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Age-related macular degeneration (AMD) is one of the leading causes of vision loss in elderly population. Among
its subtypes, neovascular AMD (nAMD) has become a global focus in ophthalmological research due to its rapid
progression and severe vision impairment. With the acceleration of population aging, the disease burden of nAMD is
increasingly heavy, making it urgent to conduct in-depth research on its pathogenesis and explore effective therapeutic
strategies. In recent years, the rapid development of high-throughput omics technologies has provided unprecedented
opportunities to decipher the complex molecular pathological mechanisms of nAMD. Genomics, transcriptomics,
proteomics, metabolomics, and multi-omics integration analyses have not only helped to deeply explore disease-related
key molecules, pathways, and networks but also provided new perspectives for discovering novel biomarkers and
potential therapeutic targets. This review systematically summarizes the recent advances in molecular omics technologies
in nAMD research, focusing on findings from different omics approaches across various biological samples, and analyzes

the advantages of multi-omics integration in revealing disease mechanisms and screening biomarkers, aiming to provide
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references for future research in this field.
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AR AR PR B AR T (age-related macular degeneration,
AMD) 22 BRI N 2 AE AL 2 R ) F 2 R 2
—, HEBJEREE N D ZIRAL TR T, it ol
KUTEMEIT 4, PG, 20204F 2 BRAMD A 4
19612, Tit#120404K138 22,8842, #EH[E, AMD
BB R TS, 20105 195.16% T 22015
AER5.24%, TiT20504 415 517.64%, HE NECR A

#2455 51975 AP¥, AMD 3= 543 R A 1A PEAMD
5384 1145 PEAMD (neovascular AMD, nAMD), nAMD
IR AMD BRI 15% ~ 20%, {8 T Higk
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(retinal pigment epithelium, RPE) AU 20 A Gl 54
E=R AR AN 1 Sh AP E i IN=Ea Y 2
AT RAREAE ST, FEARSEOA SR T, B S A
F1- a (hypoxia-inducible factor 1- o, HIF-1 o )_ I 115 N
RN %(Vascular endothelial growth factor, VEGF) )22
ik, O RIS, R A IR [
W, AR 55 RN BT M4 (reactive oxygen
species, ROS) Wi BE 7=, SR RAE/R N, Ffid#hA
RGBT SOEMEEIR , 2 IR k™

JAE BRI E W) 546 78 nAMD Y #B 73 S B
Wy, AHHE IR0 50 28 AR LA RRR AR
Ko ARk, LISy, $esdlsy . EP gy
R 2 R A R EF K, nAMDHY
WFFEARAE TR BN, IORHIR R TSR TR EE AN
OB e AR B, R LR Y
IR ), XHEAAIRNAZR IS 19 3 (5 s 2H
#), XL AR AR TS (5 5
227 ) LB HE A2 B ) 4 3 M (PR 7))
AU BT RZIUF RS, WO TERIA
JTHESURAE TR ST S o 2 R Ay
Praefs N RGEY AR, AR s Pk K AR
RIER T4, R MRACRSHEIRY 77 SR B9l e S At
PR . A SO R G258 I AR R O3 1 2 2 HORTE
nAMDHFSEH Y BB FEIE ,  H A A R 20 27 7 e A
ANFEAEMFEA P BTSSR, I 2 G e a R
PP FI S A bR S I T AR, LIS ARk
BB T T fE S %

1 EEAFHARHRE

FE R = FEnAMD SRS T B E 3, 15
7N TR B B e Tk, KU AR A A
JTRBE R R B9 T EEHEA . G R IEAMDI &
A R TR ik 46% ~ 719%, HrP A R R
PR -5 DR RN R AR AR Y. H AT A AMDAR
FHEH A1 54 MA R F-H (complement factor H, CFH) , 4
WSAHSCHE BB AR M by JB 2/ 22 A TR R T AL (age-related
maculopathy susceptibility 2/high-temperature requirement
factor A1, ARMS2/HTRAL) , )ﬂ:ﬂﬁ‘ﬂ)‘iﬁ(hepatic lipase,
LIPC) . JH[&ERS%12 25 H (cholesteryl ester transfer protein,
CETP) . ATPéﬁ/a\ﬁ%@MKAI(ATP—binding cassette
transporter A1, ABCAL) , J&Jii 4> )& 5 H B £H 2L il 571
3(tissue inhibitor of metalloproteinases 3, TIMP3) . XA I

