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Abstract
This study aimed to evaluate the role of APOE polymorphisms (rs429358 and rs7412) in the

risk of age-related macular degeneration in a sample of the Southeastern Brazilian popu-

lation. Seven hundred and five unrelated individuals were analyzed, 334 with age-related

macular degeneration (case group), and 371 without the disease (control group). In the case

group, patients were further stratified according to disease phenotypes, divided into dry

and wet age-related macular degeneration, and non-advanced and advanced age-related

macular degeneration. APOE polymorphisms (rs429358 and rs7412) were evaluated

through polymerase chain reaction and direct sequencing. In the comparison of cases

vs. controls, none of the associations reached statistical significance, considering the

Bonferroni-adjusted P-value, although there was a suggestive protection for the E3/E4

genotype (OR¼ 0.626; P-value¼0.037) and E4 carriers (OR¼0.6515; P-value¼0.047).

Statistically significant protection for both the E3/E4 genotype and E4 carriers was observed in the comparisons: advanced

age-related macular degeneration vs. controls (OR¼ 0.3665, P-value¼ 0.491�10�3 and OR¼0.4031, P-value¼ 0.814� 10�3,

respectively), advanced age-related macular degeneration vs. non-advanced age-related macular degeneration (OR¼0.2529,

P-value¼ 0.659� 10�4 and OR¼ 0.2692, P-value¼ 0.631� 10�4, respectively). In the comparison of wet age-related macular

degeneration vs. control, protection was statistically significant only for E3/E4 (OR¼ 0.4052, P-value¼ 0.001). None of the

comparisons demonstrated any significant association for E2 genotypes or E2 carriers in age-related macular degeneration

risk in this study. Findings suggest a protective role of the E4 haplotype in the APOE gene in the risk for advanced and wet

forms of age-related macular degeneration, in a sample of the Brazilian population. To our knowledge, this is the first Brazilian

study to show the association between APOE polymorphisms and age-related macular degeneration.
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Introduction

Age-related macular degeneration (AMD) is a neurodegen-
erative retinal disorder that is one of the leading causes of
irreversible visual loss worldwide.1 AMD is considered a
complex condition, with aging, genetic, and environmental
factors participating in its development and progression.2

Some independent lines of evidence indicate that cho-
lesterol homeostasis in the retinal pigmented epithelium
(RPE) and Bruch’s membrane is unregulated in AMD.
These include accumulation of cholesterol in Bruch’s mem-
brane that increases with aging, lipid-rich lesions found in
subretinal and sub-RPE deposits, being a hallmark of AMD
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findings and the association of variants in cholesterol-
related genes with AMD risk in different studies.3

Apolipoprotein E (APOE) is a lipid transport protein
with an important role in the maintenance and repair of
neural cell membranes.4 APOE has the ability to bind to
membrane receptors, mediating lipid transfer between cir-
culating lipoproteins and tissues. Additionally, APOE non-
specifically binds to lipophilic inflammatory components,
contributing to their clearance and participating in the
innate immune response.5 In the retina, APOE is mainly
related to RPE cells and mononuclear phagocytes. In the
RPE, lipoproteins transported by APOE are absorbed
from the circulation via the low-density lipoprotein recep-
tor (LDL-R), and used for retinal growth and metabolism.
In addition, RPE cells participate in reverse lipid transport,
by secreting APOE, which associates with high-density lip-
oproteins (HDL). In mononuclear phagocytes, APOE plays
an important role in the survival and activation of immune
cells.4

Different findings have strongly related APOE to AMD:
the composition of drusen, rich in lipids, and the expres-
sion of APOE in its deposits; the role of APOE in the main-
tenance and repair of neuronal membranes in the nervous
system and its important production in the retina; the par-
ticipation of the APOE gene in the risk for other neurode-
generative diseases, such as Alzheimer’s disease.6

