CFH

variants and the altemative 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 giy-

coprotein that functions as part of the classical complement
pathway, which is involved in innate unnmmty and inflam-
mation (Online Mendelian Inheritance in Man . (OMIM)
number 613927). Two polymorphisms (rs9332739 G>C

and 15547154 G>T) have been implicated in AMD. The
€2 polymorphisms may be associated directly with AMD
or indirectly through the high level of linkage dlseth-
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),
14151667 T> A and 13641153 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 1s9332739), CFB (154151667 and 15641153), and

AMD, with the following objectives:

To estimate the prevalence of the minor alleles of €2
and CFB.

To sscertain whether there ate 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, Ovnd, and Scopus search ‘engines dp 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
27 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.j independenily weni
through all titles and abstracts of the identified studies. Any

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

Genotyped €2 (1s547154 G>T and 159332739 G>C)
or CFB (154151667 T>A and 1s641153 G>A)
polymox;:hxsms

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

There was sufficient description of the reSultS-thax is’,
numbers of subjects in genotype and outcome groups.
Where eligible, the authors of articles with insufficient
information were contacted, with a reguest for additional
information. If they did not provide data after 2 contacts,
ihose studies were excluded from our rev;ew R

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 blas assessment

The quality of studies was mde;)endently assessed by 2
reviewers (A. T. and M. M.) using a risk of bias assessment

for genetic assotiation studies, described in detail previously

(38). Briefly, the assessment considered 5 domains: selection

~ bias, information bias, confounding bias, muitiple tests and
selective reports, and assessment of Hardy-Weinberg equilib-
 rium (FIWE). Bach 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 (Cancasian or Asian) and analyzed using
2 approaches, as described below (38, 39).

Per-aliele 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. Hetercgenexty of odds
ratios across studies was assessed using a Q test, and the
degree of heterogeneity was quantified using Fo hetemge-
peity was present (i.e., if the 0 test was significant or Pwas
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-genolype approach. Two odds watios {gg vs. G5,
denoted odds ratio 1 (OR;), and Gg vs. GG, denoted odds

Am J Epidemiol. 2012;176(5).361-372
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ratio 2 (ORy)) were estimated fi
of odds ratios was assessed usit

odds ratios, the cause of heterogeneity was explored using
meta-regression  analysis. A mixed-effects hiera

- model wnth a logit link function (40) was applied to dclu-: :

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 cffccls,
whereas the study was considered a random effect. A likeli-

hood ratio test was used to-assess whether-an overall eene
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 (A), which is defined as the ratio of Tog OR; 1o log
OR;, was then estimated using tl del- free Bayeqmn
approach (45). The value of lambc from 0 to 1. If
x=0, a recessive model is suggest =1, a dominant
model is suggested; and if A =0.5
suggested IfA>1 or A <0, then a homozygous or heterosis
model is likely, although-thisis rare. -

Sensitivity analyses were per
cluding studies not in HWE.

e atlon blas (s*iudy«vu

effect) was assessed using the Egge; test and contour-

enhanced funnel plots (46—4.‘:) 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 wete performed using STATA, version 11.1
© {52), and WinBUGS 1.4.2 (53), with normal vague prior
distributions for estimation of parameters (i.¢., 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 siudies

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 1s9332739 polymorphisms, 13
studies had data on rs547154, 14 siudies had data on
154151667, and 14 studies had data on. r5641153. 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 - (hitp:/aje.oxfordjournals.org/)), the criteria for

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

Heterogeneity -
, d mentioned
pxovmusly If there was hc{emﬂenejty inat le'\st 1 of these

ccdonundni modelis® ¢

ned by mdudm“ and ex-

lingnosis of early and late AMD and controls were clearly
described for all included smdles, and therefcxu the risk of
ascertainment bias was low. The risk of bias was highest in
the: quahty contro]l for genotyping (unclear or not men-

- tioned in 8 outof 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 rs9332739 and AMD (see Web
Table 2). Among these, 14 studies were carried out among

- persons of Europezm descent (13, 15, 19, 22, 24, 26, 27,
3136, 54) and 2 were cardied out in Asian populations
{37, 55). HWE was assessed in the control groups and was

et in all studies. Among the Caucasian studies, the
pooled frequency of minor allele C was lower in AMD

