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Abstract

e AIM: To study whether autophagy and paraptosis were
activated in retinal ganglion cells (RGCs) after acute high
intraocular pressure (IOP) in an experimental rat model
and to explore the possible underlying mechanisms.

« METHODS: A total of 50 male Sprague-Dawley (SD)
rats were randomly divided into normal control group,
and 3d, 1, 4, 8wk group after acute elevated intraocular
pressure (IOP) (n=10 per group). Acute intraocular
hypertension model was established by anterior chamber
perfusion of normal saline in the right eye. The
expression levels of microtubule-associated protein 1 light
chain 3 (LC3) was measured by immumofluorescence
method. To determine whether autophagy and paraptosis
were activated. Retinal sections were examined by
transmission electron microscopy ( TEM ).
Autophagosomes and cytoplasmic vacuoles in the
cytoplasm of RGCs were measured.

e RESULTS: TEM analysis revealed that double - and
multiple- membrane vacuoles containing electron - dense
materials of autophagosomes were found in RGCs. The
number of autophagosomes per 50um? were 0. 79+0. 43,
2.14+0.36, 2.29+0.47, 1.57+0.51 and 1.21+0.43 in the
normal control group and in acute IOP group at 3d, 1wk,
4wk, 8wk, respectively. The number of autophagosomes
markedly increased in the cytoplasm of RGCs at 3d, 1wk,
4wk, 8wk groups than those in the normal control group
(all at P<0.05). LC3 positive expression was rarely
detected in ganglion cell layer ( GCL) in the normal
control group and percentage of LC3 positive cells was
15.90%. Immumofluorescence analysis showed that the
percentage of LC3 positive cells statistically increased in
acute IOP groups when compared with control group ( P<
0.05). The number of RGCs per 200upm in each group of
acute IOP injury significantly decreased compared with the
normal control group ( P < 0. 05). Cytoplasmatic
vacuolization were observed in RGCs at 3d after acute IOP
injury and lasting to 8wk. TEM also revealed that a large
number of cytoplasmic vacuoles were derived
predominantly from the progressive swelling of
mitochondria and/or endoplasmic reticulum (ER).

¢ CONCLUSION: Autophagy and paraptosis participate in
the death of RGCs under transiently elevated intraocular
pressure. Different types of programmed cell death
(PCD), coexistence of multiple cell death forms or a
single cell death form, participates in the pathogenesis of
acute elevation of intraocular pressure.
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ZE R E ST BIZE T LK Bl RGCs 41 i 4 22 25 a1
FUEY R RAZ 8K 22 2 B [ W, 1E F R4 &k ToP
P05)5 3d,1 .4 8wk 41, RGCs 4l a5 4 50 m’ [ Wiy %5
A 0. 79£0. 43 2. 14£0. 36 2. 29+0. 47 1. 57+0. 51 |
1.21+0.43 4>, 209 10P #114 J5 45 41 K B RGCs M
50 wm’ [ W B30 1A 1E o B 4L 1 8 2 A et
SR (P<0.05) , IF H O HE 2P0 o B ph 28 45 4l il 2
(ganglion cell layer, GCL) {X WL/ LC3 BHPEE A, LC3 BH
PEZML T 43 b 15.90% , 2k T0P #1455 )5 3d,1 4 8wk 4
KB GCL A LC3 PHM:40 & 43 b 3448 1E 7 X6 A 241 Bt 3
I, ZSH G FE L (P<0.05) , 2k 10P it 3d,1 .
4 8wk 40K Fl&F 200um N RGCs B 55 1E % %F B4 W] i
Wb, ZRAA SR L (P<0.05) , 2 10P J5 3d $72E
&8 Qwk 35 T LB LR AT L A S Pl A AR B P I A e i
TE IS %) 44T o 25 94,

S5t . 2 10P B3 J5 RGCs ¥5 I 13 W R gl 08 T~ 19 380
AR AR P PRI IESE T ( programmed cell death, PCD)
AR Ry B — AR At T I sk R i i st TR A, &
5 200 TOP Ji5 490 090 IS 4eh 281 A e iy 45