The human APOE gene is located on the 19q13.2 locus
and consists of four exons and three introns. This gene is
polymorphic in two single nucleotides (rs429358 and
rs7412). The combination of these SNPs results in three dif-
ferent haplotypes (E2, E3, and E4; mostly referred to in lit-
erature using the term allele), leading to three isoforms of
the APOE protein (e2, e3, and e4) and six (APOE diplo-
types) diplotypes (E2/E2, E2/E3, E2/E4, E3/E3, E3/E4,
and E4/E4; mostly referred in literature with the term geno-
type).7 In this article, the terms allele and genotype will be
used, since this is the most widely found terminology in
current articles. These three APOE isoforms have different
sequences of amino acids at positions 112 and 158. The e2
isoform has cysteine residues at positions 112 and 158
(cys112, cys158); the e3 isoform has a cysteine residue at
position 112 and an arginine residue at position 158
(cys112, arg 158); and the e4 isoform is composed of argi-
nine residues at positions 112 and 158 (arg112; arg 158).
These isoforms have structural differences, which influence
their modulation of lipid homeostasis, including their
capacity for lipid association and receptor affinity.7

Different properties among APOE isoforms are associated
with the risk of several conditions related to aging, includ-
ing Alzheimer’s and cardiovascular diseases.

The relationship between APOE polymorphisms and
AMD has been evaluated in other studies. Most of them
agree that the E4 allele may be protective for this dis-
ease.6,8–13 The association of E2 allele with AMD is contro-
versial, with some studies showing that patients with E2
are at increased risk, while others did not support this rela-
tionship.4 Thus, the association between APOE polymor-
phisms and AMD, and their roles in the different
subtypes of the disease, need to be properly explored in

different populations for a better understanding of AMD
pathophysiology.

Materials and methods

A total of 705 patients were analyzed for APOE polymor-
phisms, including 334 with AMD (case group) and 371
without the disease (control group). All subjects were
selected in the Ophthalmology Department, at the
Clinical Hospital, University of Campinas (UNICAMP),
Campinas, S~ao Paulo, located in the Southeast of Brazil.
This study adhered to the tenets of the Declaration of
Helsinki, and was approved by the institution’s Ethics
Committee. Written informed consent was obtained from
all participants.

Patients included were classified according to the
Clinical Age-related Maculopathy System (CARMS), with the
control group corresponding to CARMS 1 and the case
group, to CARMS from 2 to 5.14 Description of inclusion
and exclusion criteria, stratification of the disease and oph-
thalmologic examination is presented below.

Case group formation

Patients included in the case group were aged over 50 years
old and had an ophthalmologic examination compatible
with CARMS 2 to 5. This group was stratified into dry
(CARMS 2 to 4) and wet (CARMS 5) forms of AMD; and
into non-advanced (CARMS 2 and 3) and advanced
(CARMS 4 and 5) disease, considering the status of the
worse eye.

Control group formation

The control group included individuals above the age of
50 years who did not show any evidence of AMD, such as
numerous drusen or changes in macular RPE on ophthal-
mological examination (CARMS 1). These individuals con-
sisted of non-family companions of patients examined in
the retina clinic, as well as patients examined in the
Ophthalmology Department with initial and/or intermedi-
ate cataracts.

Exclusion criteria

The exclusion criteria used for both case and control groups
were: presence of any opacity of media that would prevent
adequate fundus biomicroscopy and/or good quality reti-
nography; patients with other diseases that could be related
to the development of macular neovascularization, such as:
polypoid choroidal vasculopathy, angioid streaks, high
myopia (refractive error of at least �6.00 diopters), infec-
tious, inflammatory or hereditary chorioretinal disease or
trauma; presence of macular hemorrhage from any other
cause; patients who did not agree to participate in the
research study by signing the informed consent form.

Ophthalmologic examination

All studied patients underwent complete ophthalmological
evaluation, comprising: best-corrected visual acuity; refrac-
tion; anterior segment biomicroscopy; tonometry, using
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Goldmann tonometer; and fundus biomicroscopy, using a
double aspheric lens ofþ78 diopters. Fundus color photog-
raphy was performed in all subjects for the recording of
fundoscopic aspect, with emphasis on the macular region.
Additionally, optical coherence tomography and fluoresce-
in angiography were obtained for AMD patients.

DNA extraction and APOE genotyping

Peripheral blood samples were collected from all subjects
included in the study into sterile tubes with 10% ethylene-
diaminetetraacetic acid (EDTA). DNA was extracted from
leukocytes using the phenol/chloroform method. Two
single-nucleotide polymorphisms (SNPs) of the APOE
gene (rs429358 and rs7412) were evaluated through poly-
merase chain reaction (PCR) and Sanger direct sequencing.

