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[ Abstract] Background The light damage model of retinal pigment epithelium ( RPE) cells is a research
direction of retinal degeneration diseases, and RPE cell apoptosis induced by light damage and inflammation is an
important pathologic basis of light-induced RPE cell damage. However, whether endoplasmic reticulum stress ( ERS)
paticipates in light-induced RPE cell damage is rarely reported. =~ Objective This study was to explore the effects of
ERS on light-induced RPE cell damage. = Methods Human RPE cell line ( ARPE-19) was cultured, and light
damage models were created by irradiating the cells for 3-,6-,12- and 24-hours with white fluorescent lamp with the
intensity of (2 000+500) Ix for the selection of optimal irradiating time ,and the cells in the normal control group were
cultured in the dark environment. The cells were divided into normal control group,light exposure group and 4-phenylb
utyric acid (4-PBA) pretreated +light exposure group. The cells from 4-PBA pretreated + light exposure group were
cultued firstly with 4-PBA for 30 minutes and followed by light exposure for 12 hours. The apoptisis rate of the cells
and intracellular reactive oxygen species ( ROS) content were detected by flow cytometry; the concentrations of
interleukin 18 (IL-18) and tumor necrosis factor-a ( TNF-a) in the cell supernatant were assyed by ELISA. The
relative expressing levels of activating transcription factor 6 ( ATF-6) ,C/enhancer binding protein homologous protein
(CHOP) and caspase-12 mRNA and protein in the cells were detected by real-time quantitative PCR and Western
blot,respectively.  Results The cultured cells showed a long spindle shape,the border was not clear,the cytoplasm
was degranulation,and the cell fragments increased. Flow cytometry showed that compared with the normal control
group, the ROS content in the cells and the apoptosis rate were evidently increased with the lapse of light exposure
time ( F=763.00,119.30,both at P<0.01). ELISA results showed that the concentrations of IL-13 and TNF-a in
the cell supernatant were significantly higher in the light exposure 6-hour group than those in the normal control group
with the peak value in the light exposure 12-hour group. Compared with the normal control group, the relative
expression levels of ATF-6,CHOP and caspase-12 mRNA and protein in the cells were elevated in the light exposure
group and peaked in the light exposure 12-hour group. In addition, the relative expression levels of ATF-6 mRNA,
CHOP mRNA and caspase-12 mRNA in the cells were significantly reduced in 4-PBA pretreated+light exposure group
compared with the light exposure group ( F=281.69,473. 88,308.45,all at P<0.01),and their proteins were also
significantly reduced ( F'=47.86,57.93,106.59,all at P<0.01). The apoptosis rate, concentrations of IL-13 and
TNF-a in the cell supernatant were significantly reduced in 4-PBA pretreated+light exposure group compared with the
light exposure group ( F=88.64,245.47,101.01,all at P<0.01). Conclusions The light exposure at (2 000+
500) Ix induces intracellular ROS accumulation and activates the ERS response, which results in apoptosis and
inflammatory process of human RPE cells. 4-PBA | a inhibitor of ERS, can suppress light-induced ERS response and
therefore reduces the apoptosis rate and inhibits inflammatory process.
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epithelium of eye/pathology; Cell line; Human; Apotosis; Inflammation
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R H0 BRSO, B 5 AN 3 D' 5 0 2 O IR IR Y 45
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diacetate, DCFH-DA ) .BCA & 9 ¥ & 4 3% ) & . SDS-
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Pi N EE 55 375 [N 7 6 (activating transcription factor 6,
ATF-6) (9L 14 4 5 : AB62484 ) | C/H4 5k 45 & HH 1
(enhancer binding protein, EBP) [d] J§i 2 B ( C/EBP
homologous protein, CHOP ) ( $T /& 4w 5 : ab11419 ) |
caspase-12 £ 3 P& P AK (P11 % 5 : ab11909) (&
Abcam /\#) ) ; A5 4 T R (4-phenylbutyric acid,4-PBA)
(JM%K Sigma Aldrich 23 %]) ; RIPA 4if ity 24 it 7 ( € [
Cell Signaling Technology 74 1) ; i 401X £ ( 52
AR TAREWF ST ) 3 Annexin V-FITC 8 7245 1l 3 57
47 ( Z£ |1 Becton Dickinson PharMingen /\ 7)) 3 SE B} %¢ 6
€ i PCR AR & (18[E Macherey Nagel 2% 7]) 5 100 5% 5%
A& LTI (RESEVAHRAA ). 8 W H 5%
FGAT (faf 2% Philips 23w ) 5 ST- 1 ADE B8 BE 3 (e
WF5E Fr ) 5 Guava EasyCyte i U 48 Jitd /% ( £ [ Merck
Millipore 2 &) ) ; Mx3000P %! %¢ 5 i & PCR X ( 3£
Agilent Stratagene 2\ ) ) o
1.2 F
1.2.1 A\ RPE 40l ity 55 5% B o' 52 s 20 M A6 L i e 57
A RPE 4 Jitl (ARPE-19 21 i ) Jl DMEM 1% 37 5 18
BB 5% CO, 37 °CH i B A4 h ik 17 15 5% A
KRN RPE 55 3 ~ 5 (U4 g 8 Fh T 6 £L Ak,
R 4x107 /4L, IR H 55 3R R 97 48 h W % 5%
W o PEEFREI N RPE 4 g 73 J 1B %5 IR 2 A i 3
6 .12 1 24 h 21, 4% 41 20 i 4 JH 1 B SR TRk 22 B TR
57 210 60 0 JRRL IV T 5 016 PR 4 B AT O IR D IR 2R
TEA E Zh iR IR D BE B B 95 40, HEBR IR T 51 R 40
MGG AT RE . D BATE S SR N A 17, T A
SROGTHR I A IR E O 36.5 ~37.5C, DIEA
FECITE RGOt ISR JE Jy (2 000+500) Ix, S IR 5
12 h R 3EFR AN, 20 5 T OGRS 3.6.12 Fi1 24 h &
WEREFR o TR N IR A A0 A A B S BRSOk (7 ] /9 5
2, FOUZ i He 1 7 B 4060 2 B 97 45 0L, 40 Jd 7k 7 ] A
F1% 2 6 PP AL R TR I BR B
1.2.2 ERS IR WAL S 5557 09 40 0 53 o8 IE
B BRZE DGR (FOLIRG 12 h & k1557 ) Fi1 4-PBA
T4k B+ BEAH (B 45 5% 10 mmol/L [y 4-PBA 1 5 Jk
Fi IR 20 1 30 min, SR J5 FEOA KRS 55 48 PO BRAL B AR 48
3R S PP 2 ) R DG BRI DGR 12 h)
1.2.3 i 5 20 B {30 0 2% 20 40 M0 PR R W
DCFH-DA 2 £6; Il 20 M N 75 ¥ %0 #% ( reactive oxygen
species, ROS) & i, O BN [R] I 6] Ji5 25 06 B 35 77 W
A 10 wmol/L DCFH-DA, & 2H 4 e & T 37 °C 8%
Fr K T EE A0 30 min, ] 1% PBS YR 2 Ik, I B
53800, 25% JiE 2 1 T O AL A0 B, 0O B SR IR TH

