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Abstract

Age-related macular degeneration (AMD) is one of the leading causes of blindness. The pathoge-
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nesis of AMD is still unclear. Many studies have found that age, environment, lifestyle, and genetics
are the risk factors. At present, there is no good treatment for dry AMD, and the main treatment
for wet AMD is anti-vascular endothelial growth factor (VEGF) treatment for neovascularization.
Therefore, researchers are also actively looking for the pathogenesis of AMD in order to have bet-
ter prevention and treatment measures for AMD. This article reviews the relationship between
purinergic signaling pathway, Nrf2 /Keap1 signaling pathway, Rho/ROCK signaling pathway, mi-
tautophagy signaling pathway, and Ang/Tie signaling pathway and AMD, in order to provide new
ideas for the treatment and prevention of AMD.
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1. 5|8

SRR AH S M B BT AR P (Age-Related Macular Degeneration, AMD) & —Fi 0L 0 I IB 4T M O, 'E IR
R GERBRIEL, "G RA TS . TR EMA D ZRL, Filit 2040 45 AMD E3#
W1k 3] 2.88 12N [1]. AMD FHARHIE B ESEPEUTAR , WA SUn] 40 T4 AMD FEPE AMD. 1% AMD
NAEER AMD, B2 ULH R ZE 45 0 B ZRHE; ettt AMD XA MR AMD (nAMD), ‘& &
LRk 4 5235 25 1L 3 (Choroidal Neovasular, CNV) TR ECH E2ER-E. H AT AMD B ARALEI HEA R, —
LERF TR IR S 5 B M . Nrf2/Keapl {55 @ . Rho/ROCK B . ZBkifkHVE{E 5 @K . Ang/Tie
WMEEZESEESE T AMD BB, AU AMD (A AE S s ot 7o ik i T 40048 .

2. RREE(ESERS 1 AMD

TPE AMD KGR K& T VF 2B AL, BFEEARI. RE. I E & drusen TR FLIME
TR AR AL X A AL T4, &I T M EAE 245 (Geographic Atrophy, GA), SEA S FF. MEMEE(E
5 2 B =R IR EF (Adenosine Triphosphate, ATP)FIIRF &K 2R H K. "EM RS SIEHS S THI
PR 2 P A B RS, Ho ATP 225 7655 S s, (R o0 AL I AR s A 4R R 48 TR TR
R T PR /0 T 200 4D 3 e T B T 00 A B 2 A S I o A A 5 B S U T3 O IR S 4
FFAAIRBE . TTD. RAE AT [

0K 22 HRI R IR R L P B S A B TR IR 324K P, PL AT 4 FEAY, 43512 AL, A2A. A2B 5 A3 [2].
[FIF, HLIA RS & S4B b AR ATP 524K BS1 A P2X 24K G 8 A BRI AL P2Y SZ244([3],
WHFURIN P2X 24k, HEiliE P2X7 ZARMEIE S5 T M40 At T 1 CHb R, [ P2XT7 2R IIA
AT A ) ATP SRS HURI5E G AT KIN-62 fe 0% BH W7l 5 2 #0410 ) 5,22 (Retinal Pigment Epi-
thelium, RPE)AI A T $Eom ik FESE R (5 5@ B T BE (2 1k RPE 4UARFET:, {21k GA R FE[4]. bk
EEXT PRI ATP IR IELE & 4] ATP 524K 1035 4 T e Xt 4 AMD &2 — & FIARY 1 FH o K53 48
HRPE 4 rh (1 P2Y SZARE0E 5 i8IS 2 5N 2R )RV, (e dEAfRAETo[5]s N —HRF 50 K I P2X7
SEARTE R ) /N B2 R AR SR LA P L A, 5 SR I 4> R AR T26]. AMD 1) JE8 1945 400 9 JEE 4 32
RYH S5 KRB NE R . IR A2A 2 AR(A2AR) AT /NB R U S St , A P AR AR
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REGIRIIE . ATP A[EIE P2XT7 ARG/ DR, TN RAER N, 17 ATP A RIS P2X7 %2
PR AN /N T A0 G A S 5 S AN P 127 HEIN ATP w]E i AN [R] 0 32 A0k /NI B A B AT 4%, AT
VAT A SN o BT U A ILAHIE AN ATP MR 111 A2 RES 15 RPE 201 P ¥ B 08 PH I 4223 i
WEPE, SRR 8] WAL P2Y2 K S RPE 4D Ca® A0S, 3RS B -4 i i
FThi,  ITAERE IR R AT B3 TR [9]. L BB IR BIENG e (5 5 B AT 1 AMD [0 B 72
FORIEE TIRZAEH, 257 RPE i, Juks2 4555 2 Ml I EAr LA SE T, ORI ER A 1l DL R S
AR LSS 2 ARG HLEI A . IR ROBIT FURERS RE (S 5 JE 5 0 X BB 4 PR 18D O AR ELAE T 400 oA
T AMD rRE{EFIBLE, BERE N T1E AMD KR T S OB OB, A B TR 2 Migfaia T AMD [fA]