The primers used for PCR were sense 50-
TCCAAGGAGCTGCAGGCGGCGCA-30 and anti-sense
50-GCCCCGGCCTGGTACACTGCCA-30 (IDT, Coralville,
IA, USA). The reaction was standardized using: 0.25 mL of
the primers (20 pmol/mL); 2.5 mL of 10� enzyme buffer
(10� Buffer: 20mM Tris-HCl, pH 8.4, 50mM KCl, 0.01%
gelatin); 1.5 mL of 50 mM MgCl2; 0.5mL of 10% DMSO;
0.5 mL of 10mM nucleotide mixture (dATP, dCTP, dTTP,
dGTP); and 0.1 mL of 10U/mL Taq DNA polymerase
(Invitrogen Life Technologies, Gaithersburg, MD, USA),
added to 1.0 mL of genomic DNA (50 ng/mL). The final
volume was completed with ultrapure water to 25.0mL.
The samples were amplified using Veriti 96-Well Thermal
Cycler (Applied Biosystems-Applera Corporation, Foster
City, CA, EUA), with an initial denaturation at 95�C for
5min, followed by 35 cycles of DNA denaturation at 95�C
for 1min, annealing at 58�C for 1min and 30 s, extension at
72�C for 1min and 30 s, final extension at 72�C for 7min.
PCR products were electrophoresed on 1.5% agarose gel,
stained with ethidium bromide, and examined under ultra-
violet light.

Direct sequencing was performed with the following
reagents: 1.0mL of purified PCR product (20 gg/mL);
0.5 mL of “Big Dye” 1� (ABI PRISM Big Dye Terminator
v3.1 Cycle Sequencing Kit) (Applied Biosystem Applera
Corporation, Foster City, CA, USA); 4.0 mL of 1� "Save
Money" buffer (provided by the same manufacturer of the
"Big Dye"), direct or reverse primer of the analyzed variant
(1.0 mL of the 5 pmol/mL primer) and ultrapure H2O to com-
plete the reaction to a final volume of 20.0 mL. Conditions
for the sequencing reaction were: initial denaturation of
96�C for 1min, followed by 30 cycles at 96�C for 10 s,
57�C for 5 s, and 60�C for 4min. Electrophoresis was per-
formed in the ABI Prism 3530 DNA Analyzer (Applied
Biosystems, Foster City, CA). Sequences were analyzed
with the FinchTV program (Geospiza, Seattle, WA) and
compared with the reference sequences using the BLAST
algorithm (www.ncbi.nlm.nih.gov/Blast) and the MultAlin
software (http://multalin.toulouse.inra.fr/multalin/).

Statistical analysis

Statistical analysis was performed using the R software
(Foundation for Statistical Computing, Vienna, Austria).
We used the Mann–Whitney nonparametric test and

Fisher exact test to compare age and gender distribution,
respectively, among affected and non-affected cohorts. Chi-
square statistics were employed to test Hardy–Weinberg
equilibrium in the studied groups. Associations and odds
ratios (OR) estimates were modeled through logistic regres-
sion models, adjusted by age.

In the logistic regression models, we tested different
types of categorical dependent variables: (1) AMD presence
or absence (cases vs. controls comparison); (2) comparisons
after AMD stratification in advanced and non-advanced
disease, which included: non-advanced AMD form vs. con-
trols, advanced AMD form vs. controls, and advanced
AMD form vs. non-advanced AMD form; (3) comparisons
after AMD stratification in dry and wet disease, including:
dry AMD form vs. controls, wet AMD form vs. controls,
and wet AMD form vs. dry AMD form. For each dependent
variable, we tested three logistic regression models: (i) con-
sidering all APOE genotypes as independent co-variables
in comparison to E3/E3, (ii) combining E2/E2 and E2/E3
into one independent variable (E2 carriers) in comparison
to E3/E3 genotype, and (iii) combining E3/E4 and E4/E4
(E4 carriers) into one independent variable in comparison
to E3/E3. The E2/E4 genotype was excluded from these
last two analyses (E2 carriers and E4 carriers), due to the
probable paradox effect among variants. In all our logistic
regression models, age was included as a co-variable and
the E3/E3 genotype was used as the reference genotype.

