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Introduction 

Age-related macular degeneration (ARMD) leads to the loss 
of central vision, due to degenerative defects in the macula 
lutea.1 The degeneration is associated with death of the rods 
and cones in the retinal pigment epithelium with ( exudative) 
or without (nonexudative) the complications of vascular 
invasion and choroidal neovascularization. Age-related 
macular degeneration is the major cause ofblindness and the 
leading cause of severe visual loss among the elderly in the 
West.2 The prevalence ofadvanced ARMD is estimated to be 
l.5%. 3 For people 43 to 54 years of age, the prevalence of all 
ARMD has been estimated to be 8.5%, whereas in the 
population aged 75 years and over, the prevalence increases 
to 37%.45 Occurrence of ARMD is pan-ethnic. Among 3,351 
Chinese , the overall incidence of ARMD has been reported 
to be about 6%, while the incidence for people aged over 65 
years has been reported to be about 17%.6 A pilot study in 
Hong Kong involving 355 Chinese randomly recruited from 
the general population and aged over 40 years showed a 
prevalence ofl 9%. 7 

To date, there is no known cure for the disease. Treatment 
options are limited and ineffective.8 Laser photocoagulation 
is suitable for treating only a highly selected group of patients 
with new blood vessel growth in and around the fovea. 
Furthermore, laser photocoagulation merely delays but docs 
not prevent subsequent visual loss, especially in ARMD with 
neovascularization or geographic atrophy.9 Effective 
treatment modalities should be facilitated by understanding 
the etiology of the disease, which is clearly multifactorial. 
While age is the undisputed and the most important risk 
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factor, cigarette smoking, sunl ight, diet a nd 
hypercholestcrolemia have been incriminated to be 
associated with the development of ARMD. There is also a 
strong genetic susceptibility to the development of ARMD, 
as evidenced by familial and molecular genetic studies. 

Smoking 

Cigarette smolcing may contribute directly or indirectly to the 
development of ARMD through various mechanisms. 10 

Firstly, the prolonged hypoxic effects of smoking, including 
elevated carbox yhcmoglobin levels and depletion of oxygen, 
may lead to the formation of a tubular capillary network from 
choriocapillaries. 11

'
12 Choroidal ncovascularization is 

invasive to the retinal pigment epithel ium and causes 
disciform macular degeneration. 13

•
14 Secondly, smoking 

decreases plasma levels of HDL cholesterol but increases 
total cholesterol, LDL cholesterol, platelet adhesiveness and 
fibrinogen. These atherosclerotic factors promote ischemia 
and microinfarction in the macula. 15

•
17 Thirdly, oxidants 

present in cigarette smoke or generated through the 
activation ofphagocytic cells stimulate lipid peroxidation of 
polyunsaturated fatty acids in photoreceptor outer segments 
and lead to development of ARMD. 18

•
19 Fourthly, smoking 

reduces the concentration of antioxidants, such as ascorbic 
acid and carotene, in blood and consequently in the retina.20

•
22 

The retina is thus more prone to damage by oxidative stress 
and free-radical reactions. 

After adjustment for other established or putative risk factors, 
including age, plasma levels of carotenoid and cholesterol, 
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alcohol consumption, vitamin intake, diabetes and 
hypertension, prolonged cigarette smoking has been shown 
to increase the risk of ARMD in males and fcmales.

21
•
23

•
24 

There is also a dose-dependent effect. 25 The risk of ARMD 
among former smokers remains elevated several years after 
cessation of smoking.26 For nonexudative ARMD, there are 
conflicting conclusions from different studies. However, 
large-scale and prospective studies involving thousands of 
study subjects mostly show statistically significant 

1 . . 1 d" d f'C: 25 26 N . corre at10n, me u mg ose-response e 1ects. · egat1ve 
associations are always reported in retrospective cross­
sectional studies with small sample sizes, such as fewer than 
a few hundred study subjects.21

•
29 Smoking is therefore an 

independent risk factor for ARMD, especially the exudative 
form. 