it
3. Nrf2/Keapl {55185 F 14 AMD

¥ K1 E2 #9%[KF 2 (Nuclear Factor-Erythroid 2-Related Factor 2, Nrf2)J& —Ft %K 7, B X ESH
THUARHUEAC SO FE . @R Nref2 R/ BRI IR I 5 A6 AMD AR BE AR [10]. — et
HR, Kelch FEIRSE A EAIIRE A 1 (Kelch-like ECH-associated protein-1, Keap1)5 Nrf2 454 3£ Nrf2
B SRR AR, Nrf2 5 Keapl fif 5595 Il 21 2 5 0 %A B (Heme Oxygenase-1, HO-1)45&, MM
RIEHUAANEF o D B0E Nrf2/Keapl 15 5 28 AT PSS 20 M i) f 480 B 77, s b 3 0 iR BE[ 11
A 48 miRNAs HE S AT DU I 72 Nef2 SREZ I AMD F & [12] . A6 32 2 20 i A0 RIS Y
7% miR-125b 7EF1 AMD %t Keapl/Nrf2/HO-1 BB FIAIEMER, KIE A SR B miR-125b
RILRE PR, Nef2 FUNERE R HO-1 530, Keapl FRIAPHK. XK miR-125b A {EikbE& 2 2540
M B BT AL S BRE . X R R T R 2 B I R 3 KeapI/Nrf2/HO-1 {5 5@ B SEILAI[13]. IR AR A
Nrf2/Keapl {5 5 i@ S AR OGP 7, AT DO TG MG YT 1% AMD $2 it — S8 #E .