A, il A M B, 502420 7.7 em, Z i R 1000 1/ min
B30 5 min, A 1A% PBS PE¥% 2 Uk, WAL 4 M, i =40
JIELASCAG: T 240 1 ¢ D' 5 B

1.2.4  J =40 MUK W AN RPE 40 ffg 94 =% M
0.25% [ FIER N AL &S5 4L R 4 i, PBS R E &
AM IR IR, KA L 5x10"/ml (% FE i 4E T 15 ml
BOEHE L, LW, A 195 wl Annexin V-FITC 2%
BB R E M MA S wl AnnexinV-FITC, 32 4%
TRET A 10 wl PR (R R 55 0O, T 20 ~25 C
FE T E O 20 min, 47 30 =X 20 AR U .

1.2.5 ELISA (K00 A RPE 40 g s A e/ £-18
AR R FE A 7o B 5 i G BN [ I 1) 5 i 4
5 AN B R i BN Gl B B T RAE L T B 3
B3 0 M AAE 450 nm BT 2 O i P B A0 i A
% (iinterleukin, IL) -18 Fl 1 J84 TR € [Fl F ( tumor necrosis
factor, TNF) - WG B2 (A {ED) , AL A AR E i A {H, B2
Curve Expert 1.3 BfF2z b brE fh 2k , 20 i+ 50 40 i -
TH R TL-1B F TNF-o 1Y 50 9 B2
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Vi W FRICAS ZH 40 B RNA MR 908 33 4 3% 3 5] & 1
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AR 155,60 CIR k60 s, 3 50 DM, HAE R4S
WG RETOCE T, e hl i i th £, L B-actin y A2
BE R 27 MBS B SE IR MR Rk i, SC
EE 3 W B

x1 BREESYF3I

S [H 4 B WE 59 (5°37) PRI (bp)

ATF-6 F:TCGCCTTTTAGTCCGGTTCTT 190
R:GGCTCCATAGGTCTGACTCC

CHOP F:CTCGCTCTCCAGATTCCAGTC 125
R:CTTCATGCGTTGCTTCCCA

caspase-12 F:GCCCTCATCATCTGCAACAA 251
R:TGCTTCACCCCACAGATTCC

B-actin F:GGCTGTATTCCCCTCCATCG 154

R:CCAGTTGGTAACAATGCCATGT

W F: EUFFS R T F 515 ATE 3% AL 55 5% ] 7 ; CHOP : C/ 3 i 45
4 A R ZE [ ; caspase : - B & FR K & & R R F Rl

1.2.7 Western bolt iJL A% H B9 H £k Isk
PN, I RIPA A I £ AN B 36 11, BCA 5 4G
M AW E, -70 CLR77 % . SDS-PAGE HL ik 73 &
HEFEAS R B 3505 % BUZ A o K 12%
OB, VR BN FLIK AR Fe A B PVDE IR, 3 LU
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(1:500) ,4 °C %, & Tween20 f4 PBS #hk, in A
BRAR b S AL P AR IO LA 0,37 CER 1 h,
ECL k2 & 61k B A5, >R J Touching B iR & 4843
Mr 25 IR BEAEL, LA Bactin fEH NS IR, SEEG H AT 5 /0
3UGHCPBIME ., EEAkikE = HWEE/B-actin,
1.3 Gitsorik

KT SPSS 20. 0 Ze it a4 (£ 1BM 2w ) i
rgeitortr . AWE 58 & A 45 b 9 £ dlE BT R s W
Ko 5L OE 2540 A, 9 LA wxs FoR, 4 8] R OB &
Levene 6 35 UE 52 5 22 5% (15 P>0.05) o R JH 73 4
R R T2 AP B BT, IE B R B2 KO R 3.6,
12 1 24 h 2 [a] DA R 0 5 6 B ' B4 4-PBA il 4k
H+OGIRZH B] A RPE 4 g )6 1% 40 F 3 Wb 10-1B8