To reduce the possibility of type I error due to multiple
testing, an adjusted P-value for Bonferroni correction was
used in each comparison as a threshold to confirm statisti-
cal significance (P¼ 0.05/21¼ 0.002; since we tested seven
dependent variables using three logistic regression
models).

Results

Overall, 705 patients participated in this study, including
334 in the case group and 371 in the control group. The
percentage of females was 57.06% in the case group, and
52.29% in the control group. There was no difference in
gender distribution between the two groups (P¼ 0.2253).
The mean age of patients with AMD was 73.26�
9.24 years (median of 74.00 years; ranging from 50 to
103 years), and 65.3� 9.89 years (median of 66.50 years;
ranging from 50 to 89 years) in the control group. The
mean age presented a statistically significant difference
between cases and controls (P¼ 2.2� 10�6). Gender and
age distributions among cases, controls and subgroups of
AMD are described in Table 1.

To evaluate the role of APOE polymorphisms in differ-
ent AMD forms, patients in the case group were stratified
into non-advanced and advanced disease, and into dry and
wet AMD. Ninety-nine (29.64%) patients presented the
non-advanced form of AMD, and 235 (70.36%) had
advanced disease; 134 (40.12%) had dry AMD, and 200
(59.88%) had wet AMD.

The distribution of APOE genotypes and alleles in all
groups and subgroups analyzed is presented in Table 2.
Frequencies of APOE genotypes were in Hardy–Weinberg
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equilibrium in both case and control groups (P-values
were, respectively, 0.338 and 0.753).

In the comparison of cases versus controls, a suggestive
protective role for AMD was conferred by the E3/E4 geno-
type (OR¼ 0.626; P-value¼ 0.037) and E4 carriers
(OR¼ 0.6515; P-value¼ 0.047), when compared to E3/E3.
However, these levels of significance were not maintained
after Bonferroni correction (P< 0.002). All other genotypes
and E2 carriers had no statistically significant association
with AMD in this comparison (Table 3).

Results obtained after the stratification of the case group
in non-advanced and advanced AMD are summarized in
Table 4. When considering the comparison of non-
advanced cases vs. controls, none of the evaluations dem-
onstrated statistically significant difference between
groups. In the evaluation of advanced cases vs. controls,
statistical analysis revealed that the E3/E4 genotype
(OR¼ 0.3665; P-value¼ 0.491� 10�3) and E4 carriers
(OR¼ 0.4031; P-value¼ 0.814� 10�3) were significantly
less frequent in the advanced cases, compared to the con-
trol group. In the comparison between advanced and non-
advanced cases of AMD, statistically significant protection
was observed for the E3/E4 genotype (OR¼ 0.2529; P-val-
ue¼ 0.659� 10�4) and E4 carriers (OR¼ 0.2692; P-val-
ue¼ 0.631� 10�4) versus E3/E3, in relation to the
advanced form of the disease.

Regarding the comparisons after case group stratifica-
tion in dry and wet AMD, data are described in Table 5.
The evaluation of dry cases vs. controls did not reach sta-
tistical significance for any of the comparisons. When com-
paring wet cases vs. controls, statistical analysis
demonstrated that the E3/E4 genotype was significantly

more frequent in the control group than in wet AMD
patients (OR¼ 0.4052; P-value¼ 0.001), conferring protec-
tion for this form of disease. Additionally, a suggestive pro-
tective effect for E4 carriers in relation to wet AMD was
observed, but this result did not reach statistical signifi-
cance after Bonferroni correction (OR¼ 0.4469; P-val-
ue¼ 0.003). In the evaluation of wet cases vs. dry cases, a
suggestive protection for both E3/E4 genotype
(OR¼ 0.3971; P-value¼ 0.005) and E4 carriers
(OR¼ 0.4236; P-value¼ 0.007), when compared to E3/E3,
was observed, although these findings did not survive
Bonferroni adjustment for statistical significance.