FE 1 o 14% (collagen type X alpha 1 chain, COL10A1) . VIII#i
JEE S AR 1 o 14 (collagen type VIIT alpha 1 chain, COLSAL)
I/ P B2 A K PR F-A(vascular endothelial growth factor A,
VEGFA) MEAL R+ B K (transforming growth
factor beta receptor 1, TGFBRl)% , IRBERLR S 5T RMA
E VN =7 Aw N 087 89 s R IR o 2
SRR R BT IS B %A 34 5 AMD
FASCHY Zy BRI, SRS BT nAMD Y515 JRURS:
. HrP, CFHAIARMS2HEA JEnAMDi# 1% 5) J& i
MPIR A7, DTEE R A20%" . CRHIER 78
5, UHIEY402HZ AN, AT S BRMA R G0 i B
W, IR SIEFIRPERIV; . ARMS2HER Y 2254
VU] eI S S I A . RSN AL I TGE- B
(G5B AR, BMaAMD YRS . bR T WL AS 57
Hb, FEWAES, BINCFHEEHFHR1210CFRAE, dY
AMD Y s AP i Ji A0 RV A AR
SRR, H I A i SRR XU 5
M ANZS BN, AT ZEsm X HOCH . Cascella
SEPTIBF S AL & B T CFH . ARMS2FITL-8 45 3L [ fr)
Z 51 S nAMD KU 35 AH0C, iR dE/R | —SE AL
PRI PR SR U 2 (B AR ELAE (9 ANVEGRASE[H 51
F K28 58T A 1145 (choroidal neovascularization, CNV) 22 [H]
ISCHK, BN AT Y844 15 S AN BR A5 R 3 7 RE AT
2SN, FEWAS, FIINCFHEH P IIR1210CHEAE,
XF AMD R A R i e B BB, AR
WA 112 XS SE Y12 oy a5 5 oAt 41
5, BN 2R 2 A A 2 A B 25 SR L ERIIE,
AR T nAMDE 2 A BAILG] o AR F G RE Y
RIS 5225, TTHE T EnAMD 1.5 B Al R F 7
WAFAEZE S, RIS ZE X AN [R] AR ] A R %) 951 B
FIIAYT S
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e S A WIS S 3 v e P R #8728 T nAMD
RIS TR A R FR R 4 . 5221 EAMD
S I b R A AN ORI S RE AR OC I mRNA
B3 B, AR AR IR R 32 K1 (oxidized
low density lipoprotein receptor 1, OLR1) . ki T3l
1(salt-inducible kinase 1, STK1) FIEE Ifil K 111 (coagulation
factor 111, F3) %™ | 7E X RPE/ K& B A A R AT
FEH, COL10ATNIBE M & o o) — N EH A CNV A JE
o IZFERECN VAR 2 i, SEER RS
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il COL 1OAL ] A7 S5 WA 1A 1 200 J6 114 15 B P A5 T I g
71, I FBOL T WD Snail G215 s il K F-1 (Snail
family transcriptional repressor 1, SNAIL1) 1 L5 A= i 2%
2(angiopoietin-2, ANGPT2) 7 B4 4 T FEhFEAE™ .
P KB s (JIXLE% (meteorin s MTRN)Z'{CNV?E
J it A Py EOC B A €, HCIE e A AR I A AR
SR AL SR 28 A O 10 3 i R PR S —
TFFEAERAMD S8 A RO Rk 28 AR LH Zrp R B, R
AR FRE R A 4 2R R AN O A0 6 5 2R 1 1 (epidermal
growth factor-containing fibrillin-like extracellular matrix protein
1, EFEMP1) AR T, DHRERTTE R WAl E i 94
FTVEGF Y 1R RAE S M4 P B 40 A i 459 S A
BHU LTI SR A S R FA R T R e
HIRLA . $a78 T CNVA AR P A AR S Bt AN A2 i
FA) A AR TRDAH E AR T 46 o A5 S I B2 20 . 2
AR 290 YR R 200 L 5 22 b A SR A [] 2 5 CNVIIE
RS Hrr, CD1LCT WA 2 B T S A AR o
A URFAE, T VEGE(S Sm i . N R4 L 2
A0 ML R T A5 5 M 4 5 2 iR AR S CN VY &
R AR RAEAE S M4, MBI 1 (secreted
phosphoprotein 1, SPP1):# f% 13 5 F W21 i i) £ 48
i 2 B RN W P 28 D AR OC , 33K — i % 1 W 0 1
FINE T AMD £ 5 1) B SR 22 400 00 J5E b 2 0L 10 25 1) v
kP,