1 TNF-o Jii 32 3 4 s H ATF-6 .CHOP il caspase-12
mRNA 7z FHCHR R X 28 3K 6 1 A 22 5 LU 18R T
R J5 2200 b, ) 2 8 L BCR T LSD- K 8 0 SR ]
XA, P<0.05 22 55 A geit 2 o

2 #R

2.1 e B R A i i 8 25 o R B

1EH Hi IR 9 RPE 40 it 1 22 100 WG BE A 4G 3 S0
AT, 200 i i PN 2% 50 23 A A € 20K 200 i Rl I e
AREHES s I 3 h AR A5 R WL A 2402 5 O R 6
2N S KR A, T ST R R N R UL 0 A
ANE RO B IR O 25 A I A REHES R, L AT R 1
FrI 22 5 618 12 h 24 b 20 )0 458 3 i FRF 18] 4 S2E < 328 3
H(E 1),

Jeln

IEH X IR
f

E1 kRAEAEEARPE #EEES E’J“’rﬂ'.(XlOO)

2.2 HA4UHLH ROS &

IEH X B S SRS 3.6, 12 1 24 h 4140 g
ROS 443 3l 4 56. 69 +10. 22 237.25+22.59 496. 13 +
38.27 814.69+47.35 il 1 257. 54+56. 11, Ak b4 2
SHEGI % E L (F=763.00,P=0.00), Y5 3h
HAMIA ROS & aa 3N, GRS 6 .12 i1 24 h 2041

LN ROS 5 2 il o5 Bsf ] 42 K< 328 7 14 hn, 339 9 42 & 1
HXTIRAL, 2 KA G E () P<0.01) (E2),
s 1E O] JEHE 3 hi SRR 6 h 4l
' Usambt! mbi! U s
c>10“ 100 100 100 10° 010“ 100 100 100 10 010“ 100 10 100 10
FL1-H FL1-H FLI-H
e g 4 e g 4]
g JEHF 12 h 4l 2 JHF 24 h 4l 2w MmN
P v Sk B8 )5 AN [ B iE) 4B
g g A RPE Zf i f8 ROS
- - S8 BZOLIE
D10" 10' 10* 10° 10° 10" 10' 10° X B(J iﬂé ﬁ ? éEH H@ W ROS
FLI-H FLI-H

o R

2.3 441 RPE 41 1P =%
AL AT LUK T 5% , T 5 X8 R 4L OB UG 3.6

12h 24 h

RO B R OE R R IR BN RPE-19 00 52 23098 | 40 vk 2 A 68 0k IS 6 h 4
20 S AR TE B 30 SR A BB £ 3R, L I D' B ) A2 A T

12 F1 24 h 20 40 g 98 = 3 43 ) Ry (5.12£0.60) %
(6.73+0.95)% . (11.42+2.51)% . (14.97+1.65)%
M(24.10+1.32)% , B h LK ZEZRARITHE X
(F=119.30,P=0.00) ., SiE# X HEAIA L, 605 3 h
LA M P SRR ER N, A ERLEII¥E X
(P>0.05) , G885 6,12 F1 24 h 21 20 g 0 1= R 35 B &5
W, R A G FE L () P<0.01) (K 3),

" 1EH R SGARE 3 h4l JGHRJE 6 h 4l
2.78% 3.45%

210 i =

= ._',_-'."m; sa'a :

-~ T i o

o 107 . i

W e z

310 3 =

= T =
L1218% 2.00% 190. 2.04% | 8449

f -
0 100 100 100 10° 10 100 100 100 10° 10° 10 100 100 10*
FILA-H :: Annexin APC FILA-H :: Annexin APC FILA-H:: Annexin V APC

JEMR 24 h 4

JEMUE 12 h 4l

3 mAAEEK
i R e R R R
E£8 A\ RPE 44 B iy
BT ® MELR
P [i 14 2 4, 441 A 3
T2 A W

FL3-H:: 7-AAD
FL3-H:: 7-AAD

8220 2.86% 167.0% 2.93% |
10100 100 100 10° 100100 100 100 10°
FLA-H :: Annexin V APC

FLA-H :: Annexin V APC

2.4 454 RPE 40 BiE ¥+ IL-18 Al TNF-« Ji{ i %
JE Ak
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1E X B4l B 6B 3.6 .12 1124 h 4] RPE 4iifiig
EVEWCP IL-1B8 B BR R R A ST X
(F=186.57,P=0.00) , H 5 5% B FDOERIG 3 h
YL, YIRS 6 .12 124 h 4400 & W IL-18
VRS BT UG 12 h R 24 h 4140 B
HIL-18 W N B m TG 6 h 4, 22 514
St R L (¥ P<0.01) . K4l A RPE 40 I % i
i TNF-o JRE W B R L Z R A RIFFE X
(F=62.18,P=0.00) , H Y M85 3.6.12 1 24 h 4]
A R TNF-oo 5T 5V B3 35 B B F OF 3 X IR
4, FL I 2 6 BEC E) 0 28 K, 40 B P TNF - Ji
WK EH BN, ZR I AR E X (Y
P<0.05) SIS 24 h 2020 M b3 W IL-18 il TNF-a
Fri v BE OGRS 12 h 138 B 28 S ¥ e g it 2
SL(H P>0.05)(F£2).

