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Alzheimer’s disease and age-related macular degeneration have
different genetic models for complement gene variation
Petroula Proitsia,*, Michelle K. Luptona, Frank Dudbridgeb, Magda Tsolakic,
Gillian Hamiltond, Makrina Daniilidouc, Megan Pritcharda, Kathryn Lorda,
Belinda M. Martina, David Craige, Stephen Todde, Bernadette McGuinnesse,
Paul Hollingworthf, Denise Haroldf, Iwona Kloszewskag, Hilkka Soininenh, Patrizia Mecoccii,
Bruno Velasj, Michael Gillk, Brian Lawlorl, David C. Rubinszteinm, Carol Braynen,
Peter A. Passmoree, Julie Williamsf, Simon Lovestonea, John F. Powella
b

a
King’s College London, Institute of Psychiatry, De Crespigny Park, London, UK
Department of Non-communicable Disease Epidemiology, Bloomsbury Centre for Genetic Epidemiology and Statistics, London School of Hygiene and
Tropical Medicine, London, UK
c
Memory and Dementia Centre, Aristotle University of Thessaloniki, Thessaloniki, Greece
d
Molecular Medicine Centre, Medical Genetics, Western General Hospital, University of Edinburgh, Edinburgh, UK
e
Ageing Group, Centre for Public Health, School of Medicine and Dentistry, Queen’s University Belfast, Belfast, Northern Ireland, UK
f
MRC Centre for Neuropsychiatric Genetics and Genomics, Department of Psychological Medicine and Neurology, School of Medicine, Cardiff
University, Cardiff, UK
g
Department of Old Age Psychiatry and Psychotic Disorders, Medical University of Lodz, Lodz, Poland
h
Department of Neurology, Kuopio University and University Hospital, Kuopio, Finland
i
Section of Gerontology and Geriatrics, Department of Clinical and Experimental Medicine, University of Perugia, Perugia, Italy
j
Department of Internal and Geriatrics Medicine, Hôpitaux de Toulouse, Toulouse, France
k
Institute of Molecular Medicine, Trinity College, Dublin, Ireland
l
Mercer’s Institute for Research on Aging, St. James’s Hospital and Trinity College, Dublin, Ireland
m
Department of Medical Genetics, Cambridge Institute for Medical Research, University of Cambridge, Cambridge, UK
n
Department of Public Health and Primary Care, Institute of Public Health, University of Cambridge, Cambridge, UK

Received 1 March 2011; received in revised form 12 December 2011; accepted 28 December 2011

Abstract
Alzheimer’s disease (AD) and age-related macular degeneration (AMD) are both neurodegenerative disorders which share common
pathological and biochemical features of the complement pathway. The aim of this study was to investigate whether there is an association
between well replicated AMD genetic risk factors and AD. A large cohort of AD (n ⫽ 3898) patients and controls were genotyped for single
nucleotide polymorphisms (SNPs) in the complement factor H (CFH), the Age-related maculopathy susceptibility protein 2 (ARMS2) the
complement component 2 (C2), the complement factor B (CFB), and the complement component 3 (C3) genes. While significant but modest
associations were identified between the complement factor H, the age-related maculopathy susceptibility protein 2, and the complement
component 3 single nucleotide polymorphisms and AD, these were different in direction or genetic model to that observed in AMD. In
addition the multilocus genetic model that predicts around a half of the sibling risk for AMD does not predict risk for AD. Our study provides
further support to the hypothesis that while activation of the alternative complement pathway is central to AMD pathogenesis, it is less
involved in AD.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction
Alzheimer’s disease (AD) and age-related macular degeneration (AMD) are both common degenerative diseases
of older people associated with activation of the complement system. Both diseases are also characterized by the
accumulation of extracellular aggregated proteins, amyloid
plaques and tangles in the case of AD, and drusen in AMD.
In AMD the extracellular drusen, deposited between the
basal surface of the retinal pigment epithelium (RPE) and
Bruch’s membrane contains inflammatory mediators, acutephase reactants, and activated components of the complement system similar to those found in AD plaques (Anderson et al., 2002; Hageman et al., 2001; Johnson et al., 2000,
2001). Additionally, the principal component of amyloid
plaques in AD, the amyloid beta (A␤) peptide, is found with
activation-specific fragments of complement component 3
(C3) in vesicular components within drusen in AMD patients (Johnson et al., 2002).
Complement is a critical part of the innate immune
system and interacts with the antibody responses of the
adaptive immune system. At the heart of the complement
pathway is a proteolytic cascade leading to the activation of
C3. Activation of C3 leads to oponization of targets by
C3b/iC3b for phagocytosis, release of anaphylatoxins that
promote inflammation and formation of the membrane attack complex (MAC) which can lyse the target membrane.
This cascade can be activated through 3 pathways; classical,
lectin, and alternative.
Current evidence through immunohistochemical, genetic, and biochemical studies suggests that AMD pathogenesis involves mainly the alternative complement pathway, which is under constant low level activation by
spontaneous hydrolysis of an internal thioester bond in C3
(reviewed in Charbel Issa et al., 2011). In AD, however, the
picture is less clear. Although all complement factors are
produced in brain, and their activation is increased in affected brain areas (reviewed in Veerhuis et al., 2011), it has
been widely known since the early 80s, through immunohistochemical (Eikelenboom and Stam, 1982; Eikelenboom
et al., 1989; McGeer et al., 1989; Rogers et al., 1992) and
transgenic knockout mice studies (Fonseca et al., 2004), that
it is the classical pathway, through C1q target binding and
further activation of a cascade of proteases (C1r, C1s, C4,
C2, and C3), and not the alternative pathway, that is activated. For example, it has been shown that that tangles and
plaques of AD are clearly marked with the classical component complement fragments C4d and C3d (Eikelenboom
et al., 1989; McGeer et al., 1989). Nevertheless, although
predominantly classical pathway activation products were
found to colocalize with most cerebral A␤ deposits in AD

