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RESUMO

Objetivo: Investigar a associacao entre polimorfismos nos genes CFH,
LOC387715/ARMS2 e VEGF e a degeneracdo macular relacionada a idade (DMRI)
em uma amostra da populacdo brasileira. Métodos: Foram coletadas amostras de
sangue de 163 pacientes portadores de DMRI, atendidos no Instituto da Visao, e de
140 pacientes sem DMRI, como grupo controle, atendidos no Hospital S&o
Geraldo/HC da Universidade Federal de Minas Gerais e no Centro Especializado em
Olhos. O DNA foi extraido das amostras para amplificacdo por reacdo em cadeia da
polimerase em tempo real (RT-PCR) para genotipagem utilizando discriminagéo
alélica e posterior andlise estatistica dos polimorfismos. Resultados: Na analise dos
trés genes pesquisados, foi encontrada diferenca na distribuicdo dos genoétipos entre
o grupo DMRI e o grupo controle. No estudo do gene CFH, 33,3% dos individuos do
grupo DMRI e 10,1% do grupo controle eram homozigotos para o alelo de risco
(odds ratio — OR 7,8; intervalo de confianga 95% — IC 95%: 4,1-15,4). A prevaléncia
de homozigose para o alelo selvagem do gene LOC387715/ARMS2 também foi
maior no grupo DMRI (23,6%) do que no grupo controle (7,2%) (OR 5,6; IC 95%:
2,7-11,7). A presenca de heterozigose para esses dois genes também foi
estatisticamente significativa para o CFH (OR 2,7; IC 95%: 1,6-4,4) e para o
LOC387715/ARMS2 (OR 2,1; IC 95%: 1,3-3,2). Entretanto, o gene VEGF somente
apresentou significancia estatistica quando em presenca de homozigose com
prevaléncia de 18,1% no grupo DMRI e de 5,8% no grupo controle (OR 3,6; IC 95%:
1,6-8,2). Conclusédo: O estudo sugere que os polimorfismos dos trés genes
pesquisados estdo associados a DMRI nesta amostra da populacéo brasileira.

Palavras chaves: Degeneracdo macular. Frequéncia do gene. Polimorfismo de um

anico nucleotideo. Polimorfismo genético.
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ABSTRACT

Association of CFH, LOC387715, and VEGF gene polymorphisms with age-

related macular degeneration

Purpose: Investigate the association between CFH, LOC387715/ARMS2, and VEGF
gene polymorphisms and age-related macular degeneration (AMD) in a Brazilian
cohort. Methods: Blood samples were collected from 163 individuals with AMD
recruited at Instituto da Visao, and from 140 individuals without AMD, as the control
group, recruited at Sdo Geraldo Hospital/HC of the Universidade Federal de Minas
Gerais and at Centro Especializado em Olhos, Brazil. Genomic DNA was isolated
from whole blood for real-time polymerase chain reaction (RT-PCR) amplification and
the allelic discrimination mode was used for genotyping and subsequent statistical
analysis of polymorphisms. Results: Analyzing the three genes, a significant
difference was observed in genotype distribution between the AMD and the control
groups. Studying CFH gene, 33.3% of the individuals in the AMD group and 10.1% in
the control group were homozygous for the at-risk allele (odds ratio — OR 7.8; 95%
confidence interval — 95% CI: 4.1-15.4). Homozygosity for LOC387715/ARMS2 wild-
type allele was also higher in the AMD group (23.6%) than in the control group
(7.2%) (OR 5.6; 95% CI: 2.7-11.7). Heterozygosity for these two genes was also
statistically significant for CFH (OR 2.7; 95% CI: 1.6-4.4) and for LOC387715/ARMS2
(OR 2.1; 95% CI: 1.3-3.2). However, VEGF gene showed significant association only
for homozygosity, with a prevalence of 18.1% in the AMD group and 5.8% in the
control group (OR: 3.6; 95% CI 1.6-8.2). Conclusion: Our results suggest that the
polymorphisms of the three genes studied are associated with AMD in this Brazilian

cohort.

Key words: Macular degeneration. Gene frequency. Single nucleotide

polymorphism. Genetic polymorphism.

Abstract
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1 INTRODUGCAO

A degeneracdo macular relacionada a idade (DMRI) é uma alteragéo
coriorretiniana progressiva que acomete principalmente a regido macular, causando
importante baixa de acuidade visual e perda acentuada do campo visual central

(BRESSIER et al., 2006; NEHEMY, 2006; SEDDON; CHEN, 2006).

Nos Estados Unidos, a prevaléncia da doenca em pacientes com mais de 40
anos € de 6,5% (KLEIN et al.,, 2011). No Brasil, ndo ha estudos epidemioldgicos
adequados para se estabelecer a real prevaléncia da doenga. Contudo, baseando-
se nos dados americanos e no Censo de 2010, é possivel supor que existam cerca
de 4.150.000 portadores de DMRI no pais (IBGE, 2010). Segundo a Organizagao
Mundial de Saude, a DMRI é a principal causa de cegueira em paises desenvolvidos
e a terceira causa no restante do mundo, sendo responsavel por 5% dos casos de

cegueira no Brasil (RESNIKOFF et al., 2002).

A DMRI pode ser classificada em dois tipos: seca ou atréfica e umida ou
exsudativa. A forma seca corresponde a aproximadamente 85% dos casos e é
caracterizada pela presenga de drusas (depdsitos amarelados sub-retinianos) e/ou
irregularidades (hiper ou hipopigmentacéo) do epitélio pigmentado da retina (EPR).
Ocorre uma lesdo coriorretiniana progressiva com atrofia secundaria dos
fotorreceptores (atrofia geogréfica) e gradativa perda da visdo e do campo visual
central (BRESSIER et al., 2006; NEHEMY, 2006; SEDDON; CHEN, 2006). A DMRI
exsudativa € uma forma avancada da doenca. Acomete 15% dos pacientes e é
caracterizada pelo aparecimento de uma membrana neovascular sub-retiniana

(MNVSR) (SEDDON; CHEN, 2006). Extravasamento de soro e/ou sangue surgem
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no local em decorréncia de alteragbes estruturais da propria membrana e dos
tecidos adjacentes a ela, ocasionando perda irreversivel dos fotorreceptores e
consequente baixa acuidade visual (BRESSIER et al., 2006; NEHEMY, 2006;

SEDDON; CHEN, 2006).

Varias teorias foram descritas para explicar o mecanismo fisiopatogénico da
DMRI, incluindo: peroxidacao lipidica, processos inflamatérios e alteracdo no
sistema imune (HADDAD et al., 2006; SEDDON; CHEN, 2006). Estudos
epidemioldgicos tém sido realizados com o intuito de identificar os fatores de risco
relacionados a doenga (CLEMONS et al., 2005; DeANGELIS et al.,, 2007). O
tabagismo e a obesidade sdo os principais fatores demonstrados (DeANGELIS et
al.,, 2007; SCHAUMBERG et al., 2007), assim como individuos de cor branca
(VANDERBEEK et al., 2011), idade avangada (SEDDON; CHEN, 2006) e fatores
dietéticos (AGE-RELATED EYE DISEASE STUDY RESEARCH GROUP, 2000).
Além de fatores ambientais, existe forte evidéncia de que alteragcdes genéticas
desempenham importante papel no desenvolvimento da DMRI. Estudos apontam
varios genes, principalmente dos cromossomos 1q e 10q, associados a doencga
(HADDAD et al., 2006; LI et al.,, 2006; SCHAUMBERG et al.,, 2007). A grande
maioria dos trabalhos demonstra que individuos portadores de polimorfismos nos
genes fator de complemento H (CFH) e LOC387715/ARMS2 possuem risco
aumentado de apresentar DMRI (DeANGELIS et al., 2007; MALLER et al., 2006;
SCHAUMBERG et al., 2007), especialmente quando essas alteragbes estao

associadas a tabagismo e/ou obesidade (SCHAUMBERG et al., 2007).

Outros polimorfismos genéticos tém sido associados a DMRI, como nos
genes: fator de crescimento do endotélio vascular (VEGF) (CHURCHIL et al., 2006;

JANIK-PAPIS et al., 2009; YU et al.,, 2011), gene da lipase hepatica (SEDDON,;
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REYNOLDS; ROSNER, 2010), fator de complemento B (FCB) (SPENCER et al.,
2007), componente do complemento 2 (C2) (GOLD et al., 2006) e CX3CR1 (TUO et
al., 2004). Em alguns desses genes, como o da lipase hepatica (SEDDON;
REYNOLDS; ROSNER, 2010), os polimorfismos sado protetores, conferindo menor

risco de desenvolver a doenca.

Nesta pesquisa, objetivou-se investigar a associagao entre a DMRI e os
polimorfismos nos genes CFH e LOC387715/ARMS2, pela relevancia
epidemiologica destes genes em outras populagdes, conforme sugerido pela
literatura. Também se decidiu pela avaliacdo da eventual associacdo de
polimorfismo genético do VEGF, em decorréncia da importancia clinica e terapéutica

da proteina codificada por este gene, fato ainda controverso na literatura.

Esta tese é apresentada no formato de artigos cientificos que se originaram
desta pesquisa. Inicialmente, procurou-se fazer uma ampla revisdo da literatura, com
a finalidade de identificar criticamente os polimorfismos genéticos com maior
potencial de associagdo com a DMRI. O produto dessa analise resultou no artigo de
revisdo de literatura, intitulado The role of molecular genetic factors in age-related
macular degeneration, publicado no periédico Arquivos Brasileiros de Oftalmologia.
Os resultados da pesquisa e as partes essenciais da metodologia empregada sao
apresentados em outros dois artigos, intitulados Association analysis of CFH and
LOC387715 gene polymorphisms in a Brazilian cohort with age-related macular
degeneration, ressubmetido para publicagao no periddico Ophthalmic Epidemiology,
e Homozygosity for the +674C>T polymorphism on VEGF gene is associated with
age-related macular degeneration in a Brazilian cohort, publicado no periédico
Graefe’s Archive for Clinical and Experimental Ophthalmology. Visando uma melhor

explanagdo da metodologia, que naturalmente ndo caberia em um unico artigo
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cientifico, decidiu-se incluir nesta tese uma sec¢ao de “Métodos”, em que ela é mais
bem detalhada. Incluiu-se, finalmente, uma se¢ao de “Discussédo”, com a finalidade
de encadear os diferentes aspectos da pesquisa, bem como a sua conclusdo e

possiveis desdobramentos.
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2 REVISAO DE LITERATURA

Como mencionado anteriormente, a revisao de literatura é apresentada por
meio da transcricdo do Artigo 1, intitulado The role of molecular genetic factors in
age-related macular degeneration, publicado no periédico Arquivos Brasileiros de

Oftalmologia.
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Artigo 1

ATUALIZACAO CONTINUADA

The role of molecular genetic factors in age-related
macular degeneration

A importincia dos fatores genéticos na degeneracio macular
relacionada a rdade

LucianaNegriaoFrotade Almeida?

5 . ABSTRACT
Rachel Melilo Carolino® : :
Diogo Cazelli Sperandio® Age-related macular degeneration (AMD) is the most frequent cause of
Mircio Bittar Nehemy* urreversible blindness in the elderly in developed countries. Although the
De Marco LA® etiology of AMD remains largely unknown, numerous studies have suggested

that both genes and environmental risk factors significantly influence the
risk of developing AMD. Recently. single nucleotide polymorphisms, DNA
sequence variations found within the complement factor H (CFH) gene,
have been found to be strongly associated with the development of AMD.
Several other genes have had at least one positive association finding and
deserve further exploration. The purpose of this review is to provide an
extensive report of the current data of AMD genetics and the contribution
of this knowledge helps to the better understanding of its pathophysiology.

Keywords: Macular degeneration/etiology; Age effect; Complement factor Higenetics;
Base sequence; Polymorphism, single nucleotide; Inflammation

INTRODUCTION

Age-related macular degeneration (AMD) is a complex degenerative di-
sorder that primarily affects the elderly™. Disease susceptibility is influenced
by multiple genetic and environmental factors®?. Despite of success in iden-
tifying some genetic basis of sub-groups of AMD, investigators continue to
struggle to identify other genes that predispose to. or cause the majority of this
disorder®2%,

Genetically, the condition is somewhat difficult to study because of its
clinical variability and late onset. and also because AMD is a complex genetic
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statistical analysis®™. Candidate genes are selected based on either known
characteristics of a gene (e.g.. mutation predisposing to a trait) or physiologic
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The purpose of this review is to provide a report of the
current data of AMD genetics and the contribution of this
knowledge helps to understands better its pathophysiology.

Genetic overview

Before discussing the recent discoveries regarding the genes
that have been associated with AMD, it is important to consider
some genetic definitions and nomenclature that are not too
familiar for many ophthalmologists but are extremely important
to enhance the understanding of this issue.

Deoxyribonucleic acid (DNA) is a long polymer of simple
units called nucleotides made of sugars and phosphate groups
joined by ester bonds. Attached to each sugar 1s one of four types
of molecules called bases - A (adenine), C (cytosine), G (guanine),
and T (thymidine). It is the sequence of these four bases along
the polymer that encodes information. Sequence variation could
lead to a mutarion, which means “change™ in some disciplines and
“disease-causing change™ m others: or polvmorphism. which
means “non-disease-causing change” or “change found at a
frequency of 1% or higher in the population™®.

A polymorphism can be found at the encoding gene se-
quence called exons, or at the non-coding region known as
introns and could occur as substitutions. deletions. duplica-
tions or insertions of a base pair®*?”. The most common sequen-
ce variation related to AMD is the substitution of one base pair
at codon 1277 of CFH gene®'. This type of molecular altera-
tion is known as single nucleotide polymorphism (SNP), and
is designated by a “>" character, e.g., 1277T > C or T1277C
denoting that at nucleotide 1277 an T is changed to a C©-1429),
Being a non-synonymous SNP (produces a different poly-
peptide sequence) the change can also be designated as Y402H
denoting that amino acid 402 Tyrosine (Y) is changed to a
Histidine (H)®29_ All SNPs are cataloged in a public SNP
database with a specific identification, for example T1277C
at 1s1061170%-14,

The polymorphism can occur in a splice junction site, the
DNA region that marks the boundaries between introns and
exons. Sequence variation at this site can result in exon skip-
ping or alteration of spficing (the removal of introns from hete-
ronuclear RNA and joining of exons to form the mature mes-
senger RNA)®”. Occasionally polymorphisms can happen close
to each other, organized as a block that are transmitted together
in haplotyvpes (the combination of linked alleles for a given
region of DNA on a single chromosome)®?.