Discussion

APOE variants were among the first reported genetic asso-
ciations in AMD.4 Reproduction of this relationship in inde-
pendent cohorts6,8,11,15–18 has provided consistency to the

Table 2. APOE genotypes distribution among all analyzed groups and subgroups.

Genotype

Control group

N (%)

Case group

N (%)

Non-advanced AMD cases

N (%)

Advanced AMD cases

N (%)

Dry AMD cases

N (%)

Wet AMD cases

N (%)

E2/E2 1 (0.27) 3 (0.09) 1 (1.01) 2 (0.85) 1 (0.75) 2 (1.00)

E2/E3 48 (12.94) 43 (12.61) 18 (18.18) 25 (10.64) 24 (17.91) 19 (9.50)

E2/E4 6 (1.62) 4 (1.20) 0 4 (1.70) 2 (1.49) 2 (1.00)

E3/E3 231 (62.26) 235 (70.57) 54 (54.55) 181 (77.02) 80 (59.70) 155 (77.50)

E3/E4 78 (21.02) 44 (13.21) 24 (24.24) 20 (8.51) 25 (18.66) 19 (9.50)

E4/E4 7 (1.89) 5 (1.50) 2 (2.02) 3 (1.28) 2 (1.49) 3 (1.50)

E2 carriersa 49 (13.20) 46 (13.77) 19 (19.19) 27 (11.49) 25 (18.66) 21 (10.50)

E4 carriersa 85 (22.91) 49 (14.67) 26 (26.26) 23 (9.79) 27 (20.15) 22 (11.00)

aE2 carriers correspond to the groupment of patients with E2/E2 and E2/E3 genotypes; E4 carriers correspond to E3/E4 and E4/E4 genotypes. Subjects with E2/E4

genotype were excluded from both E2 carriers and E4 carriers groups.

Table 1. Demographic characteristics of AMD patients and controls.

Study group (n) Age (mean�SD) (years) Age range (years) Female n (%) Male n (%)

Control group (371) 65.3� 9.89 50–89 194 (52.30%) 177 (47.70%)

AMD case group (334) 73.26� 9.24* 50–103 190 (56.89%)þ 144 (43.11%)þ

Non-advanced AMD (99) 71.14� 9.20 50–103 35 (35.35%) 64 (64.65%)

Advanced AMD (235) 74.16� 9.13 51–93 126 (53.62%) 109 (46.38%)

Dry AMD (134) 72.75� 9.55 50–103 74 (55.22%) 60 (44.78%)

Wet AMD (200) 73.61� 9.03 51–93 116 (58.00%) 84 (42.00%)

n: number of subjects.

*Indicates a P-value¼ 2.2� 10�6 when cases were compared to controls (Mann–Whitney test).
þIndicates a P-value¼ 0.2253 when gender distribution was compared between cases and controls (Fischer’s exact test).

Table 3. APOE genotype analysis in the comparison of case vs. control

group, using age-adjusted logistic regression.

Genotype OR 95% CI P-value*

E2/E2 5.0761 0.5936–107.0217 0.173

E2/E3 0.8578 0.5225–1.4057 0.542

E2/E4 0.7173 0.1535–3.0344 0.656

E3/E3 Reference – –

E3/E4 0.6260 0.4004–0.9702 0.037

E4/E4 0.9656 0.2658–3.2649 0.955

E2 carriers 0.9286 0.5735–1.5020 0.763

E4 carriers 0.6515 0.4244–0.9931 0.047

*Bonferroni-corrected significance threshold (P¼ 0.05/21¼ 0.002).

OR: odds ratio; CI: confidence interval.

Viturino et al. APOE polymorphisms and AMD in a Brazilian population 1151
...............................................................................................................................................................



notion of the involvement of this gene in AMD susceptibil-
ity. Several studies6,8–13 have shown a protective effect for
the E4 allele. Although this relationship is widely sup-
ported, there is a lack of association in some cohorts from
different populations,19–26 including Caucasian,19,22–24

Hispanic,25 and Asian populations.20,21,26 This protective
effect of E4 could not be proven in some studies, even
when analyzing non advanced and advanced AMD sub-
groups26 or sporadic and familial cases of AMD.22