brain, a number of studies provide support for the activation
of the alternative pathway in AD. As it has been reported
that A␤ peptides can activate both the classical and alternative complement pathways (Bradt et al., 1998) and alternative pathway components, such as complement component B and activation products Bb and Ba, have been found
to be increased in the brains of AD patients compared with
controls (Strohmeyer et al., 2000). Additionally, complement factor H (CFH), an inhibitor of the alternative complement pathway, has been found to be elevated in the
amyloid plaques of AD brains compared with controls
(Strohmeyer et al., 2002) and a human proteome study
found plasma CFH to be specifically elevated in late onset
AD (Hye et al., 2006). Finally, activation of the alternative
pathway has been also observed in mouse model studies
(Fonseca et al., 2011), and although there was no deposition
of classical pathway components in C1q⫺/⫺ AD mouse
models, cleaved C3 products and properdin were prominently present on the fibrillar amyloid plaques (Fonseca et
al., 2011; Zhou et al., 2008). All these suggest that although
the main pathway to be activated in AD is the classical
pathway, there is evidence for the involvement of the alternative pathway as well.
A number of studies have investigated comorbidity between AD and AMD and reported significant associations
between late AMD and cognitive impairment or AD (Klaver
et al., 1999; Pham et al., 2006). In the Rotterdam study, late
stage AMD was associated with increased incident AD at
2-year follow-up, though the risk was attenuated by adjustment for smoking or atherosclerosis (Klaver et al., 1999).
Lower cognitive function scores but not AD was associated
with symptoms of early AMD in the Cardiovascular Health
Study (Baker et al., 2009).
In view of the striking pathological and etiological similarities between AMD and AD we decided to look for
common genetic risk factors between the 2 disorders. The
most common genetic variation affecting risk for AMD is
within genes of the alternative pathway such as the CFH
Y420H (rs1061170) and the intronic rs1410996 polymorphisms, the age-related maculopathy susceptibility protein 2
(ARMS2) single nucleotide polymorphisms (SNPs) A69S
(rs10490924), 4 variants in the complement component 2
and factor B (C2-CFB) locus (the L9H: rs4151667 and
R32Q: rs641053 polymorphisms in the complement factor
B [CFB] gene and the E318D: rs9332739 and intron 10:
rs547154 polymorphisms in the complement component 2
[C2] gene) and the C3 gene (R102: rs2230199 SNP). The
CFH, ARMS2, and C3 SNP risk alleles have been shown to
act individually in an additive manner increasing the risk for
AMD between 2- and 9-fold and absence of the C2-CFB

