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[ Abstract] With the aging of the population in modern society, the incidence of age-related diseases increases
gradually , especially the age-related macular degeneration ( AMD ). Despite advances in treatment in recent years,
AMD remains one of the leading causes of blindness and visual impairment in the elderly. At present, people tend to
think that AMD is caused by the combination of aging and inflammation,which also contribute to the occurrence and
development of many other age-related diseases. Although more studies have focused on the role of inflammation in
AMD, aging, as an important correlate, is also deserves in-depth investigation. This article reviewed the close

relationship between substance accumulation, abnormal phagocytosis, abnormal mitochondrial function and oxidative

stress damage caused by aging and the occurrence and development of AMD, with a view to improving clinicians”

knowledge of AMD.
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mtDNA fe e Fn e HE ™" Lin 258 9 BF 55 3 W1, B 25 4 09 A 2
K, mtDNA 545 38 i, # BE X RPE 40 }g (9 mtDNA #1455 £ T &
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Ty B e B WA O 7 A M DL K — R B 5 3 R G W R
HE R AR .

BAREAWET AMD /Y 2 F fa [ B R, (H4E I8 A S 98
R EENERFRZ —, B T8 750 = 2 PLE 1 AMD
P B PR 2 AL B R AR 0 2 45 2 2o W5 G ey B 8 O S B A ]
TE B AR 2 FE b LT AMD S AL b A SCSEEPR 1Y G B
PR A AEE B WA AR TE AR R 45 vh 2

S &k

[1] Datta S,Cano M,Ebrahimi K, et al. The impact of oxidative stress and
inflammation on RPE degeneration in non-neovascular AMD[ J]. Prog
Retin Eye Res,2017,60:201-218. DOI.10. 1016/j. preteyeres. 2017.
03.002.

[2] Luu J,Palczewski K. Human aging and disease : lessons from age-related
macular degeneration[ J]. Proc Natl Acad Sci U S A,2018,115(12) :
2866-2872. DOI:10. 1073/pnas. 1721033115.

[3] Guymer RH, Campbell TG. Age-related macular degeneration [ J].
Lancet,2023,401 ( 10386 ) : 1459~ 1472. DOI. 10. 1016/S0140-6736
(22)02609-5.



SO IR B L s 2024 4F 1 HES 42 4555 1 ] Chin ] Exp Ophthalmol , January 2024, Vol. 42, No. | .79.

[4] Fleckenstein M, Keenan T, Guymer RH, et al. Age-related macular
degeneration[ J/OL]. Nat Rev Dis Primers,2021,7 (1) :31[2023-
12-107]. http://www. ncbi. nlm. nih. gov/pubmed/33958600. DOI.
10. 1038/s41572-021-00265-2.

[5] Joachim N, Mitchell P, Burlutsky G, et al. The incidence and
progression of age-related macular degeneration over 15 years:The Blue
Mountains Eye Study [ J ]. Ophthalmology, 2015, 122 ( 12)
2482-2489. DOI:10. 1016/]. ophtha. 2015. 08. 002.

[6] Colijn JM,Buitendijk G, Prokofyeva E, et al. Prevalence of age-related
macular degeneration in Europe: the past and the future [ J].
Ophthalmology,2017,124(12) : 1753-1763. DOI; 10. 1016/]. ophtha.
2017.05.035.

[7] Mitchell P,Liew G,Gopinath B, et al. Age-related macular degeneration
[J]. Lancet,2018,392(10153) : 1147-1159. DOI. 10. 1016/S0140-
6736(18)31550-2.

[8] Curcio CA, Millican CL, Bailey T, et al. Accumulation of cholesterol
with age in human Bruch’s membrane[ J]. Invest Ophthalmol Vis Sci,
2001,42(1) :265-274.

[9] Tan A,Pilgrim MG, Fearn S, et al. Calcified nodules in retinal drusen
are associated with disease progression in age-related macular
degeneration [ J/OL]. Sci Transl Med, 2018, 10 ( 466 ) : eaat4544
[2023-03-25]. http://www. nchbi. nlm. nih. gov/pubmed/30404862.
DOI:10. 1126/scitranslmed. aat4544.

[ 10] Blasiak J, Sobczuk P, Pawlowska E, et al. Interplay between aging and
other factors of the pathogenesis of age-related macular degeneration
[J/OL]. Ageing Res Rev,2022,81 : 101735[ 2023=12-10]. http://
www. ncbi. nlm. nih. gov/pubmed/36113764. DOI. 10. 1016/j. arr.
2022.101735.

[11]Kersten E, Paun CC, Schellevis RL, et al. Systemic and ocular fluid
compounds as potential biomarkers in age-related macular degeneration
[J]. Surv Ophthalmol, 2018, 63 (1) : 9 - 39. DOI. 10. 1016/j.
survophthal. 2017. 05. 003.