4. Rho/ROCK B

Rho-GTP i /& 20~30 kD .4k GTP &M, '©25 HZY M+ 2 Fi(E 5@ B [ 14]. Rho Kk
BFE T =FPERL, 435052 RhoA. RhoB. RhoC, EfIKIEEAFIINHE. Rho FEF(ROCK), & —FiZ%
TR/ R IR, E 4% T AT H4E ROCK] #1 ROCK2 [15]. ROCK £ Rho-GTP i) 3= B R i 2l vi
Hrz—, S5, s, TR ARISE 2 MAETIRE. Rho/ROCK & 5@ HA — RYIHE
BV FEDRE, o UE VAR R m) “HF8” o B9 T Rho/ROCK 15 5 i % A 78 = 224 h
FEFESHM T [ 16], 1 IUAE R AR 22 (T 78 2 B Rho/ROCK 15 5 38 B 78 AF W AH S s h th &k 35 7 S
YEF, Ho i3 7 AMD [17]. BFE B Rho/ROCK IS5 7 AMD T RUER S . A 24T .
ZERNTEFAE L UL AR AT AR L () R A SR AR [ 18] BFFTRAR[19], 4 RhoB B, /NI
WA S I/ 1) K 7 2 S BISEI, 1 RhoB 181 7 VEGF 324K (5 55 S OCHA T Akt, LT {8k 52 gy
HZF VEGF 235, M ROCK 15 5% S AL Ae i 035 F# Ik RPE 20/ MREHE 71, A &b
3 RPE 412 53115 0 @ & H 201, 0] ROCK {5 51 SHLHI e f8 5 3% 4K RPE i IZE k11,
MITTA B HES) RPE 4025 3040 0 @& 0 2 H[21]. nAMD 9 5 3 2 R RRAE A2 ik 28 JEERT A 1
(CNV), ‘Er FECEENZE PG EEOEHE S /N CNV BRI R I RhoA/ROCK 15 518 B 47
WG, LI T I A R R I A R )RR [22] 0 T —AlUE 8 ROCK. 41 I AM A 0428) 7E /s FRASE 2 v
RAE T PUA S PUME AP AL E R [23]. TEHOGIE S M 4 AMD /N R F1, AMA0428
ALY R RS JRE S 2, 7 1B S LA AR B, A8 CNV TR /N [ ISl VB IR I UK [ 240 X B2 B3
B, RhoA/ROCK {5 5iEE{E CNV i EEAEH . 7EMIHTH AMD IR i rb ok B 241 i AL
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AR k2>, IR T EAAF A0 Rho &R A4 ERIE, HAEMNAS 55 SR IE 7 HEEE
Fi[25]. RhoA/ROCK I&F 1T AMD 7 A= i A 1 3 20 it/ /I8 e o 20 PR A A, 7 S 560 1 400 X B 2 A A
LA 1 A5 28 o ROCK #1771 27 H T P 6 VB A 5 3R B Rho/ROCK {5 518 % P RE A5 1 HIR 408 1) 0 S S [26]
Narimatsu ZEWFFL[27 78, fEF61ETF R AMD /MR RPE 41+ & L ROCK # ¥, M5 T IL-6
AR, FEARRE T PRI 25 S Mo DRI, ATHT T fi# Rho/ROCK {55 % 5 1 A= W 2R 1k DA B ol s
X} Rho/ROCK #E[A1Y5YT AMD I3RS, K8 AMD HIVE 7 IAFFAR I FE .

5. eNFBRESER

Wi A2 SR VA AR TS BRI R S0Pk, AT oy ik Bt A S AR B AW . ZRRiihk B W2 e Bt
W F)—Folr, S S BT BRI A RN 2 RO ZR kLR, R4l A RE R R IR T AR AR . BB 10 SE
A dih 2k R ol R T 2 5 7 2 11 [R5 RS DX (PTEN) 5 3 (R VB /40 5t E3-72 3R EEHE(PINK 1 /Parkin) 5 5 fili &
H ATWT 70 i 2 I LRRR R E . BT RLRM], 78 AMD fitfk RPE 4 & DA bifk i 2, dssk
RARE R D> . ORI 2k AORARTE 5T % P i/ A K ZeRifk DNA (mtDNA)ZEAZ([28] [29] [30]. Lee
ZZ[311%3, RPE Az BRI, PINKI S/ELRARELIRE, JERaERiRkamg, Mmpik
RPE 4t — 24 . A RN, AMD 54R A8k & 1 (FiMy) AR % P AH 9%([32] . RPE 4l - 1] FtMt
B8 RT BEE I Ak e 2 A RIS B R E R, {H BT VEGF RaA8 N2 51 ks 4 M 1= me, i &
# nAMD. T{EAR4CIRE T RPE 4Nl ShAgtE FtMt K P FRAR S 802k ik B s, A {3 45 C537 8
IS, FIRE TG RPE 40, SRR T AMD [33]. $ERZEhifk HREFSCER ), W FtMt,
DA 375 A 2R A 1 W T PR R ok 4, 189 b0 RPE 4K /7, AT g 2 FELLE AMD 3 i — R IT J7i2 .

