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Role of autophagy in the occurrence and development of glaucoma
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[ Abstract] Glaucoma is a chronic neurodegenerative disease of the optic nerve accompanied by apoptosis of
the retinal ganglion cells,atrophy and depression of the optic nerve,and visual field loss. However, the mechanism of
high intraocular pressure and glaucomatous optic neuropathy has not yet been elucidated. Autophagy is a lysosomal
degradative process,which eliminates bulk cytoplasmic constituents. In recent years, a large number of studies have
shown autophagy to be closely related to the occurrence and development of glaucoma. These studies examined the
stress response of ocular tissues to high intraocular pressure, optic nerve protection, optic disc remodeling, immune
regulation , abnormal protein removal and scar regulation. This article summarizes the relationship between autophagy
and glaucoma,and pays special attention to the progress of research concerning autophagy in the trabecular meshwork,
retinal ganglion cells, exfoliation syndrome,and scarring after glaucoma filtering surgery. It will lay a foundation for a
deeper understanding of glaucoma pathogenesis and provide a new idea for diagnosing and treating glaucoma in the
future.

[ Key words] Autophagy; Glaucoma; Trabecular meshwork cells; Retinal ganglion cells; Scarring

Fund program: National Natural Science Foundation of China (81700835)

DOI:10. 3760/ cma. j. cn115989-20200326-00213

8%

70 MR A B A AT 3964 SR R L T R A K
PUSE fe e, WU AE 2040 4F 4 Bk 6 IR AR N B0 4 = 1012
2" BT O IR LA B B S R L ) AR R R 5E 4
B R 20 A SOR 7  EE  A A  FT
I 11 R 0 LA 2 N N T R T g B A A
— A A T LUE S A S S s RS E
LRI B, A T AR VL IE N ME S e S . BRSTE M, A
TE 5 G VEBO BT O I AS BT H 28 R R0 0 45 4 B R
G 1 4 A R R vl 2 B R A T, A O R T
B DT L B AR T OGER K KT AR b 4 o2 E R

2 Y A, B R ALk v MR 1Y R A A DR A
R SR R T B DL RO R R R S5 £y TR T
FEU o AR AR T OB IR A R K R R AR R AT 4

1 BEEMEWFINE

I 2 A I A D R D 400 M P 4 B 4 B el R T 3
fitp 0 i A A5 0 S A B 2 M A % 22 A D, AT 4 45 2
SRR IR AT o A0 A B AR DUHR IR B 05 % R
ZEAETR AT LU A b R K R I A0 G A T R, BT 2
FrASMES, 2HEAE RS EY M —FEZAEILE. A



e SO IR B 24 3k 2020 4E 5 45 38 #4545 5 ] Chin J Exp Ophthalmol , May 2020, Vol. 38 ,No. 5 . 443 .

W A K RS T RS A 0 A 3 RE R
ASCHEBIMN AROR ISR A AR ERERE S A8
B () AW B G (2) T IE R T 5 (3) B WA R IE
Js (4) BV B B9 TE 00 (5) 1 Wi g R e s

2 AEmERNE

Takeshige 25" f5; JE 75 B 15 40 0 b %% B A1 W, 3 HAE X 50
AT T T T B B B AR AR S bR TR A 4 i
U, 40 5 3 HEF) U A 25 [ ( autophagy-associated gene,
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HTFs 41t & , 9¢ 5% 2 S e A6 0 2 B, 32 5 A i Ak 2L 20 o B i/
IR 3R T X5 B2 ; Western blot 74 %5 2 i 7R PERK i
:+0. 1 g/L 322 WAL BE4] Beclin-1 ,ATG-5 F1 LC-3 [ ik 5
X R0, 1 g/L 35 F A0 A8 4 B S IR, 72 40 0 5¢ 016 1 W /)N A ) A6
MW B AR T RS R R R A SRR, F W] R
i PERK 324251 HTFs [ BEA9H AN, Zhang % ffF 53 9F 5¢
% ¥ 5 Wi 38 14 beclinl/VPS34 38 i #R #E L E K HF-B, IS
19 HTFs [ 1, 330 o 319 5 3 008 32 HTFs p93 Az s 4k o X 2e it
FERIESE B W] AB S 5 IR R 5 R AT B, B2 B AR A



e SO IR B 24 3k 2020 4E 5 45 38 #4545 5 ] Chin J Exp Ophthalmol , May 2020, Vol. 38 ,No. 5 . 445 -

