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Editorial

Genetics and epigenetics of age related macular degeneration
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Age related macular degeneration (AMD) is a
multifactorial ~ degenerative  condition that causes
progressive, irreversible loss of central vision among
older individuals (50 years and above).Ageing, family
history, epigenetic alteration, Caucasian race, obesity,
hypertension, atherosclerosis/ hyperlipidemia and tobacco
smoking are common risk factors linked to AMD. !

AMD is basically of two types (1) Non-neovascular
(dry or non-exudative) AMD and (2) Neovascular (wet
or exudative) AMD. Non-neovascular type AMD is
characterized by presence of drusens (yellowish deposits
located at the level of retinal pigment epithelium) in early
stage and as geographic atrophy in the advanced stage
whereas neovascular AMD is characterized by choroidal
neovascularization (CNV).% Choroidal neovascularization
results into disruption of blood-eye barrier leading to
hemorrhage, edema and retinal detachment. The underlying
pathogenesis of AMD remains unclear. It may be due to age
related structural changes in Bruch’s membrane, defective
lipid metabolism or oxidative stress and immune mediated
inflammation.

Both men and women can develop AMD, although
certain studies suggest women are at a 1.3 times higher
risk.> Age and positive family history of AMD are
the most significant risk factors. Twin study suggest
higher concordance for AMD in monozygotic twins as
compared to dizygotic twins.* AMD stands out as one
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of the most genetically defined complex disorders. With
over 50 percent of AMD’s heritabilility attributed to two
major loci containing coding and non-coding variations on
chromosome 1q25-31(ARMD1) and 10q26 (ARMS2).3

The several candidate genes implicated in ARMD
has been reported such as CFH (complement factor H),
HTRA1 (HtrA serene peptidae-1), C2-CFB (complement
component 2 and complement factor B), C3 (complement
3) and Apo-E (apolipoproteinase E) etc. These genes are
involved in pathways related to immunity, inflammation,
lipid metabolism, angiogenesis, DNA repair and cellular
repair. ©

Normally central lamina of elastic fibers of Bruch’s
membrane may acts as a barrier to vessel growth and
neovascularization. This layer become thickened (due to
deposition of ECM) and porous with age. Single-nucleotide
polymorphisms (SNPs) in elastin gene may associated
with pathogenesis of AMD. Fibulin-5 is an ECM protein
responsible for maturation of elastin fibrils. It has been
reported that decreased fibulin-5 production or altered
interaction with proteins in Bruch’s membrane may lead
to AMD. Alteration in sequence of fibulin-5 gene have
been detected in patients with AMD.’ Degradation of
ECM usually occur by enzyme matrix-metalloproteinases
(MMPs). Enhanced level of MMP9 have been found with
aging.® Guo L et. al found MMP9 polymorphism associated
three-fold increased risk of having AMD.?

Age related macular degeneration might be result from
oxidative damage of Bruch’s membrane and RPE by
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free radicals. Lipofuscin accumulated after breakdown of
outer segment of photoreceptor acts as photosensitizer for
oxidative free radical generation which lead to RPE damage.
Superoxide dismutase (SOD) enzyme which catalyzes the
oxidative reaction and generate hydrogen peroxide requires
copper, zinc or manganese. Kimura K et al found strong
association between polymorphism in the manganese SOD2
gene and AMD. '°

Immune-mediated inflammation of retina is new
concepts linked to AMD. CFH (complement factor H)
inhibits multiple steps of inflammatory pathway. It bind
with C-reactive protein and inhibit the CRP- mediated
response to tissue damage. Edwards et al. found strong
genetic link between CFH and AMD.!'! Several studies
reported that the Y402H mutation in CFH gene and CRP-
binding domain may lead to complement dysregulation
in AMD.'>!* The initial confirmed rare variant linked
to AMD was CFHRI1210C (rs121913059),identified as
highly penetrant variant with a higher frequency in AMD
cases. This variant is also associated with an early onset
of AMD, faster progression to advanced stages and a
characteristic fundus phenotype, including a high burden of
drusen in both macular and extra macular regions in both
eyes.!1> Age related maculopathy targeted sequencing
(ARTS) identified new coding variants associated with
advanced AMD including rare variants linked to increased
AMD risk in C3(K155Q),C9(P167S),and a burden of
rare coding variants in CFIL'® Following burden testing,
only rare variants within the previously associated
AMD genes CFH,CFI, and TIMP3 reached genome wide
significance. Nevertheless, this underscored the significance
of TIMP3 and CFI in AMD pathophysiology. In a recent
GWAS experiment genes were found to operate not
only in known AMD pathways but also underscored the
significance of additional pathways, such as complement
activation, collagen synthesis, lipid metabolism/cholesterol
transport, receptor mediated endocytosis, endodermal
cell differentiation and extra cellular matrix organization.
Notably, ten variants within seven extracellular matrix
genes (COL15A1, COL8A1, MMP9, PCOLCE, MMP19,
CTRB1-CTRB2 and ITGA7) were associated solely with
advanced AMD rather than intermediate AMD indicating
activation of extracellular remodelling pathways in the
progression to advanced AMD.!” In a recent study by
Burgess and Davey Smith revealed an association between
variants in CETP gene and AMD risk, suggesting that
inhibiting CETP to elevate HDL cholesterol level might
increase risk of AMD. 3

STAT4 protein is a transcription factor exhibit regulatory
role in pro-inflammatory signaling and promotes large
vessels formation. STAT4 protein involved in pathogenesis
of several inflammatory and autoimmune diseases like
rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE) and systemic sclerosis etc. Blekeris T et al.

investigated the association between STAT4 gene
polymorphisms  (rs10181656, rs7574865, 157601754
and rs10168266) and AMD. Although they found no
significant association but lower overall serum STAT4
levels were seen in exudative AMD patients as compared to
the control. '

For neovascular ARMD intra vitreal Anti VEGF is an
effective form of treatment. Other treatment options include
Photodynamic therapy and focal laser photocoagulation. 2

E10030 (Fovistsa) is an anti-PDGF aptamer. It works
by binding to platelet derived growth factor, leading to
loss of pericytes from endothelial basement membranes.
This makes the neovascular membrane more susceptible
to anti-VEGF treatment. Genetic factors influence the
response of anti VEGF in AMD. Actually SNPs in genes
encoding VEGF pathway members contribute to response
of chemotherapy. New AMD treatments under development
focus on innovative drug delivery methods and novel
molecules to reduce treatment frequency and burden.?!
Recently successful trial of gene therapy in age related
macular degeneration has been done.??
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