6. Ang/Tie EE

I A2 1% 2R (Ang)/ 6 E BRI 52 4K Tie I8 % (Ang/Tie i@ H) 5 1 Tiel A Tie2 W5/ B I 52 14 Al
Angl. Ang2. Ang3. Ang4 VUAMEC/A. Angl B3 Tie2, MifiBHIE M B AR F M AR A A K,
ISR T RIESR Lo T Ang2 s —FPER SRR (0B R AS Biml, ERRIAAME T Ang2 AIERTES 1%
HHFAADH] Tie2, BEM - FBUME AT AF 0 FPRAS, B 52 3] VEGF F1HAh 8 5E K+ (1§20 [34] . Ang/Tie
WS 5SS, MEBEE. JOELHAMERAERK3BS]). BATlEK LG nAMD £ 27
LS VEGF 1677, A7 R I Ang/Tie il 5 VEGF A AHEAEF . FIH Angl A1 VEGFA BUHEFE R /)N B
WFERKIL Angl XF VEGFA 538 A MG IHIEH[36]: A&, 1@id Ang2 Al VEGFA 3L [FRAR]
DR SE 7 2E I8 AT A%, 9 H. Ang2 7T RAI SR VEGFA FIYE T, 1 VEGF %5 1 1 & @B M1 n 3 £%[37].
— TG0 AT H AR SR EH B AR I, 7E AMD BIR A Ang2 FE R & H 5 LR [38]. 7F nAMD B35 F
ARUIERH) CNV IS AR L e i O X B T Ang2 A1 VEGF BRI RIE[39]. EROLTE-FH CNV /MR
BRI S AR EE A 310 Angl ZEREIT 6T ONV TR R DL BB TR 1R R IR 22 [40] s 178 806 Tie2
AP Ang2 BRAVRIT AT H0E] CNV ZEKFISTE, JF HIERE(RRE ks I B 40 M B R S 1 4EFr, SRR IR
B[41]. AW E KM CNV NRAH P& BLPT VEGF/Ang2 BAi697 R0/ (A 40 IR T 5 T A 1% T 1R
KAEFA[42]0 X386 A= RO PR3 00 9 L0548 55 38 B AR DI BR 0 0 B LTS Tt 7R, Ang2 RS 3 1
ST YRR P R A 4 1075 B P T R DA 2 [43]. SRTT,  Ang/Tie {5 5 38 B AL IS R £F 440 B2 ia 35
SEA TR, FEE B . Ang/Tie (5551357 AMD JCHE nAMD [ &0, Xt 4% #E A Ang/Tie
G5 HETT nAMD ZGY) 3R IR ARIE, N IFHIVATT nAMD AL K

7. 4518

ZE L RTR, MR RE(S S IEES . Nrf2/Keapl {55 18 . Rho/ROCK il Z&kith HWR{E 5@ . Ang/Tie

DOI: 10.12677/acm.2023.133587 4091 I IR = =23t e


https://doi.org/10.12677/acm.2023.133587

A A5

MR IIIE AMD [ RIEALEI R IE THER, 1 H AMD K2 2 ol ik L [F/E IS R . RN AMD &
SHLEIIBE TS, T IEF R . A AME S EBAERTRER, aTREN AMD KIGIT R, R
AMD FIRE R VAT SR AL BB

SE K

(1]

(2]

(3]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Wong, W.L., Su, X., Li, X., et al. (2014) Global Prevalence of Age-Related Macular Degeneration and Disease Burden
Projection for 2020 and 2040: A Systematic Review and Meta-Analysis. The Lancet Global Health, 2, €106-¢116.
https://doi.org/10.1016/S2214-109X(13)70145-1

Fredholm, B.B., Chen, J.F., Cunha, R.A., Svenningsson, P. and Vaugeois, J.M. (2005) Adenosine and Brain Function.
International Review of Neurobiology, 63, 191-270. https://doi.org/10.1016/S0074-7742(05)63007-3