PRI =5 i — 0T .
4 RE

JAE A S /NP A I T BE VRGCs 4 12 \XFS 14 5 L5 72
AR AR 5 R A B0 98 2 551 22 05 TR 4 % VDAY DG B, (ELRE 1 e
HEOUMA KRR ® Z S — LTI A g S
B, SR T A A4 AR T 6 IR R AR A A% A B AT
VERI IR Bk — 2B T IRl T F AT B W5 E R IR A A
FWFFE Z & TE/NER K RGCs J5 T, 5 % B 1 5 % e IRy
ARG WIRTE W E T 80, oS 5 8 P AR 5 IR TR 1 i B AL
A SRTERRER T, M0 A W 5 AT LA Sy — iR A0 8 5 40 107 4R
TR B AT BE— UL
FIEEME  PrA 1R S AP TE R i vh 5%

S % ik

[1] Tham YC,Li X, Wong TY, et al. Global prevalence of glaucoma and
projections of glaucoma burden through 2040:a systematic review and
meta-analysis[ J ] . Ophthalmology,2014,121(11) : 2081-2090. DOI:
10. 1016/j. ophtha. 2014. 05. 013.

[2] E580 Bids 6. AVERMATIEA A (1], h R A 54 72
Y124, 2018, 34 (3) : 229 -239. DOI; 10. 13865/j. cnki. cjbmb.
2018.03.01.

Wang YZ,Chen Y, Yu L. The discovery and research of autophagy|[J].
Chin J Biochem Mol Biol,2018,34(3) :229-239. DOI. 10. 13865/].
cnki. ¢jbmb. 2018. 03. 01.

[3] B2, W TH0 R A W 7R MR e 952 B0 B8 o i) F 0 o e

[J]. BE2WF 58 A= 22 4%, 2017,30(3) : 319-323. DOI: 10. 16571/j.
cnki. 1008-8199. 2017. 03. 021.
Yang WY, Hu JZ. Advances in relationships among autophagy,
interferons and tumor immunity microenviroment[ J]. ] Med Postgra,
2017,30(3) :319-323. DOI:10. 16571/j. enki. 1008-8199. 2017. 03.
021.

[4] B2, 2 de X003, 55 406 B W e B8 BUE B 4 2 KBl HI
C2 .0 LA JIE O o % 7 I Be AL [0 ). B 2 F 50 A= “# i, 2016,
29(7) :718-722.DOI1:10. 16571/j. enki. 1008-8199. 2016. 07. 010.
Tao YZ,Li JH,Liu YK, et al. Role of autophagy in the motivation of rat
myocardial hypertrophy in HOC2 cells induced by bone morpho-genetic
protein 4 and its mechanism [ J]. J Med Postgra, 2016,29 (7) :
718-722.DOI:10. 16571/j. cnki. 1008-8199. 2016. 07. 010.

[S] VRGEms, vrl. B WS E IR 2R LA R e [T ], e
SIS AR B 2% 5, 2015,33(3) : 284-288. DOI; 10. 3760/ cma. j. issn.
2095-0160. 2015. 03. 020.

Xu YM, Xu X. Current researches in correlation between autophagy and
glaucomatous optic neuropathy [ J ]. Chin J Exp Ophthalmol, 2015,
33(3) :284-288. DOI:10. 3760/ cma. j. issn. 2095-0160. 2015. 03. 020.

[6] Chen N, Debnath J. Autophagy and tumorigenesis [ J]. FEBS Lett,
2010,584(7) : 1427-1435. DOI.10. 1016/j. febslet. 2009. 12. 034.

[7] Mizushima N, Komatsu M. Autophagy: renovation of cells and tissues
[J].Cell,2011,147(4) : 728-741. DOI. 10. 1016/j. cell. 2011. 10. 026.

[8] Sridhar S,Botbol Y,Macian F,et al. Autophagy and disease ; always two
sides to a problem[ J]. J Pathol,2012,226(2) : 255-273. DOI. 10.
1002/ path. 3025.

[9] Feng Y,He D,Yao Z,et al. The machinery of macroautophagy[ J]. Cell
Res,2014,24(1) :24-41.DOI.10. 1038/cr. 2013. 168.

[ 10] Takeshige K,Baba M, Tsuboi S,et al. Autophagy in yeast demonstrated
with proteinase-deficient mutants and conditions for its induction[ J].J
Cell Biol,1992,119(2) :301-311. DOI.10. 1083/jcb. 119.2.301.