*2 FHAANRPE i EiERKH IL-18 #0
TNF-o 5T &2 iR B # LE %5 (x+s ,ng/ L)

2153 FEA IL-18 TNF-a
IE X 5 24.56+4.33 34.51% 4.45
YIRS 3 h 4l 5 33.2445.25 42.67+ 7.21°
YRS 6 h 4 5 97.68+7.79% 82.67+ 9.00™
SIS 12 h 4] 5 115. 68+9. 66" 96.48+ 9.87™
SIS 24 h 4] 5 124.96+9. 83 108. 67+13. 56
F i 186.57 62.18
P 0. 00 0.00

T 545 AYIE 70 HB 2 He A, P<0. 015 59685 3 h 41 Ak, "P<0.01; 5

Jelf)E 6 h ZHELER,© P<0. 05 (LR TJ5 2204, LSD-1 K3 4%)  RPE LR 1
R ERGIL: AR 3 INE : SR SR S8 R T

2.5 541N RPE 40 g ERS #H5C KL A FlE B 26 5k i
Ak

2.5.1 GG ARTFBS 4] ERS AHOCHEEH mRNA [y 3%
KA FEm gt B PCR G 7 , 1 X A K
YeIRJG 3.6.12 A1 24 h 44 8] RPE 44 /ig+h ATF-6 .CHOP
Fl caspase-12 mRNA FHX #3585 09 S LA 22 5 39 F
Gtz L (F=178.82 276.71 .195. 19 %] P<0.01) ,
Horp 5 IE 4T B L%, ATF-6 mRNA (19 3R 35 76016 IR
J& 3 h TF IR G N, Y BUS 12 h 4 33Kk (H , UG
24 h EFF R, E R A G F R (1 P<0.05) ;
CHOP mRNA FI caspase-12 mRNA X 2 ik & 75 06 if
J& 3 h A EIR AT B, H 5 0E R B4 A S S
it X (¥ P>0.05) GRS 6 h 21 41 i CHOP
mRNA F caspase-12 mRNA A XF 3¢ ik &= FF 4/ 34, o6
MRS 12 h kg SGIE G 24 h 4 FF 5 %56, 5 1 % 6 R

LB A G2 L (H P<0.05) (£ 3),

%3 &4 A RPE i ATF-6 CHOP
F1 caspase-12 mRNA 18X} 5 15 2 B EL B (x+s)

21 5| FEAE  ATF-6 mRNA  CHOP mRNA  caspase-12 mRNA
% R4 5 2.2640.13 1.000. 08 1.68+0. 11
JMJG 3 h 4l 5 3.74£0.21° 1.220.23 2.050.13
JEEG 6 h 41 5 4.24+0.32* 3.12+0.31% 4,020, 24
I E 12 h 4 5 6.32+0.45"  5.13£0.22°" 4,950, 32
SEHRJG 24 h 41 5 6.49£0.29"  5.36+0.26""  5.05£0.37"
F i 178.82 276.71 195.19

P i 0. 00 0.00 0. 00

W54 H O TE X I AL H L0 P<0.015 5 6 IR S 3 h 41 R,
"P<0.05; 556185 6 h 41 Ho 4, ©P<0. 01 (2[4 % )5 2 4047, LSD -1 K 3 )
RPE : [ 5 €5, % |- iz ; ATF : ¥ AL 5% 5% ] - CHOP; C/ 8 3R 45 45 B 1 R
TR [ 5 caspase ; > Ji 22 R K & 2 WL 7 1 i

2.5.2 R[AEFE41A RPE 40l b ERS AH5C 2K () #
K84 Western blot 3Kl 2 7~ , RPE 4f i H ATF-6
CHOP FlI caspase-12 4 [ {4 3% ik 45 17 Bl 45 D' IR 1] A9
SEC YW 0k (] 4) o 1 H X B KOG RS 3.6,
12 F1 24 h 4 (6] RPE 44 }g N it B ATF-6 . CHOP FiI
caspase-12 £ [ AH X 35 i A GV 22 e A ge it
FE N (F=71.74 .97.60 .37. 12,3 P<0.01) ,ATF-6
CHOP Fl caspase-12 5 [17F 1E 5 X HE 41 40 j 4 53 9 vp
By R 53R 0k, O IS Bl i) 8] (9 4E K, ATF-6 . CHOP #1
caspase-12 £ [ AHXT 4 35 B KB g I 5 TE 0 IR
A, JEIRE 3 h ZH 40 L N BT I N ATF-6 ,CHOP F
caspase-12 £ [ AH %) % 35 B Xy /0 B, B 2% R 00
Giit g (¥ P>0.05) ;G M5 6 h A 4 ffd Hh ATF-6
A AR O R 3k 5 B A, 22 S B O B TR) R S K
A0ML N BT R ATE-6 2 A A 2 3k i 8
CHOP J caspase-12 S HEGIR)G 12 h 124 h 4H F ik
HEHPRETOERE6 A, ZERYAgItFE X (Y
P<0.01) (& 4),

b= &4 Western blot
T#EHE 3h  6h 12h 24h W E A A
ATE-G WS — - RPE R

i ATF-6, CHOP
CHOP
e e - #0 caspase-12 B 5

caspase-12 i S—_" S_— —— e G R
HF ] A AE K A% 4

B'adinw A RPE 41 jfs 9 F&

% 1 ATF-6 .CHOP Fil caspase-12 & [ i) 25 &5 B B di o ATE .