North, R.A. and Barnard, E.A. (1997) Nucleotide Receptors. Current Opinion in Neurobiology, 7, 346-357.
https://doi.org/10.1016/S0959-4388(97)80062-1

Akhtar-Schafer, 1., Wang, L., Krohne, T.U., Xu, H. and Langmann, T. (2018) Modulation of Three Key Innate Immune
Pathways for the Most Common Retinal Degenerative Diseases. EMBO Molecular Medicine, 10, €8259.
https://doi.org/10.15252/emmm.201708259

Tovell, V.E. and Sanderson, J. (2008) Distinct P2Y Receptor Subtypes Regulate Calcium Signaling in Human Retinal
Pigment Epithelial Cells. Investigative Ophthalmology & Visual Science, 49, 350-357.
https://doi.org/10.1167/iovs.07-1040

Pannicke, T., Frommherz, 1., Biedermann, B., et al. (2014) Differential Effects of P2Y; Deletion on Glial Activation

and Survival of Photoreceptors and Amacrine Cells in the Ischemic Mouse Retina. Cel/ Death & Disease, 5, e1353.
https://doi.org/10.1038/cddis.2014.317

B — ML, MRS REAE T E T YRR A O B B AR VE b B0 1R L AT FE R R (1], rh AR sEIR IR B &, 2022, 40(1):
78-82.

Guha, S., Baltazar, G.C., Coffey, E.E., et al. (2013) Lysosomal Alkalinization, Lipid Oxidation, and Reduced Phago-
some Clearance Triggered by Activation of the P2X7 Receptor. The FASEB Journal, 27, 4500-4509.
https://doi.org/10.1096/1].13-236166

Meyer, C.H., Hotta, K., Peterson, W.M., Toth, C.A. and Jaffe, G.J. (2013) Effect of INS37217, a P2Y, Receptor
Agonist, on Experimental Retinal Detachment and Electroretinogram in Adult Rabbits. Investigative Ophthalmology &
Visual Science, 43, 3567-3574.

Zhao, Z., Chen, Y., Wang, J., et al. (2011) Age-Related Retinopathy in NRF2-Deficient Mice. PLOS ONE, 6, ¢19456.
https://doi.org/10.1371/journal.pone.0019456

Nakagami, Y. (2016) Nrf2 Is an Attractive Therapeutic Target for Retinal Diseases. Oxidative Medicine and Cellular
Longevity, 2016, Article ID: 7469326. https://doi.org/10.1155/2016/7469326

Natoli, R. and Fernando, N. (2018) MicroRNA as Therapeutics for Age-Related Macular Degeneration. In: Ash, J.,
Anderson, R., LaVail, M., Bowes Rickman, C., Hollyfield, J. and Grimm, C., Eds., Retinal Degenerative Diseases.
Advances in Experimental Medicine and Biology, Vol. 1074, Springer, Cham, 37-43.
https://doi.org/10.1007/978-3-319-75402-4 5

X 4dE, Tk, FFe, 25 microRNA-125b il id 45 Nrf2/Keap 15 538 B M 6 B2 2 A AL R B4 D). A
BERLK2E2AR, 2021, 50(11): 976-980.

Etienne-Manneville, S. and Hall, A. (2002) Rho GTPases in Cell Biology. Nature, 420, 629-635.
https://doi.org/10.1038/nature01148

Loirand, G. (2015) Rho Kinases in Health and Disease: From Basic Science to Translational Research. Pharmacologi-
cal Reviews, 67, 1074-1095. https://doi.org/10.1124/pr.115.010595

Crosas-Molist, E., Samain, R., Kohlhammer, L., e al. (2022) Rho GTPase Signaling in Cancer Progression and Dis-
semination. Physiological Reviews, 102, 455-510. https://doi.org/10.1152/physrev.00045.2020

