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[ Abstract] Objective To observe the effect of the antioxidant N-acetylcysteine ( NAC) and selective
endoplasmic reticulum stress response inhibitor salubrinal on the apoptosis of retinal pigment epithelial cells induced
by all-trans-retinoic acid (ATRA). Methods Human ARPE-19 cell line was used as the experimental cell line,
and was divided into normal control group cultured with complete medium , model control group cultured with complete
medium containing 10 pmol/L ATRA,NAC treatment group cultured with complete medium containing 10 pmol/L
ATRA+5 mmol/L NAC, salubrinal group cultured with complete medium containing 10 pmol/L ATRA+40 pmol/L
salubrinal , NAC+salubrinal group cultured with complete medium containing 10 pmol/L ATRA+5 mmol/L NAC+
40 wmol/L salubrinal. After 24-hour culture, apoptosis rate, multicaspase level and reactive oxygen species ( ROS)
level of ARPE-19 cells were detected by flow cytometry. The expressions of vascular endothelial growth factor A
(VEGF-A) ,C/EBP-homologous protein ( CHOP ), cleaved-caspase 3 in cells were detected by Western blot.

Results There were significant differences in the apoptosis rate, multicaspase and ROS levels among the five groups
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(F=113.23,602.41,160.39;all at P<0.001). The apoptosis rate, multicaspase and ROS levels of normal control

group, NAC treatment group,salubrinal group and NAC+salubrinal group were significantly lower than those of model

control group (all at P<0.05). There were significant differences in the expression levels of VEGF-A, CHOP and

cleaved-caspase 3 among the five groups ( F=24.62,36.35,60.25;all at P<0.001). The protein expression levels of

VEGF-A,CHOP and cleaved-caspase 3 of normal control group, NAC treatment group, salubrinal group and NAC+

salubrinal group were significantly lower than those of model control group (all at P<0.05).

Conclusions ATRA

can induce RPE cells to produce oxidative stress and endoplasmic reticulum stress injury, which leads to apoptosis.

NAC and salubrinal can effectively reduce the RPE cell apoptosis by inhibiting stress response.
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O o6 M B OBE AR P (age-related macular
degeneration, AMD ) & fl jJ [l 5% 3iE [X O J8% 52 i 40 i 04
TP PO SRR Y — P IR AR o BRI R
Jz (retinal pigment epithelium , RPE ) 48 il B J4) )6 Jik =%
ar PRt AE IR IR B U R Y T RE % T RE MY
ERAFHAMD B2 BT . A R
S RPE 20 45 £, & AMD S i) £ 2. 2%
M #E 2 (all-trans-retinoic acid, ATRA ) & 5 I ¥
AT BT, AR S A R D R — AN IR RS
Yy, ATRA 58 38 i 42 f 30 28 R e & I (all trans
retinol dehydrogenase, RDH) (4 RDHI11) & J5 1fij 8% 7
B BB L 2 51 RPE J o i 90 0y I A4
WFE D UESE ATRA X355 65 7] 51 2 RPE 40 i 3 R
1 P % 7% (reactive oxygen species, ROS) (19 4= i, 5 &

R 2R AR R 3 O B2 % 21 i A RPE 41 Jifg 7Y 4
U7 AT BT & B, ATRA W] % S RPE 41 2 7
Az S A N R B K B I B B ( endoplasmic
reticulum stress, ERS) , T S &4 i =% . Hi &4k
5] N-Z 1k 2 bt 2 2 ( N-acetylcysteine , NAC ) 5 % #: 4
ERS ) 57] salubrinal 22 4E Ky 2597 32 B H] 1K
SR, NAC | RPE 41 g 98 7 Bz Hod 72 1 BIF 52 i 4%
Lo AR PR NAC Fil salubrinal %F ATRA 5 ST
ARPE-19 i {08 - 9 4E H -

1 #MREFE

L1 #Pk

L1.1 ZfoRJE  ARPE-19 400y [ 3¢ & A5 X i
gk L o

1.1.2 FZEAH ME DMEM/FI12( modified Eagle
medium/Ham F12) 3 72 5 040 0. 25% i A fiff/
Z &Y 2,1 ( ethylenediamine tetraadetic acid, EDTA)
(£ E Gibco 2 Al); 4 1l & B & [ ( bovine serum