Molecular genetics of AMD

Over the past decade, researchers have begun to focus their
attention on determining the genetic components of AMD
(Table 1). Tdentification of underlying genes has been difficult,
with both genomic screen (positional) and candidate gene
(functional) approaches being used. Although numerous regions
of interest have been identified by these genome screens, only
two regions, located on chromosomes 1 and 10, have been
consistently identified by the majority of studies®!?.

Arq Bras Oftalmol. 2009:72(4):567-72

CHF (complement factor H) gene

The first dramatic success of association studies for ARM
was the discovery of a variant in the complement factor H (CFH)
gene located in the regulation of complement (RCA) locus in
chromosome 1q31.3%*®. This gene encodes the CFH protein
which i1s a major inhibitor of the complement system. It directly
inhibits both classical and alternate complement pathways.
therefore the absence of factor H or its low activity can lead to
unchecked complement activation, serving as the inflammatory
stimulus for drusen formation. Furthermore, environmental
risk factors associated with AMD, such as smoking. are also
known to decrease CFH levels in serum®.

Recent reports have shown that a common polymorphism
in exon 9 of the CFH gene (T1277C at rs1061170, or Y402H,
a tyrosine to histidine change at position 402) is associated
with macular soft drusen as well as an increased risk of ad-
vanced AMD, inchuding geographic atrophy and neovascular
AMD®¥_ These findings suggest that the C allele. or disease
allele, contributes to almost half of all AMD cases (50 - 57.3%).
The odds ratios for development of AMD in patients with the
Y402H SNP ranged from 2.45 to 7.4% with higher risks seen
in homozygous CC subjects®?.

Interactions with modifiable risk factors and this specific
CFH polymorphism were investigated®*'¥, The authors con-
cluded that obesity and cigarette smoking multiplied the
risks associated with these variants. It’s estimated that there
is a 4-fold increased risk among participants homozygous for
CFH Y402H who are not obese compared with nonobese hete-
rozygous subjects, whereas the risk is 12-fold higher among
homozygous subjects who were also obese®. Smokers of 10
pack-years or more who also have the CC genotype have
approximately a 144-fold increase in disease risk compared
with individuals who smoke fewer than 10 pack-years and have
the CT or TT genotype®. Although it was demonstrated that
these two risk factors are independent of each other, they may
work through similar mechanisms to increase the risk of neo-
vascular AMD™. These studies suggested that each of these
factors may independently increase risk of neovascular AMD
through similar mechanisms thus providing the possibility that
one could potentially lessen a significant component of AMD
risk by behavioral modifications®®!¥,

In addition to Y402H, two other coding-region non-syno-
nymous SNPs (I62V in exon 2 and D936E in exon 19) have
also been described®®, These SNPs. as the Y402H. might affect
the protein function through variability in expression levels,
binding efficiencies, and/or other properties®?,

Several additional intronic SNPs were also related to AMD.
A commmon variant in intron 2 splice acceptor site, IVS2-
18insTT. was detected"?. Moreover, a recent publication de-
monstrated a previously unreported intronic SNP (rs1410996)
that unexpectedly showed strong association with AMD®,

Some authors suggested that no single polymorphism could
account for the contribution of the CFH locus to disease
susceptibility. Instead, multiple polymorphisms defined a set
of four common haplotypes (of which two were associated with
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Table 1. A summary of associations between AMD and genetic variants
Gene SNP / polimorphism / allele Odds ratio References
CFH rs1061170 / T1277C 2451074 2,4, 511,13, 14
LOC387715 rs10490924 / AB9S 25073 7,8 1517
CFB/C2 L9H / E318D protective 18, 19
VEGF rs1413711 / +674 CC - 20-23
APOE cdie? 0.60 (protective) / 1.33 24,25, 28-31
CX3CR1 V2491 and T280M - 32-36

disease susceptibility and two seemed to be protective) and
multiple rare haplotypes (associated with increased susceptibili-
ty in aggregate) and that noncoding CFH variants may play a
role in disease susceptibility®. It has also been suggested that
not only two, but four haplotypes of the CFH gene are protec-
tive (H2, H3. H4, and HS) with the homozygous H2/H2 indi-
vidual having the greatest protective effect (odds ratio. 0.27:
95% confidence interval. 0.1-0.74). Haplotype analysis shows
that the most frequent at-risk haplotype is present in half of
individuals with AMD, compared with 29% of controls®?.

Most of the AMD-associated CFH SNPs lie within important
functional domains of the encoded protein. These domains con-
tain binding sites for C3b, heparin, sialic acid. and C-reactive
protein. Thus, these SNPs might affect CFH function through
variability in expression levels, binding efficiencies. and/or
other properties. For example. the exon 2 162V variant is located
in specific domain, which includes a C3b binding site. and the
exon 9Y402H variant lies within a domain which binds heparin.
It remains to be established how alterations in these regions
might impact the function of the CFH protein. However. the
absence of factor H or low activity can lead to unchecked com-
plement activation, serving as the mflammatory stimulus for
drusen formation®?,

CFH has closely related genes CFHR3, CFHRI, CFHRA4,
CFHR?2 and CFHR3, which are arranged in tandem on chromo-
some 1q23. Deletions of CFHRI and CFHR3 have been associa-
ted with decreased risk for AMD, possibly because the products
of both genes, when present in the circulation have the potential
to compete with CFH for C3 binding™?.

LOC387715 gene

A second putative AMD susceptibility gene. located on
chromosome 10q26. LOC387715 (T allele at 110490924, or
A69S). has recently been identified™®. Its function is unknown,
although at least one gene in close proximity to LOC387715.
PLEKHAI, 1s known to be mvolved in cellular immunity. Some
authors reported an odds ratio of 5 and a population attribu-
table risk of 57% for the PLEKHA1/LOC387715 locus®-19,

The risk allele for LOC387715 confers an OR 0of 2.5 (95%
CI.2.2-2.9)and 7.3 (95% CI. 5.7-9.4) for the heterozygous and
homozygous states. respectively!”. Some studies suggest that
individuals with AMD possessing one or more risk alleles at
LOC387715 are more likely to develop neovascular AMD
compared with those with AMD who lack this variant™. In

addition, smokers with this variant have a 22-fold higher risk for
advanced AMD. especially the neovascular form. compared
with nonsmokers with this variant®!?,

For patients homozygous for both risk variants, Y406H SNP
and A69S SNP, the odds ratio for development of AMD was
57.58 (95% CI, 37.24-89), and they might be at greater risk for
earlier onset of neovascular AMD.” When smoking is intro-
duced into the equation, it is estimated that CFH, LOC387713,
and smoking explain 61% of the attributable risk for AMD®".
Controlling for each of the other two variables. the approxi-
mate population-adjusted risk for AMD and smoking is 20%.
for AMD and A69S is 36%., and for Y402H is 43%7.

Interestingly, a study aimed to determine whether modi-
fiable risk factors act synergistically with LOC387715 to
alter the 11sk of AMD suggested that regular acetyl salicylic
acid use may reduce the risk conferred by homozygosity for
LOC387715 A69S, and concluded that this variant appear to
act synergistically with modifiable risk factors®.

Complement factor B (CFB) and
complement component 2 (C2) genes

Complement factor B (CFB) aids initiation of the alternative
complement cascade, and complement component 2 (C2) acti-
vates the classical component pathway. CC2 is paralogous to
CFB and resides adjacent to CFB on chromosome 6%, In addi-
tion, they are expressed in the neural retina, retinal pigment
epithelium (RPE) and choroid®®. The CFB R32Q SNP and
the haplotype containing the C2 E318D/CBF L9H pair were
significantly protective for AMDU®%_ A fter adjusting for age,
Y402H. A69S and smoking, the effect of CFB R32Q remained
quite strong"® extending and refining the role of the alterna-
tive complement pathway in the pathophysiology of AMD
and further strengthening the proposed model that inflamma-
tion has an important role in this ocular disease.

VEGF (vascular endothelial growth factor) gene

The vascular endothelial growth factor (FEGF) gene enco-
des the VEGF protein, a major player in the control of angio-
genesis™?? VEGF-A contains nine exons and is alternatively
spliced to produce isoforms of differing lengths, 189. 165 and
121 amino acids. The most predominant isoform in the eye is the
VEGF 165 which is further spliced into an ‘a” or ‘b’ isoforms. the
difference being the presence at the C-terminus of either exon
8 or exon 9, respectively. VEGF 165a has potent angiogenic

Arg Bras Oftalmol. 2009:72(4):567-72
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properties, whereas VEGF165b has anti-angiogenic proper-
ties®®. What controls splicing is still largely unknown but the
balance between these two isoforms is vital in maintaining
vascular homeostasis.

Increased levels of VEGF in surgically removed neovas-
cular membranes from eyes with neovascular AMD have been
demonstrated®. And it has been suggested that the presence of
polymorphic sequences within the promoter or 5’-untranslated
region of the VEGF gene can influence levels of VEGF protein
expression®?, Churchill et al.®” showed that a specific haplo-
type in this region is significantly associated with AMD (OR=
18.24, 95% CI 2.25-148.25, corrected P=0.0074).

Some studies found that the CC genotype at +674 was signi-
ficantly associated with the AMD group. whereas the presence
of the T allele was significantly associated with the control
group®-. These data support the hypothesis that the +674 CC
genotype 1s a potential risk factor for AMD. and that carriage
of the T allele is potentially protective@®2b,

In summary. the molecular studies associated with the func-
tional role in vascular growth and regeneration®-¥_ strongly
implicates the FEGF gene in the etiology of neovascular AMD.

APOE (apolipoprotein E) gene

Apolipoprotein E (APOE) is a protein that plays a central
part in plasma metabolism of lipids. in central nervous system
lipid homeostasis®® and in response to neuronal injury™®. It has
been shown to be expressed in the RPE layer in mouse embryos,
suggesting a role of this protein in retinal diseases®, Three
common alleles, €2, €3 and €4 encode the three protein iso-
forms E2. E3 and E4. respectively. Although some authors
showed no association with AMD® some studies reported a
reduction in the frequency of the €4 allele in patients with
AMD. including geographic atrophy and neovascular form®?,
compared to controls, suggesting its protective effect®>3V,
In addition, € 2 allele frequency was increased in AMD patients
compared to controls, suggesting a modest increase in disease
risk with this allele®?.

APOE4 lacks cystein residues at position 112 and 158,
which prevents the formation of disulfide bridges with APOATI
or other peptide components®®. Therefore, the inability of
APOE4 to form dimers compared with APOE2 and APOE3,
would favour easier transport of lipids through Bruch membrane
because of a smaller size of lipid particles, allowing a better
elimination and preventing of drusen formation®*?.

CX3CRI gene

Chemokines are small proteins that induce directed chemo-
taxis in nearby responsive immune cells®?. CX3C chemokine
receptor 1 (CX3CRI) is expressed in microglial cells (MCs).
the resident macrophages in the central neural system (CNS).
and in the photoreceptor retinal layer®-*¥. This receptor me-
diates migration and adhesion of these cells in response to
CX3C chemokine ligand 1 (CX3CLI)@?. It has been demons-
trated that all retinal MCs express CX3C chemokine receptor 1
(CX3CR1)%? and that two polimorphisms in the CX3CRI

Arq Bras Oftalmol. 2009;72(4):567-72

gene, V249T and T280M, which are associated with impaired
subretinal cell migration, increase the risk of AMD®3),

Microglial cells participate in AMD development and pro-
gression by controlling retinal MC redistribution®? and increa-
sing macrophage recruitment. which has previously been shown
to contribute in drusen genesis and CNV development®®.
However. in animal models it has been demonstrated that decrea-
sed macrophage recruitment increases choroidal neovascu-
larization®”. These findings suggest that macrophage recruit-
ment into the subretinal space is necessary to remove extracel-
lular deposits and prevent the formation of drusen. These two
controversy concepts could be explained by the fact that macro-
phages can have many different and even opposite functions
depending on their activation state®?.

Decreased expression of CX3CR1 results in macrophages
with a proinflammatory phenotype compared with macropha-
ges with high levels of CX3CR1, which have an antinflammatory
phenotype®®, It is rational to consider that the accumulation in
the subretinal space of resident microglia with reduced CX3CR1
function might therefore contribute to inflammation, leading to
the recruitment of other inflammatory cells, which sequentially
stimulate choroidal neovascularization and AMD.

ABCR gene

The presence of phenotypic similarities between Stargardt
disease and AMD lead to multiple association studies between
the gene responsible for the majority of cases of Stargardt
disease, the ABCR gene and AMD. Some of these studies have
indicated an association of AMD with certain non-synonymous
SNP in ABCR gene. notably D2177N and G1961E®”. However.
this association has not been confirmed by other investiga-
tors®®. To date, the ABCR variants do not seem to make a major
contribution to AMD susceptibility.

Other genes

Studies that examined genes related to retinal dystrophy.
such as ELOVL4 (Stargardt disease)®. bestrophin (Best
disease)®2", failed to firmly establish an association with AMD.
In addition, some studies have suggested a role of FLDLR®,
LRP6% and HEMICENTIN-1°9 genes in AMD pathophysio-
logy. However, further studies are needed to ascertain their
impact on disease susceptibility®?,

CONCLUSION

Analysis of genetic susceptibility and potential interac-
tions between variants and environmental factors (such as
smoking and nutrition) seem to be essential to elucidate mecha-
nisms of disease pathology. Association studies have provided
valuable insights to demonstrate genetic differences that in-
fluence susceptibility to AMD.

A better understanding of the essential molecular mecha-
nisms of diseases will allow us to define the relationship
between the different AMD phenotypes expressed in patients.
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In turn, this will guide us to more accurate definitions and
classification systems for AMD., leading to the development of
new and effective therapies that are specific for each subtype
of AMD. In addition, new preventive treatments will likely be
developed using current information about the pathogenesis
of the disease.

RESUMO

A degenerac¢do macular relacionada & idade (DMRI) € a causa
mais frequente de cegueira irreversivel em idosos em paises
desenvolvidos. Apesar da etiologia da DMRIT ainda permane-
cer desconhecida. numerosos estudos tem sugerido que tanto
fatores genéticos quanto ambientais influenciam significati-
vamente no risco do desenvolvimento da doenca. Recentemente.
polimorfismos de base unica. variagdes na sequéncia de DNA
encontradas no gene fator H do complemento (CFH), tem sido
fortemente associado com o desenvolvimento da DMRI. Muitos
outros genes tiveram ao menos um resultado positivo para esta
assoclacdo e merecem estudos posteriores. O objetivo dessa
revisdo € proporcionar descricdo atual dos dados publicados.