SR B BIE T AR R IR He 10 O I 25 A
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HOCIR 2R FECR IR F LN Z — J& T i
2 RGBTSR | I B I IS5l i, A P o 28 T A
T2, AERTE 10P 2 OCHR MM 2 8 i F M fa H KR .
SRIMAE NG PRAFFFE i & B0, 7 DGR AR 3 R 2 w25 0 R e
133 R hAa ), 000 I ) dh 2 A AT 2 0 AT JF A
BORFEVERL D REAR ) 4% Bl 2 A (1 A 7 M 4 i 56
T-( programmed cell death,PCD) & 5 M4 R85 & B WAIAN
MBET Je— e 2R AT AR M A IRITIE L, A
AN T2 0] A7 T DG R ] — 32 451 A0 1 10 JB5 o 22 4 200 g
(retinal ganglion cells, RGCs) H', H W T it 25 fLJ& & ¥ X
RGCs M -4 1 I 2 S BOHAE T, BT AT 4- B af
M2AEMTIE PCO— A MBI T2 /25 T H6
IR £k TOP 4545 K BURE RS RGCs IUBET=7 AWF5T A I K L
LM TOP AR BT DGR S vk & A, DL g e 9t gt
)71 %55 TOP BiliJG RGCs FWER KAz, i 5 Bl
£ 10P 1417 RGCs MMES IR AL 1L, 5 A g S Rl Ja T°
kA, BEHERTE R PCD 5 2tk H Y6 RGCs #ET
B9 2 B AR FIAL , S )5 7 DC IR PEAR 11 )5 RGCs BET
10 4 A FERZBT R T i AR 4R S IR A
1 BT &
1.1 ##4
111 REH R SE i RAF SD #EPE R 50 2
(SPF 2%) MU i 220 ~250g, JEHR ¥, W 1 V5 22 3¢ 3 K 2
BEorBe sE R sh By bl . AR SER AR B e B 2 5 24t
7 FHBERLEC 23R R BUBEHIL 23 A 1E 6 xF BRZH AN 2 T0P
45 3d 41 1wk 41 4wk 241 8wk 41,4541 10 LK. SD K
TR IR HR T TR OGS T AR, A sE oK,
1.1.2 RWIAFIRALZE  RIURBBEHICER 1 743
(microtubule associated protein 1 light chain 3, LC3) #i {&

1000

( HA MBL A H]) , FITC ARig it 1gG (FE M2 A F]) ,
DAPI( 3 H Sigma A #]) , T AR (F M 66 M =
Tt ) Bl E 2O BB BX51( HA Olympus 25 H]) ,
) AL LKB— V/NOVA (B it LKB 2N &) |, 1% 5 i 85
H-7650( H 7 Hitachi 24 #) .

1.2 Ak

1.2.1 ShEBI M ESL 20 10P B4 41k i IR iy
B AR R KR D AT IR St & AR A 35 1 1
il R B TOP i 0 , 1F & 0 B2 AN A5 fof Ab 2
FRE KRR, 80g/ L KA & (5ml/kg) I 7 SRR %R RR,
TH AR SLER , R R B8 A - PRI AR A T 2% T BRI, 4209 0
ST IR RO G A Ko e A PR AR T R R Y 4
S B S U R R IR 1 T BT 7, VO
FUIR T B BF 3 O 150em, 1 A K R OHR P 110mmHg
(1mmHg=0. 133kPa) ) 10P, WL FL X SO HAG LT (028 Ky
B MR R B AS A IE F, 1 B 8 5 4 BEL DB 00 I i e
Je kAt TOP MRS HFSE 60min J5 , & H H ek, vl
R L X 52 G A Ay B 2T €2, 40 R i S AR 2T €3, A2 LI
BHEPI, KPR RBIARR 37C, REH TaOHER
AR5 4 IR 9 577 S e

1.2. 2 BERAFEBIRANMEST 5 BPRF IE 5 X IR 4 &
2 10P 435 3d,1 4 8wk 41, &R IFA] S ECS R, %
BE PRI R B, 28 A o0 25 PR T 400 TVA By AR B ER UK
200mL, Fifi RIVE A 40g/1. 225 % 500mL , P i 2K B
VU BCE , B R 4 1, R8T T 2h JE BORE . BUOBLHR
BR, BT 40g/L 22 5 WSV WP 8122 240, 16 B TEHE 4 TR
WK 2 HRER DT T 30% FEMEES RS , HI/EIRRE 12 um B9 7K
YR T LC3 sl gifb e,