Bravo-Nuevo, A., Sugimoto, H., Iyer, S., et al. (2011) RhoB Loss Prevents Streptozotocin-Induced Diabetes and Ame-
liorates Diabetic Complications in Mice. The American Journal of Pathology, 178, 245-252.
https://doi.org/10.1016/j.ajpath.2010.11.040

Lu, W., Wen, J. and Chen, Z. (2020) Distinct Roles of ROCK1 and ROCK2 on the Cerebral Ischemia Injury and Sub-
sequently Neurodegenerative Changes. Pharmacology, 105, 3-8. https://doi.org/10.1159/000502914

Adini, 1., Rabinovitz, 1., Sun, J.F., et al. (2003) RhoB Controls Akt Trafficking and Stage-Specific Survival of Endo-
thelial Cells during Vascular Development. Genes & Development, 17, 2721-2732.

DOI: 10.12677/acm.2023.133587 4092 I IR = =23t e


https://doi.org/10.12677/acm.2023.133587
https://doi.org/10.1016/S2214-109X(13)70145-1
https://doi.org/10.1016/S0074-7742(05)63007-3
https://doi.org/10.1016/S0959-4388(97)80062-1
https://doi.org/10.15252/emmm.201708259
https://doi.org/10.1167/iovs.07-1040
https://doi.org/10.1038/cddis.2014.317
https://doi.org/10.1096/fj.13-236166
https://doi.org/10.1371/journal.pone.0019456
https://doi.org/10.1155/2016/7469326
https://doi.org/10.1007/978-3-319-75402-4_5
https://doi.org/10.1038/nature01148
https://doi.org/10.1124/pr.115.010595
https://doi.org/10.1152/physrev.00045.2020
https://doi.org/10.1016/j.ajpath.2010.11.040
https://doi.org/10.1159/000502914

[22]

[23]

[24]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

https://doi.org/10.1101/gad.1134603

Souied, E., Pulido, J. and Staurenghi, G. (2017) Autologous Induced Stem-Cell-Derived Retinal Cells for Macular De-
generation. New England Journal of Medicine, 377, 792-793. https://doi.org/10.1056/NEJMc1706274

Tsuji, T., Inatani, M., Tsuji, C., Cheranov, S.M. and Kadonosono, K. (2020) Oxytocin Induced Epithelium-Mesenchimal
Transition through Rho-ROCK Pathway in ARPE-19 Cells, a Human Retinal Pigmental Cell Line. Tissue and Cell, 64,
Article ID: 101328. https://doi.org/10.1016/j.tice.2019.101328

Xu, Y., Cui, K, Li, J., et al. (2020) Melatonin Attenuates Choroidal Neovascularization by Regulating Macro-
phage/microglia Polarization via Inhibition of RhoA/ROCK Signaling Pathway. Journal of Pineal Research, 69, €12660.
https://doi.org/10.1111/jpi.12660

Hollanders, K., Van Bergen, T., Kindt, N., ef al. (2015) The Effect of AMA0428, a Novel and Potent ROCK Inhibitor,
in a Model of Neovascular Age-Related Macular Degeneration. Investigative Ophthalmology & Visual Science, 56,
1335-1348. https://doi.org/10.1167/iovs.14-15681

Kitahata, S., Ichikawa, H., Tanaka, Y., Inoue, T. and Kadonosono, K. (2020) Transient Rho-Associated Coiled-Coil
Containing Kinase (ROCK) Inhibition on Human Retinal Pigment Epithelium Results in Persistent Rho/ROCK Down-
regulation. Biochemistry and Biophysics Reports, 24, Article ID: 10084 1. https://doi.org/10.1016/j.bbrep.2020.10084 1

Tang, K., Wang, W., Wang, Q., et al. (2015) Haplotypes of RHO Polymorphisms and Susceptibility to Age-Related
Macular Degeneration. International Journal of Clinical and Experimental Pathology, 8, 3174-3179.

