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Abstract
Age related macular degeneration (AMD)
is the leading cause of visual impairment
in the elderly and a major cause of
blindness in the developed world. The dis-
ease can take two forms, geographic atro-
phy and choroidal neovascularisation.
The pathogenesis of AMD is poorly under-
stood. There are undoubtedly environ-
mental and other risk factors involved and
the adverse eVect of smoking is well estab-
lished. Several studies have shown that
genetic factors are important but leave
uncertainty about the magnitude and
nature of the genetic component and
whether it varies with the type of AMD.
Several hereditary retinal dystrophies
show similarities to AMD and these genes
are potential candidate susceptibility
genes. Particular interest has focused on
the ABCR gene which is responsible for
autosomal recessive Stargardt macular
dystrophy. It has been claimed that het-
erozygotes for ABCR mutations are pre-
disposed to AMD but the data are
conflicting. Studies of the genes responsi-
ble for autosomal dominant Sorsby fun-
dus dystrophy, Doyne honeycomb retinal
dystrophy, and Best disease have given
negative results. In one large AMD family,
linkage has been reported to markers in
1q25-q31. Recent data suggest that the
ApoE å4 allele may be associated with
reduced risk of AMD. A better under-
standing of the genetic factors in AMD
would contribute to understanding the
pathogenesis. If those at risk could be
identified it may be possible to modify
lifestyle or develop novel therapies in the
presymptomatic stage to prevent disease
or decrease its severity.
(J Med Genet 2000;37:83–87)
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Age related macular degeneration (AMD) is
the leading cause of visual impairment in the
elderly and the commonest cause of blindness
in the developed world. As such, it represents a
major public health problem. Genetic factors
are important and the available data suggest

that AMD may well be caused by environmen-
tal factors triggering disease in genetically sus-
ceptible subjects. Several hereditary retinal
dystrophies have phenotypic similarities to
AMD and the genes responsible for these con-
ditions are potential candidate susceptibility
genes. Recent interest has focused on the gene
for Stargardt macular dystrophy and the claim
that heterozygotes are predisposed to AMD.
Here we review what is known about the
genetics of AMD and possible susceptibility
genes.

Disease phenotype
Degenerative changes in the macular area of
the retina are an increasingly common finding
from 50 years of age onwards. The characteris-
tic ophthalmoscopic lesions of age related
maculopathy (ARM) are discrete whitish-
yellow spots called drusen (particularly the
type called soft drusen, fig 1) and areas of
increased pigmentation or retinal pigment epi-
thelium (RPE) atrophy. If these are the only
lesions present, the condition is best referred to
as early ARM, reserving the terms late ARM or
age related macular degeneration (AMD, senile
macular degeneration) to describe more ad-
vanced changes which are likely to be associ-
ated with visual impairment. Two manifesta-
tions of AMD can be distinguished, geographic
atrophy (GA, also referred to as atrophic, non-
exudative, or dry AMD, fig 2) and choroidal
neovascularisation (CNV, also referred to as
neovascular, exudative, wet, or disciform
AMD, fig 3). GA is characterised by extensive
atrophy of the retinal pigment epithelium and
overlying photoreceptor cells (typically defined
as one or more areas at least 175 µm in diam-
eter). CNV is characterised by aberrant
choroidal angiogenesis. The new vessels are
fragile and often bleed leading to the formation
of fibrovascular scars and irreversible visual
loss. CNV is responsible for the majority of
cases of severe loss of central vision. This is
often of sudden onset with devastating psycho-
logical and practical consequences. The classi-
fication and grading of ARM and AMD is
complicated by the great variation in number,
location, size, and types of lesion that occurs.
Over the years, a variety of definitions have
been used in epidemiological studies which
makes comparison diYcult. In the hope of pro-

J Med Genet 2000;37:83–87 83

Department of
Medical Genetics,
University of
Cambridge, Box 134,
Addenbrooke’s
Hospital, Cambridge
CB2 2QQ, UK
J R W Yates

Department of
Ophthalmology, Box
41, Addenbrooke’s
Hospital, Cambridge
CB2 2QQ, UK
A T Moore

Correspondence to:
Dr Yates

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.37.2.83 on 1 F
ebruary 2000. D

ow
nloaded from

 

http://jmg.bmj.com/


moting uniformity, a classification and grading
system for ARM and AMD based on the
detailed assessment of colour fundus photo-
graphs has been proposed by The International
Age-related Maculopathy Epidemiological
Study Group.1

Burden of disease
AMD accounts for approximately 50% of all
cases of registered blindness and partial sight in
England and Wales.2 Moreover, the prevalence
of AMD appears to be rising.3 At the same
time, demographic change means that the
population of at risk subjects is increasing.