~reases than in non-AMD populations, with frequencies of

2.5% (95% confidence interval (CD): 2.0, 3.0) and 4.8%

- {95% CL: 3.9, 5.6), respectively. The odds ratios were

niildly heterogeneous (3~ = 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 fiequen-
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 (y =233 (14 df), P=1.00. P=0%), whexeﬂs OR,
showed mild hetmooencxty across studies (y =18.69 (14
df), P=0.177, I*=25.1%). The mixed logit model vielded
povled estimates for OR; and OR, of 0. a% (95% CI: 0.14,
1.08) and 0.52 (95% CL 0.45, 0.61), respectively, which
suggested that persons with CC and GC genotypes had ap-
proximalely 62% and 48% lower risks of AMD than
persons with the GG genotype.

The estimated lambda value was 0.69 (95% CL 0.37,

0.97), suggesting that a dominant or additive mode of

effect was most likely. Poblication bias was assessed for
OR,; and OR, using fumnel plots, which suggested symme-
try of gene effects for both odds raties (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 resnlts, 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, 53), 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 rs547754. Thirteen studies (13, 15, 19, 20,22, 26,
31-33, 35-37, 55) were eligible for pooling of gene effects
of the 1547154 polymorphism (sce Web Table 3). Ten
studies {135, 19, 232, 26, 31-33, 35, 36) were in Catcasians,
and 3 studies (20, 37, 55) in Asians. The allele frequency
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35 vecords iaeniited 87 rocords dentified 319 records identificd
| from MEDLINE from EMBASE fmm Scopus
_ ¥ S
{465 records remained after removing
1 duplications - - o b
1110 duplicates
332 reeords were excluded:
355 records screened on m!es ar -110 non-C2/CFB.
abstmrm - 95 non-AMD and CI/CFB
= -42 reviews e
- 40 don-AMD
- 25 non-GASs ,
< 10 animal studies
, R =3 meta-sudics
—— : - 2 family-based studies
23 ii|1’ll texts were assessed for +2 comnicntaries -
eligibility -3 non-Engh’shstudies‘ L
: B 4 records were excluded
_..X : <1 non-C2/CFB
Subsmdyw studies were ehgnbie -1 preliminary report
for data extracnon - |~1 duplicated report
-1 subsmdy
L ]
c? CFB
f — 1 | —1
16 studies with 13 studies with 14 studies with 14 studies with
159332739 13547154 154151667 s641153

1 1 excluded:
insufficient data

k

13 studies

Figure 1.  Ssléction of published studies {2006-2011) fof a systematic review and meta-analysis of the association of complement component
2(Ca)/complement factor B (CFB) gene polymorphisms with age-related macular degenaration (AMD). {GAS, genstic 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% CI: 7.3, 10.8), respectively. The odds
ratios (T vs. G) were moderately heterogeneous (x°=13.12
(8 df), P=0.108, I>=39.0%), with a pooled odds ratio of
047 (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 pubhcauon bias (Egger test coef-

BriantrNNT DD OO aeratdieriter  amaliraia wsnn e
LTI S Vs, & |U7005. u&u-‘nu ViLY nuaiydid  was y%r'

formed by including the study which did not observe

HWE; this y:elded similar msults with 2 pooled odds ratio
of 0.42 (95% CIL 0.32, 0.55). Subgroup analysis in ad-
vanced AMD cases was not performed hecause 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 chamctmzed in the AMD

A
and aon-AMD groups separately by ethnicity {see Table 3). 25

OR; (TT vs. GG) was homogenous across studies (3=
AmJ Epldemiol, 2012,176(5):361-372
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Table 1,

210z foruapidy rwy

General Oharactenshcs of Stuches lncluded ina Systematlc Review and Meta~Analys:s of the Assomanon of Compiement Component 2(02)/Comp!ement Factor B (CFB) Gene
Po]ymcrphxsms Wnth Age~Helated Macu!ar Degeneratxon 2006--2011a : , « ) .
Ye a:: 2‘;;2:2: :;,Nd ) Mean Age, years, " % Ma!e "% Smakers Sludy Design } ‘ Ty;:e of Case o Type of Contrcl

: Maller 2006 (13) 763 ;45.5 : Gase«control Advanced AVD % Non~AMD
© Gold, 2006 (32) 736 e Matched case-control -~ AvD - Non-AMD