LG RNAMFZE N A AMD Y 43 F-HIL IR FL 43t
TR . AR ILZ S RNA (microRNA, miRNA)
FEnAMD B35 MR AR S A L b e 22 R Rk,
miR-199a-3p, miR-195-5pHImiR-185-Sp7ETHI 1 11 %
ik, TMimiR-200b-3pM| FHZeiA . X LEmiRNAT] BEME N
TR B A WA S T T AMD ) 2 Wi RE Y 7
Wi, miR-1267EnAMD £ % A& i A 35 % 1k
WETHE, ATREE A R E VEGE(S 5 i #% H1 Y Sprouty
FH S EVH G5 #3885 1 l(sprouty related EVH1 domain
containing 1, SPRED1) RO HE T JULISE3 -85 it 8 17 0
2(phosphoinositide-3-kinase regulatory subunit 2, PIK3R2 )55
TR, R A A miR-146an] AL
T4 A 22 152 M I 1 (interleukin 1 receptor
associated kinase 1, IRAK1)Fl R YRAE PR - 32 AAHH < R+
6(TNF receptor associated factor 6, TRAF-6) RZeik, Y
RAE S FAMA RIS, IEAh, #5IERNAZT
FMR-CTCH 1E,rvf(transfer RNA fragment-glutamic acid-CTC,
tRF-Glu-CTC) VA — i AL B RN AT A 19/ NRNASY
+, AL flvasohibin & N B ALAETE AL . T
FJAE R 7o K BERGRISRNAJ T, ZNFS03-

ASTHILINCO00167 AT LA il 1L D0 A £, 281 B2 200 i 1 iy
WAk, IPWRN2 () ek Wi & T &AL R 34075
S HIRPEAN YA T LR A Th RERE S SRifT, T
ncRNAF A AR, LLBOR [RIRFSE [ RE AR IR
R 24 5, B AT BRI 85 RAFAE—E AN
— B, ARORTEE I 25 I R — 2 B R A

44-46
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nAMD R R AT ST 1M . Pk 3
TR THW A K Bruch I/ Ik 46 IR A2 6 1A 55 22 Fh A= W
A, HFRATIAE] f BE A I o3 HLRI Rt 1
BUE R AR S, (EAFTIEE 4R
I —E RIS SO FR , 78 nAMD Y B RN Y
JR R THRFR SRR, Iovh S SRy es . ilan, Ak
7 SIS AE SN 3K A FE n AMD A& S AL il Hh 3 vl G gt
FAOREY IR, TELTIrAREASE R 8 B2l
R R TR IS FIBruchfiE/ k46 IR A2 A 1K
TR R BT 5 A AR S I R TR ik R,
SAEAICHE 1Y IR TE oK . SRS AR AT A5 3
TUESEY, D R WA BOR A AE R B 2F T-nAMD
MIRZE, IHFE TR BACE REER . XA R Ger
(R PR AR IR AE AR B ZE L o A B /K 2
FIBT 20 2= B FE 34 R B T R B AR DG 3R 1 A R S5
L PRI BTG AL AT R nAMD KA K& SR OB
KR, I 7T 58 5 48 BB AR AE S A7 1E S 2% (A
VEFRW L, BeAb, ARl s S A i i A P i
R, R REREFfEnAMD I &L . K
AR EEIEHY,

MR, A A R A R Z A —
Se2 S, ANELEEE U EAN RIS b B FRA AR A T ]
A—E, XaTRERE TREASERL . BRI B IRYTN
LA KR i A 2 R R L . 4N, Coronado
49 IR T 1 A-TRIA-IVZE XL VEGEIAYT IS A
KL AUnAMD R # Bk FPak i, T Kim 5 00 % B2
FER F1A-IV7EHBEEPE Z2 45 (geographic atrophy, GA) £ 2 Ifil
R T I, X2 55 ] RE S T nAMD AN [ M1 74
BRI B A EAEAN R HR B AR, X Trax gt
225, W EIHATIRAR AR, IFEs Gl Rk
FSAARSRHE, A R T 4 1 M ffnAMD ) &2 2453 F
B, A BETRT Sk 3 8 i Rk 28 6 S nAMD
MR RN, HEEMRE, RAOTHEE
ARIEFBUZE . Az BB EAER] . EE R
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2 T Hn AMD B A= P FR AR ) ANA Y7 HE A 4
BT EEAR, LRI A R I 25 5 RIA Y
HHBT, BlNEERE . YN . PEDF, RBP4, [B4d
MC. HZVEHMD ., MEMEAS, o PR
FEEE 3%, AEN AnAMDAEYIFREY), T
WY IS W . XURPEAl | e 2B DL SRS T OB
TS0 58] e 2 15 S i R R T,
WNHsp90 . MR FIAL, o iREALEE . RAEF T H T
1 (allograft inflammatory factor 1, AIF-1 ) TATPEE & & kiR
B1(ATP-binding cassette subfamily B member 1, ABCB1)35,
YU P] B8 BCAAMDYAY T T ERT S, MR, BRI
SR AR ARSI AN RS S R TR IR, 8
TR B AT I O | T BRI PRIk B e
AR A