Numerous population studies have shown
that the frequency of ARM/AMD begins to rise
from around 50 years of age. The Beaver Dam
Eye Study4 provides representative prevalence
figures: in the age group 65-74 years, early
ARM was present in 18.0% and late ARM
(AMD) in 1.4%; for patients over 75 years, the
corresponding figures were 29.7% and 7.1%.
For the early changes of ARM, frequencies
were similar in males and females. In patients

over 75, late ARM (AMD) was commoner in
females (7.8%) than males (5.6%).

Options for the treatment of AMD are
limited. For GA, low vision aids are all that can
be oVered. For CNV the mainstay of therapy is
laser photocoagulation, but only a minority of
patients are suitable for treatment and recur-
rence is common.

Pathogenesis
The pathogenesis of ARM/AMD is poorly
understood and this hampers the development
of rational therapies. In the normal eye
throughout life there is a regular turnover of the
photoreceptor outer segments which contain
the photosensitive visual pigments. Material
shed from the outer segments is engulfed and
digested by the underlying retinal pigment epi-
thelium (RPE) and ultimately cleared by the
capillaries of the choroid (the choriocapillaris).
The RPE is separated from the choriocapillaris
by a multilayered structure called Bruch mem-
brane. It is known that this membrane thickens
with age and that in the early stages of
ARM/AMD there is accumulation of debris in
the membrane which contributes to the devel-
opment of drusen, one of the characteristic
clinical features of early ARM. It is likely that
this debris is derived from the cytoplasmic
material being continually discharged into the
inner portion of Bruch membrane from the
RPE.

It is not known why material accumulates in
Bruch membrane, why some patients are more
susceptible than others, and what determines
the subsequent progression to GA, detachment
of the RPE, or CNV. Bird5 has suggested that
genetic and other factors predisposing to the
development of ARM/AMD might exert their
eVect by (1) increasing outer segment turn-
over, (2) reducing activity of RPE degradative
enzymes, (3) causing free radical damage to the
substrate of degradation, (4) modifying the
processes of ageing in Bruch membrane such
as the cross linkage of collagen, or (5) reducing
the clearance of material from Bruch mem-
brane.

Risk factors
There are undoubtedly environmental and
other risk factors that contribute to ARM/
AMD. The adverse eVect of smoking is well
established.6–8 Other possible risk factors in-
clude hypertension,9 raised plasma fibrinogen
levels,8 blue iris colour,10 poor skin tanning or
abnormal skin sensitivity to sunlight,10 11 and
lightening of iris colour with age.12 Dietary
antioxidants such as carotenoids13 and zinc14

may be protective but the evidence is not con-
clusive and further studies are needed.15 Mod-
erate wine consumption may also be
protective.16 The prevalence of AMD varies
between racial groups, tending to be lower in
non-white populations.17 18 In the Japanese,
AMD was said to be virtually unknown 30
years ago. This was thought to have a genetic
basis, but it now seems more likely to be
because of environmental factors, since the
prevalence has apparently increased dramati-
cally in urban communities over recent years.19

Figure 1 Multiple large soft drusen in the left macular region typical of age related
maculopathy.

Figure 2 Geographic atrophy involving the left macular region.

84 Yates, Moore

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.37.2.83 on 1 F
ebruary 2000. D

ow
nloaded from

 

http://jmg.bmj.com/


In a UK study of Asians and Europeans living
in the same city, no diVerence in the prevalence
of AMD was observed.20 The Inuit of Green-
land appear to have a particularly high
incidence of AMD,21 but it is not known
whether this has an environmental or genetic
basis.