Descritores: Degeneracdo macular/etiologia; Fator idade; Fator
do complemento H/genética: Sequéncia de bases; Polimorfismo
de um tnico nucleotideo: Intflamagio
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3 OBJETIVOS

Esta tese teve como objetivo geral analisar, em uma amostra da populagao
brasileira, a associagdo da DMRI com polimorfismos genéticos e avaliar possiveis

correlagdes entre gendtipo e fendtipo.
Para isso, delimitaram-se quatro objetivos especificos:

1. Investigar a associacdo entre a DMRI e o polimorfismo nos genes CFH

(1227T7>C -rs1061170) e LOC387715/ARMS2 (205G>T - rs10490924);

2. Investigar a associagado entre a DMRI e o polimorfismo no gene VEGF

(+674C>T - rs1413711);

3. Analisar o efeito aditivo dos polimorfismos dos trés genes estudados e a

DMRI;

4. Analisar a eventual correlagdo entre os subtipos de DMRI — seca ou

exsudativa — e os polimorfismos nos trés genes estudados.
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4 METODOS

Este estudo foi aprovado pelo Comité de Etica em Pesquisa da Universidade
Federal de Minas Gerais (UFMG), de acordo com o Parecer n° ETIC 395/07, de 9 de
novembro de 2007 (Anexo 1), pelo Comité de Etica Médica Interno do Instituto da
Visdo, em 22 de outubro de 2007 (Anexo 2), e pelo Comité de Etica do Centro

Especializado em Olhos (Anexo 3).

4.1 Pacientes

O presente estudo envolveu 163 individuos portadores de DMRI seca e
exsudativa, grupo DMRI, atendidos no Instituto da Visdo, no periodo de 2008 a
2011, e 140 pacientes, grupo controle, atendidos no departamento de oftalmologia
da UFMG e no Centro Especializado em Olhos, no mesmo periodo. Todos os
participantes foram informados verbalmente e por escrito sobre a natureza e a
finalidade do estudo e assinaram um termo de consentimento livre e esclarecido
segundo a declaracao de Helsinki (Apéndices 1 e 2).

Todos os sujeitos foram submetidos a um questionario criterioso sobre seus
antecedentes pessoais e familiares, tanto sistémicos como oftalmoldgicos, incluindo
histéria atual ou pregressa de tabagismo, a mensuragdo de altura e de peso e a
exame oftalmoldgico completo (Apéndices 3 e 4). Os sujeitos do grupo DMRI foram
também submetidos a angiofluoresceinografia e a tomografia de coeréncia 6ptica.

Os portadores de DMRI tiveram ambos os olhos classificados de acordo com
o sistema de estadiamento clinico da maculopatia relacionada a idade (CARMS),

descrito e validado por Seddon, Sharma e Adelman (2006) (Tabela 1).
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Tabela 1. Sistema de estadiamento clinico da maculopatia relacionada a idade.

Grau de

maculopatia

Caracteristicas clinicas

1

Auséncia de drusas ou < 10 drusas pequenas na auséncia de

irregularidades no EPR

Aproximadamente = 10 drusas pequenas, ou < 15 drusas
intermediarias, ou presencga de irregularidades no EPR associadas a
DMRI

a. Drusas
b. Irregularidades no EPR (hiperpigmentagao e hipopigmentagao)
c. Tanto drusas como irregularidades no EPR

Aproximadamente = 15 drusas intermediarias ou qualquer drusa

grande
a. Auséncia de descolamento drusenoide do EPR
b. Presenca de descolamento drusenoide do EPR

Atrofia geografica com envolvimento do centro macular, ou atrofia

geografica ndo central com pelo menos 350 um

DMRI exsudativa, incluindo descolamento ndo drusenoide do EPR,
descolamento seroso ou hemorragico da retina, MNVSR com
hemorragias ou fibroses sub-retinais ou sub-EPR, ou cicatrizes

consistentes com tratamento de DMRI
a. Descolamento seroso do EPR, em auséncia de MNVRS

b. MNVSR ou cicatriz disciforme

EPR: epitélio pigmentado da retina; DMRI: degeneragdo macular relacionada a

idade; MNVSR: membrana neovascular sub-retiniana.

Drusas pequenas: < 63 um; drusas intermediarias: = 63 ym e < 125 uym; drusas

grandes: = 125 uym; descolamento drusenoide do EPR: drusas moles confluentes =

500 pm.

Fonte: Seddon, Sharma e Adelman (2006, p. 261, tradug&do nossa).
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Foram incluidos na pesquisa, no grupo DMRI, apenas individuos que
apresentavam, no olho mais acometido pela doencga, estagios 3, 4 ou 5. Para efeitos
deste trabalho, considerou-se que os pacientes com grau 3 apresentavam DMRI
precoce e os pacientes com graus 4 ou 5 no olho mais acometido apresentavam

DMRI avangada.

Foram incluidos no grupo controle, apenas individuos que nao apresentavam

sinais de DMRI em qualquer um dos olhos.

Foram excluidos os individuos com histérico de diabetes, cancer, doencgas
reumatolégicas ou alguma evidéncia de doenga macular, como miopia degenerativa,
estrias angioides, descolamento de retina, retinopatias isquémicas, inflamatdrias ou

infecciosas.

4.2 Método laboratorial

O estudo laboratorial foi mascarado, ou seja, cada material coletado recebeu
um cédigo sequencial para evitar que o pesquisador tivesse acesso a identificagao

de participantes de ambos os grupos.

4.2.1 Coleta do material

Amostras de sangue (10 mL) foram obtidas por pung¢do venosa previamente
ao exame angiofluoresceinografico nos pacientes do grupo DMRI e apds o exame

oftalmolégico dos participantes do grupo controle. O material foi imediatamente
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armazenado em tubo estéril contendo acido etilenodiamino tetracético (EDTA) e

mantido em temperatura ambiente.

4.2.2 Extracdo do DNA

A extragdo do DNA das amostras de sangue foi realizada empregando-se o
método de Lahiri e Nurnberger Junior (1991), modificado por Cavalli e outros (1996)
e Salazar e outros (1998), como segue: transferiu-se a amostra para um tubo tipo
falcon; adicionou-se volume de solugcdo tampao correspondente ao volume de
sangue e 300 pL de Triton X-100. Centrifugou-se por 15 min a 4°C (1000 x g); em
seguida, o sobrenadante foi desprezado e o pellet foi mantido e irrigado com o
mesmo volume de solugdo tampao utilizado anteriormente. Esse produto foi
centrifugado por 10 min a 4°C (800 x g); o sobrenadante foi novamente desprezado
e o pellet ressuspenso em 1600 pL de solucdo tampao e 100 uL de sdédio dodecil
sulfato 10% (SDS), usado para dissolugédo (lise) de leucdcitos. Agitou-se
vigorosamente o tubo e, utilizando o vortexador, fragmentou-se o pellet. O tubo foi
incubado a 55°C em banho-maria por 10—20 min. Adicionaram-se 900 uL de NaCl e
centrifugou-se o tubo por 15 min a 4°C (11000 x g). O sobrenadante foi transferido
para um tubo tipo falcon contendo 5 mL de etanol absoluto para a coleta do DNA
com a pipeta Pasteur, que foi posteriormente imergido em outro tubo tipo falcon com
300 uL de etanol 70%. Retirou-se a pipeta contendo o DNA e este foi ressuspenso
em 500 pL de tris(hidroximetil)aminometano (Tris) EDTA (TE) e incubado durante
dois dias a 55°C. A amostra de DNA foi, entdo, armazenada a 4°C. As amostras
foram quantificadas por meio de espectrofotometria e, posteriormente, diluidas para

uma concentragao de 50 ng uL™".
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4.2.3 Reacdo em cadeia da polimerase em tempo real (Real-time polymerase chain

reaction — RT-PCR)

A genotipagem foi realizada utilizando insumos TagMan® SNP Genotyping

Assays da Applied Biosystems (Foster City, CA, Estados Unidos).

As sondas utilizadas, exclusivas para cada polimorfismo — rs1061170 (CFH),
rs10490924 (LOC387715) e rs1413711 (VEGF), foram encomendadas e construidas
pela Applied Biosystems. Cada sonda possuia dois marcadores especificos para
cada alelo do polimorfismo, chamados fluoréforos, moléculas que absorvem e
emitem luz em um comprimento de onda caracteristico, utilizadas para a detecgao

dos polimorfismos ao longo dos ciclos da RT-PCR.

O protocolo empregado para a realizagdo da RT-PCR foi o sugerido pelas
instrugdes de uso do TagMan® Genotyping Master Mix, como segue: 3,5 uyL do
tampao, 0,1 L da sonda, 3,4 uL de agua deionizada e 1,0 uL de DNA (50 ng uL™),

formando um volume total de 8 pL.

O produto assim obtido foi, entdo, colocado no aparelho de RT-PCR, que
consiste em um termociclador com leitor de fluorescéncia, para a realizagao da RT-
PCR, leitura e analise dos polimorfismos utilizando o programa de discriminagao
alélica (Stratagene Mx3005 — MxPro gPCR Software, 2007). As condi¢gdes para a
realizacdo da RT-PCR foram: um ciclo de 10 min a 95°C (para ativagao enzimatica),
50 ciclos de 15 s a 95°C (para desnaturagao) e 60 s a 60°C (para hibridizagdo ou

anelamento e extensao).

Os polimorfismos foram escolhidos utilizando a base de dados do Hapmap

(http://hapmap.ncbi.nim.nih.gov/). Para controle de qualidade de cada placa RT-
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PCR, uma das amostras ndo continha DNA (amostra padréo) e 10% das amostras

testadas foram retestadas na mesma placa.

4.2.4 Leitura e analise da placa de RT-PCR

Na analise, cada amostra é representada por um ponto em um grafico com
eixos de fluorescéncia, do seguinte modo: a amostra de um individuo homozigoto
fica disposta perto dos eixos, enquanto a amostra de um individuo heterozigoto fica
disposta entre os dois eixos, porquanto os dois fluoréforos estido presentes e a
fluorescéncia é intermediaria. Para o presente estudo, a leitura foi realizada por
intermédio da determinagdo manual das amostras discriminadas no grafico pela
proximidade ao eixo de fluorescéncia, de acordo com a fluorescéncia de cada
amostra (Figura 1). Quando n&o houve contaminacéo da placa, a amostra padréo
(sem DNA) nao apresentou fluorescéncia. As amostras com fluorescéncias
duvidosas foram excluidas da analise. Os fluoréforos (6-carboxifluoresceina — FAM e
hexacloro-6-carboxifluoresceina — HEX) de cada sonda indicam a presenga de um

alelo especifico de cada polimorfismo predeterminado pelo fabricante, como segue:
a. Polimorfismo: rs1061170 (CFH)
FAM: Alelo T (alelo ancestral)

HEX: Alelo C (alelo de risco)

b. Polimorfismo: rs10490924 (LOC387715)

FAM: Alelo T (alelo de risco)
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HEX: Alelo G (alelo ancestral)
c. Polimorfismo: rs1413711 (VEGF)
FAM: Alelo C (alelo ancestral)

HEX: Alelo T (alelo de risco)

Homozigotos

Heterozigotos
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Figura 1. Resultado da leitura da RT-PCR com as amostras ja selecionadas

manualmente.

4.3 Anélise estatistica

As informagdes coletadas foram digitadas em um banco de dados
desenvolvido no Excel®. Os resultados descritivos foram obtidos utilizando
frequéncias e porcentagens para as caracteristicas das diversas variaveis
categoricas. Para as variaveis quantitativas, foram obtidas medidas de tendéncia
central (média e mediana) e medidas de dispersao (desvio padrao — DP).

Na analise dos grupos isoladamente e na comparagao entre os grupos, as

covariaveis quantitativas foram avaliadas com o uso do teste t de Student. As
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comparagoes das variaveis categoricas entre os grupos foram realizadas a partir de
tabelas de contingéncia, sendo aplicado a elas o teste Qui-quadrado com corregéo
de Yates para comparacdo de propor¢cdes quando apresentavam apenas duas
categorias em cada variavel. Na vigéncia de mais de duas categorias, foi utilizado o
teste Qui-quadrado de Pearson. Na presengca de pelo menos uma frequéncia
esperada menor do que cinco, foi utilizado o teste exato de Fisher.

Em uma populagédo ideal, tanto as frequéncias alélicas como as genotipicas
serdo constantes entre geragdes, na auséncia de migracdo, mutagcdo e selegao
natural. Trata-se de um equilibrio alélico e genotipico, principio conhecido como lei
de Hardy-Weinberg (NUSSBAUM; McINNES; WILLARD, 2002).

Com o objetivo de testar se as amostras estavam em equilibrio de Hardy-
Weinberg, foi aplicado o teste Qui-quadrado, de modo a comparar as frequéncias
genotipicas observadas, as quais foram encontradas na pesquisa, com as
frequéncias esperadas, obtidas por meio deste principio. A aplicacdo do teste Qui-
quadrado foi feita em trés etapas: a. considerando todos os individuos do estudo; b.
considerando apenas o grupo DMRI; c. considerando apenas o grupo controle.

Foi realizada a analise de regressao logistica multivariada, que tem por
objetivo avaliar o efeito aditivo dos genes como fatores de risco para DMRI. A
adequagao do modelo foi feita por meio do teste de Hosmer-Lemeshow. Como
critério de inclusdo na regressao multivariada, foi utilizado valor alfa inferior a 0,25
na analise univariada. Como os trés genes e seus respectivos polimorfismos faziam
jus a esse critério, foram inseridos no processo de selegao de covariaveis.

Foi considerada significancia estatistica se p < 0,05; o odds ratio (OR) e o

intervalo de confianga 95% (IC 95%) foram calculados para cada analise.
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5 RESULTADOS

Conforme previamente mencionado, os resultados obtidos sao aqui

apresentados por meio de dois artigos cientificos resultantes da pesquisa.

Como a literatura apresenta forte evidéncia de que os genes CFH e
LOC387715 estejam associados a DMRI, o Artigo 2 incluiu o estudo conjunto destes
dois genes em uma populagdo brasileira. No entanto, a literatura mostra resultados
controversos com relagdo ao gene VEGF, razdo pela qual este mereceu um estudo

em separado, que resultou no Artigo 3.
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5.1 Artigo 2 - ressubmetido para publicagcdo na revista Ophthalmic

Epidemiology

ASSOCIATION ANALYSIS OF CFH AND LOC387715 GENE POLYMORPHISMS

IN A BRAZILIAN COHORT WITH AGE-RELATED MACULAR DEGENERATION

ALMEIDA, LUCIANA N. MD; MELILO-CAROLINO, RACHEL BSc;® VELOSO,
CARLOS E. MD’; PEREIRA, PATRICIA A. BSc;® BASTOS-RODRIGUES, LUCIANA
PhD;® SARUBI, HELENA MD;® MIRANDA, DEBORA M. MD PhD;* DE MARCO,

LUIZ, MD PhD:¥ NEHEMY, MARCIO B. MD PhD’

From the Departments of ‘Ophtalmology, $Surgery and *Pediatrics, Faculdade de

Medicina, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil.