On the other hand, the E2 allele has a controversial asso-
ciation. Some studies have related it to an increased risk of
AMD.6,10–13,15,27 Beyond the role in AMD risk, Baird et al.10

also associated the E2E3 genotype, in patients with late
AMD, with a significantly earlier diagnosis of disease, com-
pared to E3E3, both for women, men, and neovascular
AMD. Other studies, on the other hand, have not supported
this association.17,23,24 Furthermore, some authors have
suggested that E2 effect may be affected by environmental
factors. Schmidt et al.6 suggested that the E2 association
with AMD may be modified by sex, with a protective
effect for women and a risk effect for men; although these
findings were not found to be statistically significant.
Schmidt et al.28 and Adams et al.29 also related the E2 and
AMD association with smoking status. A recent study25

described, for the first time, a protective effect for the E2

allele in relation to wet AMD in a Spanish population (OR
0.42; 95% CI 0.19–0.95).

Particularities of the Brazilian population, including a
great miscegenation and ethnic heterogeneity, increase the
interest regarding the genetic profile of AMD and its rela-
tionship with data described in the literature in other pop-
ulations. The only Brazilian study available in the
literature25 did not demonstrate a significant association
between APOE polymorphisms and AMD risk. These
results may be related to the sample size, which included
134 cases and 164 controls.

Our study suggested a protective role for E3/E4 geno-
type and E4 carriers in case vs. control comparison, but
these results did not reach statistical significance when
the Bonferroni correction was used. We believe that these
findings do not invalidate the protective role of E4 in rela-
tion to the disease, considering that adjustments through
Bonferroni’s method reduce the chance of type I error, but
increase the chance of type II error. In addition, the hetero-
geneity observed in the case group may explain why gen-
eral results of the comparison between cases and controls
did not achieve statistical significance, while comparisons
after stratification in the most severe forms of AMD
reached statistical significance for E3/E4 and/or E4
carriers.

Table 4. APOE genotype analysis in the comparisons after stratification of the case group in non-advanced and advanced AMD, using age-adjusted

logistic regression.

Comparison
Non-advanced AMD vs. control Advanced AMD vs. control Advanced AMD vs. Non-advanced AMD

OR (95% CI) P-value* OR (95% CI) P-value* OR (95% CI) P-value*

E2/E2 6.2593 (0.2377–165.1980) 0.205 3.6967 (0.3193–85.2566) 0.308 0.8497 (0.0776–18.8628) 0.896

E2/E3 1.6382 (0.8484–3.0776) 0.131 0.5944 (0.3290–1.0536) 0.078 0.3923 (0.1972–0.7886) 0.007

E2/E4 NA 0.981 0.9643 (0.1985–4.2496) 0.962 NA 0.984

E3/E3 Reference – Reference – Reference –

E3/E4 1.4174 (0.7973–2.4742) 0.226 0.3665 (0.2040–0.6339) 0.491310–3 0.2529 (0.1276–0.4954) 0.659310–4

E4/E4 1.4484 (0.2043–6.5532) 0.660 0.9571 (0.1957–3.7119) 0.951 0.4636 (0.0740–3.6235) 0.409

E2 carriers 1.7087 (0.8991–3.1690) 0.094 0.6536 (0.3695–1.1370) 0.137 0.4114 (0.2103–0.8131) 0.009

E4 carriers 1.4310 (0.8169–2.4711) 0.203 0.4031 (0.2327–0.6770) 0.814310–3 0.2692 (0.1406–0.5112) 0.631310–4

Note: Results in bold represent statistically significant data after Bonferroni correction.

*Bonferroni-corrected significance threshold (P¼ 0.05/21¼ 0.002).

OR: odds ratio; CI: confidence interval; NA: not available.

Table 5. APOE genotype analysis in the comparisons after stratification of the case group in dry and wet AMD, using age-adjusted logistic regression.