[ VDT, # A, PN, 25 I i 2 R R g ik AR R B S R [ ).
HR B 7 2k J , 2017,37 (8) : 797 -800. DOI:; 10. 13389/j. cnki. rao.

2017. 0202.

Liu B, Guo DD, Sun YY, et al. Recent advances in regulation of
autophagy in ocular diseases[ J]. Rec Adv Ophthalmol,2017,37(8) :
797-800. DOI; 10. 13389/j. cnki. rao. 2017. 0202.

[ 12]Barth S, Glick D, Macleod KF. Autophagy: assays and artifacts[ J].J
Pathol,2010,221(2) : 117-124. DO1:10. 1002/ path. 2694.

[ 13 ]Ttakura E, Kishi C, Inoue K, et al. Beclin 1 forms two distinct
phosphatidylinositol 3-kinase complexes with mammalian Atgl4 and
UVRAG[J]. Mol Biol Cell, 2008, 19 (12) : 5360 - 5372. DOI: 10.
1091/mbe. e08-01-0080.

[ 14]Jung CH,Jun CB,Ro SH,et al. ULK-Atg13-FIP200 complexes mediate
mTOR signaling to the autophagy machinery[ J]. Mol Biol Cell, 2009,
20(7) :1992-2003. DOT:10. 1091/mbc. e08-12-1249.

[ 15]Porter K, Nallathambi J, Lin Y, et al. Lysosomal basification and
decreased autophagic flux in oxidatively stressed trabecular meshwork
cells; implications for glaucoma pathogenesis [ J ]. Autophagy, 2013,
9(4) :581-594. DOI:10.4161/auto. 23568.

[16]Porter K, Hirt J, Stamer WD, et al. Autophagic dysregulation in
glaucomatous trabecular meshwork cells [ J]. Biochim Biophys Acta,
2015,1852(3) :379-385. DOI:10. 1016/j. bbadis. 2014. 11. 021.

[ 17]Porter KM, Jeyabalan N, Liton PB. MTOR-independent induction of
autophagy in trabecular meshwork cells subjected to biaxial stretch[ J].
Biochim Biophys Acta,2014,1843(6) : 1054-1062. DOI; 10. 1016/j.
bbamer. 2014. 02. 010.

[ 18 ]Hirt J, Liton PB. Autophagy and mechanotransduction in outflow
pathway cells[ J]. Exp Eye Res,2017,158 : 146—-153. DOI. 10. 1016/
j. exer. 2016. 06. 021.

[ 19]King JS. Mechanical stress meets autophagy: potential implications for
physiology and pathology [ J ]. Trends Mol Med, 2012, 18 ( 10) :
583-588. DOI:10. 1016/j. molmed. 2012. 08. 002.

[20]Lien SC,Chang SF,Lee PL,et al. Mechanical regulation of cancer cell
apoptosis and autophagy :roles of bone morphogenetic protein receptor,
Smad1/5,and p38 MAPK[ J]. Biochim Biophys Acta,2013,1833(12) :
3124-3133. DOI:10. 1016/j. bbamer. 2013. 08. 023.

[21]Deng S,Wang M, Yan Z, et al. Autophagy in retinal ganglion cells in a
rhesus monkey chronic hypertensive glaucoma model[ J/OL]. PLoS One,
2013,8(10) : €77100[ 2019-01-19]. https ://www. ncbi. nlm. nih. gov/
pme/articles/PMC3797129/. DOI:10. 1371/ journal. pone. 0077100.

[22]Park HY, Kim JH, Park CK. Activation of autophagy induces retinal
ganglion cell death in a chronic hypertensive glaucoma model[ J/OL].
Cell Death Dis,2012,3 : €290 [ 2019-01-23 ]. https://www. ncbi.
nlm. nih. gov/pmec/articles/PMC3358006/. DOIL: 10. 1038/cddis.
2012. 26.

[ 23] Rodriguez-Muela N, Germain F, Marifio G, et al. Autophagy promotes
survival of retinal ganglion cells after optic nerve axotomy in mice[ J].
Cell Death Differ,2012,19(1) :162-169. DOI;10. 1038/ cdd. 2011. 88.

[ 24 ] Huang SP,Chien JY,Tsai RK. Ethambutol induces impaired autophagic
flux and apoptosis in the rat retina[ J]. Dis Model Mech,2015,8(8) :
977-987. DOI:10. 1242/dmm. 019737.

[25]Lee K,Hong S,Seong GJ, et al. Cigarette smoke extract causes injury in
primary retinal ganglion cells via apoptosis and autophagy[ J]. Curr Eye
Res,2016,41 (10) : 1367 - 1372. DOI; 10. 3109/02713683. 2015.
1119856.