The authors have no financial or competing interests to declare.

This work was partially funded by FAPEMIG and INCT/CNPq, Brazil.

To whom all correspondence and reprint requests should be addressed:
Luciana N. Almeida, MD,

Department of Ophthalmology, Faculdade de Medicina,

Av. Alfredo Balena 190, 30130-100 Belo Horizonte, MG, Brazil

E-mail: luciananfalmeida@gmail.com

Running head: CFH and LOC387715 association with AMD in Brazil

Resultados — Artigo 2



43

Abstract

PURPOSE: To investigate the association between the CFH and LOC387715 gene
polymorphisms and age-related macular degeneration (AMD) in a Brazilian cohort.
METHODS: We examined 163 individuals with AMD and 140 controls recruited at the
Department of Ophthalmology of the Universidade Federal de Minas Gerais, at the
Instituto da Visao, and at the Centro Especializado em Olhos, in Brazil, between
2007 and 2011. Genotyping for CFH rs1061170 and LOC387715 rs10490924 single
nucleotide polymorphisms (SNPs) was performed. The odds ratio (OR) for all the
studied genotypes (heterozygous and homozygous) of both genes were calculated
compared to homozygous ancestral allele. RESULTS: Homozygosity for CFH and
LOC387715 at-risk allele was 33.3% and 23.6%, respectively, for AMD individuals,
and 10.1% and 7.2%, respectively, for controls (p < 0.001). OR was 7.8 (95%
confidence interval — 95% CI: 4.1-15.4, p < 0.001) for CFH wild-genotype (CC) and
5.6 (95% CI: 2.7-11.7, p < 0.001) for LOC387715 (TT). Subjects homozygous for
both polymorphisms had a much higher risk of developing AMD (OR 33.3, 95% CI:
12.8-86.4). The proportion of ancestry in each group indicated that AMD patients had
a higher European (Caucasian) component than controls. CONCLUSION: CFH and
LOC387715 polymorphisms were strongly associated with AMD in this Brazilian

cohort.

Keywords: AMD, CFH, LOC387715, polymorphism, CNV, Brazilian population.
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Introduction

Age-related macular degeneration (AMD) is a progressive disorder that affects
the central part of the retina, involving Bruch’s membrane, the retinal pigment
epithelium (RPE), and the photoreceptors.” AMD is an important cause of visual

impairment in the elderly population worldwide.'?

Initially, the disease is
characterized by the presence of drusen with areas of hyperpigmentation or
depigmentation and can progress to two types of late-stage AMD. Nonexudative
AMD (dry or atrophic type) manifests as geographic atrophy with sharply demarcated
areas of depigmentation caused by atrophy of the RPE and overlying
photoreceptors.” Exudative AMD (wet or neovascular type) occurs when a choroidal
neovascular membrane (CNVM) grows under the RPE or between the RPE and the

neurosensory retina, leading to subretinal hemorrhage and subsequent scar tissue

formation.

Susceptibility to AMD is a multifactorial trait involving both environmental
factors, such as smoking, diet, and body mass index, and genetic risk factors.>”’
Some studies have demonstrated that a common single nucleotide polymorphism
(SNP) of the complement factor H gene (CFH) at 1932 (Y402H or 1277T7>C -
rs1061170) is strongly associated with both the atrophic and neovascular forms of
AMD.*" This gene encodes the CFH protein, which is a major inhibitor of the
complement system and directly inhibits both classical and alternate complement
pathways. Therefore, the absence of factor H or its low activity can lead to
unchecked complement activation, serving as an inflammatory stimulus for the

formation of drusen.>'?

Together with CFH, SNP on a second putative gene, LOC387715, also known

as ARMS2, localized at 10g26 (A69S, 205G>T - rs10490924), accounts for more
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than 50% of AMD susceptibility,®'>2' although its function remains unknown. Two
previous studies demonstrated that the gene product is a mitochondrial protein, and
the A69S substitution could affect mitochondrial function, resulting in an increased

vulnerability to aging-related degeneration of macular photoreceptors.?*?’

In the present study, we investigated the association between CFH and

LOC387715 genes and AMD in a Brazilian population.

Patients and Methods

This study was performed at the Department of Ophthalmology of the
Universidade Federal de Minas Gerais, at the Instituto da Viséo, and at the Centro
Especializado em Olhos, Brazil. We examined 163 individuals with AMD and 140

controls between 2007 and 2011.

All subjects were informed about the nature of the study and signed a written
consent in accordance with the guidelines in the Declaration of Helsinki. The study

was also approved by the Ethics Committee of the three participant institutions.

Each subject underwent a complete clinical ophthalmic examination.
Fluorescein angiography (FA) and optical coherence tomography (OCT) were
performed in all patients in the AMD group, and indocyanine green angiography

(ICG) when indicated.

Only individuals not presenting AMD symptoms and signs in either eye were

included in the control group.

Participants in the AMD group had both eyes evaluated according to the
clinical age-related maculopathy staging (CARMS) system?? and classified as

follows: grade 1 — no drusen or < 10 small drusen without pigment abnormalities;
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grade 2 — approximately = 10 small drusen or < 15 intermediate drusen, or pigment
abnormalities associated with ARM; 2a - drusen; 2b - RPE changes
(hyperpigmentation and hypopigmentation); 2c — Both drusen and RPE changes;
grade 3 — approximately = 15 intermediate drusen or any large drusen; 3a — no
drusenoid RPE detachment; 3b — drusenoid RPE detachment; grade 4 — geographic
atrophy with involvement of the macular center, or noncentral geographic atrophy =
350 um in size; grade 5 — exudative AMD, including nondrusenoid pigment epithelial
detachments, serous or hemorrhagic retinal detachments, CNVM with subretinal or
sub-RPE hemorrhages or fibrosis, or scars consistent with treatment of AMD; 5a —

serous RPE detachment, without CNVM; 5b — CNVM or disciform scar.

Only individuals presenting, in the most affected eye, AMD grades 3, 4, or 5
were included in the study. Grade 3 patients were considered to have early AMD,

whereas patients presenting grades 4 or 5 were considered to have advanced AMD.

Individuals presenting diabetes, cancer, rheumatic diseases or any evidence
of macular disease, such as degenerative myopia, angioid streaks, retina

detachment, ischemic, inflammatory, or infectious retinopathies were excluded.

Genomic DNA was isolated from whole blood using the high salt method of
Lahiri and Nurnberger Jr.?®> Genotyping was performed using the TagMan® SNP
Genotyping Assays (Applied Biosystems, Foster City, CA, USA). The probes used
corresponded to the following SNPs: rs1061170 (CFH gene) and rs10490924
(LOC387715 gene). All polymorphisms were chosen using the Hapmap database
(http://hapmap.ncbi.nim.nih.gov/). Real-time polymerase chain reaction (RT-PCR)
genotyping used the allelic discrimination mode (Stratagene Mx3005 — MxPro gPCR
Software, 2007). Genotyping was performed twice, using independent RT-PCR
processes. Retypes of 10% of the whole sample were performed for quality control.
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RT-PCR protocols were carried out according to the manufacturer’s instructions for
the TagMan® Genotyping Master Mix (Applied Biosystems), using 3.5 uL buffer, 0.1
WL probe, 3.4 uL deionized water, and 1.0 uL DNA (50 ng pL™), to a total volume of 8
ML and under the following conditions: 1 cycle (95°C for 10 min) and 50 cycles (95°C

for 15 s, 60°C for 1 min).

Because of the extensive admixture in Brazilian population, we also studied
the ancestry component using molecular markers. Each individual DNA was
independently genotyped for a set of 40 biallelic short insertion/deletion
polymorphisms (indels). As a population clustering algorithm, we applied the

Structure program version 2.3 (http://pritch.bsd.uchicago.edu/structure.html).

Chi-square test was used to compare patients in the AMD and control groups
for possible associations between SNP genotype and phenotype. In the presence of
at least one expected frequency lower than 5, the Fisher test was used. When there
was only one degree of freedom in Chi-square test, the Yates correction was
employed. Logistic regression for the case-control data was also used, followed by
the Hosmer-Lemeshow test to certify the additive effects between the two genes, as
well as to adjust other risk factors. Hardy-Weinberg equilibrium for the genotype
frequencies was verified by the chi-square test. A p value of less than 0.05 was
considered significant. Odds ratio (OR) and 95% confidence interval (95% CI) were

calculated.

Results

A total of 303 individuals were included in the study, 163 in the AMD group

(76.6 % exudative and 23.4% nonexudative); patients with unilateral CNVM were
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classified as exudative. The mean age of patients in the AMD group was slightly

higher than in the control group. However, excluding the subjects above 80 years old

of both groups (33 in the AMD group and 14 in the control group), the difference was

no longer significant, although all the other results remained significant after their

exclusion. Also, no significant differences were found between groups in the

distribution of gender, body mass index, or cigarette smoking habit (Table 1).

Table 1 Baseline characteristics of the study population.

Parameter AMD Control p-value
Sample size 163 140
Age 75.7+8.3 73.0£7.1 0.003'
Age (< 80 years old) 72.91£7.0 71.116.0 0.12"
Gender
Male (%) 86 (52.8) 85 (60.7)
0.20°
Female (%) 77 (47.2) 55 (39.3)
BMI
Low (%) 5(3.1) 4 (2.9)
Normal (%) 71 (43.5) 56 (40.0)
0.90°
Overweight (%) 52 (31.9) 50 (35.7)
Obese (%) 35 (21.5) 30 (21.4)
Cigarette smoking
Yes (%) 86 (52.8) 78 (55.7)
0.69°
No (%) 77 (47.2) 62 (44.3)

AMD: group presenting age-related macular degeneration; BMI: body mass index

! Student's t-test. > Chi-square test and Yates correction. ® Fisher test.

Resultados — Artigo 2



49

Among patients in the AMD group, 84% were white and 16% were black or
intermediate, compared with 51.4% and 48.6%, respectively, in the control group (p <
0.001). The proportion of European, African, and Amerindian ancestry in each group
indicated that the AMD group had higher European (Caucasian) component than the

control group (Figure 1).

1.5+

1.0 ges
i S

Component of Ancestry

Figure 1. Slot plot of the proportion of European (EU), African (AF), and Amerindian
(AM) ancestry in the group presenting age-related macular degeneration (AMD) and

in the control group.

The genotype and allele frequency distribution of the CFH rs1061170 (“C” at-
risk allele) and LOC387715/ARMS2 rs10490924 (“T” at-risk allele) polymorphisms in

the AMD and control groups are shown in Table 2.
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Table 2. Genotype and allele frequency distribution in the group presenting age-

related macular degeneration (AMD) and in the control group.

Parameter Frequency distribution p-value OR 95% CI
AMD Control
(n = 163) (n = 140)
n % n %
CFH
Genotype
cC 54 33.3 14 10.1 < 0.001" 7.8 4.1-15.4
TC 74 45.7 57 41.0 2.7 1.6-4.4
1T 33 20.4 68 48.9 1
Allele
C 182 56.5 85 30.6 <0.0001" 2.9 2.1-4.1
T 140 43.5 193 69.4 1
Undetermined 2 1
LOC387715
Genotype
TT 38 23.5 10 7.2 5.6 2.7-11.7
<0.001"
GT 69 42.6 49 35.5 2.1 1.3-3.2
GG 54 33.3 79 57.2 1
Allele
T 145 45.0 69 25.0 <0.0001" 24 1.7-3.4
G 177 55.0 207 75.0 1
Undetermined 2 2

! Chi-square test and Yates correction.
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A highly significant association was found between CFH CC genotype and risk
of AMD, with 33.3% of patients in the AMD group and 10.1% in the control group
being homozygous for this variant (OR 7.8; 95% CI: 4.1-15.4; p < 0.001). The
prevalence of LOC387715 homozygosity (TT) was 23.5% and 7.2%, in the AMD and

control groups, respectively (OR 5.6; 95% CI: 2.7-11.7; p < 0.001).

Both CFH and LOC387715 at-risk alleles were significantly associated with
AMD subtypes (dry and wet), although only homozygous genotypes were associated

with nonexudative cases in the AMD group (Tables 3 and 4).

In logistic regression models, we demonstrated additive effects of the two
genes. Based on the evidence for supermultiplicative joint effects of these variants,
we designed a model to calculate the probability of developing AMD for each
possible combination of the Y402H and A69S genotypes. We estimated the OR from
this model in 5.1 (95% CI: 2.6-10.2) among subjects who were CFH and LOC387715
heterozygous, and 33.3 (95% CI: 12.8-86.4) among those who were homozygous for

both at-risk alleles (Table 5).

Using logistic regression, we also assessed the risk factor for race. Controlling
this factor, OR for both genes presented a discreet decrease, but remained

significant, as shown in Table 6.

In both groups, the genotype frequencies of both SNPs exhibited Hardy-

Weinberg equilibrium.

Discussion

The complex ethiopathogenesis of AMD is not yet completely clear. In the last

few years, several studies have demonstrated the association of AMD and genetic
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polymorphisms, among which CFH and LOC387715 are worth mentioning. Other

24,25

polymorphisms, such as: complement factor B (protective), complement

2425 yvascular endothelial growth factor (VEGF),2528

component 2 (protective),
SERPING1?°, and others have also been associated with AMD. Simultaneously,
great effort has been devoted to understand how the functions of these genes might

explain the physiopathology of this disease.

Table 3. Genotype frequency distribution in patients with exudative AMD in the group

presenting age-related macular degeneration (AMD) and in the control group.

Parameter Frequency distribution p-value OR 95% CI
AMD Control
(n =125) (n = 140)
n % n %
CFH
Genotype
cC 41 33.1 14 10.1 < 0.0001" 7.9 3.7-17.0
TC 58 46.8 57 41.0 <0.001 2.7 1.5-4.9
TT 25 20.2 68 48.9
Undetermined 1 1
LOC387715
Genotype
TT 31 24.8 10 72  <0.0001 5.8 2.6-13.0
GT 52 41.6 49 35.5 <0.05' 1.9 1.1-3.4
GG 42 33.6 79 57.2
Undetermined 0 2

! Chi-square test and Yates correction.
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Table 4. Genotype frequency distribution in patients with nonexudative AMD in the

group presenting age-related macular degeneration (AMD) and in the control group.