Spencer, 2007 (36) 73.7 388 57.6 Case-control AMD grates 55 © AVD grade 1-2

Chiu, 2008 (56) 67.1 54.8 Matched case-control - Exudative AMD - Non-AMD
 Jakobsdottir, 2008 (33) 76.2 437 43.3 . Case-control ; © 56%-66% GA and CNV © Non-AMD

Scholl, 2008 (26) 735 436 475 Case-contral 69:6% CNV , Non-AMD

,Bergeron-Sawrkzke, 2009 (15) 65.4 457 46.5 Age-, sex-, and raceomatched AMD grades 3-5 . Non-AMD

: case~control £ S : ’

Franas;zoog (1 9)-—-AREDS : - Coho_ﬁ ; GA\/,CNV‘ AMD grade 1

Frangis, 2008 (19)—CEIMDC 76.7 832 - Case-contro} GA/CNY " Drusen, <63pmin dyameter

Farwick, 2009 (31) 70.9 40.4 40.2 Cross-sectional 80.5% advanced AMD. Non-AMD :

Goto, 2009 (20) 73 54.8 Matched case-control Advanced AMD Non-AMD

Park, 2009:(22) : Cohort : - Earlyand late (54.6%) AMD grade 1

Pei, 2009 (23) 69.9 53 458 Age- and sex-matotied oo Non-AMD

i ~case-control . .
Reynolds, 2000 (24) 50 544 Case-control | Grade4 (GAYS(CNV)inone AMD grade 1 inbotf eyes
: - ot both eyes™ :

Richardson, 2009 {35) 73.1 347 Case-control 71.7% advanced AMD Drusen, <63 um; in dlametar

Seddon, 2009 (27) ' ‘  Case-control Advanced AMD AMD grade 1

Kaur, 2010°(37) Matched case-control k

Liu, 2010 {55) 64.2 45.4 Age-matched case-control 66.4% CNV and 33.6% drusen Non-AMD

McKéy,?OOQ'(Btl) 74.9 385 - Age-matched case-control GA/CNV Non-AMD

Chen, 2011 (54) 77.1 43.8 35.7 Case-controf 38% GA. and 72% CNV Non-AMD -

Abbraviations: AMD, age-related macular degeneyahc\n' AREDS Age -Refated Eye Disease Study; CEIMDC, Casey Eye lnsmute Macular Degenerauon Center; CNV chormda!
neovascularization; GA, geographic atrophy ‘

a For details ‘on'the AMD gradmg scale, see the AREDS webs;te (htlps #web.emmes. com/s(udy/areds/mop htm) and the amcle by Seddon et a! (65)
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Table 2. Frequencies of the Complement Component 2 (CZ2) rs9332739 Genotype in AMD and Control Groups and Genotyps Eifects of

Siudies Included in the Meta Analyms, 2006-2011

No.o’smgems

i Ganatype Elfect
Fiateronco oy AMD Group Non-AMD Group CCvs. GG GCvs. GG
CC GC GG Toll OC GC GG Tol OR®  9%Cl OR;  85%CI
Caucasians ‘ T : T :
Malier, 2006 (13) 1 63 1474 1238 3 95 836 934 024 003,229 047 0.34,066
Gotd, 2006 (32) 1 35 81 897 1 40 340 381 040 003,633 049 042,020
Spencer, 2007 (36) 1 40 657 698 1 27 254 282 039 002,620 057 034,095
Jakobsdottir, 2008 {38) 0 10 172 182 1 9 158 1686 080 001,748 101 0.40,254
Scholl, 2008 (28) o 7 0B M2 o0 8§ 6 67 059 001,3023 083 025272
Bergeron-Sawitzke, 2009 (15) 0 17 404 421 0 22 183 215 048 001,2420 037 0.18,0.79
Farwick, 2008 (31) ' 2 8 767 804 o 7 95 102 062 0031306 062 027,143
Francls, 2009 (19}—AREDS 0 37 484 521 1 87 370 408 025 001,628 076 048,123
Francls, 2000(10-CEIMDC  © 6 892 308 0 20 258 276 065 001,3304 020 008,040
Park, 2008 {22) 0 9 114 128 0 10 188 148 121 0026144 109 043,277
Reynalds, 2009 (24) 0 B8 9 104 0 9 48 57 050 001,2572 044 016,122
Riichardsen, 2008 (35) 6 23 494 Si7 0 11 146 157 030 0.01,1500 062 0.29,1.30
Seddon, 2009 (27) 0 8 272 280 2 90 1075 1,167 079 004,1655 035 017,074
McKay, 2009 {34) 1 20 395 425 0 45 383 428 291 0.12,71.63 062 0.38,1.02
Chen, 2011 {54) 1 78 1,256 1,335 1 48 460 509 037 002,587 060 041,087
Pooled data 7 405 7.642 8054 10 475 4812 5297 038 014,108 052 0.5, 0861
Asians k : :
Kaur, 2010 (37) 164 1 2 177 15 20 1 175 053 005593 028 002339
Liu, 2010 (55) 0 10 228 238 0 10 210 220 082 0024664 095 039,234
Pooled data 164 21 230 415 154 30 211 395 077 043,138 054 046,063