Genetic epidemiology
For a condition as common as AMD, there
have been relatively few studies of the genetic
epidemiology, although from the available data
it is clear that genetic factors are important.
The familial nature of AMD has long been
recognised.22 Klein et al23 reported eight of nine
monozygotic (MZ) twins concordant for
AMD. Meyers et al24 reported 100% concord-
ance in 25 MZ twins compared to 42%
concordance in 12 dizygotic (DZ) twins. Gott-
fredsdottir et al25 found 90% concordance in 50
MZ twins which was significantly higher than
for twin/spouse pairs. Further evidence of a
genetic predisposition to ARM was provided
by Piguet et al,26 who compared the character-
istics of drusen in spouses and sibs of AMD

patients and found a marked concordance
between sibs but not with spouses. Smith et al8

have confirmed in a questionnaire study that
family history is a risk factor, obtaining an odds
ratio of 4.2. Two studies from the United States
have investigated the frequency of AMD in the
sibs of index cases and controls. Hyman et al27

found that 29/146 (20%) of the sibs of index
cases were aVected, compared to 12/152 (8%)
of the sibs of controls, giving an odds ratio of
2.9. In the study by Seddon et al28 the
corresponding figures were 35/98 (36%) for
cases and 15/112 (13%) for controls, giving an
odds ratio of 2.7. However, the limitation of
both studies was that the disease status of sibs
was dependent on data provided by their oph-
thalmologist or optometrist27 or extracted from
their medical records28 rather than being based
on assessment of fundus photographs.1 In a
similar case-control study from Belfast, fundus
photographs were obtained in half of the sibs
but diagnosis in the rest relied on reports from
ophthalmologists or opticians29: 20/81 (25%)
sibs of index cases were aVected but only 1/78
(1%) sibs of controls, giving a relative risk of
19. Klaver et al30 studied fundus photographs of
first degree relatives of 87 index cases with late
AMD and 135 controls and obtained a relative
risk of 4.2. There was evidence that relatives
expressed features of ARM at a younger age
“suggesting that genetic susceptibility may play
an important role in determining the onset of
disease”. One large population based study has
provided data on genetic factors for ARM/
AMD based on graded fundus photographs of
1285 subjects from 564 sibships. Using the
resulting scores for segregation analysis, Heiba
et al31 concluded that the number of genes pre-
disposing to AMD was small and there may be
a single locus acting as the major determinant.
Taken together, these studies leave some
uncertainty about the magnitude and nature of
the genetic component in AMD and whether it
varies with type of AMD or with age at onset.
Interestingly, in the study by Seddon et al,28 for
exudative AMD the odds ratio was 3.1 whereas
for GA the odds ratio was only 1.5 and not sta-
tistically significant. The authors concluded
that “the data suggest that AMD may be a het-
erogeneous condition” and “for geographic
atrophy and exudative disease...there may be
diVerent relative contributions of genetic and
environmental factors to the origin of these
subtypes”.

Candidate genes
Several hereditary retinal dystrophies have
some phenotypic similarity to AMD. Stargardt
disease and Best macular dystrophy commonly
result in macular atrophy, while drusen are a
prominent feature of Doyne honeycomb retinal
dystrophy (autosomal dominant radial drusen,
Malattia Leventinese) followed later by the
development of CNV, which is also a common
feature of Sorsby fundus dystrophy. The genes
responsible for these conditions are attractive
candidate susceptibility genes for AMD.

Stargardt disease (STGD1) is the common-
est of the autosomal recessive macular dystro-
phies. It is characterised by juvenile or early

Figure 3 (Above) Subretinal haemorrhage and fluid secondary to choroidal
neovascularisation involving the left macular region. (Below) Appearance 12 months later
showing extensive scarring.