Parameter Frequency distribution p-value OR 95% ClI
AMD Control
(n =38) (n =140)
n % n %
CFH
Genotype
cC 13 35.1 14 10.1 < 0.0001" 7.8 2.7-225
TC 16 43.2 57 41.0 0.09' 2.3 0.9-5.9
TT 8 21.6 68 48.9
Undetermined 1 1
LOC387715
Genotype
TT 7 18.9 10 7.2 <0.05' 4.6 1.4-14.4
GT 17 45.9 49 355 0.07" 2.2 1.0-5.1
GG 12 324 79 57.2
Undetermined 1 2

! Chi-square test and Yates correction.

The function of LOC387715 in AMD s still largely unknown."™® It has been
suggested that LOC387715 confers a risk for AMD through the mitochondrial
pathway.?®?' More recently, another study showed that the protein is mainly
distributed in the cytosol, not in the mitochondrial or the cellular cytoskeleton system,

although its function remains unclear.*
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Table 5. Joint effects of LOC387715 and CFH genotypes.

CFH LOC387715
GG GT TT

TT
OR (95% ClI) 1.0 (1.0-1.0) 1.8 (1.1-2.8) 5.0 (2.5-9.9)
N° AMD/Control 12/36 14/24 6/6

TC
OR (95% Cl) 2.9 (1.8-4.6) 5.1 (2.6-10.2) 14.2 (6.0-34.1)
N° AMD/Control 28/34 29/19 17/4

cc
OR (95% Cl) 6.7 (3.6-12.6) 12.0 (5.5-26.4) 33.3 (12.8-86.4)
N° AMD/Control 14/8 23/6 14/0

AMD: group presenting age-related macular degeneration.

Estimates of OR and 95% CI were calculated simultaneously from a conditional logistic regression

model for each possible combination genotype of the two polymorphisms.

Logistic regression and Hosmer-Lemeshow test.

For the first time, a polymorphism on this gene was studied in a Brazilian
population. Our results showed a strong association between 205G>T and AMD (OR
5.6; 95% CI: 2.7-11.7; p < 0.001). These results were similar to others found in

different countries, ranging from 2.3 to 7.3."%"
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Table 6. Joint effects of LOC387715 and CFH genotypes controlling for race.

Race CFH LOC387715
GG GT TT
TT
OR 1 1.4 3.9
95% CI (1.0-1.0) (1.2-5.3) (2.3-8.9)
TC
Non-Caucasian OR 2.3 4.5 12.8
95% CI (1.5-5.6) (2.3-9.5) (5.3-29.1)
CC
OR 5.8 10.1 30.7
95% CI (2.8-10.5) (5.1-23.0) (11.8-84.9)

Logistic regression and Hosmer-Lemeshow test.

31,32 Low

CFH protein functions as an inflammatory pathway inhibitor.
circulating levels of this protein are more prevalent in AMD patients than in controls.*
In the present study, we found that the OR for CFH CC genotype was 7.8 (95% CI
4.1-15.4; p < 0.001), similar to the results reported for different populations, with OR
ranging from 2.4 to 7.4.*" However, our findings differ from the results of another
Brazilian study carried out in a sample from the state of Sdo Paulo (OR 4.63; 95% CI

2.32-9.22).% This disparity may be due to sampling bias, such as inclusion criteria,

demographic factors, and/or limited number of patients. Brazil is a country of
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continental dimension and in the present study patients originally from most states

were included.

Our data also indicate that CFH CC and LOC387715 TT genotypes were
significantly associated with both exudative and nonexudative AMD. These findings
are consistent with some previous studies.*®'® Nevertheless, there is some
controversy on this subject, since some studies suggest that LOC387715 may be
more related with exudative AMD." In our work, the heterozygous genotypes of both
genes were not related with nonexudative AMD, but this result may be due to limited

number of patients in this sample.

In this study, the subjects homozygous for the risk variant at both loci
presented a 33.3-fold increased risk of developing AMD with a wide 95% CI, which is
consistent with previous studies.®'” Similar additive effects between these two genes
were demonstrated by Schaumberg et al.® (OR 50.48; 95% Cl: 10.77-236.57) and

Rivera et al."” (OR 57.6; 95% CI: 37.2-89.0).

Nonetheless, genetic polymorphisms do not account solely for the risk of
AMD. Rather than that, multiple gene interactions as well as dietary and
environmental factors in the setting of the aging process all contribute to the

occurrence of AMD.

The Brazilian population is ethnically diverse and therefore studies on
multifactorial diseases, involving risk factors such as race and genetic
polymorphisms, are relatively complex. Taking into consideration that skin color is not
a reliable criterium to determine the genomic ancestry of a Brazilian individual,*~°
we could not use it to subdivide the studied population into racial groups.
Consequently, only studying indels it was possible to determine the prevalent race of

each subject included in this research.
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Using this analysis it was possible to detect that the European ancestry
component (Caucasian) was more prevalent in the AMD group. Similar findings have
been supported in other epidemiology studies.?”*® Vanderbeek et al.*” showed that
blacks, Latinos, and Asian Americans do not appear to have similar risks of

developing AMD as whites.

We considered the Caucasian race as a possible risk factor for AMD. Based
on this, we performed the logistic regression to control this factor and observed that
OR discreetly decreased in all genotypic possibilities, although it remained
significant. This fact suggests that both risk factors, racial and genetic, are

independently associated with AMD in the Brazilian population.

In conclusion, the present study showed that the frequencies of risk alleles
(CFH “C” and LOC387715 “T”) and risk genotypes were significantly higher in the

AMD group in a Brazilian population.

AMD is a complex and multifactorial disease for which the precise
pathophysiology is still unknown. The increased prevalence of these two
polymorphisms and their strong association with AMD in different populations
contributes for a better comprehension of its pathophysiology and therefore can help

the investigation of new treatments.
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Abstract

Purpose To investigate the association between VEGF gene
polymorphism and age-related macular degeneration
(AMD) in a Brazilian cohort.

Methods We examined 160 affected individuals and 140
sex- and age-matched controls recruited at the Vision
Institute and the Retina Department, Sdo Geraldo
Hospital, Minas Gerais Federal University, Brazil,
between 2007 and 2011. Genotyping for the VEGF
rs1413711 single nucleotide polymorphism (SNP)
(+674C>T) was performed. The incidence rate ratios and
95% confidence interval (CI) for AMD for this genotype
was calculated. The odds ratio (OR) was also assessed by
using logistic regression, controlling for CFH and
LOC387715 risk genotype.

Results We observed a prevalence of homozygosity (TT
genotype) of 18.1% for rs/413711 among AMD cases
compared with 5.8% among controls (P<0.002). The ORs
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for this polymorphism were 3.6 (95%CI 1.6-8.2) for
homozygous subjects and 1.5 (95%CI 1.1-2.1, P<0.01) if
the subject had at least one risk allele. When we studied
separately exudative and dry AMD groups, this polymor-
phism was statistically significant for both groups. Con-
trolling for CFH and LOC387715 risk genotype the OR
was 3.0 for FEGF homozygous, and the OR increases if the
patient is homozygous for the three genes.

ConclusionThe present data suggests that FVEGF TT
genotype is associated with AMD among Brazilian
patients.

Keywords AMD - Genetics - VEGF gene - VEGF-
Polymorphism - CNV- Brazilian population

Introduction

Age-related macular degeneration (AMD) is a degener-
ative disease of the retina that causes progressive
impairment of central vision, and is the leading cause
of irmreversible vision loss in the elderly in the
developed countries [1]. Etiological research suggests
that AMD is a complex disease, caused by the actions and
interactions of multiple genes and environmental factors
[1-10].

Association studies have identified a major risk variant
within the complement factor H gene (CFH) [5-7]. Linkage
analyses have also identified a second major gene for AMD
on chromosome 10q, with the strongest evidence for a
coding single nucleotide polymorphism in the gene
LOC387715 [8, 9].

A few studies have suggested that the vascular endothe-
lial growth factor (VEGF) gene could play a role in the

@ Springer
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pathogenesis of AMD [10-12]. Other published papers
showed no association [13, 14]. The VEGF gene encodes
the VEGF protein, a major player in the control of
angiogenesis. VEGF-A is alternatively spliced to produce
isoforms of differing lengths—189, 165 and 121 amino
acids. The major isoform in the eye is the VEGF 165,
which is further spliced into an ‘a’ or ‘b’ isoforms. VEGF
165a has strong angiogenic propertics, whercas VEGF165b
has anti-angiogenic properties [15].

Different retinal cell types can produce VEGF, such as
retinal pigmented epithelium, astrocytes, Miiller cells, vascu-
lar endothelium, and ganglion cells [16]. Increased levels of
VEGF in surgically removed neovascular membranes from
eyes with neovascular AMD have been demonstrated [17].
This knowledge led to the development of a variety of anti-
VEGEF therapies that changed the approach and prognosis of
the disease [18]. However, response to therapy is not
identical; some patients exhibit treatment resistance, and the
reasons for this are poorly understood.

Because of the important role of the VEGF in the
pathogenesis and treatment of AMD we decided to
investigate the association between FEGF gene polymor-
phism (+674C>T) and AMD in the Brazilian population.

Materials and methods
Subjects

We examined 160 affected individuals (age range 55-91)
and 140 sex- and age-matched controls (age range 55-91)
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recruited at the Vision Institute and the Department of
Ophthalmology of Universidade Federal de Minas Gerais
Federal, Brazil between 2008 and 2011. Each subject
underwent a complete clinical ophthalmic examination,
including fluorescein angiography (FA) and optical coher-
ence tomography for AMD patients.

The clinical criteria and grades used to define AMD
were based on the clinical age-rclated maculopathy
staging (CARMS) [19] system as described previously.
Patients were then classified as: no AMD: grade I;
nonexudative AMD: grades 2, 3 and 4; and exudative
AMD: grade 5. Patients with >10 small drusen or <15
intermediate drusen without RPE changes were not
included. Patients with positive history for diabetes,

Table 1 Genotype frequencies and alleles in AMD patients and
control subjects

Patients (160) Controls (140) P OR  95%CI
N % N %
VEGF
Genotype
TT 29 18.1 8 05.8 0.002* 36 1.682
CcT 66 41.2 65 46.4 0.4
cC 65 40.7 67 47.8 0.2
Allele
T 124 387 81 28.9 0.01** 1.5 1.1-2.1
C 196  61.2 199 71.1

*Pearson’s chi-square test; ** Chi-square test and Yates correction
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rheumatoid arthritis, cancer, or lupus were excluded, as
were those with any evidence of macular disease other
than AMD, sccondary choroidal necovascularization, de-
generative high myopia, retinal detachment, chorioretinal
infective or inflammatory processes, angioid streaks, or
any retinopathy associated with ischemia.

All subjects were informed about the nature of the study,
and signed a written consent in accordance with the
guidelines in The Declaration of Helsinki. The study was
also approved by both Ethics Committees.

Genotyping

Genomic DNA was isolated from whole blood using the
high salt method of Lahiri and Nurnberger (1991). We
selected one SNP, which was genotyped using TagMan®
SNP Genotyping Assays (Applied Biosystems, USA). The
polymorphism was chosen using the Hapmap database
(www.hapmap.org). The probe used corresponds to the
following SNP rs/413711 (VEGF gene), which has been
implicated with neovascular AMD in a Caucasian popula-
tion [10, 11]. Retypes of 10% of the whole sample were
performed for quality control.

The PCR-Realtime method using the allelic discrimina-
tion mode (Stratagenc Mx3005 — MxPro QPCR- Soft-
ware, 2007) was used for genotyping (Fig. 1). PCR
protocols followed the manufacturer’s instructions, as
follows: 3.5 pl of mix, 0.1 ul of probe, 3.4 pl of deionized
water and a 1.0 ul DNA (DNA concentration 50 ng/ul) to a
total volume of 8 pul. PCR conditions were: 1 cycle (10 min
at 95°C) and 50 cycles (95°C at 15 s, 60°C 1 min).

All laboratory workers were masked to case-control
status.

Statistical analysis

Statistical analysis was carried out using the BioEstat and
SPSS programs. Pearson X° test and/or the Fisher test were
used to compare patient and control groups for possible
associations between SNP genotype and phenotype. Yates’
correction was used when necessary. Logistic regression for
the case-control data was also used. Hardy—Weinberg
equilibrium for the genotype frequencies was verified by
the chi-square test, together with two other genes (CFH and
LOC387715). Statistical significance was assumed if p<0.05.
Odds ratios and 95% confidence interval were calculated.

Results

Genotype distributions for Hardy—Weinberg equilibrium in
either AMD cases or control subjects were proportional and
not statistically significant.

Table 2 Genotype/allele frequencies in exudative AMD patients and
control subjects

Patients (124)  Controls (140) P OR  95%CI
N Yo N %
VEGF
Genotype
TT 21 16.9 8 05.8 0.006* 33 14-79
cT 52 41.9 65 46.4 0.5
cc 51 41.2 67 478 0.3
Allele
T 94 37.9 81 28.9 0.03** 14 1.0-2.1
C 154 62.1 199 71.1

*Pearson’s chi-square test; ¥* Chi-square test and Yates correction

A total of 160 AMD patients were included in the study,
of which 77.5% and 22.5% were classified as exudative and
nonexudative forms respectively. The mean age of control
subjects was slightly lower than that of patients with AMD.
However, when excluding the extreme subjects above
80 years old of both groups (33 subjects in AMD group
and 14 in control group), the statistics remained significant.
There were no significant differences between groups in the
distribution of sex, body mass index, or cigarette smoking
habit.

There was a significant association between VEGF
genotype and risk of AMD, with 18.1% of AMD patients
and 5.8% of controls being homozygous for this variant
(TT genotype) (OR 3.6, 95%CI: 1.6-8.2, P<0.002). The
wild-allele (T) was also more prevalent in the AMD group
(38.7%) than in controls (28.9) (OR 1.5, 95% CI: 1.1-2.1)
(Table 1)

In logistic regression models not adjusted for other
risk factors, we demonstrated that, controlling for CFH

Table 3 Genotype/allele frequencies in nonexudative AMD patients
and control subjects

Patients (36) Controls (140) P OR  95%CI
N Yo N Yo
VEGF
Genotype
T 8 222 8 05.8 0.006* 44 1.6-13.6
CT 14 389 65 46.4 0.5
cC 14 389 67 47.8 0.4
Allele
T 30 416 81 28.9 0.05%*% 1.75 1.0-2.9
C 42 584 199 71.1

*Pearson’s chi-square test; ** Chi-square test and Yates comrection
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and LOC387715 risk genotype, the OR for rsi41371]
VEGF homozygosity is still significant (OR 3.0, 95%CI:
1.1-8.3, P<0.01), and increases if the patient has at least one
risk allele of the two first genes, CFH and LOC387715
(OR 22.2, 95%CI: 4.5-108.6, P <0.01).