albumin , BSA) LATRA , — H 3 V. I ( dimethyl sulfoxide,
DMSO) ( 3% Sigma 2 F ); W & R/ EH R
(100 wg/ml) (Z£ F Invitrogen /A 7] ) ; NAC | E ¥ B 15
H A AT 2a (eukaryotic translation initiation factor 2a,
elF2o ) 25 5 BR 410 ] 7] salubrinal \RIPA 1 2% ik ( |
8 = KAEYHARAIRA ) IR E R V-2O0 R 76
& 12 £ (annexin V-flurescein isothiocyanate ,annexin-V)
U8 TR & (2[5 Becton 24 W]) 3 ZH & 2E Mea MR ) K
X R H K i B ( Multicaspase ) 43 ¥ ik 7 &
(MCH100109 ) | i & 6 3 0] &L 5 e 3 & M
( polyvinylidene fluoride, PVDF ) f& ( 2 Merck
Millipore 2% ] ) 5 % U8 Bt L & P B2 4 K I F (vascular
endothelial growth factor, VEGF )-A B 75 % $1 1k
(#abd6154) (& [H Abcam 23 #]) 5 R UEHT I V) 5 F e &
P2 ) R & R 35 [ /K fi# il 3 ( cleaved-caspase 3) HA T3 [
Uik (#9964)  BLIE $L C/EBP [6] ¥ & 11 ( C/EBP
homologous protein, CHOP ) B 77 [ P 14 (#2895 ) | e IR
Howh BE-3-#% TR L A B ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH ) B TF [ #7144 (#5174) ( 3£
Cell Signaling Technology /A %) ) ., ECL #& B E[ i £ il
£ 40 (£ E Millipore /A 7] ) ; Bio-Rad Quantity One %
B (L[5 Bio-Rad 23] ) s Jit U4 ML 4% ( 3€ € Beckman

A o
1.2 Jiik
1.2.1 259 Bl K ATRA ¥ i T DMSO i Jic

0.1 mmol/L Mg 4B, A3 3 10 ml F-20 °C ¥
VRARAT 86250 T 1] DMEM/F12 5 B¢ ATRA £ T.
1.2.2 ZMids3E 15 ARPE-19 40 0 f i A & 1A FH 4
B 10%BSA F1 100 wg/ml FHHEE Z 1y DMEM/F12, 31 &
F 37 °C A RBAMEL 5%CO, 16 FIG B 55 F 40 vh kg
F5, B 2~3 d A 1RGSR EE. A Ik F) 70% ~80% fil
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Fo b e R . B ARPE-19 401 1L 2. 5%10°/ml %
JERER T 6 LA, BEALIE IR IE 2 ml, T 37 °C M FOi
By IR A B R 24 ho
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HANMI IR SR 24 ho e BIMEE T MEE& AR
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iodide , PT) iy 1xZ5 5 2 vh W P G 9 7 30 min; ] 3
YA M AAE 488 nm 3 A I AN 215 5 KOt Bk
SR O, AR A IS A Xk B 2H B A O3 X B 0 T 4 i
XPOEMH . S HAE 3 W,
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L2 4 GRS LA, I A& A T- & BRI R R
D I P IX455 28 w0l % 8 30 min, it =X 40 il 4
5 488 nm W& P A T AL ZL 8 5¢ 5 B OGO 1 O, AR
Tt BF P XoF B2 B A IX, AT [ 43 X, e AE
A X+ W AN R X+ BN A0 X O O (R
Multicaspase FHYE R, S2H S 84 3 1K,

1.2.6 i zUAn i ORI 40 g ROS JKF - 4288 1. 2.4
Tk A AN M, A 1 wmol/L ROS F1 %% %
DCFH-DA 5 30 min, it xC 40 i1 {X 75 488 nm i &
WA T R L 0,52 50 B oG B 0, 98 06 Gt €0 BH 1 £k
BRIy ROS JKF- . Scdaph~r B 3 I,

1.2.7 Western blot 3 ¥l 5 5 £ A KFE % IE
1.2, 4GPk AR & AL 40 I , BT RIPA 2% 52 oh Uitk A7 3¢
it L P b e B IR M — SR T 4 T M 5 I P K R AT A
B HEA BT PVDF IR E T & i85 %
JBEAG 4= 93 i) TBST b, =l F & 1 h, I & T
VEGF-A $ii{&(1:1 000) .$5T CHOP #if&(1:1 000) Pt
cleaved-caspase 3 HL & (1 :1000) . $iit GAPDH #i {4k
(1:500) % b 48 K BRI F 30 min, Jf 4 CHEH
WA (=12 h) TBST YR 3 U<, 4K S min il A KH B
ZH(1:2000) 45K EEREBEE 1 h, TBST P 3 K,
A YK 5 min; % A ECL & {4, 3 {#i F§ Bio-Rad Quantity
One BB 73 B 2541 IKBEAH, LI GAPDH Sy N2 1],
HRA H R E X Rk R LI R 3K,
1.3 Sil0rik