Abhbreviations: AMD, age-reiated macular degeneration; AREDS, ﬁsge-ﬁeiaxed Eye Eisaase :study, CEIMDC, Casey Eve institute Macular

. Degsneration Genter; Cl, confidence interval; OR, odds ratio.

& Continuing correction was perfonmed by adding 0.5 in all ceils for ORy.

1.38 (8 df), P=0.994, *=0% 6), but OR, (GT vs. GG) was
moderately heterogeneous (°=1347 (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% CI: 0.11, 0.48) and 048 (95%
CL: 0.42, 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 fuanel 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 modemtely to highly heterogeneous, with
P values of 52.3% (3*=4.19 (2 df), P=0.123) and 82.8%
(= 11.65 (2 df), P=0.003) for OR, and ORy, respectively.

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% CI: 44, 5.1) in AMD and
non-AMD groups, respectively. The allele-effect odds
ratios (A vs. T) were homogeneous across studies (x =
7.20 8 df), P=0.616, >=0%), with a pooled odds ratic
of 0.54 (95% CI: 0.45, 0.64), suggestmg 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% CIL: 0.9, 6.0) in AMD and non-
AMD groups, respectively—largely similar to Caucasians.
Genotype frequencies from the 13 studies are shown

~ in Table 4. In the 10 Caucasian studies, genotypic effects

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 Caucasians.

OFR 124151667, Fourteen studies {13, 15, 19, 22, 23,

26, 31-35, 37, 55, 56) assessed the association between

for OR; (AA vs. TT) and OR; (AT vs. TI‘) were homoge-
nous, with /2 values of 0% for both OR; (*=3.16 (9 df),
P=0957) and OR; (¥*=7.19 (9 df), P=0.618). The
mixed-effects logit mode] yielded poocled 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;178(5):361-372
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Tables.. Frequencies of the ement Coi
Stud:es included in the Me(a-Analyscs. 2006—2011

Genbtypef;ff{ect

S “No. of Subjects i
F;{j;&‘;ﬂ‘g;ﬁ:?’ B AMD Growp Non-AMD Group TTvs.G6 T GTvs. GG
o L TT 6T GG Total T "GT GG Totl OR?  95%0I OR,  95%Cl
‘Caucasians s
Maller, 2006 (13) 4 126 1,108 1,238 9 164 761 934 031 009,099 053 041,068
Gold, 2006 (32) 2 8 806 894 5 75 302 382 015 003,078 043 031,060
Spencer, 2007 (36) 2 66 630 698 4 55 228 282 018 003,097 042 029,063
Jakobsclottir, 2008 (33) 0 9 {70 179 0 3 180 161 077 002,3883 022 0.0, '0;48'
Scholl, 2008 (26) 6 6 106 12 0 10 57 67 054 001,27.57 032 011,083
Bergeron-Sawitzke, 2009(18) 0 51 379 430 0 39 176 . 215 047 001,2353 061 039,095
Farwick, 2009 (31) 0O 60 609 669 O 5 8 8 014 0,695 164 084,419
Francis, 2009 (19)>° 0 14 184 198 0 139 167 306 091 0024601 009 005,016
Park, 2009 (22) 1 31 354 386 1 26 133 160 038 002,605 045 026078
Richardson, 2000 (35) 2 B4 460 526 3 41 156 200 022 004,134 044 028,068
Pooled data 11 489 4831 5131 22 446 2,022 2490 023 011,048 048 042,056
Asians k '
Golo, 2009 (20). 2 7 89 98 4 28 158 190 0.89 016,494 044 0.19,1.06
Kaur, 2010 (37) 2 26 149 177 11 74 80 175 0.11 002,051 021 013,036
Liu, 2010 (55) 2 28 208 238 2 32 18 220 089 012,641 078 045135
Pooled data 6 61 446 513 17 184 434 585 082 012,083 040 028,056