The increased risk genotype was similar in the exudative
AMD group, when compared to nonexudative AMD (data
not shown). Both AMD subgroups (grades 2, 3 and 4)
showed significant differences with respect to the control
group concerning the TT homozygous genotype. When
comparing FEGF wild-type-allele (T), not the genotype, the
prevalence of this allele was higher only in the exudative
AMD group , 37.9% (P<0.03) when compared to control
subjects (28.9%) (Tables 2 and 3).

Discussion

Conclusive data conceming whether FEGF gene polymor-
phism may or may not play a role for a genetic
predisposition to AMD has not been fully demonstrated .
Most published studies indicate the association of VEGF
gene variability and AMD [10-12, 20-22]. However, as
different SNPs were tested, with limited sample size and
also a diverse ethnic origin of cases and controls, a
statistically valid conclusion has not been agreed upon.

This study analyzed the association between an intronic
VEGF polymorphism and AMD (rsi413711, C>T).
Churchill et al. [11] showed that this SNP had a protective
effect, and the disease was more associated to the CC
genotype. Additionally, two other studies [20, 22] demon-
strated no association between rs/47/3711 and AMD. In
contrast, our analysis suggested that AMD risk was
increased 1.5-fold per copy of the wild (minor) T allele
and 3.6-fold for T homozygous compared to homozygous
carriers of the ancestral (major) C allele. Heterozygous
status did not show a higher risk of developing the disease.
These discrepant findings could be due to the use of
different methods, variables such as age, gender or other
risk effects, or mainly because of different ethnic compo-
sition of study populations.

When we separately studied the exudative and dry AMD
groups, we found that both had a higher prevalence of the
TT genotype. However, the small number of subjects in the
dry AMD group and/or the presence of patients classified as
early AMD in this group could have confounded the
statistical analysis.

In our study, we found an independent relationship
between VEGF polymorphism and CFH or LOC387715
polymorphisms. The increased risk for AMD, controlling
for CFH and LOC387715, was 3-fold higher for subjects
homozygous for VEGF rs1413711 (TT genotype), slightly
lower than uncontrolled OR.

@ Springer

The SNP rs7413711 is located in intron | of the VEGF-4
gene, 1695 bp downstream from the start of exonl. No
functional data on this polymorphism have been published
so far. However, some studies have shown that the stress
response element binding sites in the VEFG gene respond
to stress periods such as hypoxia [23] and kinases. Thus, a
polymorphism adjacent to these sites could influence
binding, splicing and VEGF production [11, 15, 24].

In conclusion, the associations demonstrated in the
present analysis support a role for a genetic predisposition
to AMD related to variations in the FEGF gene in this sub-
set of the Brazilian population. Further studies are
necessary to firmly establish the physiopathology of AMD.
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Avaliagao do efeito aditivo dos trés polimorfismos estudados: 1227T>C (CFH),

205G>T (LOC387715/ARMS) e +674C>T (VEGF). Na Tabela 2, apresentam-se os

resultados da regressao logistica multivariada dos trés genes estudados.

Tabela 2. Efeito aditivo dos trés polimorfismos estudados.

CFH LOC387715
GG GT TT

TT

Odds ratio 3,1 55 15,3

IC 95% (1,4-6,8) (2,2-13,7) (5,3-43,9)
VEGF Caso/controle 3/3 21 1/0
TT TC

Odds ratio 8,8 15,9 43,9

IC 95% (3,4-23,0) (1,2-203,2) (13,2-146,2)

Casol/controle 1/1 5/1 3/1

CC

Odds ratio 20,7 37,1 102,6

IC 95% (7,5-56,9) (12,2-112,6) (29,6-355,3)

Caso/controle 3/0 8/1 2/0

Observa-se que quando o polimorfismo no gene do VEGF ocorre em

homozigose e associado a pelo menos um alelo de risco dos genes CFH e

LOC387715, OR aumenta para 15,9 (IC 95%: 1,2-203,2; p < 0,01), e quando os trés

genes estdo em homozigose, OR aumenta para 102,6 (IC 95%: 29,6-355,3).
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6 DISCUSSAO

As pesquisas entre associagcbes genéticas e DMRI iniciaram-se no final da
década de 1990, mas somente ha seis anos os estudos se tornaram consistentes e
reprodutiveis (EDWARDS et al.,, 2005; HADDAD et al., 2006; HAGEMAN et al.,

2005; HAINES et al., 2005; KLEIN et al., 2005).

Trabalhos publicados em 2005, demonstrando a associacdo da DMRI com o
polimorfismo no gene CFH, de certa forma representam um divisor de aguas na
compreensao da etiopatogenia da DMRI, abrindo uma extraordinaria possibilidade
de investigacado cientifica. No inicio deste estudo, em 2006, ndo havia qualquer
informagédo quanto a eventual associagdo de polimorfismos genéticos com a DMRI
na populagao brasileira. Impunha-se, assim, uma pesquisa com adequado rigor
cientifico para viabilizar a determinacdo do perfil dos principais polimorfismos
genéticos que pudessem estar associados a DMRI na populagdo brasileira.
Conforme previamente mencionado, os dois principais polimorfismos genéticos que
apresentavam maior evidéncia de associacdo com a DMRI eram os dos genes CFH
e LOC387715, razédo pela qual foram selecionados para este estudo. Acrescentou-
se, ainda, o estudo do gene VEGF, pelas evidéncias preliminares de sua importancia

e potencial efeito na fisiopatogenia dessa doenca.

A discussao detalhada dos resultados desta tese esta apresentada nos
respectivos artigos e, por esta razao, ndo sera aqui reprisada. Cabe, entretanto,
apresentar uma discussao de cunho geral, com a finalidade de fornecer uma viséao

panoramica dos principais resultados desta pesquisa.

Discussao
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No Artigo 2, mostrou-se que a populagédo brasileira apresenta um grau de
associagdao dos polimorfismos nos genes CFH e LOC387715 semelhante aos
resultados envolvendo amostras de diferentes paises publicados na literatura
(EDWARDS et al., 2005; HAGEMAN et al., 2005; HAINES et al., 2005; KLEIN et al.,

2005; Ll et al., 2006; SCHAUMBERG et al., 2007; SHULER JUNIOR et al., 2007).

Ja no Artigo 3, mostrou-se que na populagdo brasileira existe uma
associagao entre o polimorfismo do gene VEGF e a DMRI. Essa associagao, no
entanto, foi menos significativa do que a observada para os dois outros
polimorfismos estudados. Em decorréncia da escassez de publicacdes referentes a
esse polimorfismo (+674C>T — VEGF) (CHURCHIL et al., 2006; JANIK-PAPIS et al.,
2009; YU et al., 2011), o presente trabalho traz uma contribuigdo também
significativa para a literatura, porquanto sugere que este polimorfismo possa, de fato,
estar relacionado com a DMRI. Dessa maneira, justifica a condugado de estudos
adicionais envolvendo maior numero de pacientes, que possam ser realizados com a
finalidade de corroborar essa hipotese e avaliar a eventual interacdo desse
polimorfismo com os demais polimorfismos genéticos, bem como com fatores

ambientais.

O presente trabalho mostrou um efeito aditivo bastante significativo entre os
polimorfismos nos genes CFH e LOC387715, conforme explicitado no Artigo 2, e a
inclusdo do gendtipo de risco, em homozigose, do polimorfismo estudado no gene

VEGF aumenta notavelmente esta significancia.

No inicio deste trabalho, havia a expectativa de que o perfil genotipico poderia
ter influéncia na manifestacdo fenotipica da doenca. Os resultados obtidos neste
estudo mostraram, assim como em outros trabalhos ja publicados (EDWARDS et al.,

2005; HAINES et al., 2005; KLEIN et al., 2005), que na amostra estudada ndo houve
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diferencga significativa na manifestagao fenotipica da doenca, atréfica ou exsudativa,

com relagao ao perfil genotipico em homozigose dos trés genes.

Ao demonstrarmos nesta pesquisa a associacdo desses polimorfismos
genéticos com a DMRI, surgiu, naturalmente, o instigante questionamento quanto a
eventual importancia do gendtipo na resposta terapéutica aos tratamentos vigentes
para a doenca. Assim sendo, a investigagdo dessa hipdtese suscitou outros
trabalhos desenvolvidos pelo nosso grupo de pesquisa, resultando em artigos ja

publicados ou em vias de publicacao, cuja discussao foge aos objetivos desta tese.

Em sintese, o presente estudo traz uma contribuicdo para a melhor
compreensao da etiopatogenia da DMRI, doenga cuja prevaléncia aumenta com a
idade e, com o0 aumento da expectativa de vida da populagdo mundial, tende a se
tornar cada vez mais prevalente e com grande impacto em termos de saude publica.
Esse conhecimento torna-se essencial para estabelecer medidas preventivas e

tratamentos efetivos para uma das principais causas de cegueira em todo o0 mundo.
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7 CONCLUSOES

Os resultados deste estudo permitem chegar as seguintes conclusoes:

1. O polimorfismo 1227T>C do gene CFH e o polimorfismo 205G>T do gene
LOC387715/ARMS2 estao associados com a ocorréncia da DMRI nesta amostra da
populacéo brasileira;

2. O polimorfismo +674C>T do gene VEGF, quando em homozigose, esta

associado com a ocorréncia da DMRI nesta amostra da populacao brasileira;

3. Os polimorfismos dos trés genes estudados podem atuar de forma aditiva,
aumentando o risco de desenvolver a DMRI na populacgao brasileira. O polimorfismo
no gene VEGF, entretanto, somente apresenta esse efeito aditivo quando se

encontra em homozigose;

4. Em homozigose, os polimorfismos dos trés genes estudados estéo

associados a ocorréncia de ambas as formas da DMRI, atréfica e exsudativa.

Conclusbes
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Apéndice 1 — Termo de consentimento livre e esclarecido — Grupo DMRI

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

ASSOCIAGCAO DE POLIMORFISMOS GENETICOS COM A DEGENERAGCAO
MACULAR RELACIONADA A IDADE (DMRI)

Introducdo: Vocé esta sendo convidado para participar do projeto de pesquisa
citado acima. Antes de tomar qualquer decisdo, é importante que vocé leia e
compreenda as seguintes explicagdes sobre o procedimento proposto. Esta
declaragéo descreve o objetivo, procedimento, beneficios e riscos do estudo, e
0 seu direito de sair do estudo a qualquer momento. Nenhuma garantia ou
promessa pode ser feita sobre o resultado do estudo. Estas informagdes estao
sendo dadas para esclarecer quaisquer duvidas sobre a pesquisa proposta,

antes de obter o seu consentimento.

Objetivo: Investigar a associagao entre variagdes genéticas (ou polimorfismos

genéticos) e a degeneragcdo macular relacionada a idade.

Resumo: A degeneragdo macular relacionada a idade (DMRI) é uma doenca
ocular progressiva que afeta muitas pessoas no mundo inteiro. A doencga atinge
a macula do olho, que € a parte da retina onde ocorre nossa visao central mais
agugada. Os danos podem ser ocasionados quando vasos sanguineos
crescem e vazam sob essa parte do olho. Embora raramente resulte em
cegueira completa, ela tira do individuo a visao central clara e “direta”
necessaria para ler, dirigir, etc. e deixa as imagens desvanecidas ou causa
pontos escuros no centro da visao. A visdo periférica pode nao ser afetada e é

possivel ver com o “canto do olho”.

Procedimentos: Este estudo ira consistir de exame oftalmoldgico de rotina no

Hospital Sdo Geraldo/UFMG e/ou Instituto da Visdo, onde serdo coletados
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dados da histéria clinica, de acuidade visual, tonometria de aplanacéo,
biomicroscopia e oftalmoscopia binocular indireta. Iremos coletar também uma
pequena amostra de sangue (5 mL) através de pungéo venosa previamente ao
exame angiofluoresceinografico, utilizando a mesma pungao que é feita para a
realizacdo deste exame. Essa amostra sera posteriormente processada em
laboratdrio para a analise dos polimorfismos genéticos. O material colhido sera
utilizado apenas para esse projeto e caso exista material excedente este sera

descartado.

Critérios de inclusao: idade acima de 55 anos, com DMRI (forma seca ou

exsudativa) para o grupo caso e sem DMRI para o grupo controle.

Beneficios: Nao havera beneficio direto com sua participacdo nesta pesquisa.
Os dados provenientes com o estudo permitirdo a melhor compreensao dessa

grave doenca.

Confidencialidade: Os registros de sua participacdo neste estudo seréo
mantidos confidencialmente até onde é permitido por lei e todas as informacdes
estarao restritas a equipe responsavel pelo projeto. No entanto, o pesquisador
e sob certas circunstancias, o Comité de Etica em Pesquisa/lUFMG, poderdo
verificar e ter acesso aos dados confidenciais que o identificam pelo nome.
Qualquer publicagdo dos dados néo o identificara. Ao assinar este formulario
de consentimento, vocé autoriza o pesquisador a fornecer seus registros

médicos para o Comité de Etica em Pesquisa/lUFMG.

Desligamento: A sua participagao neste estudo € voluntaria e sua recusa em
participar ou seu desligamento do estudo ndo envolvera penalidades ou perda
de beneficios aos quais vocé tem direito. Vocé podera cessar sua participacao

a qualquer momento sem afetar seu acompanhamento médico em andamento.
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Compensacao: Vocé nao recebera qualquer compensacgao financeira por sua

participacédo no estudo.

Emergéncia / contato com a Comisséo de Etica: Durante o estudo, se vocé
tiver qualquer duvida ou apresentar qualquer problema médico, contate a Dra.
Luciana Negrao Frota de Almeida no telefone (31) 9293.0910 / (91) 8156.8514
ou a Comissdo de Etica no telefone (031)3248-9364 (UFMG) ou no endereco:
Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa |l — 2° andar — Sala
2005 — Cep: 31270-901 — BH-MG, ou a Comissao de Etica do Instituto da Viséo
no telefone (031) 3274-3355.

Consentimento: Li e entendi as informacdes precedentes. Tive a
oportunidade de fazer perguntas e todas as minhas duvidas foram respondidas
a contento. Este formulario estd sendo assinado voluntariamente por mim,
indicando o meu consentimento para participar do estudo, até que eu decida o

contrario.