KM SPSS 22. 0 Ge it # i T et o e iR
GORMEHE 42 Shapiro-Wilk 536 iE 5% 52 1E 254310 , Lk s
FN ;4 Levene Kp e Jr 22571k o 45 AN [R] A B2 2 1] 40
JfL 7 =2  Multicaspase 7K ROS /K K 4% 2 [ A1 X}
FIk 2 S SR HOBOR AT IR R J7 22 70 B, TR LL 3R
K Dunnett-¢ 55, P<0.05 27 A 515 E Lo

2 #R

2.1 AS[R b A AN e A AR Ak

TE 0 IR CZH 20 M 285 PR R T, RSB S BR 2H R )
20 L T 46 445, NAC Ab R ZH K salubrinal 4b 3 2H v 24 Jifd
AR IE & , NAC +salubrinal 25 5K 23 40 e T 245
EH VP M I g (F 1) .
2.3 A [H) Ak 3 ZH 20 B 4 T B AR Multicaspase FH P F
£} ROS /K- L85

e O S BT R N = I 0 (S N2 Rl B 3
Multicaspase FHVE [ K& ROS /K %5 1F & % 18 2 B i
T+ &, NAC 4b ¥ 44 | salubrinal 4t ¥ 2H DL M NAC +
salubrinal 20 48 9 U8 T kb 3% . Multicaspase BH 14 b R K
ROS 7K - 58 705 BR2H W] 2 T R (18] 2) .

1 H¥EBHETS4AEA ARPE-19 FARAFEA (FiR =50 um)
C:NAC b B4 4I5S IEH  D:Salubrinal A0 PE4] ZIEIEZIEH  E:NAC+salubrinal 41 /b5 40 g H B0 4% 45 L 4
Figure 1 ARPE-19 cells morphology under an optical microscope (bar=50 pm) A :Normal control group Cell morphology was normal B:Model

control group  Some cells shrank and turned round

morphology was normal E;NAC+salubrinal group A few cells shrank

C: NAC treatment group

AIEWX A MR SRR BoRIRIRS AR AR 20 M B A e 7

Cell morphology was normal D Salubrinal treatment group  Cell
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Figure 2 Flow cytometry of apoptosis, multicaspase and ROS levels of different ARPE-19 cell groups

The apoptosis rate, multicapsase and ROS

levels were significantly decreased in NAC treatment group, salubrinal treatment group and NAC +salubrinal group in comparison with the model control

group A :Apoptosis flow cytometry

A4 A 20 MY 08 T LE 2R Multicaspase FH % Eb 2R |
ROS 7J<¥,u12|itl:iﬁ42§#7ﬁ%ﬁ%éi‘>((F= 113.23,
602.41.160.39, % P<0.001) . iF 3% % B 41 NAC &b

FH2H  salubrinal £ ¥ 20 M NAC +salubrinal Z0 4 Jitd 8 7=
% Multicaspase FHPE Hb & (ROS 7K S #5 Bl g AIX T 4%

B Multicaspase flow cytometry C:ROS flow cytometry NAC:N-acetyleysteine

2.4  ASTE]Ab P ZH 40 B H VEGF-A | CHOP | cleaved-
caspase 3 Fik K L

Western blot Hi ik & & 75, 8 B X B8 2 VEGF-A |
CHOP ,cleaved-caspase 3 £ [ Hi, 7k 457 JK J 48 1F % %
NEZH B & b am ) NAC Ab 3 4H | salubrinal b B 2H DL M

RIXIRAH , ZRYEAESRITFE X (¥ P<0.05)(F 1), NAC + salubrinal 41 VEGF-A | CHOP | cleaved-caspase 3
B B LUK AR K RE AR T X R 2
1 AELLEAHMAEAET L ZE Multicaspase JHELE B R ROS 7K E LB (x+s5, %) W ([ 3)

Table 1 Comparison of apoptosis rate , multicaspase and ROS levels

among various cell groups (xs, %)

4k P2 4 i VEGF-A |

415 FEA T H Multicaspase [ ¥ 1 2% ROS K - CHOP | cleaved-caspase 3 fH X} 3
TE o B 21 3 1.60+0. 17° 1.251=0. 09° 1.50+0. 27° KERERLE, ZSYE ST
ERIR R 3 5.720.49 12.59 +0.70 29.48+3.37 = Y (F=24.62.36.35.60.25,1
NAC /b 3941 3 1.87+0. 12° 1.69 =0. 04" 3.99+0. 49" P<0.001), It 1 % % 18 20
Salubrinal 4b ¥ £ 3 .03+0.07° . +0. 10" 3.56+0.31"
alubrinal 4 # £1 2.03+0.07 2.07 +0.10 3.56+0. 31 NAC 4 5841 _salubrinal Lfﬁéﬂ&
NAC+salubrinal 41 3 3.26+0.29" 4.57 +0.22° 7.93+0. 68" .