Sijnave, D., Van Bergen, T., Castermans, K., ef al. (2015) Inhibition of Rho-Associated Kinase Prevents Pathological
Wound Healing and Neovascularization after Corneal Trauma. Cornea, 34, 1120-1129.
https://doi.org/10.1097/1C0O.0000000000000493

Narimatsu, T., Ozawa, Y., Miyake, S., ef al. (2013) Disruption of Cell-Cell Junctions and Induction of Pathological
Cytokines in the Retinal Pigment Epithelium of Light-Exposed Mice. Investigative Ophthalmology & Visual Science,
54, 4555-4562. https://doi.org/10.1167/iovs.12-11572

Karunadharma, P.P., Nordgaard, C.L., Olsen, T.W. and Ferrington, D.A. (2010) Mitochondrial DNA Damage as a Po-
tential Mechanism for Age-Related Macular Degeneration. Investigative Ophthalmology & Visual Science, 51,
5470-5479. https://doi.org/10.1167/iovs.10-5429

Feher, J., Kovacs, 1., Artico, M., ef al. (2006) Mitochondrial Alterations of Retinal Pigment Epithelium in Age-Related
Macular Degeneration. Neurobiology of Aging, 27, 983-993. https://doi.org/10.1016/j.neurobiolaging.2005.05.012
Jarrett, S.G., Lin, H., Godley, B.F. and Boulton, M.E. (2008) Mitochondrial DNA Damage and Its Potential Role in
Retinal Degeneration. Progress in Retinal and Eye Research, 27, 596-607.
https://doi.org/10.1016/j.preteyeres.2008.09.001

Lee, S.T., Oh, I.S., Rho, J.H., et al. (2014) Retinal Pigment Epithelial Cells Undergoing Mitotic Catastrophe Are Vul-
nerable to Autophagy Inhibition. Cell Death & Disease, 5, €1303. https://doi.org/10.1038/cddis.2014.266

Stenirri, S., Santambrogio, P., Setaccioli, M., et al. (2012) Study of FTMT and ABCA4 Genes in a Patient Affected by
Age-Related Macular Degeneration: Identification and Analysis of New Mutations. Clinical Chemistry and Laboratory
Medicine, 50, 1021-1029. https://doi.org/10.1515/cclm-2011-0854

Wang, X., Yang, H., Yanagisawa, D., et al. (2016) Mitochondrial Ferritin Affects Mitochondria by Stabilizing HIF-1a
in Retinal Pigment Epithelium: Implications for the Pathophysiology of Age-Related Macular Degeneration. Neurobi-
ology of Aging, 47, 168-179. https://doi.org/10.1016/j.neurobiolaging.2016.07.025

Benest, A.V., Kruse, K., Savant, S., et al. (2013) Angiopoietin-2 Is Critical for Cytokine-Induced Vascular Leakage.
PLOS ONE, 8, ¢70459. https://doi.org/10.1371/journal.pone.0070459

Augustin, H., Young Koh, G., Thurston, G. and Alitalo, K. (2009) Control of Vascular Morphogenesis and Homeosta-
sis through the Angiopoietin-Tie System. Nature Reviews Molecular Cell Biology, 10, 165-177.
https://doi.org/10.1038/nrm2639

Nambu, H., Umeda, N., Kachi, S., ef al. (2005) Angiopoietin 1 Prevents Retinal Detachment in an Aggressive Model
of Proliferative Retinopathy, but Has No Effect on Established Neovascularization. Journal of Cellular Physiology,
204, 227-235. https://doi.org/10.1002/j¢p.20292

Peters, S., Cree, [.A., Alexander, R., et al. (2007) Angiopoietin Modulation of Vascular Endothelial Growth Factor:
Effects on Retinal Endothelial Cell Permeability. Cyfokine, 40, 144-150. https://doi.org/10.1016/j.cyt0.2007.09.001
Ma, L., Brelen, M.E., Tsujikawa, M., et al. (2017) Identification of ANGPT2 as a New Gene for Neovascular
Age-Related Macular Degeneration and Polypoidal Choroidal Vasculopathy in the Chinese and Japanese Populations.
Investigative Ophthalmology & Visual Science, 58, 1076-1083. https://doi.org/10.1167/iovs.16-20575

Otani, A., Takagi, H., Oh, H., ez al. (1999) Expressions of Angiopoietins and Tie2 in Human Choroidal Neovascular
Membranes. Investigative Ophthalmology & Visual Science, 40, 1912-1920.