Comparison
Dry AMD vs. control Wet AMD vs. control Wet AMD vs. dry AMD

OR (95% CI) P-value* OR (95% CI) P-value* OR (95% CI) P-value*

E2/E2 4.9486 (0.1857–132.2145) 0.272 4.1460 (0.3611–95.0873) 0.266 1.1545 (0.1075–25.2924) 0.907

E2/E3 1.4451 (0.7921–2.5949) 0.222 0.5493 (0.2899–1.0082) 0.058 0.4033 (0.2061–0.7789) 0.007

E2/E4 1.2872 (0.1636–6.7057) 0.781 0.5434 (0.0688–2.9619) 0.508 0.4821 (0.0565–4.1066) 0.471

E3/E3 Reference – Reference – Reference –

E3/E4 1.0477 (0.5990–1.7954) 0.867 0.4052 (0.2235–0.7061) 0.001 0.3971 (0.2039–0.7622) 0.005

E4/E4 1.0640 (0.1475–4.9124) 0.942 1.0692 (0.2191–4.1353) 0.926 0.7867 (0.1277–6.0702) 0.795

E2 carriers 1.4988 (0.8302–1.4988) 0.173 0.6174 (0.3353–1.1059) 0.112 0.4322 (0.2260–0.8186) 0.010

E4 carriers 1.0530 (0.6116–1.7824) 0.849 0.4469 (0.2559–0.7555) 0.003 0.4236 (0.2249–0.7898) 0.007

Note: Results in bold represent statistically significant data after Bonferroni correction. Results underlined represent initially statistically significant data

(P-value<0.05) that did not survive Bonferroni correction.

*Bonferroni-corrected significance threshold (P¼ 0.05/7¼ 0.002).

OR: odds ratio; CI: confidence interval; NA: not available.
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We demonstrated a significant protection for the E4
allele after the stratification of the case group in the com-
parisons: advanced AMD vs. control and advanced AMD
vs. non- advanced AMD, both for the E3/E4 genotype and
E4 carriers, in relation to the E3/E3 genotype. In addition, a
protective role for the E3/E4 genotype in relation to E3/E3
was foundwhen comparing wet AMD vs. control, although
data for E4 carriers did not reach a significant Bonferroni-
corrected P-value. These results suggest a protective effect
afforded by the E4 allele for the most severe forms of AMD.
The comparisons between advanced vs. non-advanced
AMD, and between wet vs. dry AMD have not been
widely explored in the literature, with most studies using
the control group as reference.4 Findings indicating E4 pro-
tection in advanced disease may point to a protective role
not only in AMD development, but also in disease progres-
sion. Longitudinal studies would be useful to clarify these
associations.

When evaluating wet vs. dry AMD, there was a sugges-
tive protection conferred by E3/E4 and E4 carriers; howev-
er, as we used a corrected P-value, these results were not
significant. As mentioned for the comparison of cases vs.
controls, the use of Bonferroni correction may have limited
such associations. E4 protection did not achieve statistical
significance in the comparisons of the least severe forms of
disease, in relation to the control group (non-advanced
cases vs. control and dry cases vs. control). These results
may be related to a smaller number of patients with non-
advanced (99 cases) and dry (134 cases) forms in our
sample; the percentages of E4 carriers were 26.26% and
20.15%, respectively.

In this study, none of the comparisons, even after case
group stratification, demonstrated any significant associa-
tion of E2 genotypes or E2 carriers with AMD risk. In con-
trast to our findings regarding the AMD subgroups, McKay
et al.13 found an increased risk for advanced AMD associ-
ated with the E2E2 genotype, although this relationship did
not achieve statistical significance when analyzing
advanced AMD sub-phenotypes (which included geo-
graphic atrophic (GA), neovascular (NV), and mixed GA
and NVAMD) and also in cases of early AMD.

A recent meta-analysis4 evaluated 12 independent stud-
ies, with a total of 12,842 cases and 38,647 controls, using
the same genotype group analysis that was used in this
study when comparing E2 carriers (E2/E2 and E2/E3)
and E4 carriers (E3/E3 and E4/E4), in relation to the E3/
E3 genotype. Patients were also subdivided according to
ethnicity, allowing a better assessment of APOE polymor-
phisms in different populations. The association of E2 with
AMD is still controversial, with divergences among sub-
types of the disease and among different ethnicities, with
significance observed in this meta-analysis only for Black
individuals in the comparison of cases versus controls, and
in Blacks and Asians in the comparison between early dis-
ease versus controls, with no statistical significance in any
population when assessing the wet form of the disease.
With regard to E4, its protective effect was confirmed in
all populations, even after the stratification of the disease,
in relation to controls.