Sunlight exposure 

Animal studies and human case reports have suggested that 
exposure to intense bright light or UV radiation may cause 
structural and functional changes in the retinal pigment 
epithelium, as seen in ARMD.30

'
31 Light from indirect 

ophthalmoscopy induces morphological changes in the 
retinal pigment epithelium and causes the formation of 
subretinal pigment epithelial plaque.32 Light exposure may 
cause photic injury to the retina by enhancing the production 
of sup erox id e radicals, w hi ch s timulate lipid 
peroxidation.33

'
34 The outer segment membranes of the retina, 

which is rich in polyunsaturated fatty acids, are particularly 
vulnerable. Antioxidants, such as ascorbic acid, which 
suppress lipid peroxidation, play a protective role in the 
retina against oxidative injury. 35

•
36 

However, there are discrepancies in the evidence for a causal 
relationship between sunlight and ARMD. Jn a case-control 
study, no association between recreational or occupational 
exposure to sunlight and ARMD was found.28 The Maryland 
Watermen study, which involved 838 watermen aged 30 and 
over, showed no association betweenARMD and cumulative 
exposure to either UV-A or UV-B within age groups or after 
age adjustment.37 A similar conclusion was also reached in a 
cross-sectional population-based study on about 5000 
subjects aged between 43 and 84 years.38 However, in the 
same study, uses of hats and sunglasses were inversely 
associated with soft indistinct drusen (odds ratio (OR) 0.61, 
95% confidence interval (Cl) 0.28-0.98). The amount of 
summer outdoor time was associated with exudative macular 
degeneration (OR 2.26, 95% Cl 1.06-4.81) and late 
maculopathy (OR 2. 19, 95% CI 1.12-4.25). Furthermore, 
cumulative ocular exposure to blue light in the 20 years 
before examination was associated with an increased 
prevalence of severe macular degeneration (OR 1.35, 95% 
Cl 1.00-1.81).39 In a retrospective investigation in Australia, 
ocular sun exposure had been significantly greater in 409 
AR.MD patients than 286 control subjects.40 The patients 
were more sensitive to glare and less capable of developing a 
skin tan. 

Whil e most evidence supports an association between ocular 
exposure to sunlight and ARMD, large-scale and 
longitudinal studies involving documentation of individual 
sunlight sensitivity and the amount of exposure are required 
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to assess the relationship further. 

Diet 

Saturated fat and cholesterol 

A high intake of dietary saturated fat increases blood 
cholesterol concentrations and increases the risk of 
atherosclerosis.41 Elevated lipid levels in the blood 
circulation may promote degenerative changes in the macula. 
An association between serum cholesterol concentration and 
neovascular exudative macular degeneration has been 
reported.42 People with an intake of saturated fat and 
cholesterol in the highest quintile had significantly higher 
odds of 80% and 60% higher, respectively, for early ARMD 
than those in the lowest quintile, after adjustment of 
confounding factors, including intake of carotenoids and 
vitamin C and E, gender, smoking habit, body mass index, 
sunlight exposure, diabetes, hypertension and cardiovascular 
disease.43 The odds ratio for late ARMD among those with a 
high intake of both saturated fat and cholesterol compared 
with those with a low intake was similar to that for early 
ARMD (OR l. 5, 95% Cl 0.5-4.5), but it was not statistically 
significant. 

ARMD could be viewed as an aging process of the sclera that 
is initiated by lipoidal infiltration, which resembles 
arteriosclerosis.44 Saturated fat and cholesterol are risk 
factors for atherosclerosis and arteriosclerosis. They may 
cause lipoidal infiltration in the sclera, decrease compliance 
of the sclera and choroidal vessels, increase resistance of 
choroidal vessels and decrease choroidal perfusion. This 
would finally lead to impaired transport across the retinal 
pigment epithelium and hence the formation of drusen, 
retinal pigment epithelium atrophy and lipoidal infiltration of 
Bruch's membrane. High lipid levels in the blood circulation 
may also encourage direct deposition of fat in Bruch's 
membrane, which may then interfere with the flow of 
metabolites in and out of the retinal pigment epithelium. 
Such changes can also lead to detachment of the retinal 
pigment epithelium and hence detachment of the choroidal 
neovascular membrane. 45 