....... , abaixo assinado(a), concordo de livre e espontanea vontade em participar
como voluntario(a) do estudo “ASSOCIACAO DE POLIMORFISMOS NO
GENE VEGF COM A DEGENERACAO MACULAR RELACIONADA A IDADE .

Belo Horizonte, de de

Assinatura do paciente:

Assinatura da testemunha:

Assinatura do pesquisador:
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Apéndice 2 — Termo de consentimento livre e esclarecido — Grupo

controle

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - GRUPO
CONTROLE

ASSOCIAGCAO DE POLIMORFISMOS GENETICOS COM A DEGENERACAO
MACULAR RELACIONADA A IDADE (DMRI)

Introducéo: Vocé esta sendo convidado para participar do projeto de pesquisa
citado acima como colaborador participante do grupo controle, uma vez que
vocé ndo é portador da doenca em questdo, a DMRI. Antes de tomar
qualquer decisdo, é importante que vocé leia e compreenda as seguintes
explicacbes sobre o procedimento proposto. Esta declaragdo descreve o
objetivo, procedimento, beneficios e riscos do estudo, e o seu direito de sair do
estudo a qualquer momento. Nenhuma garantia ou promessa pode ser feita
sobre o resultado do estudo. Estas informacbes estdo sendo dadas para
esclarecer quaisquer duvidas sobre a pesquisa proposta, antes de obter o seu

consentimento.

Objetivo: Investigar a associagao entre variagdes genéticas (ou polimorfismos

genéticos) e a degeneracdo macular relacionada a idade (DMRI).

Resumo: A degeneragdo macular relacionada a idade (DMRI) é uma doenga
ocular progressiva que afeta muitas pessoas no mundo inteiro. A doencga atinge
a macula do olho, que € a parte da retina onde ocorre nossa visao central mais
agugada. Os danos podem ser ocasionados quando vasos sanguineos
crescem e vazam sob essa parte do olho. Embora raramente resulte em
cegueira completa, ela tira do individuo a visdo central clara e “direta”

necessaria para ler, dirigir, etc. e deixa as imagens desvanecidas ou causa
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pontos escuros no centro da visao. A visdo periférica pode nao ser afetada e é

possivel ver com o “canto do olho”

Procedimentos: Este estudo ird consistir de exame oftalmolégico de rotina no
Hospital Sdo Geraldo / UFMG e/ou Instituto da Visao, onde serdo coletados
dados da histéria clinica, de acuidade visual, tonometria de aplanacéo,
biomicroscopia e oftalmoscopia binocular indireta. Iremos coletar também uma
pequena amostra de sangue (5 mL) através de pung¢ao venosa previamente a
cirurgia de catara, a qual vocé sera submetido, utilizando a mesma pungao que
¢é feita de rotina para a realizacdo deste procedimento cirurgico. Essa amostra
sera posteriormente processada em laboratério para a analise dos
polimorfismos genéticos. O material colhido sera utilizado apenas para esse

projeto e caso exista material excedente este sera descartado.

Critérios de inclusao: idade acima de 50 anos, com DMRI (forma seca ou
exsudativa) para o grupo caso. Sera necessario também a inclusdo de
pacientes sem DMRI para o grupo controle, para que se possa comparar 0s
resultados dos exames laboratoriais e permitir a comprovacgao da relagao entre

os polimorfismos genéticos e a DMRI.

Beneficios: Nao havera beneficio direto com sua participacdo nesta pesquisa.
Entretanto os dados provenientes com o estudo permitirdo a melhor

compreensao dessa grave doenca.

Confidencialidade: Os registros de sua participacdo neste estudo seréo
mantidos confidencialmente até onde é permitido por lei e todas as informacdes
estarao restritas a equipe responsavel pelo projeto. No entanto, o pesquisador
e sob certas circunstancias, o Comité de Etica em Pesquisa/lUFMG, poderdo
verificar e ter acesso aos dados confidenciais que o identificam pelo nome.
Qualquer publicagdo dos dados néo o identificara. Ao assinar este formulario
de consentimento, vocé autoriza o pesquisador a fornecer seus registros

médicos para o Comité de Etica em Pesquisa/lUFMG.
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Desligamento: A sua participagao neste estudo € voluntaria e sua recusa em
participar ou seu desligamento do estudo ndao envolvera penalidades ou perda
de beneficios aos quais vocé tem direito. Vocé podera cessar sua participacao

a qualquer momento sem afetar seu acompanhamento médico em andamento.

Compensacdao: Vocé nao recebera qualquer compensacgao financeira por sua

participacédo no estudo.

Emergéncia / contato com a Comisséo de Etica: Durante o estudo, se vocé
tiver qualquer duvida ou apresentar qualquer problema médico, contate a Dra.
Luciana Negrao Frota de Almeida no telefone (31) 9293.0910 ou a Comissao
de Etica no telefone (031)3248-9364 (UFMG) ou no endereco: Av. Pres.
Antonio Carlos, 6627 — Unidade Administrativa |l — 2° andar — Sala 2005 — Cep:
31270-901 — BH-MG, ou a Comissao de Etica do Instituto da Visa no telefone
(031) 3274-3355.

Consentimento: Li e entendi as informagdes precedentes. Tive a
oportunidade de fazer perguntas e todas as minhas duvidas foram respondidas
a contento. Este formulario esta sendo assinado voluntariamente por mim,
indicando o meu consentimento para participar do estudo, até que eu decida o

contrario.

Eu, ;
abaixo assinado(a), concordo de livre e espontanea vontade em participar
como voluntario(@a) do estudo “ASSOCIACAO DE POLIMORFISMOS
GENETICOS COM A DEGENERACAO MACULAR RELACIONADA A IDADE”.

Belo Horizonte, de de

Assinatura do paciente:

Assinatura da testemunha:

Assinatura do pesquisador:
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Apéndice 3 — Ficha de atendimento — Grupo DMRI

ASSOCIACAO DE POLIMORFISMOS GENETICOS COM A
DEGENERACAO MACULAR RELACIONADA A IDADE - GRUPO
DMRI

Identificacdo Data:

Nome: Ne°:

Nacionalidade:

Telefone:

Data de Nascimento:

Idade:

Sexo: Peso:
Masculino (1)
Feminino (2) Altura:

Leucodérmico (1)
Faiodérmico (2)
Melanodérmico (3)

Pyl
QD
O o o® m-

Descendéncia:

O O
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Anamnese
HDA:

Idade do diagnéstico:

Sintoma:

86

APO:
APG:
0 (1)Tabagismo — tempo/dose:
0 (2)Etilismo
1 (3)Hipertensao
71 (4)Diabetes
1 (5)Colesterol Total (HDL.: /LDL:
1 (6)Outros:
1 (7)NDN
AF:
7 (1)DMRI
T (2)Outros
1 (3)NDN

Exame oftalmoldgico

AV c/c:

oD

S/ Alteraces
Catarata:
Pseudofacia

DVP Parcial

DVP Total

DVP néo avaliado
Outros

I I B

OD:

OD:

OE

S/ Alteracoes
Catarata:
Pseudofacia

DVP Parcial

DVP Total

DVP néo avaliado
Outros

oo Ooo4god

OE:

OE:
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TABLE 1
The Clinical Age-Relnted Maowlopathy Staging System (CARMS)

Corade of

Maculopathy Clinical Features

1 Mo drusen or <2 10 small drusen without pigment shoormalities

2 Approximately =10 small drusen or <15 intermediate drusen, or pigment abonomalides associated with
ARM
a. Drusen

b. RPE changes {hyperpigmentation and hypopigmentation)
. Both drusen and RPE changes

3 Approximately =15 intermediate drusen or any large drsen
a. Mo drsenoid RPED
b. Drusenoid RPED

4 Geographic atrophy with involvement of the macular center, or noncentral geographic atmophy at least 350
prm in siee
5 Exudative AMD, including nondrusenoid pigment epithelial detaschments, serous or hemormrhagric rednal

demchmen s, (MVM with subregnal or sub-RPE hemormrhages or Gbrosis, or scas consistent with
treatment of AMD

a. Serons RPED, without CNWVM

b, CHVM or disciform scar

AMD = apecelated macular degenemtion; ARM = age-mlated maculopathy; CNVM = choroidal neovascular
membrane: RPE = metinal pigment epithelinom; RPED = retinal pigment epithelial detaschment. Small = drosen < 6%
prn in diameter locted within 2 dise diameters (DDs) of the center of the macula; intermediate = dmsen = 63 pm bue <
125 pm, located within 2 DDs of the center of the maculy large = drosen = 125 pmoin diameter located within 2 DDs of
the center of the maculs; drusencid RPED = confluent soft drusen = 500 pm in size.  Reprinted from Seddon e al'™
with permission of iialmolog See accompanyving Fig. 1.

Exame Complementar

AFG:

oD OE

0 (1) 0 (1)

0 (2 0 (2

0 (3) O 3

0 (4) 0 (4)

1 MNVSR predominantemente [0 MNVSR predominantemente
classica (5) classica (5)

0 MNVSR minimamente classica (6) 0 MNVSR minimamente classica (6)

0 MNVSR oculta (7) 0 MNVSR oculta (7)

1 RAP(8) 1 RAP(8)

0 Polipoidal (9) [0 Polipoidal (9)

71 NDN (10) [1 NDN (10)

ICV:

oD OE

[1 S/ Alteragdes (1) [1 S/ Alteragdes (1)

[ Hiperfluorescéncia em placa (>1 DP) O Hiperfluorescéncia em placa (>1 DP)
) )

0 Hiperfluorescéncia em mancha ativa O  Hiperfluorescéncia em mancha ativa
@) @)

11 Lesdes polidoidais (4) [ Lesdes polidoidais (4)

1 RAP(5) [1 RAP(5)

1 N&o realizado [ N&o realizado
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OCT:

oD

S/ Alteracoes (1)
Atrofia EPR (2)

Drusas (3)

DEP seroso (4)

DEP vascularizado (5)
MNVSR ativa (6)
MNVSR cicatrizada (7)
DR seroso (8)

Edema intrarretiniano (9)
N&o realizado

I A A

Exame Laboratorial

o R A A

88

OE

S/ Alteracdes (1)
Atrofia EPR (2)

Drusas (3)

DEP seroso (4)

DEP vascularizado (5)
MNVSR ativa (6)
MNVSR cicatrizada (7)
DR seroso (8)

Edema intrarretiniano (9)
Na&o realizado
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Apéndice 4 — Ficha de atendimento — Grupo controle

ASSOCIACAO DE POLIMORFISMOS GENETICOS COM A
DEGENERACAO MACULAR RELACIONADA A IDADE - GRUPO
CONTROLE

Identificacdo Data:

Nome: Ne°:

Nacionalidade:

Telefone:

Data de Nascimento:

Idade:

Sexo: Peso:
Masculino (1)
Feminino (2) Altura:

Leucodérmico (1)
Faiodérmico (2)
Melanodérmico (3)

Pyl
QD
O o o® m-

Descendéncia:

Apéndice 4



Anamnese

HDA:

APQO:

APG:

Tabagismo — tempo/dose:
Etilismo

Hipertenséo

Diabetes

Colesterol Total (HDL: /LDL:

Outros:
NDN

I I I O B |

" 1 DMRI
7 Outros
7 NDN

Exame oftalmoldgico

AV c/c:

oD

S/ Alteraces
Catarata:
Pseudofacia

DVP Parcial

DVP Total

DVP néo avaliado
Outros

OoDOOoboOood

3
O

OD:

OD:

Exame Laboratorial

I sy o

OE:

OE:

OE

S/ Alteracoes
Catarata:
Pseudofacia

DVP Parcial

DVP Total

DVP néo avaliado
Outros

90
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Anexo 1 — Parecer do Comité de Etica em Pesquisa da Universidade Federal de

Minas Gerais (UFMG)

U F/V\G Universidade Federal de Minas Gerais

Comité de Etica em Pesquisa da UFMG - COEP

Parecer n2. ETIC 395/07

Interessado(a): Prof. Marcio Bittar Nehemy

Departamento de Oftalmologia e Otorrinolaringologia
Faculdade de Medicina-UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 9 de novembro de 2007, apos atendidas as solicitagdes de
diligéncia, o projeto de pesquisa intitulado "Associagdo de
polimorfismos no gene VEGF com a degeneragdo macular
relacionada a idade™ bem como o Termo de Consentimento Livre e

Esclarecido.

O relatdrio final ou parcial devera ser encaminhado ac COEP um
ano apds o inicio do projeto.

rofa. Maria Teresa Marques Amaral

Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa I - 2° andar — Sala 2005 — Cep: 31270-901 - BH-MG
Telefone: (031) 3499-4592- FAX: (031)3499-4516 - e-mail: prpgificoep ufme br
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UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Parecer n2. ETIC 395/07

Interessado(a): Prof. Marcio Bittar Nehemy
Departamento de Oftalmologia e Otorrinolaringologia
Faculdade de Medicina-UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 20 de setembro de 2010, a alteracdo do titulo do projeto de
pesquisa intitulado “Associagado de polimorfismos no gene VEGF
com a degeneragdo macular relacionada a idade” para:
“Associagdo de polimorfismos genéticos com a degeneragao
macular relacionda a idade” bem como o Termo de Consentimento
Livre e Esclarecido.

O relatério final ou parcial devera ser encaminhado ao COEP um

ano apas o inicio do projeto.

Profa. Maria Teresa Marques Amaral
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa Il - 2°andar — Sala 2005 — Cep31270-901 — BH-MG
Telefax: (031) 3409-4592 - c-mail: coepraprpg.ufimg br
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Anexo 2 — Parecer do Comité de Etica Médica Interno do Instituto da Visédo

Po

INSTITUTO DA VISAO

Belo Horizonte, 22 de Outubro 2007.

O Comité de Etica Médica Interno do Instituto da Visdo Avaliou o “Associagdo
de Polimorfismos Genéticos com a Degeneragdo Macular Relacionada a ldade
Exudativa”

O projeto foi aprovado pelo Comité de Etica Médica do Instituto da Visdo, o
mesmo deve ser submetido ao Comité de Etica e Pesquisa da Universidade
Federal de Minas Gerais

Atencios%mente,

7
W v s
2

Dr. Marcio Bittar Nehemy
Presidente / Diretor
Instituto da Visao

November, 28" 2006 - VERSAOD 2
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Anexo 3 — Parecer do Comité de Etica do Centro Especializado em Olhos

Dra. Cynthia Charone

CENTRO ESPECIAL IZADO EM OLHOS

Belem, 25 de Novembro de 2008

O Comité de Etica Médica interno do Centro Especializado em Olhos avaliou o
“Associagao de Polimorfismos Genéticos com a Degeneragéo Macular
Relacionada a Idade Exudativa”

O projeto foi aprovado pelo Comité de Etica Médica do Centro Especializado
em Olhos, o mesmo deve ser submetido ao comité de Etica e Pesquisa da
Universidade Federal de Minas Gerais.