1.2.3 LC3 SR AL =ZE4M Y1 LL 0. 01mmol/L PBS
Pk ,0. 03% TritonX—100 % I E 30min; PBS #1¥E,5%
LU 2 07 P, 25 R A 30min, T Mt LC3 (1:500) —
PUATRIF A ,4°C % ; PBS vhyk T in FITC ARic 9/ BT
£ 1eG (1:200) P IR MFH 2h; PBS BRI ; DAPT Je k% | =
T 10min, PBS Wk 28 v H il B, 280 BB T~
£ WA BRI B0 R 5% 1E % 1 2R M iE 1S — e,
HAGP IR & J5 T8 8 28O0 005 T g B &4
K ARAk kg kit S 06 A A R A R S G e R R 22, B
BIARAKEIN 3 5681 F, B 5K U0 7400 5 A HLEF . TH4) 400
PR BT A sk R w00 IS 40 2 19 LC3 PR 40
B A0 B &, LC3 B M 40 4 Bb = LC3 BH 41 i
B B 100% |, 3% 200 wm 1 B2 P AL 0 e 2245 4
Jifd)Z ( ganglion cell layer, GCL) it DAPT [H 1 44 itg %) - 14 %5
15 RGCs 435 i

1.2. 4 BERAIM RAAE 20 JIHE H X A K2
P TOP 51455 3d,1 4 8wk L&A KRR, B4l 5 H, TREE R
KB, G702 Pe e 4°C TRV (19 24E FREL K, Bl BIE A
RBP4 80 2. 5% IR % +40g/L £ 5 WY 0 13 T 8 W
200mlL, Je PR T 2 K R U A, fe s s 1k e, & 18
W TE 20min S5 BOAF . BRI AL 2 B AR R B
2.5% J5 W +40g/ L Z2 5 R 1 2 P [ 22 2 ~ 4h, B TR
SRR AR FR YR 19% DU SR AL AR A2 T 4°C [ E 2 ~
3h, ZEERSEE LK, R E Epon812 235 B, RE )5
FEARMBHYI A 1 ~2pm, 2 2200 J5 627 B U F 20, 5
o LKB- VAU A ALE 17T W Y] B 80nm , i R 4l A7
BRI )5, A H 57 H-7650 % 59 20 & s T W0
AR, AEHIBRAKI 10 S PET
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1 A% IOP /5 RGCs BIEHI#BIE

|

(SIS R ENE) A E

HBZH (x10000) ; B IF & X FE4H ( x50000) ; C: 2P IOP 1wk

e

20

2l (x10000) ;D 214 TOP 1wk 41 ( x50000) ; E : 2% TOP 4wk 21 ( x10000) ; F; 214 TOP 4wk 41 ( x50000) ;G : 214 TOP 8wk 4 ( x10000) ;

H. 2P 10P 8wk 41 (x50000)

B2 2MIOPEXREMMEE LC3 HyRIEZ/L (x400)

B t2E 43T L 0 FH SPSS18. 0 AT E R4 0T, i 24 L)
BIB AR 2 (x£s) R, RSN ZE 5 2253871 ( One—Way
ANOVA) 47 2 A5G 2241 18] W5 9 Eb 48R FHLSD - 46
5, P<0.05 NZESAGIHE L,
2R
2.1 2% IOP #HR5 5 BB RMEMFE MWL ENH
T (TEM ) 43 B 4 Jfd 48 fO8 2505 28 bk 58 7 20tk
10P #4455 3d,1 .4 8wk J5 RGCs [ F W I% PEAY sk 28, TEM
AT X% 3 ) 25 M B 45 4 ) DUZ B, J2 900 [ WA ™= A=
B ARiE, 1E % % B ZH A9 RGCs 1B 0L [ W& (181 1A B) .
IEH X BT RGCs (1 4H M BT b A W v i)~ 4 45082 0. 79
A/50um’ . 2 10P 145 3d J5 RGCs 40 i J5i Hh 4 50 pum?
AR 0 S B85 T a3 i, 2Pk T0P 45 1wk J& RGCs
AT A WA SRR SR B R (B 16 D), Z R %
W Fs , A AR A IR T R I 2 (| 1), 2t
10P #1035 3d 2 1wk 4 4wk £ 8wk ZH KBl RGCs FO4H
ST [ v B (2. 14 +0. 36 .2.29+0. 47 (1. 57+0. 51,
1.21£0.43 4~/50um” ) B &2 38 i, 4% 41 5 1F % % B8 41
(0.79=0. 43 4~/50pm” ) #H b 22 S H G it 2# 58 L (P<
0.05), iXebgh JE T 10P 15 (% BLAL &I ¥ & RGCs
W 0