Antioxidants 

Antioxidants in the diet may prevent or impede the 
progression of ARMD. In a rat model, supplements of 
carotenoids, vitamin C and vitamin E help to protect the 
retina from oxidative damage initiated by absorption of 
light.46 Vitamins C and E probably act as antioxidants against 
free-radical reactions of superoxide radicals formed by light­
induced oxidation of nucleotide molecules in the retina. 
These vitamins thus exert a protective effect against photic 
injury to the retina. A higher dietary intake of carotenoids is 
associated with a lower risk of ARMD.47 In particular, those 
in the highest quintilc of carotenoid intake have a 43% 
significantly lower risk when compared with those in the 
lowest quintile, after adjustment for other dietary and 
demographic confounding factors. Primates accumulate two 
variants of carotenoids, lutein and zeaxanthin, in the retina as 
the macular pigment. The pigmentation is most dense at the 
center of the fovea and declines rapidly in more peripheral 
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regions. Intake of lutein and zeaxanthin is strongly 
associated with a reduced risk of maculopathy.47 Retinal 
degeneration is also more common in monkeys with vitamin 
E or vitamin A deficiency.48 The presence of carotenoids and 
antioxidant vitamins may therefore delay some of the 
destructive process in the retina and the retinal pigment 
epithelium caused by oxidative stress and lipid peroxidation. 

Molecular genetics 

The familial trait of macular dystrophy has been observed for 
more than three decades.49 One study showed that 20% of 
individuals with macular detachment and degeneration had a 
family history of central vision defects.so There was 
concordant occurrence of drusen in the eyes in sibling pairs 
but not in spouses.s 1 In a case-control study, 20 of8 l AR.MD 
siblings were affected, while only one of78 normal control 
siblings had ARMD.52 This represented a relative iisk to a 
sibling of an affected patient to be 19.3 times higher than that 
of a control sibling. Jn a retrospective study of 177 first­
degrce relatives of 119 ARMD patients and 146 relatives of 
72 normal controls, a significantly higher proportion (23. 7%) 
of ARMD was present in the relatives of the former than of 
the latter (l 1.6%).s3 The age- and sex-adjusted odds ratio was 
3.1 (P=0.03). There is strong genetic predisposition for 
ARMD. 

Stargardt disease, also known as fundus flavimaculatus, is 
the most common hereditary form of macular degeneration, 
with an incidence ofapproximately 1 in 10,000 in Caucasians. 
It is an autosomal recessive disorder of the retina and is 
usually associated with early- or juvenile-onset macular 
degeneration. Linkage analysis and detailed chromosomal 
studies on expressed sequence tags and yeast artificial 
chromosomes obtained from human retina cDNA have led to 
the identification of the retina-specific ATP-binding 
transporter gene (ABCR) as the causative gene of Stargardt 
disease.54 ABCR is located on chromosome lpl3-21, 
spanning a 7 .1 kb sequence with a known open reading frame 
of 6705 bp in 51 ex ons encoding for 2235 amino acids. s5 In 
situ hybridization has shown that ABCR is expressed 
exclusively in the rod inner segments of photoreceptor cells 
in the retina. It is completely absent in cone photoreceptors, 
although cone dysfunction is a common feature ofStargardt's 
disease. There may be two explanations. Cone dysfunction is 
caused by defects in the retinal pigment epithelium due to 
primary lesions in the photoreceptor rod. It is also possible 
that a different gene is involved in cones. Whether ABCR 
defects occur in forms of retinopathy other than AR.MD 
remains to be investigated. 