[26]Zhu K, Zhang ML, Liu ST, et al. Ghrelin attenuates retinal neuronal
autophagy and apoptosis in an experimental rat glaucoma model [ ] ].
Invest Ophthalmol Vis Sci,2017,58(14) :6113-6122. DOI.10. 1167/
iovs. 17-22465.

[27]Li R, Jin Y, Li Q, et al. MiR-93-5p targeting PTEN regulates the
NMDA -induced autophagy of retinal ganglion cells via AKT/mTOR
pathway in glaucomal J]. Biomed Pharmacother,2018,100:1-7. DOI:
10. 1016/j. biopha. 2018. 01. 044.

[28]Ma X,Lin W, Lin Z, et al. Liraglutide alleviates H,0,-induced retinal
ganglion cells injury by inhibiting autophagy through mitochondrial
pathways[ J ]. Peptides, 2017, 92 : 1 - 8. DOI. 10. 1016/j. peptides.
2017.04.008.



. 446 - B S IR B AR

2020 4F 5 H55 38 %55 5] Chin J Exp Ophthalmol ,May 2020, Vol. 38,No. 5

[ 29] Schlstzer-Schrehardt U. Molecular biology of exfoliation syndrome[ J].J
Glaucoma, 2018, 27 Suppl 1 : S32 - S37. DOI. 10. 1097/1]JG.
0000000000000903.

[30]Ritch R. Ocular findings in exfoliation syndrome [ J]. J Glaucoma,
2018,27 Suppl 1:S67-S71. DOI:10. 1097/1JG. 0000000000000986.

[31]Want A, Gillespie SR, Wang Z, et al. Autophagy and mitochondrial
dysfunction in tenon fibroblasts from exfoliation glaucoma patients
[J/OL]. PLoS One,2016,11(7) :e0157404[ 2019-02-04 ] . https://
www. nchi. nlm. nih. gov/pme/articles/PMC4938507/. DOI; 10. 1371/
journal. pone. 0157404.

[32] Wolosin JM, Ritch R, Bernstein AM. Is autophagy dysfunction a key to
exfoliation glaucoma? [J].J Glaucoma,2018,27(3) :197-201. DOI:
10. 1097/1JG. 0000000000000606.

[33]Bernstein AM, Ritch R, Wolosin JM. Exfoliation syndrome:a disease of
autophagy and LOXLI proteopathy[ J]. J Glaucoma,2018,27 Suppl 1:
S44-853. DOI;10. 1097/1JG. 0000000000000919.

[ 34]Mauvezin C, Neufeld TP. Bafilomycin Al disrupts autophagic flux by
inhibiting both V-ATPase-dependent acidification and Ca-P60A/
SERCA-dependent autophagosome-lysosome fusion [ J ]. Autophagy,
2015,11(8) :1437-1438. DOI.10. 1080/15548627. 2015. 1066957.

[35]Liu J, Xia H, Kim M, et al. Beclinl controls the levels of p53 by
regulating the deubiquitination activity of USP10 and USP13[]]. Cell,
2011,147(1) :223-234. DOT:10. 1016/j. cell. 2011. 08. 037.

[36]Deretic V,Jiang S, Dupont N. Autophagy intersections with conventional
and unconventional secretion in tissue development, remodeling and
inflammation[ J]. Trends Cell Biol ,2012,22(8) : 397-406. DOI: 10.
1016/j. tebh. 2012. 04. 008.

[37]Bruns C, McCaffery JM, Curwin AJ, et al. Biogenesis of a novel
compartment for autophagosome-mediated unconventional protein
secretion[ J]. J Cell Biol,2011,195(6) :979-992. DOI. 10. 1083/

jeb.201106098.

[38] B &, MRBE, wi i I, 4. YUIRYE 5 09 A P8R BT 4 40 i 11 e iz A=
[J7. v [ 9 B A= B 42 7, 2013,29(2) : 330-333. DOI: 10. 3969/].
issn. 1000-4718. 2013. 02. 025.

LU L, Lin K, Gao WY, et al. Starvation induces autophagy of
hypertrophic scar fibroblasts[ J ]. Chin J Pathophysiol,2013,29(2) :
330-333. DOI:10. 3969/j. issn. 1000-4718. 2013. 02. 025.