A TEF X IR ;B &1 I0P 3d 41 ;C. 2 10P 1wk 41 ;D . & 14 10P 4wk 41,
GCL . 0 SR 22715 412 5 TPL. PO AR Z 5 INL: WA% )2 ; ONL. AMZ 2

2.2 2% IOP IR /G MR LC3 IRIE  LC3 HpEw
Segen (gf(a) 45 R BN, IE X IR b 1LC3 Rk
HAET GCL(E 2A) o B B 4G I 2] LC3 4 %8 52 1
P, LC3 MY FIATE 2% 10P #5145 3d J5 19 GCL &34,
TR /IR B g B0k (18 2B) . 2t 1oP #i i R
1.4 8wk 4] GCL 19 LC3 ¥ & @ik (E 2C. D), 1E# X}
T840 GCL 19 1L.C3 PHIEGIM E 43 LE 15. 90% , 20 TOP #5147
Ja3d 41 LC3 PH M40 M & 4 b T bR 3 RGO a8 #)
46.95% , SIE WX BAMIL Z R A HRITFE XL (P<
0.05) ., & 10P #1475 8wk J& LC3 BH M 40 M /& 43 kb % &
34. 449 fEAE T IER X IR, 22 5 A G228 L (P<
0.05,% 1), IE% X4 GCL By RGCs W ¥ H &= K
11.14+1.57 4~/200pm, 21 10P #14i J5 3d 41 GCL &)
RGCs V- Y80 1 1 F R, 0T 2k 1OP $if5 J5 8wk 41,
GCL % RGCs M~F- ¥ %= T R 7.29£0. 76 4~/200um.,
5IE % % A A L, 20k T0P 45 )5 3d,1 .4 8wk & 4H
GCL [ RGCs B F- 4% 8 50k /D, 2 R B A Gt #8 X
(P<0.01,% 1), B2z, XSz 0L L0 10P J5 RGCs H B
W 0 o A b TOP #5145 I 4% ) ] 5 RGCs fifd
0 ) 8 200 R B RGCs BET

2.3 2% IOP RGERAT HBMESE % XHa
2 RGCs {H WLAZJE B By 2 3 (1 3A B) . BRI

1001



ERRRIZE 2018F68 5£18% 6 H
E81%.029-82245172 85263940

http://ies. ijo. cn
BB 5{578:1J0. 2000@163. com

2 29
3 2% I0P 5 RGCs BIAT KB

£
pe 20

1 H e R AR R ENARRS R

&l
A
b

) AL IER X BRZL(x10000) ; B 1 2 X BEZL(

50000) ;C: 2% TOP 1wk £H( x10000) ;D 201k TOP 1wk ZH ( x50000) ; E: 2% T0P 4wk ZH ( x10000) ; F: 21 IOP 4wk 2H (x50000) ;G : &

P TOP 8wk 41 (x10000) ; H: 214 TOP 8wk 41(x50000) ,

#®1 AMIOP EXM GCL & LC3 FHIE4RAE 4tk 1 RGCs HERILL % x*s
2057 LC3 BHMAIME 43t (% ) P RGCs(“1~/200um) P
1EH X IR 15.90+4. 93 11. 14%1. 57
Pk 10P 3d 4 46.9529. 54 <0. 01 8.71+1.38 0. 003
ZPET0P 1wk 41 51.16+8.22 <0.01 8.43x1.51 0. 001
21 TOP 4wk 4 52.30+5.25 <0.01 8.57+1.72 0. 002
ZPE T0P 8wk 41 34.44+5. 81 <0.01 7.29+0.76 <0.01