A total of 23 identified ABCR mutations have so far been 
d 56 51 Th . I . b . . U rcporte . ' ey arc smg e point su stitut10ns or sma 

insertions or deletions scattered throughout the coding 
sequence. ABCR sequence analysis may allow establishment 
of an unequivocal genetic test for early or presymptomatic 
diagnosis of ARMD, although ethnic-specific or common 
mutations in different populations are still to be found by 
large-scale studies. Meanwhile, understanding of the 
functions of the ABC transporter protein will provide 
information for the design of specific therapeutic agents for 
treatment of AR.MD. 
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The apolipoprotein E (APOE) gene has been shown to be a 
susceptibility gene for ARMD. APOE is a protein 
component of most major plasma lipoproteins and plays an 
important role in cholesterol transport and lipid metabolism. 
It is a ligand for lipoprotein receptor binding and a 
transporter for lipids.58 The APOE gene is located on 
chromosome 19q2 and contains a 5' regulatory sequence of 
about 1.4 kb and 4 exons spanning 3.6 kb. APOE is highly 
polymorphic, with 3 major isoforms: apo E2, E3 and E4 
encoded by alleles i:2, i;3 and i:4 respectively.59 The APOE 
genotype is strongly associated with a wide spectrum of 
familial and sporadic forms of disorders: dyslipidemia, 
cardiovascular diseases and Alzheimer's disease. 60 While the 
i:4 allele poses increased risk of developing Alzheimer's 
disease, i:4 allelic frequency has been found to be lower 
(P<0.0009) in patients with exudative ARMD than in control 
subjects.61 In 88 ARMD patients aged 55 and over, i;4 was 
associated with a lower risk (OR 0.43), while £2 was 
associated with higher risk (OR 1.5), when these patients 
were compared with 901 control subjects.62 A protective role 
of the £4 allele against ARMD is apparent. 

The polygenic nature of ARMD is exemplified by the 
mapping of another locus on chromosome 1 q25-q3 l, 
designated as the ARMD 1 gene. 63 So far this gene has been 
linked to ARMD in only one family, and more about its 
features, functions and association with AR.MD are still to be 
investigated. 

Conclusion 

Although there are still a lot ofunknowns about ARMD, it is 
for sure that ARMD is a multifactorial disease and both 
nature and nurture are playing their roles.64 Acquired risk 
factors include smoking, sunlight and saturated fat and 
cholesterol. There are at least three putative mechanisms of 
ARMD: 1. direct stimulation of subretinal vessels; 2. 
increase in atherosclerotic and hypoxic damage to the 
choroidal vasculature; 3. increase in oxidative damage to the 
outer retinal cells. Smoking seems to affect the macula by all 
three mechanisms, while saturated fat and cholesterol mainly 
involve the second mechanism. Sunlight can induce 
formation of superoxide radicals, which in turn cause 
oxidative damage of the outer retinal cells. On the other hand, 
antioxidants like carotene and vitamins seem to have a 
protective role in reducing oxidative stress by acting as 
scavengers for free radicals. Antioxidants may also maintain 
the normal function of blood vessels that supply the macular 
region.4 7 On the nature side, recent studies indicate that 
susceptible patients could be genetically primed for the 
disease. 

10 



PERSPECTIVE 

Reference 

1. Young R W. Pathophysiology of age-related macular 
degeneration. Surv Ophthalm.ol. 1987;31:291-306. 

2. Klein R, Wang Q, Klein BE, Moss SE, Meuer SM The 
relationship of age-related maculopathy, cataract and 
glaucoma to visual acuity. invest Ophthalmol Vis Sci. 
1995;36: 182-91. 

3. Bressler NM, Bressler SB, West SK, Fine SL, Taylor HR. The 
grading and p revalence of macular degeneration in 
Chesapeake Bay watermen. Arch Ophthalmol. 1989;107:847-
52. 

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

5. Leibowitz HM, Krueger DE, Maunder LR, MiltonRC, Kini MM, 
Kahn HA, et al. The Framingham Eye Study Monograph VJ. 
Macular degeneration. Surv Ophthalmol. 1980; 24(Suppl): 
428-57. 