‘ Abbrewahons AMD, age- related macular degeneranon Cl, confadence interval; OR, odds r'mo

-Continuing correction was performed by adding 0.5 in all cells for OR,.

b Both subsamples (Age-Related Eye Disease Study and Casey Eve: Institute Macular Degenerahon Cenler) were mcluded
© Not included in paoling because of departure from Hardy-Weinberg equifibrium.

risk association for the AA genotype (likely due to the
ouuicr 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 070 (95% CL 0.37, 0.99),

stggesting that a dominant or additive effect was most

likely. Neither the Egger test not the funnel plot suggested
asymmelry-of the fonnel for either OR; (coel“ ficient=—0.14
(SE, 1.12), P=0.509) or OR, (coefficient=051 (SE,
0.78), P=0.530) (see Web Figure 3, parts C and D)

Only 4 studies (13, 19, ”2 34) had data on advanced
AMD cases. The AA and AT clTeus werg homos,cncous (for
ORy, x“-’) 49 (3 df) P= 04’77 F=0; for ORy, x =045
me" L,qua to O :)3 (9')% CI 0. 41, O 68) and 1.66 (95% CI
0.30, 9.09), respectively; the dzsczhpancy in the pooled OR,
was probably due to the outlier study by MCK'\y etal. (34).

The genotyping effects in the 4 Asian studzeq were ho-
mogenous for both OR; and OR,, with an. P value of 0%.
[‘he pooled OR; and OR; were 0.96 (95% CI. 0.06, 15.31)
and 0,68 (95% CIL 0.40, 1.16), respectively.

CFB 15641153, 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 3). All

- contro] groups were in HWE. Among the Caucasian -

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

studies, the pool led ﬁequency of the A '\llele was 4.1%
(95% Cl: 3.1, 5.2) in AMD groups and 9.6% (95% CI: 7.9,
11.3) in 11011~AMD ~groups. The allele-effect odds ratios
were modcmtely hetexoceneous across studies (x =22.44
(8 df), P=0.004, I*=59.9%). The pooled odds ratio (A vs.
G) was 0.40 (95% CI 0.31, 0. 5’7), that is, havmﬂ the A
allele was less than half as frequent in AMD cases as in_
controls, The poo]ed absoiute frequency of the A allele
within the 4 Asian studies was slightly higher than that in
Caucasians, but the relative frequency was very snm}ar '
(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
Tabic 5). Pooled estimates were homogenous for OR,
G2=142 (9 db), P 0.998, I*=0%) but hwhly heteroge-
neous for OR, *=25.96 (9 df), P=0.002, *=65. 3%)
(see Web Figure 4, parts A and B). The mixed logit model
yielded poo]ed OR; and OR, estimates of 0,26 (95% CL
0.14, 0.48) and 0.42 (95% CI: 0.37, 0. 48) 1cspect1vely in-
dicating that persons with the. AA and GA genolypes were
at 74% and 58% lower risk of AMD, respectively, than
those with the GG genotype. The estimated lambda value
was (.72 (93”/; Cl: 0.44, 098), w]nch suwested that a~
dominant or additive effect was more hkely The Egger test
found no cvidence of asymmelry of the funnels for e1ther, ~
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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Table4. Frequsnciss of the Comp!ement Factor B (CFB) 154151667 Genolypa in AMD and Contyo} Groups and Genoxypa Effects of Studles &

Included in the Meta~Analys:s, 2008—2011

Gsnotypa Etfact

_ No.ois:m;qm
F:m::ﬁ;‘;’ _AWD  NowAMDGroup AAVS.TT ATvs. TT
AL AT TT  Total AA AT TT  Total OR®  95%CI  OR,  95%Cl