NAC + salubrinal %4 VEGF-A.
F s 113.23 602. 41 160. 39
P <0. 001 <0. 001 <0. 001 CHOP | cleaved-caspase 3 #H X &

T AR B AL L 45, " P<0. 05 (B 5 % 7 22 47 T, Dunnett-t K5 5
PR 1) R 44 B3R R 1 /K fiff it ; ROS & i 4 4807 s NAC : N- 2 T 2 o 4 iR

Note : Compared with model control group,“P<0.05 ( One-way ANOVA, Dunnett-¢ test)

oxygen species; NAC ; N-acetylcysteine

Multicaspase : £ 7 2 bt &

kWAL TR AR R, 25
WAH G2 L (¥ P<0.05)
(£2),

ROS: reactive
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1 2 3 4 5
VEGF-A “ s s S

CHOP " S e e
Cleaved-caspase3  W— - a8 e
GAPDH ses S S s S

3 TE4&EA ARPE-19 40 il VEGF-A, CHOP | cleaved-
caspase 3 & [§ Western blot H ik F TR0 ) BE 2 4 it p VEGF-A |
CHOP | cleaved-caspase3 F& I HL UK 257 IR W R ok T AL 1 1E
X BEZH 52 SRS B2 3:NAC AL JH 2 ;4 Salubrinal AL 2 ;5: NAC+
salubrinal 41 VEGF-A . i % N 4 K H 1 A; CHOP . C/EBP [A] 1§ &
[ ; cleaved-caspase 3 : B ] & 2 Ik 20 R 1) K 4 % R 28 11 K R /g 3
Figure 3 Electrophoretogram of VEGF-A, CHOP, cleaved-caspase
3 in ARPE-19 cells by Western blot The grayscale of VEGF-A , CHOP
and cleaved-caspase 3 protein bands in model control group was
significantly higher than that in other four groups 1: normal control
group; 2: model control group; 3: NAC treatment group; 4:salubrinal
VEGF-A . vascular
endothelial growth factor A;CHOP ;C/EBP homologous protein

treatment group; 5: NAC + salubrinal group

*®2 AFE4EZE ARPE-19 iiarh VEGF-A CHOP #n

cleaved-caspase 3 8%t R ik = bk B (x+s)
Table 2 Comparison of relative expressions of VEGF-A , CHOP

and cleaved-caspase 3 among various ARPE-19 cell groups (xzs)

4 51 FeAf  VEGF-A CHOP  cleaved-caspase 3
E 8 X B H 3 1.00+0.00*  1.00%0. 00" 1.00+0. 00°
70 Skt R 4 3 1.31%0.08  1.87%0.16 2.33£0. 24
NAC 4b £ 3 0.85%0.09*  0.92+0.21"  0.83%0. 13"
Salubrinal b £ 3 0.73+0.11°  0.74x0.11*  0.780. 11"
NAC+salubrinal 44 3 0.7120.09" 0.71x0.11*  0.81=0. 15"

F {4 24.62 36.35 60.25

P4 <0.001 <0.001 <0.001

TE : BRI B2 L4, P<0. 05 (FLIRL K J5 22 23 T, Dunnett-t £ 55 )
VEGF-A: I8 N & A& KR F A; CHOP . C/EBP [A] J5 2 M ; cleaved-caspase
30T AR DR 1 R A & BR AR UK AR B 35 NAC: N-Z B fit S R

Note ; Compared with model control group,®P<0.05 ( One-way ANOVA,
Dunnett-¢ test ) VEGF-A ; vascular endothelial growth factor A; CHOP .
C/EBP homologous protein; NAC ; N-acetylcysteine

3 itig

A TR AT I 545 R B8, 10 pumol /L ATRA {2
FEARHE P ROS  Multicaspase F1J{ 1=/ 3R FE 1) 7= A= |, [R] B}
RO 200 2 7 R 5
FI 10 pmol/L ATRA ff % ¥ %% 20 M U8 0 10 52 5 v
[vi) IS 987 552 36 2% %R 7%, 5 mmol/L NAC % 40 pmol/L
alubrinal 5 K 31 & 41 0 08 T JF % 5 ROS &
Multicaspase 7k P45 fl i e FE i A 95 o NAC
#1 salubrinal B2 & 2L #0 #] ATRA i S 40 8 A 1=
Multicaspase #1 ROS 7K 11 7} & , ¥k — 4 3E 52 ROS #l
ERS 25 7 ATRA % %1 RPE IhfEREf, ABFITL