6. Wu ZQ. Epidemiologic survey of senile macular degeneration. 
Chung Hua Yen Ko Tsa Chih. 1992;28:246-7. 

7. Van Newkirk MR. The Hong Kong vision study: a pilot 
assessment of visual impairment in adults. Trans Am 
Ophthalmol Soc. 1997;95: 715-49. 

8. Cotlier E, Weinreb R. Age-related macular degeneration: a 
review of experimental treatments. Surv Ophthalmol. 
1998;43:134-46. 

9. Macular photocoagulation study group: Five-year follow-up of 
fellow eyes of individuals with ocular histoplasmosis and 
unilateral extrafoveal or juxtafoveal choroidal 
neovascularization. Arch Ophthalmol. 1996; 114:677-88. 

I 0. Paetkau ME, Boyd TAS, Grace M, Bach-Mills J, Winship B. 
Senile disciform macular degeneration and smoking. Can J 
Ophthalmol.1978;13:67-71. 

11. Nordenberg D, Yip R, Binkin NJ. The effect of cigarette smoking 
on hemoglobin levels and anemia screening. JAMA. 
1990;264: 1556-9. 

12. Friedman E. KrupskyS, Lane AM, OakSS, Friedman ES, Egan 
K, et al. Ocular blood flow velocity in age-related macular 
degeneration. Ophthalmology. 1995; 102:640-6. 

13. Tso MOM Pathogeneticfactors of aging m.acular degeneration. 
Ophthalmology. 1985;92:628-35. 

14. MorrowJD, FreiB, LongmireAW, GazianoJM, Lynch SM, Shyr 
Y, et al. Increase in circulating products of lipid peroxidation 
(F2-isoprostanes} in smokers: smoking as a cause of oxidative 
damage. NEnglJMed. 1995;332:1198-203. 

15. Ogston D. Bennett NB, Ogston CM. The influence of cigarette 
smoking on the plasma fibrinogen concentration. 
Atherosclerosis. 1970; 11 :349-52. 

16. Craig WY, Palomaki GE, Haddow JE. Cigarette smoking and 
serum lipid and lipoprotein concentrations: an analysis of 
published data. Br MedJ. 1989; 298: 7 84-8. 

17. Klein R, Klein BE, Franke T. The relationship of cardiovascular 
disease and its risk factors to age-related mauculopathy. The 
Beaver Dam Eye Study. Ophthalmology.1993; 100:406-14. 

18. Church DF, Pryor WA. Free-radical chemistry of cigarette 
smoke and its toxicological implications. Environ Health 
Perspect.1985;64:111-26. 

19. Seddon JM, Willett WC, Speizer FE, Hankinson SE. A 
prospective study of cigarette smoking and risk of age-related 
macular degeneration in women. JAM A. 1996; 2 7 6: 1141-6. 

20. Schectman G, Byrd CC, Gruchow HW. The influence of 
smoking on vitamin C status in adults. Am J Public Health. 
1989;79:158-62. 

21. Stryker WS, Kaplan LA, Stein EA, Stamp fer MJ, Sober A, Willett 
WC. The relation of diet, cigarette smoking, and alcohol 
consumption to plasma beta carotene and alpha tocopherol 
levels. Am J Epidemio/. 1988; 12 7:283-96. 

22. Hammond BR J1; Wooten BR, Snodderly DM. Cigarette 

11 

smoking and retinal carotenoids: implications for age-related 
maculardegeneration. VisionRes.1996;36:3003-9. 

23. Klein R, Klein BE, Moss SE. Relation of smoking to the 
incidence of age-related maculopathy. The Beaver Dam Eye 
Study.AmJ Epidemiol. !998;147:103-10. 

24. Seddon J, Willett W. Speizer F. Hankinson S. A prospective study 
of cigarette smoking and the risk of age-related macular 
degeneration in women. JAMA. 1996; 2 7 6; 1141-6. 