TE: PE A2 5 00 IR LR,

MR REAE 2 20 B 25 6 4k , 25 Y6 PN R BT L 400 R 5 40
TEM MRESIESE S 10P #1455 3d M3k 22 v fb Bl &, (2 £
biti 25 ] RE % A2 SR AEARTE 285, 4 M 1 00 R 9 T, DTG e 3
HFRRIIERS . 200 10P fiif)i )5 3d,1 4 8wk 41, RGCs JiEg
Fazs LRSI (81 3) . AR, Stk 0P #4751k
RGCs [ AT ( ER ) i1/ a8 e b {4 8 32 14 i ik, £ {4k s
LY 5K, SIS AE BT G R R T B ARRAE R R A
ER B4 5k Bk, KR &k 0P #4515 5 6l H -1
K55 RGCs 4T,
3itig

HOCIR R 2R S BRI FEFHZ — & T2
R aR A7 PR, B & 2 T O T 5 R T R R
FUR R Sk B AT LA 2 RGCs Gk, B
215 B TOP FAAIK 22 05 31 Bl PN, 0L O 6K 1% b 28463493 T
RES AR ZEiE AT, Bk £ B UE 4 FR A, & FR 2R A Y PCD,
WARRLYE TR E WEVE 76 T OGHR R AL S A A
T GHR L 5S40 40 vh R 4 S AR T A T
B PCD 143U, I B BH 11 X L6 R () PCD A
REXT I 2 IO A6 AL DI RE MR B A 25, P JE B TH IR
FE5S 0 20 10P 45349 2 Wy A 70 S 400 2k Pl o L Ol
IR By G 552 TR, 3 i BFF 4 s 4 i 75 DG IR RGCs FE T B BL
il , I 0T A B R AT B HLHT i LA

ARG EE R R, KB 2t 10P R | [ v

1002

BIJE TR 0E 5 10P 5| A 90 I B33 105 R0 O, S e 41 41
2EH TEM BIESE R, 5155 % B4 H g, 21k TOP #6145
J5i W P AE R R B S TOP #1405 )5 , TEM %%
RGCs 20 Ji s 0 A AR B8 | 3 25 9 Py 2ok (A RN/ 55 P ot
P e BT %, 3k 96 BH o5 — A s R A AR ToE X8 PCD——
BITHT:, 520 10P 5 HH

AR E R B2 10P BRI b GCL ¥ M fE B
MR PEARVE & A 1 A MR VRIS, SRRSO T
on, 2 10P #1455 3d J5 GCL 1) LC3 ik, I 75 %%
AL A B ] SRR S R A, 2P TOP i 1wk 5 RGCs
Y E M RGCs 4 A LC3 Ao S g 1 . 38 184 0,
RGCs 40 i LC3 355 3% RGCs #0125 iy B AH —
B, SR, LC3 SN PE R RGN IFAE A WERE S, BeAk, BR
T AW R B AR A, Ol A SOk RGE LC3 BV K
Ak RN R 2 L AN, KIS R
10P J& 1wk P D9 J5 JRE B Wb 25 R B, 55X S PS8 AR AT, ARSI
55K B EPE TOP B A4 P05 IS BE 7 10P #0455 1wk [
%, 33 S e T R I 9 J2 S5 R A R0 &k ToP 14
Lwk, 32 TEM A WSR2 U2 0k 22 2 BErg i P F W2 1 i1
AATIZE FRRAE . 1 VAR T G IR M 353403 B 40 TR S 38 33 384
A BEAC RS2 10 4 PG PR 5 B0 40 R AE T I AR AL, AR
AR A LM AT | B WA by ECAZ 40 M R 0 B AR A 5110
A IR RE , 1T DL SE A7 % sl 4R 8 #4250 PCD IR
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BLURL" S MR —FE R YR S RIR R REEAR
B AL, AE i 2R AT b B T RO B IR IE AR A
FoIE B, A0 Rl v v = ] B S B R 1T R
W8 SO T, W AT fEE B A 20 B 3R i
T 40 M B A R A e T