(3940, BAR , AT AR , 5. 32 25 W BT A S0 B F7 19 N Tenon 28 i 21

QEANNE B WA AE L], AR SRR IR R ek, 2015,33(3) ¢
196-200. DOI; 10. 3760/ cma. j. issn. 2095-0160. 2015. 03. 002.
Xu XY, Tong J,Fan SX, et al. Inducing effect of hydroxycamptothecin
on autophagy of human Tenon capsule fibroblasts in vitro[ J]. Chin J
Exp Ophthalmol ,2015,33(3) : 196-200. DOI: 10. 3760/ cma. j. issn.
2095-0160. 2015. 03. 002.

[ 40 JJE&F AR, FEBLAT , 3 7 22 0 B B i 2 P 8 R DAY R 0 il

BWARAEHEN Tenon & i 27 AL A0 A WEAEJT [T ] h AR 5206 IR B} A%
,2015,33(3) :201-206. DOI; 10. 3760/ cma. j. issn. 2095-0160.
2015.03. 003.
Fan SX, Fu YX, Yuan ZL. Enhancement of hydroxycamptothecin to
human Tenon capsule fibroblasts autophagy via PERK pathway[ J].
Chin J Exp Ophthalmol,2015,33(3) :201-206. DOI:10. 3760/ cma.
j. issn. 2095-0160. 2015. 03. 003.

[41]Zhang F, Liu K, Cao M, et al. Rosiglitazone treatment prevents
postoperative fibrosis in a rabbit model of glaucoma filtration surgery
[J]. Invest Ophthalmol Vis Sci,2019,60(7) :2743-2752. DOI: 10.
1167/iovs. 18-26526.

(U 397 :2019-10-20 &[] [ 9 :2020-03-08 )

(ARS8 X3

B - AR - R

AT PR ENER

Vo3 B SRR SCR IE SO RS rh 0 SO . TR M e 3 SO SR A 45 SU G, {2 45 H 19 (Objective) | J5 15 ( Methods ) | 45
(Results ) #4518 (Conclusions) 5 NZEE 4 2N AE % M1 25 LLF )8 (1) M AF A A7 XIHE5E . (2) FEMA 27 E#ETR.
) FAFM 2 FEER . (4) S FFTEAF AT AZEIRSF o H P S5 i 40 5 45 A BRASLRT 35 J i BIF 78 TN 45 B g 3 Ak e g T 8L, 1Y
BB A PR E a4 ()8 ST 0 H bR . Jr IR R AR BRI ST R RE AR A LA B A A0 T U B S R 5 O N Y 5%
BRI R AT, ARAG 45 R 48 AR 19 T BOFI B A 55 o I PRI 58 375 150 W2 T S P O 0 [0 JS 44 O 0 300 2 WL 8 M T 9 o 5 2R 30 4 77 % WL 3
DI E R, AL 46 2 M 25 22 A A R B AR DG I DG B P B T2 2 1y i Ak B RE LA ORI I 8 3 2 LB 2l 2R, S B 45 2 o 1 %
HMEARME . G580 3 S ARSI 38 HH ARG Y A6 SR A I8 Bk 075 A B A I 1 ST MR ALY KA S5 it . B A =
AFREWFRIR R H B3R, AT SCHR S 38 R0 8 o 0 ST 2 I 5 i S DY 8 X R L B TR A AE I I T B, AT L R
Ao Y SCH ZE A AR IR SO (IEAR) Je W& 2 (DUEPR S R, A F RS AR, HFHRE ,NFES, :Yin
Xiaohui) A7 AL 1K) B0 44 FR I8 T 44 FR (DB D& ) BB S & B K24 FR (2 F A RHMA) o FEA7E J) e — 17 Ak 52 438 15 16 & Ik 44 1Y
DUE BE5 Al Email #dik , 40 Corresponding author : Yin Xiaohui,Email : xiaohuih@ 126. com, & Z AR TE L5 R IEEE 5/~ v g
SCHEEE 12 N 4 AT B OS5 B ng A B SE E R 2R R R IR R T SRR B BIF 9 1B A B N AR L £ G I 45 AR
Ziie L HBE X FLEER

5 18 S T B 1 BFF 50 2 7 7 v 0 S S 45 AR 48 Ak G DR 36 T W, DL DR 3 36 13 B ( Trial registration ) ™ Sy 47 85, 4 ik 7
AL 4 FR AR S o B R I PR B 5% 09 18 2 196 22 0 1 B 3%/ CONSORT 75 W ( Consdidated Standards of Reporting Trials) (http://
www. consort-standart. org/home)

(A T 2 30 )