Genetic susceptibility to age related macular degeneration 85
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adult onset and leads to progressive atrophy of
the macular RPE and overlying photorecep-
tors. The condition is caused by mutations in
the ABCR gene (a member of the ATP binding
cassette transporter superfamily).32 ABCR cor-
responds to a previously identified rod outer
segment protein called rim protein (RmP).
Allikmets et al33 screened unrelated AMD
patients for mutations in the 51 exons of the
ABCR gene by heteroduplex analysis (HA) and
single strand conformational polymorphism
analysis (SSCP) followed by sequencing. From
these data, 13 diVerent sequence changes,
mostly missense mutations, present in 26/167
(16%) of AMD patients, were deemed to be
associated with AMD on the grounds that they
were not observed or were significantly less fre-
quent in controls. The authors concluded that
ABCR is an important susceptibility gene for
AMD. Critics have questioned this interpret-
ation of the data and the justification for
removing from consideration sequence varia-
tions that occurred at appreciable frequency in
controls.34 35 With inclusion of these variants it
is arguable whether there was a significant dif-
ference between AMD cases and controls.34–36

Moreover, it has been pointed out that the cor-
rect experiment in the controls should have
been HA/SSCP mutation screening as in the
cases, the implication being that the controls
would also show a variety of rare polymor-
phisms, diVerent from those found in the cases
but at a similar frequency.34 35 In the subse-
quent study by Stone et al,37 182 AMD cases
and 96 controls were completely and equally
screened, showing a large number of sequence
variations in both groups, but no significant
diVerences between them. Other studies have
given negative results.38 39 Meanwhile, Allik-
mets et al36 have reported additional data in
support of their original findings, including
studies of Stargardt disease families where
relatives with AMD have been shown to be
ABCR mutation carriers.40 41 It remains to be
seen how this controversy will be resolved but
the available evidence does not yet establish a
significant role for ABCR in determining
susceptibility to AMD.

Doyne honeycomb retinal dystrophy
(DHRD) (syn dominantly inherited radial
drusen or Malattia Leventinese) is an auto-
somal dominant disorder characterised by the
appearance of drusen in early adult life. The
locus maps to 2p16-2p21.42–44 Using six mark-
ers spanning this region to study 51 aVected sib
pairs from 28 multiplex AMD families, De La
Paz et al45 reported preliminary evidence
suggestive of linkage. Recently, the DHRD
gene was identified.46 In all 39 DHRD families
studied, aVected subjects had a single non-
conservative mutation Arg345Trp in a gene
designated EFEMP1 (for EGF containing
fibrillin-like extracellular matrix protein 1)
encoding a protein homologous to a family of
extracellular matrix glycoproteins known as
fibulins. None of a panel of 494 patients with
AMD carried this mutation and no abnormali-
ties were found in these patients on screening
the entire EFEMP1 coding region by SSCP.46

Best disease (syn vitelliform macular dystro-
phy type 2) is an autosomal dominant macular
dystrophy mapping to 11q13. The gene was
recently isolated47 48 and there is one study pro-
viding evidence that mutations in the be-
strophin gene do not play a significant role in
predisposition to AMD.49 Sorsby fundus dys-
trophy is an autosomal dominant disorder
caused by mutations in the tissue inhibitor of
metalloproteinases-3 gene (TIMP-3),50 which
plays a central role in extracellular matrix
modelling. Investigations of TIMP-3 as a
predisposing gene for AMD by linkage analy-
sis, sib pair analysis, association studies, and
mutation screening have given negative
results.51 52 Mutations in the peripherin/RDS
gene can give rise to a variety of retinal pheno-
types including a macular dystrophy with some
resemblance to AMD,53 but mutational analy-
sis in 50 AMD patients did not identify any
significant sequence changes.54 In a large AMD
family with 10 aVected members, Klein et al55

have reported linkage to markers at 1q25-q31.
Finally, Klaver et al56 recently reported that the
ApoE å4 allele is associated with reduced risk
of AMD (odds ratio 0.43) and the å2 allele
with a slightly increased risk (odds ratio 1.5).
They also provided preliminary evidence that
ApoE may have some involvement in the
pathogenesis of AMD by showing ApoE
immunoreactivity in AMD associated drusen
and basal laminar deposits. This merits further
investigation.

Need to understand the genetic
component of AMD
From the available data, it appears that AMD is
caused by environmental factors triggering dis-
ease in genetically susceptible subjects. Identi-
fying the genetic factors would contribute to
understanding the pathogenesis. If those at risk
could be identified it may be possible to modify
lifestyle or develop novel therapies in the
presymptomatic stage to prevent disease or
decrease severity. The high prevalence of the
disease in the western population and the
apparent rise in prevalence in racial groups not
previously considered to be at risk highlights
the need for more research on the pathogenesis
of AMD.