APOE participates in cell membrane renewal in the cen-
tral nervous system and retina. The high turnover of pho-
toreceptor membranes, especially in the macular area,
makes the cell membrane remodeling process of great
importance for the maintenance of the physiology of the
retina.17 Failures in this process may result in retinal neuro-
degeneration and visual loss. In addition to its role in lipid
metabolism, APOE seems to be related to the processes of
modulation of cellular oxidative stress and aging.30

The isoforms of APOE have structural differences, lead-
ing to isoform-specific functional changes. Differences in
load, total serum levels, brain levels, specific interaction
properties with receptors, and lipid internalization and
degradation between APOE e2, e3, and e4 have been dem-
onstrated.31 However, the mechanisms by which APOE iso-
forms are related to AMD remain unclear.

Some hypotheses have been proposed to explain the
protective effect of the e4 isoform in AMD. Souied et al.8

suggested that structural changes in the molecule of this
isoform would allow greater permeability to Bruch’s mem-
brane, avoiding drusenoid deposits that serve as incubators
for the peroxidation and deposit of complement fragments.
The mechanisms for this alteration in the permeability of
Bruch’s membrane would be related to the positive charge
of APOE e4, which would facilitate the clearance of cellular
debris, and the absence of disulfide bridges, with less for-
mation of dimers and easier transport of lipid particles.

A study by Levy et al.,30 in animal models, associated the
E4 allele with a lower inflammatory response in mice,
reducing the levels of APOE and CCL2 (CC chemokine
ligand 2), and preventing the accumulation of mononuclear
phagocytes compared to APOE E3 transgenic mice, with a
consequent reduction in retinal neurodegeneration.

Another possible explanation for E4 protection includes
its association with lower concentrations of APOE in
plasma, eye, and brain tissue, when compared to the E3
allele.30,32 It was also demonstrated that the APOE e4 iso-
form may be involved in the transport of the macular pig-
ments, lutein, and zeaxanthin, which may be related to the
maintenance of macular function.33

On the other hand, the destructive effect of the APOE e2
isoform is still controversial in the literature. In our study,
the relationship of E2 genotypes with increased risk for
AMD did not prove to be statistically significant. Studies
in animal models30 have shown that transgenic APOE E2
mice express increased levels of APOE, IL-6 (interleukin-6),
and CCL2, and develop accumulation of mononuclear
phagocytes, photoreceptor degeneration, and exaggerated
choroidal neovascularization, similar to AMD findings.
This pro-inflammatory action could justify the relationship
of this isoform with the increased risk for the disease
reported in some studies. Further studies are needed to
precisely understand the metabolism of different APOE
isoforms in the retina, allowing a better evaluation of the
mechanisms by which APOE and lipid levels modulate
AMD pathogenesis.

This study has some limitations. One of them was not
using a population-based sampling (population study),
but, instead, using a sampling based on clinical conve-
nience, since all the established inclusion and exclusion
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criteria were met (case-control study). Despite this, both
SNPs tested were in accordance with Hardy–Weinberg
equilibrium in the case and control groups, and the allele
frequencies in the control group were in accordance with
data in the literature. The unmatched ages between case
and control groups were another limitation that was over-
come by the use of age-adjusted logistic regression for data
analysis. It is important to reinforce that subjects in both the
case and control groups were over 50 years old. In addition,
environmental factors related to AMD and its interaction
withAPOE polymorphisms were not evaluated. Finally, the
relatively low frequency of some genotypes may have lim-
ited the statistical power of some associations, especially in
the comparisons after stratification of AMD in disease
subgroups.

In conclusion, this study confirmed the protective role of
the APOE gene E4 allele in the risk for advanced and wet
forms of AMD in a sample of the Brazilian population, and
also suggested a protection against general AMD risk.
These findings are in agreement with data presented in
the literature and reinforce the participation of the lipid
transport pathway in AMD pathogenesis.34 To our knowl-
edge, this is the first study to show the association between
APOE polymorphisms and AMD in the Brazilian popula-
tion. The understanding of polymorphisms related to the
risk of the disease in different populations and their func-
tional consequences in the onset and progression of the
disease may allow a better prediction of AMD risk, and
provide new diagnostic and therapeutic targets.
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