25. Vingerling J, Hojinan A, Grobbee D, de Jong P. Age-related 
macular degeneration and smoking. The Rotterdam Study. Arch 
Ophthalmol. 1996; 714:1193-6. 

26. Smith W. Mitchell P, Leeder S. Smoking and age-related 
maculopathy. The Blue Mountains Eye Study. Arch Ophthalmol. 
1996; 114: 1518-23. 

27. Delcourt C, Diaz JL, Ponton-Sanchez A, Papoz L. Smoking and 
age-related macular degeneration. The POLA Study. Arch 
Ophthalmol. 1998;116:1031-5. 

28. Hyman LG, Lilienfe/ AM, Ferris Ill FL, FineFL. Senilemauclar 
degeneration: a casecontrol study. Am J Epidemiol. 
1983; /18:213-27. 

29. Friedman E, Krupsky S, Lane AM. Ocular blood velocity in age­
related macular degeneration. Ophthalmology. 1995; J 02:640-
6. 

30. Young RW. Solar radiation and age-related macular 
degeneration. Surv Ophthalmol. 1988;32:252-69. 

31. Borges J, Li Z-Y, T:w MOM. Effects of repeated photic exposures 
on the monkey macula. Arch Ophthalmol. 1990; 108:727-33. 

32. Tso MOM, Woodford BJ. Effects of photic injury on the retinal 
tissues. Ophthalm.ology.1983;90:952-63. 

33. Feeney L, Berman ER. Oxygen toxicity: membrane damage by 
free radicals. Invest Ophthalmol Vis Sci. 1976;15: 7 89-9 2. 

34. Noell WK. Possible mechanisms of photoreceptor damage by 
light in mammalian eyes. Vision Res. 1980; 20: 1163-71. 

35. Woodford BJ, Tso MOM, Lam KW Reduced and oxidized 
ascorbates in guinea pig retina under normal and light-exposed 
conditions. Invest Ophthalmol Vis Sci. 1983;24: 862-7. 

36. Tso MOM, Woodford BJ, Lam KW. Distribution of ascorbate in 
normal primate retina and after photic injury: a biochemical, 
morphological correlated study. Curr Eye Res. 1984; 3: 181-91. 

37. West SK, Rosenthal FS, Bressler NM, Bressler SB, Munoz B, 
Fine SL, et al. Exposure to sunlight and other risk factors for 
age-related macular degeneration. Arch Ophthalmol. 
1989; 107:87 5-9. 

38. Cruickshankv KJ, Klein R, Klein BEK. Sunlight and age-related 
macular degeneration. The Beaver Dam Eye Study. Arch 
Ophthalmol.1993;111:5 14-8. 

39. Taylor HR, West S, Munoz B, Rosenthal FS, Bressler SB, 
Bressler NM. The long-term e.ffecls of visible light on the eye. 
Arch Ophthalmol. 1992; 110:99-104. 

40. Darzins P, Mitchell P, Heller RF. Sun exposure and age-relaled 
macular degeneration. An Australian casecontrol study. 
Ophthalmology. 1997; 104: 770-6. 

41. National Research Council, Committee on Diet and Health, 
Food and Nutrition Board. Diet and health. Implications for 
reducing chronic disease risk. Washington DC: National 
Academy Press, 1989:181-9. 

42. Eye Disease Case-Control Study Group. Risk factors for 
neovascular age-related macular degeneration. Arch 
Ophthalm.ol. 1992; 110: 1701-8. 

43. Mares-Perlman JA, Brady WE, Klein R, VandenLangenberg 
GM, Klein BE, Pa/ta M.Dietary .fat and age-related 
macu/opathy. Arch Ophthalmol. 1995; 113: 743-8. 

44. Friedman E. Dietary fat and age-related maculopathy [letter}. 
Arch Ophthalmol.1996;114:235-6. 

45. Friedman E, Krupsky S, Lane AM, Oak SS, Friedman ES, Egan 
K, et al. Ocular blood flow velocity in age-related macular 
degeneration. Ophthalmology.1995: 102:640-6. 