AL He SR R s CHOP : C/ 3 38 25 5 25 11 [A) I 2K 11 5 caspase : 2 JiE &R
KA H IR E A
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%4 %A\ RPE fiffish ATF-6 CHOP
0 caspase-12 & HHEX RiEBHI LI (x£s)

il FEA ATF-6 CHOP caspase-12
TE X R4l 5 0. 3720. 02 0.290. 02 0.3120. 02
IS 3 h 4 5 0.380. 03 0.3520. 03 0.3320. 02
HIRJE 6 h 4] 5 0.57+0.06* 0.4320. 06" 0.340.03*
HHE 12 h 41 5 0.83+0.09°"  0.81£0.09*"  0.43£0.05"°
JE IR )G 24 h 4] 5 0.86+0.08*  0.85+0.07*"  0.570.06"*
F 1.74 97. 60 37.12
P 0. 00 0. 00 0. 00

TE: 5% B IEW X A, P<0.05; 5065 3 h 4 L4,
"P<0.01; 56085 6 h 41 H A, P<0. 01 (8K K J5 22 43 #r, LSD-t £
%)  RPE: g @K bRz ATE i L% 5t B 7 CHOP . C/ 1Y 3R 25 & 3R
H [ YR 2K [ ; caspase : 2 JiE 2R K& & IR 2R i

2.6 ERS #fiil5] 4-PBA Xf ¢ i S 19 RPE 41 iy #5147
1 P4 VE

2.6.1 4-PBA X}JEHE% S RPE 4iffd ERS 41 i 1
o 29t & PCR LA INZE SR R, e G a5 A
RPE 4fi ffitf ATF-6 .CHOP Fil caspase-12 mRNA (1) 3 ik
R TE RO B DG BRZE RN 4-PBA Fi 4 38 4O BEZH A
RPE 41 it ATF-6 .CHOP FI caspase-12 mRNA A %} 32
R E R YA gt S (F = 281,69,
473.88.308.45,% P<0.01), M40 A RPE 44 g +p
ATF-6 .CHOP #lI caspase-12 mRNA {4 %} & 15 18 ¥ BH
N T OE R 6 B4 RN 4-PBA AL FE 4GB, £ B
A Gt 7 E () P<0.01) ,4-PBA Fil 4b 1 + 5t A 2 [H]
A RPE 4f g #* ATF-6 . CHOP #il caspase-12 mRNA 4
XA R & T IE W XYL HE R LRI FE X
(¥ P>0.05) (% 5), Western bolt 4 i 75 , £ 4
[B] A RPE 4§ it f ATF-6 ,CHOP FI caspase-12 5 4 %
IR WY AN ] AR BR 2 o ey, 2 ) VAR L 2 R R
Giit 2 L (F=47.86 57.93 .106. 59, P<0.01) , %
¢H 8] RPE 4 Jfii i ATF-6 . CHOP FlI caspase-12 & [ 32
kA S H LR Rk G H AR R (85, £ 6) .

X5 KA AN RPE #jarh ATF-6 CHOP
FA caspase-12 mRNA 18Xt %% & bk B (x+s)

45 KA ATF-6 mRNA  CHOP mRNA caspase-12 mRNA
TEH A IR 5 2.31+0. 12 1.05+0. 09 1.620. 12
pI i) 5 6.40£0. 42° 5.220.35° 4.98+0.33"
4-PBA FULF+E A 5 2.64£0.29" 1.26£0.21" 1.75+0.23"
F il 281.69 473.88 308. 45

Pl 0. 00 0. 00 0. 00

545 I IE B B4 HE e, P<0. 01 S5 06 R4 Ho e, " P<0. 01 (2
B3 7 225047, Dunnett ¢ £355)  RPE . LI IR €3 3K | B2 5 ATE 35 fb 5% 5%
B 7 5 CHOP : C/ 3% 3 45 7 8 11 [6) YR 2R 1 ; caspase : 2 b &0 B K & &R K
FI B s PBA R T R

1 2 3
ATF-6 --- - 5 Western blot % #&

) & A A RPE 40 1 JiT
CHOP e SN WS 5 & ATF-6, CHOP 71

caspase-12 | W— - — caspase-12 EAKRIE Ot
E4L A\ RPE 41 g 4 J& ™

B-actin ... i ATF-6. CHOP
caspase-12 % [ 3 ik & fF
IR T IE 5O B4R 4-PBA B AL 3+ I41, e R4 5 4-PBA sk
F+o B2 ) ATF-6 .CHOP I caspase-12 2 [ 3¢ ik 45117 5 & 43 50
LR X RRAE 2068820 3.:4-PBA BiALFI+ G HRAE AT G fL#%
SR F ; CHOP . /8958 25 5 7 M R IR 2R 11 5 caspase : 2 )t & IR R & &
R AH [t

X6 KHAANRPE AEANEMP ATF-6 CHOP
#0 caspase-12 E HHEX RiEE L& (xs)

¢ 5 BEA ATF-6 CHOP caspase-12

IE % X IR 4L 5 0.46+0. 05 0.31+0.03 0.28+0. 02

IRl 5 0.86+0.08°  0.62+0.06°  0.69%0.07°

4-PBA B LR 5 0.55+0.07" 0.37+0.05" 0.34%0. 04"

FAf 47.86 57.93 106. 59

Pfa 0.00 0.00 0. 00
Vs 4 B TE M X I H s, P<0. 015 6 AL L8, " P<0. 01 (&

R 27 2240 17, LSD-t #:86:)  RPE . B W) 5 f8, 25 | f ; ATF . 3% 1k %5 5% A
T ; CHOP: C/ 385 45 45 2 111 [ 5 2K 11 5 caspase: 2f2 i 20 B2 K & & R 2R 1
fifi ; PBA . 25 5L T 1R

2.6.2 %41 RPE e o e o =X 4 i S0
R, IEH X IR G REAL RN 4-PBA i 4b B + 5% R 4L 40
F 98 T2 43 50 R (5. 23+0.73) % . (15.03+1.69) % Fi
(6.62+1.17)% , 41 [0 B R LB 2 R A GH il ¥ B X
(F=88.64,P<0.01), 5IEH X} 41N 4-PBA i &b # +
TR e R B AL AR L PR TR B BN, 22 R A G
T2 X (1=17.40 ,14.93, 1 P<0.01) ;4-PBA i kb
P+ BT 40 08 TR B OE O R AL, 2 KBS it
22BN (1=2.46,P>0.05) (E 6) .