[ 12] Burgess S, Davey Smith G. Mendelian randomization implicates high-
density lipoprotein cholesterol-associated mechanisms in etiology of age-
related macular degeneration [ J ]. Ophthalmology, 2017, 124 (8) :
1165-1174. DOI:10. 1016/]. ophtha. 2017. 03. 042.

[13]Moore DJ, Hussain AA, Marshall J. Age-related variation in the
hydraulic conductivity of Bruch’s membrane[ J]. Invest Ophthalmol Vis
Sci, 1995,36(7) :1290-1297.

[ 14] Espinosa-Heidmann DG, Sall J, Hernandez EP, et al. Basal laminar
deposit formation in APO B100 transgenic mice: complex interactions
between dietary fat, blue light, and vitamin E [ J]. Invest Ophthalmol
Vis Sci,2004,45(1) :260-266. DOI:10. 1167/iovs. 03-0910.

[15] Do KV, Kautzmann MI, Jun B, et al. Elovanoids counteract oligomeric
B-amyloid-induced gene expression and protect photoreceptors[ J]. Proc
Natl Acad Sei U S A,2019,116(48) :24317-24325. DOI:10. 1073/
pnas. 1912959116.

[16] Luibl V,Isas JM,Kayed R, et al. Drusen deposits associated with aging
and age-related macular degeneration contain nonfibrillar amyloid
oligomers[ J].J Clin Invest,2006,116(2) :378-385. DOI:10. 1172/
JCI25843.

[ 17] Chirco KR,Sohn EH,Stone EM , et al. Structural and molecular changes
in the aging choroid: implications for age-related macular degeneration
[J].Eye (Lond),2017,31(1) : 10-25. DOI; 10. 1038/eye. 2016.
216.

[ 18]Li W. Phagocyte dysfunction,tissue aging and degeneration[ J]. Ageing
Res Rev,2013,12(4) : 1005-1012. DOI: 10. 1016/j. arr. 2013. 05.
006.

[19]Chen H, Lukas TJ, Du N, et al. Dysfunction of the retinal pigment
epithelium with age: increased iron decreases phagocytosis and
lysosomal activity [ J]. Invest Ophthalmol Vis Sci, 2009, 50 (4) :
1895-1902. DOTI: 10. 1167/iovs. 08-2850.

[20]Ban N,Lee TJ,Sene A, et al. Impaired monocyte cholesterol clearance
initiates age-related retinal degeneration and vision loss[ J/OL]. JCI
Insight, 2018,3(17) : e120824 [ 2023 -03-26]. http://www. ncbi.
nlm. nih. gov/pubmed/30185655. DOI:10. 1172/jci. insight. 120824.

[21] Combadiere C,Feumi C,Raoul W, et al. CX3CR1-dependent subretinal
microglia cell accumulation is associated with cardinal features of age-
related macular degeneration [ J]. J Clin Invest, 2007, 117 (10) :
2920-2928. DOI:10. 1172/]JCI131692.

[22]Lin JB,Sene A,Santeford A, et al. Oxysterol signatures distinguish age-
related macular degeneration from physiologic aging[ J]. EBioMedicine,
2018,32:9-20. DOI.10. 1016/j. ebiom. 2018. 05. 035.

[23] Nakamura R,Sene A,Santeford A, et al. [L10-driven STAT3 signalling
in senescent macrophages promotes pathological eye angiogenesis
[J/OL]. Nat Commun,2015,6 : 7847 [ 2023-03~-26]. http://www.
ncbi. nlm. nih. gov/pubmed/26260587. DOI:10. 1038/ncomms8847.

[ 24]Karlstetter M, Langmann T. Microglia in the aging retina[ J]. Adv Exp
Med Biol,2014,801 : 207-212. DOI; 10. 1007/978-1-4614-3209-8_27.

[25]Ma W, Wong WT. Aging changes in retinal microglia and their
relevance to age-related retinal disease[ J]. Adv Exp Med Biol, 2016,

854:73-78. DOI.10. 1007/978-3-319-17121-0_11.

[26 ] Kaarniranta K, Uusitalo H, Blasiak J, et al. Mechanisms of
mitochondrial dysfunction and their impact on age-related macular
degeneration[ J/OL]. Prog Retin Eye Res,2020,79 : 100858 [ 2023 -
12-10]. http://www. ncbi. nlm. nih. gov/pubmed/32298788. DOI.
10. 1016/]. preteyeres. 2020. 100858.

[27]Udar N, Atilano SR, Memarzadeh M, et al. Mitochondrial DNA
haplogroups associated with age-related macular degeneration [ J ].
Invest Ophthalmol Vis Sci,2009,50(6) : 2966-2974. DOI. 10. 1167/
iovs. 08-2646.

[28]Lin H,Xu H,Liang FQ,et al. Mitochondrial DNA damage and repair in
RPE associated with aging and age-related macular degeneration[ J].
Invest Ophthalmol Vis Sci,2011,52(6) :3521-3529. DOI.10. 1167/
iovs. 10-6163.