4 RFHAFHRER

(W SHEORUNE /K e AL el TP &~ 7 NAs /]
M8, T A AMD AR SR B A T B R E
$EO7 EHATABIST AP . . BRI
EREAS, 5T 45 W RnAMD B OIS SR AL Xl
B, et AU, AR RIER A 22
Wi o, BRBRISEEFEL I I . Zhao %55 b Xof
nAMD R MHRAEA BRI 0007, 9 T nAMDIY
A ARIRLK , FEsmIRE 1 I B A S Y
VR . AATA B, WiARMEAH G (phosphatidylcholine,
PC). MAMENZ (ceramide, Cer) . HifiNg (sphingomyelin,
SM) FIH ¥ =K (triglyceride, TG) S BT fEnAMD £8 2 Ifil.
KPAEE B 22 ARG, IR L= 20 i 1
— L 16 R AR BRI A bR S e,
T HER AT = AR E AR R B, 2D T
i BRI B FEn AMDIZ W (178 711, Wei 5515
KTET Bk 224, & IO BER (cardiolipin,
CL). HVH M (diacylglycerol, DG) FITGZE /g it 7F {14
AMDEF B Bk ik B, MiCer, FAAEZURESLTH
It 1K (monogalactosyldiacylglycerol, MGD G ) Fl1 4 2 Jis:
(sphingosine, SPH) % NI #35 Fif, $27R B KA 4 2%
WZEE + 5 FInAMD A YIbR W5 B o X SeiFesl
S5 Coronado 5 I i /K 2R [ S 412 Hh 9 2% AR LI
BL, HAPE A BT 5 05 B AR 5 i 3 Rk
W, $E7RnAMDAR IR i BRI AL AT REASUA BEAE
TR, A AEAE R AR AT Z M . Yoan S5 %
FEAE AN FEA A A ZE 27 3 B B 8t 1 55—l
1, R InAMD [ FEA rpif 2 A AR (A

Pk £ S P3 ) K SERAR T ALY PP AT RS R (s
IR FNEER AR P KT, $ R A R ARG
AT EES S ToAMDI A4 . AR, X
Pl 22 Ge AR A AR R A RE RO ZRTEL . £
TRFFE B0 T S5 R AN = R RGP AR I AR I K
SR A, HERnAMD HRE R RE R T REAEAE ST
WL AN, Shen@EC BT CTE T MIEAR L St
VEGFIRYT IV Z AR, KILPC 18 @ OF] HEJE Tl
TRV S IE P SR AL AR B . XN ETAR
LA MR PR UL T B L, AR R TRATTR
Hen] LUE— AR HAYIVEGFZy 4 SR 42 2 TRl Y
Kk, nAMDIYRII o e — N R, ZHE
A e B, Hob IR AR ELIC R, FHErTREE
SAALRIIE . RIERN . AN R RERT L K i 1 A RO
PG Z PP R AR A EAER

5 SEFEANM

nAMD )7 THLHI S 4, B2 A BORMELL5E
AN, ZHFREE T, WSS A RH 71
Bl , BN  Feskdl e . B g 2 AR
A, Rets T ST ETnAMDRY /1 M%Z%, JFA
BRI A bR S AT R A FRATT— T
JERIBFZE, 2l =4ee kT . B 1 B 2 A
R 2 AZE A, MFEPIVEGEIRYT XnAMD 431
B7, JREUS TS R S RE T K
T ZHIVEGHRY T AR BRI . JFo3#r 17X
S o1 AR A S nAMD kLA 2 [ AR G . Hor,
AT LI 25 15 o 4% (fibrinogen alpha chain, FGA) |
LTI (transaldolase 1, TALDO1) AR ] 4 2R B 74
’ﬂfﬁﬁ(aspartate beta-hydroxylase, ASPH) HE> S kIR
MG, WIYIPE3 I/ A1 Sk R AN RARSE™ . 1%k
FEAM BT AT 1 R PR nAMDHTVEGFIRY T 143
T, I REREIGTT RO A 2E AR L T — 2
LR R, NIk, & 249800, RaaIkHRE%
FHAE, BESON AL IRA L B AN nAMDYR
HAAR R