" 1N R o b o) e o HPBA Hisb s+ LB
211% 428% 2.16% 10.7% 0% S 110
20 =i 2.0
1o b 10 e | S0 e
< = i R e
"o " 108 10
= S = = T
S | <104 : G0 |
=9 =
wodosase | oamal T plssare | _1asel g dooase | 1as
10" 10" 107 10° 10* 10° 10 10° 10° 10 10" 10" 10 10° 10

FL4-H :: Annexin APC
E6 mMAMEMUEVEZERA KRBAR 4-PBA L E+ER
A RPE HMUBAT R 515 % X BZ0 1 4-PBA FiAL L+ 0% B 40 1L
B, IR A0 A U T A 2 W I, 22 R R et (B P<
0.01) ;4-PBA THAL B + 't I8 41 40 B 8 T2 < 452 30 1E 3 %) MR 41, 22 5% 8
Gt A R L (P>0.05) (LSD-t k%)  PBA AT R

FLA4-H :: Annexin APC FLA-H :: Annexin APC

2.6.3 %41 A RPE 4 jf b3 b IL-1B Fl TNF-« Ji
EWEARAE ELISA 3G I 275, St BT 320 RPE 4
43 15 5 Pk R N IE R X B Ot AL AN 4-PBA
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PAL HE+ 56 AL A0 B35 0 IL-18 Al TNF-o it ik
JE AR PR S A G o T8 L (F=245.47 101 01,
¥ P<0.01) , 5 IE# XF M 41 H1 4-PBA Fii AL B + ' I 41
PO, L HRAL N RPE 40 BV W rh TL-18 \ TNF-o J57
W W s, 22 R A it A B (8 P<0.01),
4-PBATIAL B+ 't B ZH 40 Jfg b 3 0 p TL-18 Al TNF-«
Jo v AN e T IR N A H R Ry g it B X
(¥ P>0.05)(£7),

*7 HAANRPE i EiFERS IL-1B
#1 TNF-« 57 £ ¥ & tb 38 (x5 ,ng/L)

205 FEA R IL-1B TNF-a
E X B AL 5 27.63+ 4.30 38.25+4. 60
SRRl 5 120.35£10. 79* 97.789. 81"
4-PBA T b 5+ B 5 35.22+ 5.20" 44.25+6. 49"
FAA 245. 47 101. 01
P 0. 00 0. 00

W 54 H B IE X B4 g, P<0. 01 ; 556084 Hod, " P<0. 01 (2
P2 Jr 22504, LSD-¢ #:4%)  RPE: #L I 4 2% E ) 5 IL: 4T A %
TNF : fift 5 35 56 [H F s PBA K 3 T R

3 Wig

Bl FAL HRAL A 7 A R AR AR AR T
I AR Az BT ATIR BR O A 127 g A R
O REF S AL I A5 1 XS 38 3 e . R R B Ol
B 55 P77 A Ak 2 AT BT 5 B P IR 5 2H 2L B
S AR R A G 1 B 22 P (age-related macular
degeneration, AMD) U1, FLI 1L L A 15 3 RPE 4
I B O 200 D A RE S I AR T 3 B P I HE
BB AR A G A A7, DT S SRR 1 I B R S R
Jre k™ AR SERAESE, Y6 G 6 h A RPE 41 i Jf 1=
R AT H - R0 R T I S R, A ) 45 £ R R A
(] A< A

VAL O PR A A 2k T B B BB 2R L T B0 L B Y A
DT B LA BRI & A TR I P SR A 51 P J5 I - £ 2K
LR TRy ERS, ERS J& 40 i i) —Fh B AR PEAL
i, AT P AT HE R T I AAFRE ), RN E
JoT A FRL IR S35 L 2 T N A5 L 9 5 I AR A AR Gk B
U0 T, XS RIS R TS E A RN
(unfolded protein response, UPR) | #& & [ i Sz v AT A
S A AH 96 4 B A% ( ER -associated degmdation, ERAD) 22
[ M SR B A R

ATF-6 2 FAZ 4 il Py 5 9 s 1 A I 28 35 2 1
H 670 DR IR 41 L, A ATF-6a F ATF-B 2 Fli 4
MUY ERS W ATF-6 5 4 & R TR 78
(glucose regulated protein 78 , GRP78) fi#t &5 J5 5% 128 A &

IRFEMR KA A 0 M B T, 1 R4 B B9, ATF-6
A5 s % B A0 A% , 7€ ERAD F4i i ga - & 5 &
AR ABFSE T, 6 BJE 6 h A RPE 41 g
ATF-6 5 [ 3235 & B 5 7 &, 7T RAIA O 2 ERS JF fa
B (H B 2 6 L 4 545 1 JF R S ) ERS 7R 8 5
ATF-6 f [] B 463 495 P4 J5 0 19 T i, ATF-6 15 3 ERS 3t
R %5 57, IR JS 12 h ERS 3 8006 19 F i 4 T 40 56
P T CHOP' ™ ek T, 303 1 3Ck '™ 43 iy i
J¥ ERS [ 340 CHOP & 23K, 3¢ 5 304 i i 1=
GOEIE 38