BT R —Fhir 2 X PCD, HL % H & A fHIL I 50
Z D R E N SN S S E R TR AR
{EAHE 3 2= B JLAR A 4 5 Wi 58 5 31X Fh 2 A pY A 98 T
PCD A1 1 85 11 B 41 24 A0 A e AT A il ad TEM fY
PEAL ARG UESE 2PE TOP $i45 7] 5 5 RGCs g it Hh AN #1
WA 28 I A, X i ot 28 AR i ik — 20 B R B L 5
O D) L 8 A o R O P B A% s € TR R PR AT, ik sk
LERR, AP 10P 51455155 5 1% 40 i o 2 1k o] R -5 i )
ToAHSR, X AT BE SRR T ToAE A AR AT, Al Ak 1% P 5 I A
LRRIREPE K B 0 M N PR RS BB IR T e Ah, B
PR - B A BHL Lk, S5 AR B, 380 T 40 e 5 S o R
RS BIE TR R 2 RS R E B A0S Ak B B I i £
P AR PR T R A AR VR ST SR R R 4T
X596 K IR T 3 A 4 N AR AR 5 B A% 2 B, X
55T R E T AR 2B AT R Z AR T A
TS AUA B T B PCD WALH , 5 A 25 T I
FEER R EN X F BTG H A R, B e F B, Sk
AT PCD, W &I P8 7= 55, o] RE 2 I i 2 25 Ptk &
TR 73k X B AR A v bt i i v Ik, %
S RIZEA ARG PCD 1] BE X 36 T T2 B IR 57 5 e M
R pEE T

ARSI R GE R Ak 10P S5 5 3 A2
PCD BT . B WEAEAT-7E RGCs [l &4, 78 SGHT AF
FEH, Kim 2518 % 9 Z0ME TOP 55 RGCs 4056 T~ F1 41 i A7
THIRAR I 2 Fh AR f A S BE . B8R &k TOP #5145 vl 15 3
RGCs (AR T-H1 A W & A= 2 e A ] B I JE 42 1 20 M 4t
T2, S UA I, T REAE A 40 i A7 7% AL . FRATT 0 28 W4
HEEE B VAR R T-AE GCL #I& 8N, 1M RGCs LT3 13
X—AEH TR, S WBFSE & B, PCD WIAE Ry B — 41 iy
FET-RIE S AT VR R T A W 40 R T 2 Fh 4
FETIEIEAE , S 5Bl M 05 i 2838 17 1 A8 4 Fn o 7
‘}E‘Z%[IS,IO—ZW .

XA AE T AT X, B R R S s R A A
W, TEM 4548 2 Bobf o iR 7 ik 2 — . i, @98 = a9
HR R TEM™ A, TEM ] UL 40 i 58 T AY &
AEEAE, AR 7] DLAH [R) 20 B A AS TR S 20 B 4 A 18] ) 6 &5,
YRR TRE R TRE | A R | X B — Fh 4 R P
HHE, TEREIGIKRZEGH, RGCs FE T AV A8 1M &5 7 B 1E )
THHHAE SR S0 19 PCD [MJE &5 242 L&, ;X AN A BY
T2 G, mH 45 T 6 ia T i, PeD A4k
b 0 S e B Ay ik ekt | B 208 AT B T R 22
JCAET AU RN TR I R Z AP E

ZE LTIk FRATTAOTF 5% 45 SR AN OGIE 52 2 A R 3E , B
YRR T 51 R 2t 10P #1405 J5 RGCs WAL T, [ i 3%
oA AEI A TR RETTRES S T A 10P S8/
RGCs FET, BNy | W Fgl 8 T 2 — X ) 61,
BE 0T & SAEAE0E BIHL , o] AT L T i A S 2 A iy
PTZ, PRS2 I, v] BE 175 & A/ sl 0GB A
AT A o —Fh el 2 M A i 4% . TEM v 7E 40 eS8 1=
Y S B A AL BN R ME AN AE T T RS, R UL, 3 Sb B

S HESRICATIXA D B5E 2t TOP 54405 J5 Ak R T M A L T T
PR B, 7E7 IR KA M 2B PP T, TEie 2
T T ) g 0t 1) A AR T, e] REAC SR M
RGPS TP A H s

B3 3k
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