46. OrganisciakDT, WangHM. LiZY, Tso MO. The protective effect 
of ascorbate in retinal light damage of ra1s. Invest Ophthalmol 

HKJO ~ Vol.2 No.1 



Vis Sci. 1985; 26: 1580-8. 
47. Seddon JM, Ajani UA, Sperduto RD, Hiller R. Dietary 

carotenoids, vitamins A, C, and E, and advanced age-related 
macu/ar degeneration. JAMA. 1994;272: 1413-20. 

48. Hayes KC. Retinal degeneration in monkey induced by 
deficiencies of vitamin E or A . Invest Ophthalmol Vis Sci. 
1974;13:499-510. 

49. Brady AE. Dystrophy of the macula. Am J Ophthalmol. 
1966;61:1-24. 

50. Gass JDM. Serious retinal pigment epithelial detachment and 
degeneration. Arch Ophthalmol. 1973; 90: 206-17. 

51. Piguet B, Wells JA, Palmvang !B, Wormald R. Chrisholm JH, 
Bird AC. Age-related Bruch's membrane change: a clinical 
study of the relative role of heredity and environment. Br J 
Ophthalmol. !993;77:400-3. 

52. Silvestri G, Johnston PB. Hughes AE. ls genetic predisposition 
an important risk/actor in age-related macular degeneration. 
Eye. 1994;8:564-8. 

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

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

55. Gerber S, Rozet JM, van de Pol TJR, Hoyng CB, Munnich A, 
Blankenagel A, et al. Complete exon-intron structure of the 
retina-specific ATP binding transporter gene (ABCR) allows 
the identification of novel mutations underlying Stargardt 
disease. Genomics. 1998;48:139-42. 

56. Allikmets R, SinghN, SunH, Shroyer NF. Hutchinson A, 

HKJO ~ Vol.2 No.1 

PERSPECTIVE 

Chidambaram A, et al. A photoreceptor cell-specific ATP­
binding transporter gene (ABCR) is mutated in recessive 
Stargardt maculardystrophy. Nat Genet. 1997; 15: 236-46. 

57. Nasonkin 1, flling M, Koehler MR, Schmid M, Molday RS, 
Weber BH. Mapping of the rod photoreceptor ABC transporter 
(ABCR) to lp2 l-p22. I and identification of novel mutations in 
Stargardt's disease. Hum Genet. 1998; 102:21-6. 

58. Mahley RW. Apolipoprotein E: cholesterol transport protein 
with expanding role in cell biology. Science 1988; 240: 622-30. 

59. Das HK, McPherson J, Bruns GA, Karathanasis SK, Breslow 
JL. Isolation, characterization and mapping to chromosome I 9 
of the human apolipoprotein E gene. J Biol Chem. 
1985;260:6240-7. 

60. Siest G. Pillot T. Regis-Bailly A, Leininger-Muller B, Steinmetz 
J, Galteau MM, et al. Apolipoprotein E: an important gene and 
protein to follow in laboratory medicine. Clin Chem. 
1995;41:1068-86. 

61. Souied EH, Benlian P. Amouyel P, Feingold J, Lagarde JP. 
Munnich A, et al. The e4 allele of the apolipoprotein E gene as a 
potential protective factor for exudative age-related macular 
degeneration.AmJOphthalmol.1998;125:353-9. 

62. Klaver CCW, Kliffen M, van Dujin CM, Hofman A, Cruts M, 
Grobbee DE, et al. Genetic association of apolipoprotein E with 
age-related macular degeneration. Am J Hum Genet. 
1998;63:200-6. 

63. Klein ML, Schultz D W, Edwards A, Matise TC, Rust K, Berselli 
CB, et al. Age-related macular degeneration. Clinical features 
in a large family and linkage to chromosome lq. Arch 
Ophthalmol. 1998; 116: 1082-8. 

64. Silvestri G. Age-related macular genetics and implications for 
detection and treatment. Mo/Med Today.1997;3:84-91. 

12 