6 NEERE

BEE AR PRIEA e, nAMDRIBIEST E £t
AT —AHRH . T EORBIN, TR
ABHfgEn AMD R 73 FHLH] . SHOBT L AR S AR
SR TR R TR 241Gl id &
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PIBY 23R BURIG PRAFAE, 2 AL RS HE RS T
Jrg, D KBREE MR @i RO, IR A R
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G R ARPE T RS AR

FIFE RS I MEH P IR AR £ 58
FF AR EX A= B

ASCHEH TR IEZF A Pl (Creative
Commons), TS = O P $e BEE 4 (BY)-iuiﬁﬁﬂk
PR (NC)-2% 1] 1# 2% (ND) (CC BY-NC-ND)# J7 =4t
=, AR = Or AR R R R SCEHITE R . K
7o JBYE . L M. TTREEGE B RL A
AL, ABAEX S FE b A R AR S B 4 . AR
THERDE M B . AGHITEEEAIE

Sk

1. Korva-Gurung I, Kubin AM, Ohtonen P, et al. Incidence and
prevalence of neovascular age-related macular degeneration: 15-year
epidemiological study in a population-based cohort in Finland[J]. Ann
Med, 2023, 55(1): 2222545. DOI:10.1080/07853890.2023.2222545.

2. Song P, DuY, Chan KY, et al. The national and subnational prevalence
and burden of age-related macular degeneration in China[J]. J Glob
Health, 2017, 7(2): 020703. DOI:10.7189/jogh.07.020703.

3. ZhangY, Chen A, Zou M, et al. Disease burden of age-related
macular degeneration in China from 1990 to 2019: findings from the
global burden of disease study[J]. J Glob Health, 2021, 11: 08009.
DOI:10.7189/jogh.11.08009.

4. Man REK, Gan ATL, Fenwick EK, et al. Impact of incident age-

related macular degeneration and associated vision loss on vision-

10.

11.

12.

13.

14.

15.

16.

17.

related quality of life[J]. Br ] Ophthalmol, 2022, 106(8): 1063-1068.
DOI:10.1136/bjophthalmol-2020-318269.

Ambati J, Atkinson JP, Gelfand BD. Immunology of age-related
macular degeneration[]J]. Nat Rev Immunol, 2013, 13(6): 438-451.
DOI:10.1038/nri3459.

Jorgenson E, Melles RB, Hoffmann TJ, et al. Common coding
variants in the HLA-DQB1 region confer susceptibility to age-related
macular degeneration| J]. Eur ] Hum Genet, 2016, 24(7): 1049-10S5.
DOI:10.1038/ejhg.2015.247.

Fleckenstein M, Keenan TDL, Guymer RH, et al. Age-related macular
degeneration[ J]. Nat Rev Dis Primers, 2021, 7(1): 31. DOI:10.1038/
$41572-021-00265-2.

Sharma D, Lau E, Qin Y, et al. VEGF inhibition increases expression
of HIF-regulated angiogenic genes by the RPE limiting the response
of wet AMD eyes to aflibercept[ J]. Proc Natl Acad Sci USA, 2024,
121(46): €2322759121. DOI:10.1073/pnas.2322759121.

Marie M, Bigot K, Angebault C, et al. Light action spectrum on
oxidative stress and mitochondrial damage in A2E-loaded retinal
pigment epithelium cells[J]. Cell Death Dis, 2018, 9(3): 287.
DOI:10.1038/s41419-018-0331-5.

Chung RH, Kang CY. A multi-omics data simulator for complex
disease studies and its application to evaluate multi-omics data analysis
methods for disease classification[ J]. Gigascience, 2019, 8(5): giz04S.
DOI:10.1093/gigascience/giz045.

Hasin Y, Seldin M, Lusis A. Multi-omics approaches to disease[]].
Genome Biol, 2017, 18(1): 83. DOI:10.1186/s13059-017-1215-1.
Brown CN, Green BD, Thompson RB, et al. Metabolomics and
age-related macular degeneration[]J]. Metabolites, 2018, 9(1): 4.
DOI:10.3390/metabo9010004.

Kaarniranta K, Uusitalo H, Blasiak J, et al. Mechanisms of
mitochondrial dysfunction and their impact on age-related macular
degeneration[ J]. Prog Retin Eye Res, 2020, 79: 100858. DOI:10.1016/
j-preteyeres.2020.100858.