DOI: 10.12677/acm.2023.133587 4093 Il R 125 23k i


https://doi.org/10.12677/acm.2023.133587
https://doi.org/10.1101/gad.1134603
https://doi.org/10.1056/NEJMc1706274
https://doi.org/10.1016/j.tice.2019.101328
https://doi.org/10.1111/jpi.12660
https://doi.org/10.1167/iovs.14-15681
https://doi.org/10.1016/j.bbrep.2020.100841
https://doi.org/10.1097/ICO.0000000000000493
https://doi.org/10.1167/iovs.12-11572
https://doi.org/10.1167/iovs.10-5429
https://doi.org/10.1016/j.neurobiolaging.2005.05.012
https://doi.org/10.1016/j.preteyeres.2008.09.001
https://doi.org/10.1038/cddis.2014.266
https://doi.org/10.1515/cclm-2011-0854
https://doi.org/10.1016/j.neurobiolaging.2016.07.025
https://doi.org/10.1371/journal.pone.0070459
https://doi.org/10.1038/nrm2639
https://doi.org/10.1002/jcp.20292
https://doi.org/10.1016/j.cyto.2007.09.001
https://doi.org/10.1167/iovs.16-20575

[40] Lambert, N.G., Zhang, X., Rai, R.R., et al. (2016) Subretinal AAV2.COMP-Ang]l Suppresses Choroidal Neovascula-
rization and Vascular Endothelial Growth Factor in a Murine Model of Age-Related Macular Degeneration. Experi-
mental Eye Research, 145, 248-257. https://doi.org/10.1016/j.exer.2016.01.009

[41] Kim, J., Park, J.R., Choi, J., et al. (2019) Tie2 Activation Promotes Choriocapillary Regeneration for Alleviating Neo-
vascular Age-Related Macular Degeneration. Science Advances, S, Article No. u6732.
https://doi.org/10.1126/sciadv.aau6732

[42] Foxton, R.H., Uhles, S., Griiner, S., Revelant, F. and Ullmer, C. (2019) Efficacy of Simultancous VEGF-A/ANG-2
Neutralization in Suppressing Spontaneous Choroidal Neovascularization. EMBO Molecular Medicine, 11, €10204.
https://doi.org/10.15252/emmm.201810204

[43] Klaassen, 1., de Vries, E.-W., Vogels, 1., et al. (2017) Identification of Proteins Associated With Clinical and Patholog-

ical Features of Proliferative Diabetic Retinopathy in Vitreous and Fibrovascular Membranes. PLOS ONE, 12, ¢187304.
https://doi.org/10.1371/journal.pone.0187304

DOI: 10.12677/acm.2023.133587 4094 I IR = =23t e


https://doi.org/10.12677/acm.2023.133587
https://doi.org/10.1016/j.exer.2016.01.009
https://doi.org/10.1126/sciadv.aau6732
https://doi.org/10.15252/emmm.201810204
https://doi.org/10.1371/journal.pone.0187304

	年龄相关性黄斑变性相关信号通路的研究进展
	摘  要
	关键词
	Research Progress of Signal Pathways Related to Age-Related Macular Degeneration
	Abstract
	Keywords
	1. 引言
	2. 嘌呤能信号通路与干性AMD
	3. Nrf2/Keap1信号通路与干性AMD
	4. Rho/ROCK通路
	5. 线粒体自噬信号通路
	6. Ang/Tie通路
	7. 结语
	参考文献