This review has benefited from valuable discussions with
colleagues and particularly David Clayton (MRC Biostatistics
Unit, Institute of Public Health, Cambridge) and Alan Bird
(Institute of Ophthalmology, London). We are grateful to Kath-
erine Haslam for providing the fundus photographs.

1 Bird AC, Bressler NM, Bressler SB, et al. An international
classification and grading system for age-related maculopa-
thy and age-related macular degeneration. The Inter-
national ARM Epidemiological Study Group. Surv Oph-
thalmol 1995;39:367-74.

2 Evans J. Causes of blindness and partial sight in England and
Wales 1990-1991. Studies on Medical and Population Sub-
jects No 57. London: HMSO, 1995.

3 Evans J, Wormald R. Is the incidence of registrable
age-related macular degeneration increasing? Br J Ophthal-
mol 1996;80:9-14.

4 Klein R, Klein BE, Linton KL. Prevalence of age-related
maculopathy. The Beaver Dam Eye Study. Ophthalmology
1992;99:933-43.

5 Bird AC. What is the future of research in age-related
macular disease? Arch Ophthalmol 1997;115:1311-13.

6 Seddon JM, Willett WC, Speizer FE, Hankinson SE. A pro-
spective study of cigarette smoking and age-related macular
degeneration in women. JAMA 1996;276:1141-6.

86 Yates, Moore

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.37.2.83 on 1 F
ebruary 2000. D

ow
nloaded from

 

http://jmg.bmj.com/


7 Christen WG, Glynn RJ, Manson JE, Ajani UA, Buring JE.
A prospective study of cigarette smoking and risk of
age-related macular degeneration in men. JAMA 1996;
276:1147-51.

8 Smith W, Mitchell P, Leeder SR, Wang JJ. Plasma fibrinogen
levels, other cardiovascular risk factors, and age-related
maculopathy: the Blue Mountains Eye Study. Arch
Ophthalmol 1998;116:583-7.

9 Klein R, Klein BE, Jensen SC. The relation of cardiovas-
cular disease and its risk factors to the 5-year incidence of
age-related maculopathy: the Beaver Dam Eye Study. Oph-
thalmology 1997;104:1804-12.

10 Mitchell P, Smith W, Wang JJ. Iris color, skin sun sensitivity,
and age-related maculopathy. The Blue Mountains Eye
Study. Ophthalmology 1998;105:1359-63.

11 Darzins P, Mitchell P, Heller RF. Sun exposure and
age-related macular degeneration. An Australian case-
control study. Ophthalmology 1997;104:770-6.

12 Holz FG, Piguet B, Minassian DC, Bird AC, Weale RA.
Decreasing stromal iris pigmentation as a risk factor for
age-related macular degeneration. Am J Ophthalmol
1994;117:19-23.

13 Seddon JM, Ajani UA, Sperduto RD, et al. Dietary caroten-
oids, vitamins A, C, and E, and advanced age-related
macular degeneration. Eye Disease Case-Control Study
Group. JAMA 1994;272:1413-20.

14 Newsome DA, Swartz M, Leone NC, Elston RC, Miller E.
Oral zinc in macular degeneration. Arch Ophthalmol 1988;
106:192-8.

15 VandenLangenberg GM, Mares-Perlman JA, Klein R, Klein
BE, Brady WE, Palta M. Associations between antioxidant
and zinc intake and the 5-year incidence of early
age-related maculopathy in the Beaver Dam Eye Study. Am
J Epidemiol 1998;148:204-14.

16 Obisesan TO, Hirsch R, Kosoko O, Carlson L, Parrott M.
Moderate wine consumption is associated with decreased
odds of developing age-related macular degeneration in
NHANES-1. J Am Geriatr Soc 1998;46:1-7.

17 Schachat AP, Hyman L, Leske MC, Connell AM, Wu SY.
Features of age-related macular degeneration in a black
population. The Barbados Eye Study Group. Arch
Ophthalmol 1995;113:728-35.