BR R, 24 NAC 5 salubrinal B4 W F %) ATRA
PE R AR P OF B0 2 98 T 50 NAC 5 salubrinal
HEM X 2 255 I A B INBON . A, ERS 4
1 7) salubrinal A 4] ATRA 5 5% 40 it ROS /K - 7F
&, R W] ROS i ERS fF7EAH AR . AW A DFE &
B, 20 N ROS 3 7 A= ] B #9755 A o I 452 475, B
% ROS /R (I IER 3T &

AT ATRA LU 8 1S 8] 4488 ) 77 208
T ARPE-19 40ffi#h VEGF-A mRNA fIE (I EL" .
PR VEGF-A {3 B2 3 2% I 40 SO 199 J5E T 97 48 i
B L e AMD g EARAE . AR ST R A R X
&4 VEGF-A 3k F i, ™ NAC F0 salubrinal &b ¥ W]
i ATRA %5530 VEGF-A H H &k 18, &£ B ERS
1 ROS ¥JREFZ W VEGF By£ik ., WFFER U], F AL i
AN RPE 410 S0 U 1 43 W6, 42 3k i 5 2 g
ERS ] 3005 WUsE RNA (RO 1E 8 B B A ER B -
elF2a 7% fL 5% 5% [ F 4 (activating transcription factor 4,
ATF4) i #% , 30 ATF4 (93535 i, ATF4 5 3 2
JEH 9 %35, 6045 %% 79 GRP78 Al VEGF My 3£ '™,
CHOP J2 N J57 [ )3 BNy ATF4 e 5% I 7~ 19 32 2248 sl A
AT R AT E . B AP ER Y CHOP 1E P i
I 7 35 B ] 38 0% Erola 263K, TR N EE T P 5t M
ROS (YRR 0 ABEFE 44 R Al i , ATRA A 395 48
fitl th CHOP 3k /K-F- T , M NAC af ] CHOP &3k
KB TR 2 UEH] ROS 55 ERS AHE W . Ak
MR AT, caspase 3 8 i 15 ¥ i cleaved-caspase 3,
HET A AL 32 2 40 M 28 Y o B4R 3 6 BT Y Bk R,
cleaved-caspase 3 3£ ¥ 7§ DNA [, 5 3 DNA B3, &
KGN MU T A S, ATRA i S 41
cleaved-caspase 3 7K I % Jt &, NAC F1 salubrinal A
il ATRA 55 1Y cleaved-caspase 3 ik i, fiF 3£
ROS #il ERS 7£ AMD & 3% RPE 4 Jiig 45 o v i 1 22
fEM .

WFFEIESE , 1 B AR ATRA 23 30 ARPE-19 4 fifg
72 ROS R ERS 320y AUBLEL T St e 22 9 5 IR 5
ATRA 15 R 10 0 8 5 80 RPE w9 4 F R 3 2 0 AR 1Y
RN X2 AMD & A8 FR J I A G IR R, TRt %
il ATRA AJREJEIAYT AMD (9 55— 07k " o LA BF
A /D T Re e 2R B BB i A i X Ol 15 S 40 4 T
HARPT " o ERS HI ] 428 T W M 2 1R T L
P H RPE 401 i) VEGF F 38, 7 1 40 i) AMD
Fe IR BT VEGE JRYT AT i B R
WPE AMD B R R 2O F R I
JIFF A WS BN W) 1 Ko BRI, LR AMD 1) &
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AN O E R, FUA BRSO R ORIk B B A
TESS T VEGF 259 iR 7 $8 4L , {5 n] DA% R A 1D IR
W ATRA f 25 4 3047 T 037 , 0L X 48 J
Pl , —Fh & A 4 H R AT AR W 25 R AR TR IR AR T
BN AL B, & 278 Il R 5 I PG T HAER
I T AMD g fE

g5 b AMRIE ATRA Al 35 S ARPE-19 4fi Jifd % 1k )i
WP T I 7 A 5 B R T, X — 2o B T g NAC A
salubrinal Fr 3P , B ROS #1 ERS A] fE2 5 ATRA
P51 RPE I BERR G . 48T ATRA F1 AL V360 B
[vi 20 60 2 1 1 D, 400 o R 1) A i A 9 AMD
EIREpAE R R I
FIZREE AT 1R B R AR AL 35 ol 9
EEFRBMAR S AR 905 e O 5T R A B ) B/ A
BB RSO Gei o BT 5 A A M B R 30 SCRE I R Py A
HEVPEN 1 9 S 05T
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