Wang Z, Gerstein M, Snyder M. RNA-Seq: a revolutionary tool for
transcriptomics[ J]. Nat Rev Genet, 2009, 10(1): 57-63. DO1:10.1038/
nrg2484.

Moaddel R, Ubaida-Mohien C, Tanaka T, et al. Proteomics in aging
research: a roadmap to clinical, translational research[J]. Aging Cell,
2021,20(4): e13325. DOI:10.1111/acel.1332S.

Sobrin L, Seddon JM. Nature and nurture- genes and environment-
predict onset and progression of macular degeneration[ J]. Prog Retin
Eye Res, 2014, 40: 1-15. DOI:10.1016/j.preteyeres.2013.12.004.

Meyers SM, Greene T, Gutman FA. A twin study of age-related



B M PR ARG AR VR > T AT TE b B, 55

221

18.

19.

20.

21.

22.

23.

24.

2S.

26.

27.

28.

macular degeneration[J]. Am J Ophthalmol, 1995, 120(6): 757-766.
DOI:10.1016/50002-9394(14)72729-1.

Perlee LT, Bansal AT, Gehrs K, et al. Inclusion of genotype with
fundus phenotype improves accuracy of predicting choroidal
neovascularization and geographic atrophy[ J]. Ophthalmology, 2013,
120(9): 1880-1892. DOI:10.1016/j.ophtha.2013.02.007.

Poulsen P, Esteller M, Vaag A, et al. The epigenetic basis of twin
discordance in age-related diseases[ J]. Pediatr Res, 2007, 61(S Pt 2):
38R-42R. DOI:10.1203/pdr.0b013e31803c7b98.

Querques G, Benlian P, Chanu B, et al. Nutritional AMD treatment
phase I (NAT-1): feasibility of oral DHA supplementation in age-
related macular degeneration[J]. Eur ] Ophthalmol, 2009, 19(1): 100-
106. DOI:10.1177/112067210901900115.

Raychaudhuri S, Iartchouk O, Chin K, et al. A rare penetrant mutation
in CFH confers high risk of age-related macular degeneration[J]. Nat
Genet, 2011, 43(12): 1232-1236. DOI:10.1038/ng.976.

Reynolds R, Elizabeth Hartnett M, Atkinson JP, et al. Plasma
complement components and activation fragments: associations with
age-related macular degeneration genotypes and phenotypes|[ J]. Invest
Ophthalmol Vis Sci, 2009, 50(12): 5818-5827. DOI:10.1167/iovs.09-
3928.

Reynolds R, Rosner B, Seddon JM. Serum lipid biomarkers and hepatic
lipase gene associations with age-related macular degeneration[J].
Ophthalmology, 2010, 117(10): 1989-1995. DO1:10.1016/
j.ophtha.2010.07.009.

Reynolds R, Rosner B, Seddon JM. Dietary omega-3 fatty acids, other
fat intake, genetic susceptibility, and progression to incident geographic
atrophy][ J]. Ophthalmology, 2013, 120(S$): 1020-1028. DOI:10.1016/
j.ophtha.2012.10.020.

Ridker PM, Rifai N, Stampfer M]J, et al. Plasma concentration of
interleukin-6 and the risk of future myocardial infarction among
apparently healthy men[J]. Circulation, 2000, 101(15): 1767-1772.
DOI:10.1161/01.cir.101.15.1767.

Francis PJ, George S, Schultz DW, et al. The LOC387715 gene,
smoking, body mass index, environmental associations with advanced
age-related macular degeneration| J]. Hum Hered, 2007, 63(3-4): 212-
218.DOI:10.1159/000100046.

Cascella R, Strafella C, Caputo V, et al. Towards the application of
precision medicine in age-related macular degeneration[J]. Prog Retin
Eye Res, 2018, 63: 132-146. DOI:10.1016/j.preteyeres.2017.11.004.
Liukkonen M, Heloteri H, Siintamo L, et al. Oxidative stress and
inflammation-related mRNAs are elevated in serum of a Finnish

wet AMD cohort[J]. Invest Ophthalmol Vis Sci, 2024, 65(13): 30.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

DOI:10.1167/i0vs.65.13.30.

Lv D, Chen D, Wang Z, et al. COL10A1 is a novel factor in the
development of choroidal neovascularization[ J]. Microvasc Res, 2022,
139: 104239. DOI:10.1016/j.mvr.2021.104239.