Atenciosamente,

@éi«ﬂ wa Choware_
Drd. Cynthia Charone
Diretora Clinica

"|'_ra_u. Dom Romualdo de Seixas, 1942 . Nazaré
CEP: 66055-200 . Belém . PA . Tel: 3224-7870
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Anexo 4 — Protocolo de extragdo de DNA

UNIVERSIDADE FEDERAL DE MINAS GERAIS — UFMG
FACULDADE DE MEDICINA

LABORATORIO DE GENETICA MOLECULAR

POP : EXTRAGCAO DE DNA (SANGUE TOTAL)

96

OBJETIVO: Realizar a extracdo de DNA do sangue total [método de Lahiri e

Nurberger Junior (1991), modificado por Cavalli e outros (1996) e Salazar e outros
(1998)].

Reagentes necessarios:

TKM1

Triton

X-100

SDS 10%

NaCl saturado

Etanol absoluto
Etanol 70%

TE

Etapas:

1.
2.
3.
4.

Limpar a bancada com alcool 70%;

Homogeneizar delicadamente a amostra;

Transferir a amostra para um tubo falcon de 50 mL,;

Adicionar um volume de TKM1 correspondente ao volume de

(responsavel por retirar o excesso de plasma e hemacias da amostra);
Ex: 5 mL de sangue = 5 mL de TKM1
5. Adicionar Triton X-100 (efetua a lise celular);

O volume de triton vai variar de acordo ao volume de sangue:

> 20 mL de sangue = 500 pL de Triton
20 mL de sangue = 400 uL de Triton
< 20 mL de sangue = 300 pL de Triton

sangue
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6. Agitar vigorosamente;

7. Centrifugue por 15 min. a 4° C (1000 x g);

8. Lentamente despreze o sobrenadante e salve o pellet;

9. Lave o pellet adicionando o mesmo volume de TKM1 do passo anterior
(responsavel pela retirada do Triton utilizado no passo anterior);

10. Agitar vigorosamente;

11. Centrifugar por 10 min. 4°C (800 x g);

12. Despreze o sobrenadante com cautela para evitar perdas do pellet;

13. Ressuspenda o0 mesmo em:

e 1600 pL de TKMZ;
e 100 pL SDS 10% (lise de leucdcitos);

TKM2 = 20 mL de sangue =4 mL de TKM2;
15 mL de sangue = 2,4 mL de TKMZ2;
10 mL de sangue = 1,6 mL de TKMZ2;

SDS (10%) = 20 mL de sangue = 250 uL de SDS;
15 mL de sangue = 150 L de SDS;
10 mL de sangue = 100 uL de SDS;
14. Agitar vigorosamente (fragmentar o pellet utilizando o vortex);
15. Incubar a 55°C no banho maria por 10 — 20 min;

16. Adicionar 900 pyL de NaCl (6M) — nessa etapa as proteinas sao precipitadas;

NaCl = 20 mL de sangue = 1,5 mL de NaCl 6M;
<15 mL de sangue = 0,8 mL de NaCl 6M;

17. Centrifugar por 15 min 4°C (1000 x g)

18. Transfira o sobrenadante para um tubo falcon de 15 mL contendo 5 mL de etanol
absoluto;

19. Pesque o DNA com a pipeta Pasteur grande (vidro);

20. Retire a pipeta com DNA e a mergulhe em um tubo falcon de 15 mL com 300 pL
de etanol 70%;
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21. Remova a pipeta com DNA e deixe secar;
22. Ressuspenda o DNA em 500 L de TE;

23. Deixar incubando durante 2 dias a 55°C (banho maria);

24. Armazenar a 4°C;

Fazendo as solucfes de TKM1 e TKM2:

Tris-HCI
KCI
MgCl,
EDTA
NaCl

Estoque

1M, pH 7.6
1M

1™

0,5M, pH 8.0
5M

TKM1 (500 mL)
5 mL
5 mL
5mL
4 mL

TKM2 (500 mL)

40 mL

5mL
5mL
5mL
4 mL

98
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Anexo 5 — Protocolo de quantificagcdo de DNA

/:w\w IS W\ UNIVERSIDADE FEDERAL DE MINAS GERAIS — UFMG

.-f'l" ( F':,‘

i i FACULDADE DE MEDICINA

5 el LABORATORIO DE GENETICA MOLECULAR — DEPARTAMENTO DE

SAUDE MENTAL

POP : QUANTIFICACAO DE DNA

OBJETIVO: Quantificar o DNA obtido pela extragéao através de espectrofotémetro;
e Espectrofotbmetros s&o instrumentos capazes de registrar dados de

absorvancia ou transmitancia em fungdo do comprimento de onda;

Fontes de EE— Monocromad [——» Compartimento
radiagéo amostra/padrao
Dispositivo de <+ Sistema
processamentos de detector
dados

Esquema dos principais componentes do espectrofotdmetro

Preparando a solucéo:
¢ Identificar o eppendorf com o cédigo da amostra;
e Com auxilio de uma pipeta, diluir a amostra 1:50, adicionando 98 pL de agua
deionizada, com 2 yL de amostra no eppendorf (0,5 mL) e homogeneizar;

Recipientes

Sao usados como recipientes cubas ou cubetas retangulares de vidro ou
quartzo. As cubetas de vidro sdo usadas quando se trabalha na regidao do visivel.
Para a regido do ultravioleta, devem-se usar as cubetas de quartzo, que séao

transparentes a radiagao ultravioleta, pois o vidro absorve a mesma.
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«—1cm—

Cubeta convencional

Fazendo a anélise:
1. Ligar o espectrofotdbmetro (botdo Power)
Escolher a opgao 1 (“Life Science”)

Escolher novamente a opcéo 1 (“DNA”)

R

Escolher os seguintes parametros:
e Pathlength: 10 mm
e Units: ng pL™
¢ Dilution Factor: 50,0
e Factor: 50,0
e Background: ON
5. Selecionar OK!
6. Retirar a tampa do espectrofotometro;
7. Retirar a cubeta (Submicro 50 uL) de sua caixa;
e OBS.: Segurar a cubeta sempre na regido fosca, evitando deixar
residuos (como, por exemplo, do talco da luva) na regidao onde o feixe

de luz passa (superficie brilhante);

8. Com auxilio de uma pipeta, lavar a cubeta 2 vezes usando agua deionizada;
e Secar bem aspirando com a pipeta de 100 uL e depois com a pipeta de
10 pL;
9. Colocar 100 pL de agua deionizada na cubeta;
10. Posicionar a cubeta no equipamento de forma que o “Q” marcado em uma de
suas faces fique direcionado para a seta marcada no bocal do

espectrofotdmetro (“Q” virado para o lado esquerdo)
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11. Tampar o aparelho e pressionar o botao “OA/100%T” (zera a leitura/constitui
0 branco do processo);

12. Retirar novamente a tampa do espectrofotdmetro, retirar o tubo e, com uma
pipeta, retirar a agua de dentro da cubeta;

e Repetir o processo de secagem do item 8;

13. Colocar 100 yL da solugdo (amostra testada) na cubeta, posiciona-la como
no item 10 e tampar o aparelho;

14. Pressionar o botdo de analise (com o desenho da cubeta atravessada por
uma seta);

15. Anotar a concentragdo (ng uL™') e a relacdo A260/A280 registradas.
e OBS: O DNA absorve luz na faixa de 260 nm. A relagdo 260/280 é

realizada para averiguar a pureza da amostra (boa relagdo ~ 1,6 a 2,0).

Valor menor que 1.6, provavel contaminagao por proteinas;

16. Destampar o aparelho e retirar a amostra da cubeta com a pipeta;

17. Lavar a cubeta 2 vezes com pipeta e agua deionizada, secar bem com as
pipetas (item 8);

18. Colocar 100 pL de nova solucgao;

19. Repetir passos 14, 15, 16, 17 e 18;

e OBS: nado esquecer de repetir item 8 (Lavar a cubeta 2 vezes com
pipeta e agua deionizada, secar bem com as pipetas) apds cada
solucao;

20. Guardar a cubeta limpa em sua caixa com os lados brilhantes (local de
passagem do feixe de luz) voltados para a espuma da caixa (maior protegéo);

21. Desligar e tampar o espectrofotdmetro;

As dilui¢cdes serao realizadas posteriormente (dependendo da quantificagéo) para a

obtengao de uma concentragao final em torno de 60 ng uL™.
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Anexo 6 — Normas para publicacdo de artigos no peridédico Ophthalmic
Epidemiology

INSTRUCTIONS TO AUTHORS

Aims and Scope: Ophthalmic Epidemiology 1s dedicated to publication of original epidemuologic research into eye and vision health,
with a focus in the fields of public health and prevention of blindness. The journal contains new in formation useful to a wide variety
of specialists involved in ocular disciplines, such as ophthalmologists, epidemiologists, biostatisticians, public health officials, and
governmental and other individuals concerned with ocular disease prevention and control and cost-effective health care delivery.
Review articles should be discussed with the Editor in Chuef prior to submussion. Case series, amimal research, and climical reports are
not appropriate for this journal.

Manuscripts nmust be subnutted through t he journal’s Manuscript Central website, http://me.manuscriptcentral.com/nope
Ophthalmic Epidemiology publishes original scientific articles, reviews, notes, letters, book reviews, and scientific notices on all
subjects and topics related to ophthalmic epidemiology and public health: (1) Original full papers should be formatted as defined
below and not exceed 4,000 words. (2) Shorter communications should not exceed 2,000 words. (3) Review articles require prior
approval. (4) Letters to the editor should not exceed 500 words.

Each manuscript must be accompanied by a statement that it has not been published elsewhere and that it has not been submitted
simultaneously for publication elsewhere. Authors are responsible for obtaming pernussion to reproduce copyrighted matersal from
other sources and are required to sign an agreement for the transfer of copyright to the publisher. All accepted manuscripts,
artwork, and photographs become the property of the publisher.

All parts of the manuseript should be typewnitten, double-spaced, with margins of at least one inch on all sides. Number manuscript
pages consecutively throughout the paper. Authors should also supply a shortened version of the title suitable for the rumning head, not
exceeding 50 character spaces. Each article should be summarized in an abstract of not more than 250 words that includes Purpose
(statement of the problem), Methods, Results, and Conclusions. Avoid abbreviations, diagrams, and reference to the text in the
abstract. At least five key words should be given in alphabetical order after the abstract. Manuscripts should mclude a statement that
the mvestigations were performed according to the guidelmes of the Declaration of Helsinki and that Institutional Review Board
approval was obtained. If the manuscript is a clinical trial, a Consort flowchart should be included.

The text should be divided into the following sections:
ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

RESULTS

DISCUSSION

ACKNOWLEDGEMENTS

REFERENCES

TABLES

FIGURES

References. Cite in the text by reference number. The references should be numbered consecutively as they occur in the text. Prepare
a numbered reference list. Abstracts and articles subnutted or in press are not proper references. These should be listed as personal
commumication. Examples:

Journal: Mohney BG, Robertson DM, Schomberg PJ. Second nonocular tumors in survivors of heritable retinoblastoma and prior
radiation therapy. 4m J Ophthalmol. 1998;126(2):269—277.

Book: Raven JC, Court JH, Raven J. Manual for Raven’s Progressive Matrices and Vocabulary Scales. London: HK. Lewis & Co.
Ltd., 1936.

Confribution to a Book: Weinstein L, Swartz MIN. Pathologic properties of invading microorganisms. In: Sodeman WA Jr, Sodeman
WA, editors. Pathologic Physiology, Mechanisms o f Disease. Philadelphia: Saunders, 1974; 457 —78.

Ilustrations. Hlustrations subnutted (line drawings, halftones, photos, photonucrographs, etc.) should be clean oniginals or
digital files. Digital files are recommended for highest quality reproduction and should follow these guidelines:

-300 dp1 or lugher

-Sized to fit on journal page

-EPS, TIFF, or Non-layered PSD format only

-Submitted as separate files, not embedded in text files

Color 1llustrations will be considered for publication; however, the author will be required to bear the full cost involved in their
printing and publication.

The charge for the first page with color is $900.00. The next three pages with color are $450.00 each. A custom quote will be provided
for color art totaling more than 4 journal pages. Good-quality color prints should be provided in their final size. The publisher has the
right to refuse publication of color prints deemed unacceptable.

Tables and Figures. Authors must subnut a signed Copyright Transfer form before publication. This form may be found under the
“Instructions and Forms™ link at the top of any Manuscript Central page. Please complete this copyright form and return to the
Informa Healthcare production team. Hard copies may be faxed to 212-561-6636. Scanned electronic copies can be emailed to
felicia.ruocco@informausa.com.

Proofs. Page proofs are sent to the designated author using Taylor & Francis’ EProof system. They must be carefully checked
and returned within 48 hours of receipt.

Offprints/Reprints. The corresponding author of each article will recerve one complete copy of the issue in which the article appears.

Reprints of individual articles are available for order at the time authors review page proofs. A discount on reprints 1s available to
authors who order before print publication.
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Anexo 7 — Confirmacado da ressubmisséo do Artigo 2 ao periddico Ophthalmic

Epidemiology

From:
To:

CC:
Subject:
Body:

Date Sent:

ophthalmic.epi@sydney.edu.au
luciananfalmeida@gmail.com

Ophthalmic Epidemioclogy - Manuscript ID NOPE-2012-0018

@@date to be populated upon sending@@

Dear Mrs. Almeida:

Your manuscript entitled "TASSOCIATION ANALYSIS OF CFH AND LOC387715 GENE POLYMORPHISMS IN A BRAZILIAN
COHORT WITH AGE-RELATED MACULAR DEGENERATION" has been successfully submitted online and is presently being
given full consideration for publication in Ophthalmic Epidemiology.

Your manuscript ID is NOPE-2012-0018.

Please mention the above manuscript ID in all future correspondence or when calling the office for questions. If there
are any changes in your street address or e-mail address, please log in to Manuscript Central at

http://mc.manuscriptcentral.com/nope and edit your user information as appropriate.

You can also view the status of your manuscript at any time by checking your Author Centre after logging in to
http://mc.manuscriptcentral.com/nope .

Thank you for submitting your manuscript to Ophthalmic Epidemiclogy.
Sincerely,
Kirsten Jakobsen

Managing Editor, Ophthalmic Epidemiology
ophthalmic.epi@sydney.edu.au

30-Jan-2012
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