ARWFFE B, ERS A 3 1 0 T 5 5l B R s e
A i caspase-12 7 i F P Jii [ ) S, Caspase-12 Ji
ERS #F A T3 42 1) S S 2R G, 7= 28 F s R, IR
Tt ERS B35 1k , Itk caspase-12 Jj& ERS 43 I8 2%
RIS T . AR KB, RS 12 h A RPE
Y caspase-12 25 [ BY 2535 W] 2 19 I, 3X AT BB 2
ATF-6 {5530 % Ja 3 T ERS %54 09 F liF 8 -5 5 4>
T caspase-12 BB BT, M2 KWt #R g ERS W
DA 0 g T2 ) Ik AR F 5T PO ERS i i) 5
4-PBA fii4h 3 RPE J5 P41 41 il 6 18 12 h, & B0 41 i b
ATF-6 .CHOP I caspase-12 32 ik ¥ B 5 I T B8 4l O T/
(A0 AR, 1 — 25 UF S ERS f A2 #f % B 5 5 19 A RPE
AT,

RPE 2 g & AR 32 % 19 58 5E IR R U8, 9 425 )=y 35
(14 SR AE SN B I A A Lo TL-B il TNF-o0 J2: B 22 1 {12
B BB, 7 AR T AE R A6 B B, T AR AR G & M 20 g
SR Z e T X S AR R R B O IR
Ji 6 h Zi i g b IL-g Al TNF-o T 52 ¥ B2 BV A 2
R A RARSY o BEIE R, RAE A A £ kKT 5
ERS 8 B 5 1 ARG, R AT & & 1 RN MR AE 55
3 4% 30 L A5 R LA AR B G HE  ALFE ROS 1y 77 A R
- Bh AR AE R B 30, AT B0 40 e ERS O R E
S EAR R B R SR T A A T A
SRR A& ERS M Z 22—, K H A
i BRG] Y A I R R BT o B S
RPE 20 i g 1> AR WFFE v, O B 51 % ROS Y
A, AR B N, G RS 6 h 4 ER AR R
) ATF-6 1) KRG IS s ERS J2 I, 2% BH S B8 3l i
AR AT ERS N, FILRENTFMS S A
LR N 5 ERS JR 3 ] 2 5 b Ak 2 45 A 7 O
&S RPE 40T,

25 TR ACHIE G NG 45 1 A B R T ERS S
FEN RPE 41 98 7w (7 T, — 52 B2 BE b Sk 40 99
53405 F 5 9 75 1 g B ke A S HL AL o R R T S I A A
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ARG F1 692 06 KT 5 RPE 411 00 555 1 1 1 17
BFSE 5 SR 0 AR 6 T A1 0 5 K 106 26 % RPE
L5 1 PR, 9 308 — 2 RS 5 RPE 200 )
SRR 4525 U 3t — S5 B AR BRSO 25 5

&% ik

[1] Izawa H, Inoue Y, Ohno Y, et al. Protective effects of antiplacental
growth factor antibody againstlight-induced retinal damage in mice[ J].
Invest Ophthalmol Vis Sci,2015,56(11) :6914-6924. DOI1:10. 1167/
iovs. 15-16748.

[2] Okano K,Maeda A,Chen Y,et al. Retinal cone and rod photoreceptor
cells exhibit differential susceptibility to light-induced damage[J]. ]
Neurochem,2012,121 (1) : 146 -156. DOI. 10. 1111/j. 1471-4159.
2012.07647. x.

(3] ZECH, BB, A 5 5. A 20 20 0 AR 1038 X G 4049 i A o 8 65 3%

KRB REAMRIEMER L] PSR AR &, 2012,
30(11) :999-1003. DOI:10. 3760/ cma. j. issn. 2095-0160.2012. 11.
009.
Jiang WJ,Zhao Y, Niu YJ. Influence of erythropoietin on expression of
matrix metalloproteinases in retinal pigment epithelium with photic
injury[ J]. Chin J Exp Ophthalmol,2012,30(11) :999-1003. DOI;
10.3760/cma. j. issn. 2095-0160.2012. 11. 009.

[4] Zhang K,Kaufman RJ. The unfolded protein response:a stress signaling
pathway critical for health and disease [ J ]. Neurology, 2006, 66 ( 2
Suppl 1) :S102-109. DOI;10.1212/01. wnl. 0000192306. 98198. ec.

[5] Ermilov VV Nesterova AA. B-amyloidopathy in the pathogenesis of age-
related macular degeneration in correlation with neurodegenerative
diseases[ J]. Adv Exp Med Biol ,2016,854 : 119-125. DOI.10. 1007/
978-3-319-17121-0_17.

[6] Feng J, Chen X, Sun X, et al. Expression of endoplasmic reticulum
stress markers GRP78 and CHOP induced by oxidative stress in blue
light-mediated damage of A2E-containing retinal pigment epithelium
cells[ J]. Ophthalmic Res,2014,52 (4) :224-233. DOI: 10. 1159/
000363387.

(7] Wt A%, i, 55, ThEPO XL 15 75 5 1) RPE 4fi i Caspase-
3FRBHEM LT IRBHIFS,2007,25(6) :404-407.

Meng Y, Niu YJ, Qu H, et al. Effect of recombinant human
erythropoietin on caspase-3 expression in light-injured human RPE cells
[J]. Chin Ophthalmic Res,2007,25(6) :404-407.