Delaunay K, Sellam A, Dinet V, et al. Meteorin is a novel therapeutic
target for wet age-related macular degeneration[J]. J Clin Med, 2021,
10(13):2973.DOI:10.3390/jem10132973.

Cheng L, Chen C, Guo W, et al. EFEMP1 overexpression contributes
to neovascularization in age-related macular degeneration[J]. Front
Pharmacol, 2020, 11: 547436. DOI:10.3389/fphar.2020.547436.

Tong M, Bai Y, Han X, et al. Single-cell profiling transcriptomic
reveals cellular heterogeneity and cellular crosstalk in choroidal
neovascularization model[J]. Exp Eye Res, 2024, 242: 109877.
DOI:10.1016/j.exer.2024.109877.

Droho S, Rajesh A, Cuda CM, et al. CD11c+ macrophages
are proangiogenic and necessary for experimental choroidal
neovascularization[J]. JCI Insight, 2023, 8(7): e168142.
DOI:10.1172/jci.insight.168142.

Lei S, Hu M, Wei Z. Single-cell sequencing reveals an important role of
SPP1 and microglial activation in age-related macular degeneration[J].
Front Cell Neurosci, 2023, 17: 1322451. DOI1:10.3389/
fncel.2023.1322451.

Yen CY, Chiu CM, Fang IM. microRNA expression profiling in tears
and blood as predictive biomarkers for anti-VEGF treatment response
in wet age-related macular degeneration[]J]. Graefe’ s Arch Clin Exp
Ophthalmol, 2024, 262(9): 2875-2884. DOI:10.1007/s00417-024-
06478-x.

Fish JE, Santoro MM, Morton SU, et al. miR-126 regulates angiogenic
signaling and vascular integrity[J]. Dev Cell, 2008, 15(2): 272-284.
DOI:10.1016/j.devcel.2008.07.008.

Guenther SPW, Schrepfer S. miR-126: a potential new key player in
hypoxia and reperfusion?[J]. Ann Transl Med, 2016, 4(19): 377.
DOI:10.21037/atm.2016.08.22.

Wang S, Olson EN. AngiomiRs: key regulators of angiogenesis[J].
Curr Opin Genet Dev, 2009, 19(3): 205-211. DOI1:10.1016/
j.gde.2009.04.002.

Taganov KD, Boldin MP, Chang KJ, et al. NF-kappaB-dependent
induction of microRNA miR-146, an inhibitor targeted to signaling
proteins of innate immune responses| J]. Proc Natl Acad Sci USA,
2006, 103(33): 12481-12486. DOI:10.1073/pnas.0605298103.

Iyer A, Zurolo E, Prabowo A, et al. microRNA-146a: a key regulator of
astrocyte-mediated inflammatory response[ J]. PLoS One, 2012, 7(9):

e44789. DOI:10.1371/journal.pone.0044789.



222

AR} 24, 2025,40(2) journal.gzzoc.com

41.

42.

43.

44.

4S.

46.

47.

48.

49.

S0.

SL.

Bhaumik D, Scott GK, Schokrpur S, et al. microRNAs miR-146a/b
negatively modulate the senescence-associated inflammatory mediators
IL-6 and IL-8[J]. Aging, 2009, 1(4): 402-411. DOI:10.18632/
aging.100042.

Liang Y, Kong L, Zhang Y, et al. Transfer RNA derived fragment, tRF-
Glu-CTC, aggravates the development of neovascular age-related
macular degeneration[J]. Theranostics, 2024, 14(4): 1500-1516.
DOI:10.7150/thno.92943.

Blasiak J, Hyttinen JMT, Szczepanska J, et al. Potential of long non-
coding RNAs in age-related macular degeneration[J]. Int J Mol Sci,
2021,22(17): 9178.DOI:10.3390/ijms22179178.

Handa JT, Bowes Rickman C, Dick AD, et al. A systems biology
approach towards understanding and treating non-neovascular age-
related macular degeneration[]J]. Nat Commun, 2019, 10(1): 3347.
DOI:10.1038/s41467-019-11262-1.

Ransohoff JD, Wei Y, Khavari PA. The functions and unique features
of long intergenic non-coding RNA[J]. Nat Rev Mol Cell Biol, 2018,
19(3): 143-157. DOL:10.1038/nrm.2017.104.

Correia de Sousa M, Gjorgjieva M, Dolicka D, et al. Deciphering
miRNAs' action through miRNA editing[ J]. Int J] Mol Sci, 2019,
20(24): 6249. DOI:10.3390/ijms20246249.