Caucasians 2
Maller, 2608 (13) 1 70 1,167 1,238 2 89 843 93¢ 036 003,399 057. 041,079
Gold, 2006 {32) 1 3 867 903 1 41 341 383 039 002,631 034 021,054
Jakobsdottir, 2008 {33) ¢ 1 168 178 1 10 156 167 0.31 001,766 093 038,220
Scholl, 2008 (26) 0 7 105 M2 0 5 62 67 0859 001,3023 083 0.25272
Bergeron-Sawiizke, 2009{15) O 17 404 421 © 22 93 235 048 001,2420 057 0.15,071
Farwick, 2008 (31) 2 35 765 802 © 7 5 102 062 0031300 062 027,144
Francis, 2009 (19)° 0 8 191 197 0 11 150 161 079 002,3984 043 0.15,1.18
Park, 2009 (22) 0 19 567 386 0 15 145 160 040 001,2005 050 025101
Hichardson, 2008 (35) 0 23 497 520 © iz 80 82 030 001,531 058 G285, 1.8
McKay, 2008 (34) 3 23 899 425 0O 45 383 428 672 03513053 049 029,083

Pooleddata 7 245 4930 57182 4 257 2518 2,779 099 028,858 050 0.42 061
Asians '
Pei, 2000 (23) 0 5 18 128 0 8 122 130 103 002,5253 085 021,203
Kaur, 2010 {37) 1 42 164 177 1 20 54 175 094 008,514 056 027,119
Liu, 2010 (55) 0 8 230 238 O 7 213 220 093 0024689 106 0.38,297

Pooled data 1 25 512 538 4 85 489 625 096 0061531 0868

0.40,1.16

Abbreviations: AMD, age-related macular deganeiabon, G, confidence intewal OR, odds ratio,
a Cﬁnhnumg correction was performed by adding 0.5 in all cells for OR,.

b Both subsamples (Age-Related Eye Diseass Study and Casey Eye lnsmuté Macular Degeneranon Center) were mcluded

Figure 4, parts C and D). The genotypic effects in ad-
vanced AMD cases were determined ‘within § studies (13,

24, 27, 34 54), which suggested a homogenous effect for

OR, (x*=1.02 (4 df), P=0.907, 12-0%) but 2 mederately

heterogeneous effect for OR, (*="7.60 (4 df), P=0.107, ;

?=47.4%); the corresponding OR; and OR; were 0.27
95% CL 0.12, 0.59) and 0.45 (95% CI: 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: 0.41, 0.74), respecnvely—-largely
consistent thh those seen in Caucasxans

+

DISCUSSION

We performed a systematlc review and meta-analysis of
the associations between C2 (159332739, 15547154) and
CFB (154151667, 15641153) polymoxplusms and AMD, in-
cluding Caucasian subjects numbering 7,121~13,351 and
Asian subjects numbenng 810~1,301. The results suggest
robust associations in Caucasians; that is, carriage of a

minor allele of C or T in the €2 19332739 and C2

15547154 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 r the C CFB polymorphnsms, canymg a minor allele

A in 154151667 and rs641133 decreased the risks of AMD
by approximately 46% and 59%, respectively, relative to a

moajor 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, ylelded similar results.

The minor C and T protective a]leles of the 2 polymor-
phisms investigated here are guite 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 (.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 asa
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
159332739 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

P W s B2 000 aaraoeet e A nat
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represent a miscalled strand. This raises the possibility of
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Tabla 5. Frequencies of the Complement Factor B {GFB} rs641153 Genotyps in AMD and Controi Groups and Genotype Eﬁects of Studies

included in the Meta-Anaiysns, 2006-2011

‘No. of Subjocts Genotypa Etioct
F:';g,‘:;‘a‘;‘ggg:g' - AWD — NonAMDGrawp AAvs. GG GAvs. GG
AR GA GG Toml AA GA GG  Toal OR/ 85% Cl OR,  o5%Cl
Caucagians ; o o . ‘