18 Friedman DS, Katz J, Bressler NM, Rahmani B, Tielsch
JM. Racial diVerences in the prevalence of age-related
macular degeneration: the Baltimore Eye Survey. Ophthal-
mology 1999;106:1049-55.

19 Yuzawa M, Tamakoshi A, Kawamura T, Ohno Y, Uyama M,
Honda T. Report on the nationwide epidemiological survey
of exudative age-related macular degeneration in Japan. Int
Ophthalmol 1997;21:1-3.

20 Das BN, Thompson JR, Patel R, Rosenthal AR. The preva-
lence of eye disease in Leicester: a comparison of adults of
Asian and European descent. J R Soc Med 1994;87:219-22.

21 Rosenberg T. Prevalence and causes of blindness in Green-
land. Arctic Med Res 1987;46:13-17.

22 Gass JD. Drusen and disciform macular detachment and
degeneration. Arch Ophthalmol 1973;90:206-17.

23 Klein ML, Mauldin WM, Stoumbos VD. Heredity and age-
related macular degeneration. Observations in mono-
zygotic twins. Arch Ophthalmol 1994;112:932-7.

24 Meyers SM, Greene T, Gutman FA. A twin study of
age-related macular degeneration. Am J Ophthalmol
1995;120:757-66.

25 Gottfredsdottir MS, Sverrisson T, Musch DC, Stefansson
E. Age related macular degeneration in monozygotic twins
and their spouses in Iceland. Acta Ophthalmol Scand 1999;
77:422-5.

26 Piguet B, Wells JA, Palmvang IB, Wormald R, Chisholm IH,
Bird AC. Age-related Bruch’s membrane change: a clinical
study of the relative role of heredity and environment. Br J
Ophthalmol 1993;77:400-3.

27 Hyman LG, Lilienfeld AM, Ferris FLD, Fine SL. Senile
macular degeneration: a case-control study. Am J Epidemiol
1983;118:213-27.

28 Seddon JM, Ajani UA, Mitchell BD. Familial aggregation of
age-related maculopathy. Am J Ophthalmol 1997;123:199-
206.

29 Silvestri G, Johnston PB, Hughes AE. Is genetic predisposi-
tion an important risk factor in age-related macular degen-
eration? Eye 1994;8:564-8.

30 Klaver CC, Wolfs RC, Assink JJ, van Duijn CM, Hofman A,
de Jong PT. Genetic risk of age-related maculopathy.
Population-based familial aggregation study. Arch Ophthal-
mol 1998;116:1646-51.

31 Heiba IM, Elston RC, Klein BE, Klein R. Sibling
correlations and segregation analysis of age-related
maculopathy: the Beaver Dam Eye Study. Genet Epidemiol
1994;11:51-67.

32 Allikmets R, Singh N, Sun H, et al. A photoreceptor
cell-specific ATP-binding transporter gene (ABCR) is
mutated in recessive Stargardt macular dystrophy. Nat
Genet 1997;15:236-46.

33 Allikmets R, Shroyer NF, Singh N, et al. Mutation of the
Stargardt disease gene (ABCR) in age-related macular
degeneration. Science 1997;277:1805-7.

34 Dryja TP, Briggs CE, Berson EL, Rosenfeld PJ, Abitbol M.
ABCR gene and age-related macular degeneration. Science
1998;279:1107.

35 Klaver CCW, Assink JJM, Bergen AAB, van Duijn CM.
ABCR gene and age-related macular degeneration. Science
1998;279:1107.

36 Dean M, Allikmets R, Shroyer NF, et al. ABCR gene and
age-related macular degeneration. Science 1998;279:1107.

37 Stone EM, Webster AR, Vandenburgh K, et al. Allelic varia-
tion in ABCR associated with Stargardt disease but not
age-related macular degeneration. Nat Genet 1998;20:328-
9.

38 Kuroiwa S, Kojima H, Kikuchi T, Yoshimura N. ATP bind-
ing cassette transporter retina genotypes and age related
macular degeneration: an analysis on exudative non-
familial Japanese patients. Br J Ophthalmol 1999;83:613-
15.

39 De La Paz MA, Guy VK, Abou-Donia S, et al. Analysis of
the Stargardt disease gene (ABCR) in age-related macular
degeneration. Ophthalmology 1999;106:1531-6.