Winiarczyk M, Thiede B, Utheim TP, et al. Oxidative stress, persistent
inflammation and blood coagulation alterations in serum proteome of
patients with neovascular age-related macular degeneration[J]. Life,
2024, 14(5): 624. DOI:10.3390/life14050624.

Yuan X, Gu X, Crabb JS, et al. Quantitative proteomics: comparison
of the macular Bruch membrane/choroid complex from age-related
macular degeneration and normal eyes| J]. Mol Cell Proteomics, 2010,
9(6): 1031-1046. DOI:10.1074/mcp.M900523-MCP200.

Coronado BNL, da Cunha FBS, de Oliveira RM, et al. Novel possible
protein targets in neovascular age-related macular degeneration: a
pilot study experiment[J]. Front Med (Lausanne), 2021, 8: 692272.
DOI:10.3389/fmed.2021.692272.

Santos FM, Ciordia S, Mesquita J, et al. Proteomics profiling of vitreous
humor reveals complement and coagulation components, adhesion
factors, and neurodegeneration markers as discriminatory biomarkers
of vitreoretinal eye diseases[J]. Front Immunol, 2023, 14: 1107295.
DOI:10.3389/fimmu.2023.1107295.

Winiarczyk M, Winiarczyk D, Michalak K, et al. Dysregulated tear film
proteins in macular edema due to the neovascular age-related macular
degeneration are involved in the regulation of protein clearance,
inflammation, and neovascularization[J]. J Clin Med, 2021, 10(14):

3060. DOI:10.3390/jcm10143060.

S2.

S3.

54.

SS.

S6.

57.

S9.

60.

61.

62.

Lynch AM, Wagner BD, Weiss SJ, et al. Proteomic profiles in advanced
age-related macular degeneration using an aptamer-based proteomic
technology[ J]. Transl Vis Sci Technol, 2019, 8(1): 14. DOI:10.1167/
tvst.8.1.14.

Nobl M, Reich M, Dacheva I, et al. Proteomics of vitreous in
neovascular age-related macular degeneration[J]. Exp Eye Res, 2016,
146:107-117. DOI:10.1016/j.exer.2016.01.001.

Kiinzel SE, Flesch LTM, Frentzel DP, et al. Systemic blood proteome
patterns reflect disease phenotypes in neovascular age-related macular
degeneration[J]. Int ] Mol Sci, 2023, 24(12): 10327. DOI:10.3390/
{jms241210327.

Kang GY, Bang JY, Choi A]J, et al. Exosomal proteins in the aqueous
humor as novel biomarkers in patients with neovascular age-related
macular degeneration[J]. ] Proteome Res, 2014, 13(2): 581-595.
DOI:10.1021/pr400751k.

Winiarczyk M, Kaarniranta K, Winiarczyk S, et al. Tear film proteome
in age-related macular degeneration[]J]. Graefes Arch Clin Exp
Ophthalmol, 2018, 256(6): 1127-1139. DOI:10.1007/s00417-018-
3984-y.

Hou XW, Wang Y, Ke CF, et al. Metabolomics and biomarkers in retinal
and choroidal vascular diseases[J]. Metabolites, 2022, 12(9): 814.
DOI:10.3390/metabo12090814.

Zhao T, Li J, Wang Y, et al. Integrative metabolome and lipidome
analyses of plasma in neovascular macular degeneration[ J]. Heliyon,
2023,9(10): €20329. DOI1:10.1016/j.heliyon.2023.e20329.

Wei Q, Tu X, Qiu Q, et al. Untargeted metabolomic study of patients
with wet age-related macular degeneration in aqueous humor[J]. Clin
Interv Aging, 2024, 19: 1571-1580. DOI:10.2147/CIA.S475920.
Yuan Q, Zhu S, Yue S, et al. Alterations in faecal and serum
metabolic profiles in patients with neovascular age-related macular
degeneration[J]. Nutrients, 2023, 15(13): 2984. DOI1:10.3390/
nul$5132984.

Shen Y, Wang H, Xu X, et al. Metabolomics study of treatment
response to conbercept of patients with neovascular age-related
macular degeneration and polypoidal choroidal vasculopathy[ J]. Front
Pharmacol, 2022, 13: 991879. DOI:10.3389/fphar.2022.991879.
Zhuang X, Li M, Mi L, et al. Molecular responses of anti-VEGF therapy
in neovascular age-related macular degeneration: integrative insights
from multi-omics and clinical imaging[ J]. Invest Ophthalmol Vis Sci,

2024, 65(10): 24. DOI:10.1167/i0vs.65.10.24.

(RERE: KAEF; FwiE: KRR