[8] Bailey TA, Kanuga N, Romero IA, et al. Oxidative stress affects the
junctional integrity of retinal pigment epithelial cells [ J]. Invest
Ophthalmol Vis Sci,2004,45(2) :675-684.

[9] Sundar RS, Srinivasan V, Balasubramanyam M, et al. Endoplasmic
reticulum ( ER) stress & diabetes[ J ]. Indian J Med Res,2007,125(3) :
411-424.

[10] Yamamoto K, Sato T, Matsui T, et al. Transcriptional induction of

mammalian ER quality control proteins is mediated by single or combined
action of ATF6alpha and XBPI[]J]. Dev Cell,2007,13(3) :365-376.
DOI:10.1016/j. devcel. 2007.07.018.

[11]Zhang SX,Sanders E,Fliesler SJ, et al. Endoplasmic reticulum stress and
the unfolded protein responses in retinal degeneration[ J]. Exp Eye Res,
2014,125:30-40. DOI:10. 1016/j. exer. 2014.04.015.

[12]5Gm03s , VPR R RS BTN SRR T[] A9k
R 2007 34 (11) $1136-1141.

Guan LY, Xu CM, Pan HZ. Endoplasmic reticulam stress-induced
apoptosis[ J]. Prog Biochem Biophy,2007,34(11) : 1136-1141.

[13]Li P,Zhang L,Zhang M et al. Uric acid enhances PKC-dependent eNOS
phosphorylation and mediates cellular ER stress: a mechanism for uric
acid-induced endothelial dysfunction[J]. Int J Mol Med,2016,37(4) :
989-997. DOI1:10.3892/ijmm. 2016.2491.

[14]Bitko V, Barik S. An endoplasmic reticulum-specific stress-activated
caspase ( caspase-12) is implicated in the apoptosis of A549 epithelial
cells by respiratory syncytial virus[ J]. J Cell Biochem,2001,80(3) :
441-454.

[15]Li RJ,He KL, Li X, et al. Salubrinal protects cardiomyocytes against
apoptosis in a rat myocardial infarction model via suppressing the
dephosphorylation of eukaryotic translation initiation factor 2a[ J]. Mol
Med Rep,2015,12(1) :1043-1049. DOI:10.3892/mmr. 2015.3508.

[16 ]Momoi T. Caspases involved in ER stress-mediated cell death [ J]. ]
Chem Neuroanat, 2004, 28 (1 -2) : 101 - 105. DOI. 10. 1016/j.
jchemneu. 2004. 05. 008.

(17 RSEH], BUAEAF B 45, A 3R L 2 URSS B0 ol 1 199 i 6 3% I
BN AT R TR AT ]. AR IR A48, 2002,18 (1) :49-51.

Song ZM ,Hui YN, Qu J, et al. Interleukine 1 receptor antigonist inhibits
proinflammatory factor production by human retinal pigment epithelial
cells in vitro[ J]. Chin J Ocul Fund Dis,2002,18(1) :49-51.

(18] LBl , i, il . TNF-o f5 5% S50 8 i 4 FHLI [T ] b
Wt 5 o5 Y AR 2007 ,23(6) $430-435.

Qiu CH, Hou G, Huang DN. Molecular mechanism of TNF-a signal
transduction[ J ]. Chin J Biochem Mol Bio,2007,23(6) :430-435.

[19]Garg AD, Kaczmarek A, Krysko O, et al. ER stress-induced
inflammation ; does it aid or impede disease progression? [J]. Trends
Mol Med,2012,18 (10) :589-598. DOI. 10. 1016/j. molmed. 2012.
06.010.

(2014875 2% AT 4040, 45 OB 00 AL I 54 3% 1 40 i 1) 4

P 5 B H R AR BLR [ ] oh #5236 IR A} % 75,2015, 33 (2) -
129-134. DOI:10.3760/cma. j. issn. 2095-0160.2015. 02. 007.
Zou XL,Yu YZ,Xu Z, et al. Oxidative damage of human retinal pigment
epithelium cells induced by blue light irradiation and mitochondria-
participated mechanism [ J]. Chin J Exp Ophthalmol, 2015,33 (2) :
129-134.DOT:10.3760/cma. j. issn. 2095-0160. 2015. 02. 007.

(YK H 391 :2016-09-10)
(AR 7 T

B - MEE - R

AYMEREE

CoPHE S IR ) J2 ot o BB B AR D 22 S o A B 2 22 A I 4 57 TR B B

17 T 48 IR BHE 52 BT 7R 2 A TR ol

ZARWIT, AT, A 10 H R 48 T 4 ¥ [ 5 2 BB Al A PR 58 G 8058 I RBHAFF BR , R 2R H iR & KR iF 90
]

WS M RBEITE R AT IE ik e B i 45, 2 AR N BRI

P 2 F 5 A 12 T T DR i 36 0 | IR B A% 2 F 5

Or TAEY VR IE IRBH A W 2 AT 58 IR 25 ) A E 5T IR 2 AR IT 5T L R B e W 38t A4 BT 5T IR g 14 ) ) 8 8 L IR R 5 1Y
TAT I A BT IR BB 1 22 cpt iR vpC BEATL OO BRI PR 338 A HIE I 27 Il PR 52 B % MR Rk 8 s 1 I PR TF 90 55 0 A 480 1) ol ¥ 4 2
A R SO SR R 9 SR IR SR ! [ P SRR BIE N BT BR B

(A T g 31T