40 Lewis RA, Shroyer NF, Singh N, et al. Genotype/phenotype
analysis of a photoreceptor-specific ATP-binding cassette
transporter gene, ABCR, in Stargardt disease. Am J Hum
Genet 1999;64:422-34.

41 Shroyer NF, Lewis RA, Allikmets R, et al. The rod photore-
ceptor ATP-binding cassette transporter gene, ABCR, and
retinal disease: from monogenic to multifactorial. Vision
Res 1999;39:2537-44.

42 Gregory CY, Evans K, Wijesuriya SD, et al. The gene
responsible for autosomal dominant Doyne’s honeycomb
retinal dystrophy (DHRD) maps to chromosome 2p16.
Hum Mol Genet 1996;5:1055-9.

43 Heon E, Piguet B, Munier F, et al. Linkage of autosomal
dominant radial drusen (Malattia Leventinese) to chromo-
some 2p16-21. Arch Ophthalmol 1996;114:193-8.

44 Edwards AO, Klein ML, Berselli CB, et al. Malattia
leventinese: refinement of the genetic locus and phenotypic
variability in autosomal dominant macular drusen. Am J
Ophthalmol 1998;126:417-24.

45 De La Paz MA, Haines JL, Heinis R, Agarwal R, Lennon F,
Pericak-Vance MA. Linkage studies of the Malattia Leven-
tinese (ML) locus to age-related macular degeneration
(AMD). Am J Hum Genet 1997;61:A273.

46 Stone EM, Lotery AJ, Munier FL, et al. A single EFEMP1
mutation associated with both Malattia Leventinese and
Doyne honeycomb retinal dystrophy. Nat Genet 1999;22:
199-202.

47 Marquardt A, Stohr H, Passmore LA, Kramer F, Rivera A,
Weber BH. Mutations in a novel gene, VMD2, encoding a
protein of unknown properties cause juvenile-onset vitelli-
form macular dystrophy (Best’s disease). Hum Mol Genet
1998;7:1517-25.

48 Petrukhin K, Koisti MJ, Bakall B, et al. Identification of the
gene responsible for Best macular dystrophy. Nat Genet
1998;19:241-7.

49 Allikmets R, Seddon JM, Bernstein PS, et al. Evaluation of
the Best disease gene in patients with age-related macular
degeneration and other maculopathies. Hum Genet 1999;
104:449-53.

50 Weber BH, Vogt G, Pruett RC, Stohr H, Felbor U.
Mutations in the tissue inhibitor of metalloproteinases-3
(TIMP3) in patients with Sorsby’s fundus dystrophy. Nat
Genet 1994;8:352-6.

51 Felbor U, Doepner D, Schneider U, Zrenner E, Weber BH.
Evaluation of the gene encoding the tissue inhibitor of
metalloproteinases-3 in various maculopathies. Invest Oph-
thalmol Vis Sci 1997;38:1054-9.

52 De La Paz MA, Pericak-Vance MA, Lennon F, Haines JL,
Seddon JM. Exclusion of TIMP3 as a candidate locus in
age-related macular degeneration. Invest Ophthalmol Vis Sci
1997;38:1060-5.

53 Wroblewski JJ, Wells JA III, Eckstein A, et al. Macular dys-
trophy associated with mutations at codon 172 in the
human retinal degeneration slow gene. Ophthalmology
1994;101:12-22.

54 Silvestri G. Age-related macular degeneration: genetics and
implications for detection and treatment. Mol Med Today
1997;3:84-91.

55 Klein ML, Schultz DW, Edwards A, et al. Age-related macu-
lar degeneration. Clinical features in a large family and
linkage to chromosome 1q. Arch Ophthalmol 1998;116:
1082-8.

56 Klaver CC, KliVen M, van Duijn CM, et al. Genetic associ-
ation of apolipoprotein E with age-related macular degen-
eration. Am J Hum Genet 1998;63:200-6.

Genetic susceptibility to age related macular degeneration 87

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.37.2.83 on 1 F
ebruary 2000. D

ow
nloaded from

 

http://jmg.bmj.com/