[29]Karunadharma PP, Nordgaard CL,Olsen TW et al. Mitochondrial DNA
damage as a potential mechanism for age-related macular degeneration
[J]. Invest Ophthalmol Vis Sci,2010,51(11) :5470-5479. DOI; 10.
1167/iovs. 10-5429.

[30] Hyttinen J, Viiri J, Kaarniranta K, et al. Mitochondrial quality control in
AMD :does mitophagy play a pivotal role? [ J]. Cell Mol Life Sci,
2018,75(16) :2991-3008. DOI;10. 1007/s00018-018-2843-7.

[ 31] Cabello-Verrugio C,Simon F,Trollet C, et al. Oxidative stress in disease
and aging: mechanisms and therapies 2016 [ J/OL]. Oxid Med Cell
Longev,2017,2017 : 4310469[ 2023-03-29]. http://www. ncbi. nlm.
nih. gov/pubmed/28246551. DOI:10. 1155/2017/4310469.

[32]Blasiak J, Petrovski G, Veréb Z, et al. Oxidative stress, hypoxia, and
autophagy in the neovascular processes of age-related macular
degeneration[ J/OL]. Biomed Res Int,2014,2014:768026[ 2023-03 -
29 ]. http://www. ncbi. nlm. nih. gov/pubmed/24707498. DOI; 10.
1155/2014/768026.

[33] Mitter SK,Song C, Qi X, et al. Dysregulated autophagy in the RPE is
associated with increased susceptibility to oxidative stress and AMD
[J]. Autophagy, 2014, 10 ( 11) : 1989 — 2005. DOI; 10. 4161/auto.
36184.

[34]Desouki MM, Kulawiec M, Bansal S, et al. Cross talk between
mitochondria and superoxide generating NADPH oxidase in breast and
ovarian tumors[ J ]. Cancer Biol Ther,2005,4(12) : 1367-1373. DOI;
10.4161/cbt. 4. 12. 2233.

[ 35] Thallas-Bonke V, Thorpe SR, Coughlan MT,et al. Inhibition of NADPH
oxidase prevents advanced glycation end product-mediated damage in
diabetic nephropathy through a protein kinase C-alpha-dependent
pathway[ J ]. Diabetes,2008,57(2) : 460-469. DOI. 10. 2337/db07-
1119.

[36]Verdin E. NAD" in aging, metabolism, and neurodegeneration [ J ].
Science, 2015, 350 ( 6265 ) : 1208 — 1213. DOI. 10. 1126/science.
aac4854.

[37]Jadeja RN, Powell FL,Jones MA et al. Loss of NAMPT in aging retinal
pigment epithelium reduces NAD™ availability and promotes cellular
senescence| J]. Aging (Albany NY) ,2018,10(6) : 1306-1323. DOI;
10. 18632/ aging. 101469.

[ 38] Lazzarini R, Nicolai M, Pirani V, et al. Effects of senescent secretory
phenotype acquisition on human retinal pigment epithelial stem cells
[J]. Aging ( Albany NY), 2018, 10 (11) : 3173 - 3184. DOI: 10.
18632/aging. 101624.

[39]Blasiak J. Senescence in the pathogenesis of age-related macular
degeneration[ J]. Cell Mol Life Sci,2020,77(5) : 789-805. DOI: 10.
1007/s00018-019-03420-x.

[40]Ferrington DA, Sinha D, Kaarniranta K. Defects in retinal pigment
epithelial cell proteolysis and the pathology associated with age-related
macular degeneration[ J]. Prog Retin Eye Res,2016,51:69-89. DOI;
10. 1016/]. preteyeres. 2015. 09. 002.

[41]Golestaneh N,Chu Y, Xiao YY,et al. Dysfunctional autophagy in RPE,
a contributing factor in age-related macular degeneration[ J/OL]. Cell
Death Dis,2017,8 (1) : e2537[ 2023 -03-31]. http://www. nchi.
nlm. nih. gov/pubmed/28055007. DOT:10. 1038/ cddis. 2016. 453.

[42]Sun Y, Zheng Y, Wang C, et al. Glutathione depletion induces
ferroptosis, autophagy, and premature cell senescence in retinal pigment
epithelial cells[ J/OL]. Cell Death Dis,2018,9(7) : 753[ 2023-03 -
31]. http://www. ncbi. nlm. nih. gov/pubmed/29988039. DOI: 10.
1038/s41419-018-0794-4.

[43]Blasiak J, Pawlowska E, Szczepanska J, et al. Interplay between
autophagy and the ubiquitin-proteasome system and its role in the
pathogenesis of age-related macular degeneration [ J/OL]. Int J Mol
Sei,2019,20( 1) :210[2023-03-31]. http://www. ncbi. nlm. nih.
gov/pubmed/30626110. DOI: 10. 3390/ijms20010210.

(Ui H 1 :2023-05-27 & [a] H 5] : 2023-12-13)

(A SCH KT BKIET)