Matler, 2008 {13) 3 108 1,128 1288 10 174 753 934 020 006,073 041 032,053
Gold, 2005 {32) 2 52 497 551 3 53 213 269 029 005172 042 028,064
Spencer,2007(36) 2 68 630 698 8 50 229 282 024 004,146 048 032,071
Scholl, 2008 {26) ] 8 106 12 0 10 57 687 054 0.01,2757 032 011,083
Farwick, 2009 (31) 0 28 750 7% 0 26 93 119 042 0002,632 012 007,022
Reynolds, 2000 (24) D 8 97 103 0 11 46 57 048 0D01,2441 028 009,074
Richardson,20089(35) 2 54 473 529 3 41 155 189 022 004,132 043 028,087
seddon, 0097y 0 23 256 279 6 138 1,023 1,167 031 002,547 067 042 1.08
McKay,2000(34) 3 83 389 425 5 86 837 428 052 012,219 033 022,051
Chen, 2011 (54) 3 128 1,204 1233 4 83 422 500 026 006,118 054 040,073

Pooled data 15 500 5531 6046 34 660 8328 4,031 025 014,048 042 037,048

Asians ! : ; SN .

Chu, 2008 (56) 1 80 i3 144 4 3 90 126 020 002,181 075 042132
Pel, 2009 (23) 0. 18 105 128 O 18 112 130 1.07 002,5423 107 053,216
Kaur, 2010 (37} 2 18 142 162 10 53 85 158 043 003,062 023 0.1304
Liu, 2010 {55) 0 17 221 288 1 25 184 220 020 001,723 060 031,1.14

Pooleddata 3 83 581 667 15 128 491 634 017 005059 041,074

0.55

Abbreviations: AMD, age-related macular degeneration; C, confidence mienral OR odds ratio.
2 Continuing correction was periormed by adding 0.5 in afl 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 cansative allele, and different marker
alleles are in LD with the causative allele actoss different
populations (58-60). However, the C allele in the Indian
populanon was consistent in having a protective associa-
tion, similar to other ethnic groups, which did not fit with
the “flip-flop” phenomenon.

These geneﬁc 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
159332739 was 0.46, and the allele effect for CFB
15641153 was 0.54. These pooled estimates were derived
from over 2,500 cases and over 4,160 controls, and the con-
sistency of the resulis shows that this effect size is robust.

Multilosus associaﬁons

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 159332739 and CFB 154151667 (r=
0.91-1.00) (32-34) and separately between C2 15547154
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

AmJ 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 (r*=0.004), yet 15641153 in CFB is in
complete LD with 15547154 in C2, which is 3,242 base
pairs away (http:/hapmap. nebinlm.nih. govi) Likewise, the
2 SNPs in C2, which are 7,134 base pan's apart, are not in
LD (**=0. 004), but rs9332739 in C2isin complete LD
with s 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 possxblhty 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 discase

The €2 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 2 more robust method of

analysis (35).

Sirengihs and weéknessias -

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 cartied 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 smdy-size
effects and estimated the PAR. However, we could not
4SSEss ’iapjﬁiyﬁe effecis, which would have requed indi-
vidual patient data or compound genotype sunuuary data,
Another potential drawback is that the majority of the
studies were clinic-based case-control studies, which might
have produced overestimmation of the genctic association.
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 pel'f()!m 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, owr meta-analysis provides evidence for an

association between C2/CFB polymorphisms and AMD,
Carriage of preventive alleles for €2 159332739 and

1e547154 would decrease the risk of AMD in Caucasians

by approxunately 45% and 53%, respecuvely, carriage of
pmvemwe alleles for CFB 15415667 and rs641153 wonld

decrease it by approximately 46% and 59%. These allele
effects contribute to an absolute lowering of the isk 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 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
...eam‘e sta”'aegy a..ee! fe. =M$ASE {Qu!a)
1. Gene
2. Altele

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.¥B ,
13.(10R20R3)
14.(5OR60ORTORS)
15.(SOR 10 OR 11 OR 12)
16. 13 AND 4 AND (14 OR 15)

Search s!rategy used for Scopus

(ALL(“gene”) OR ALL(“a]lele”) OR AIL{“polymor«
phism™)] AND [ALL(“macolar degeneration®)] AND [(ALL
{“complement component 2”) OR ALL(*complement
facter 27y OR ALE(*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(SUBIAREA “MULT”) OR
EXCLUDE(SUBJAREA, “PHAR™) OR EXCLUDE(SUB—
JAREA, “CHEM”)] : ;

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