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TEL I BEOGR Z A i & B P R AR, O T R 20 R R A EE 1 (HO-1) i 33k, I & #8 bt A b 5%
N, {H DHA 245 BE s ma AP0 B R [ 2 (RPE) 41 g % ik HO-1 iR, BA) W% DHA X K40 5%
i) RPE H HO-1 Fik gy & H4rFHLH . A& XA RPE 40/fd & ARPE-19 #1755 3%, 43 %l A 30.50,100
F1 120 wmol/L DHA fEH] 4 ~24 h, LUK & DHA B5 5% (0 4 M/ S X BRZH . R A ZLIR I &0 (LDH) 546l DHA
o 41 M 1 T 5 40 SR SR 96 9% 2 5 PCR il Western blot 3 86 0 4% 4 40 g HO-1 mRNA K H: 85 (5 9 41 %t
Feik 5 R B8 3 4 BT A AL 40 i HO-1 [ 36 M A8 0 1% B0 5 SR FH 28 B R £ H, DCFDA F I 20 itw o 3% 4 40 7%
(ROS) fyAH XF LA, I SR FH B 93 98 Dl AHG 0 4% 2L 355 7% 4 M v i 2 Si IR - B2 AH DG R 2 (Nef2) 1 A 5 6 1
05 40 B 2R A ROS 11461 71 N- 2 ik 2 e 22 (NAC) + 30325 Al Nef2 /N3 RNA (siRNA) 55 e ik /8 H F 15 35 9 40
M, >R F Western blot 346 il 40 ffd o Nrf2 25 (A9 3R 3K, JF WA XT 4 il o HO-1 R KRB EWE I, %R
0.30.50.,100 #1120 wmol/L DHA fE I+ ARPE-19 4ififi 5 24 h, 5535 L35 WP LDH e R Ak LK 2= 7 a
Giil 2 X (F=8.14,P<0.05), H 1 120 pmol/L DHA /£ il J5 40 g h LDH ¥ 5 2 1 & & F 0.30.50,
100 wmol/L. DHA 41,25 S 35945 Gi i1 & L (# P<0.05) . 7[R ¥k BF DHA /£ Fi ARPE-19 4l ffi /5 8 h, HO-1
mRNA & HE A MMM RXE U & HO-1 WS BRI A S % E X (F=16.24,P<0.05;
F=11.34,P<0.05;F=11.81,P<0.05) , 1 30,50 100 pmol/L DHA Z1 40l f HO-1 mRNA K HZ& [ (% 48 %
FikE LKL HO-1 YRGS M3 ] 575 T 0 pmol/L DHA 4, 2% F ¥ B2 5 X (¥ P<0.05) . A[E vk EF DHA
£ ARPE-19 4 i 5 4 h 210 9 ROS AHXF2¢ Y5 BE 40 I % Nef2 Bk 410 At BG4 09 B4R L 35 25 2 A B3t 2
B X (F=11.08,P<0.05;F=16.42,P<0.05) ,H.th 30 .50 #1100 pmol/L DHA £ 4fi fifi tf* ROS AHXJ 9% Y638 i 4
a4 Nrf2 BH 405 b 6 29 B 2 5 T 0 wmol/L DHA £H , 22 ¥4 4o 24 3% X (¥ P<0.05) . 100 pmol/L DHA
AEB SRR NAC WAL B S 40 it v HO-1 25 [ A9 AF X 28 35 5 A0 A% Nef2 BH 2 20 it Bb i) 3 B 2 4K B 4l
100 wmol/L DHA 4 ,Nrf2 siRNA % YL 41 41 i i HO-1 (% AH XF 2 35 i A4t i A% Nef2 BH2E 400 e 6 2 3 2 A% T
25 siRNA B e 2], 2 R BPE S0t % 3 L (¥ P<0.05), 458 KT 100 pwmol/L %) DHA 7] fE i@ & ROS/
Nrf2 i 42155 RPE 40 Ml 3¢ 35 HO-1, AT & #4540 i i) - 974 H o
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[ Abstract] Background Oxydative stress is an important pathogenesis of age-related macular degeneration.
Resent evidences indicate that docosahexaenoic acid (DHA) plays an important role during the development of retinal
photoreceptor cells and protect the cells against oxydative stress by inducing the expression of heme oxygenase-1 (HO-1).
However,whether DHA can induce the expression of HO-1 in human retinal pigment epithelium ( RPE) cells is
unelucidated.  Objective This study was to investigate the effect of DHA on the expression of HO-1 in RPE cells
and its molecular mechanism. Methods Human RPE cell line ARPE-19 was cultured in vitro and treated with 30,
50,100 and 120 wmol/L DHA for 4 to 24 hours,respectively,and the cells were cultured without DHA as the control
group. The cytotoxicity of DHA was detected by lactate dehydrogenase (LDH) ,and the expression of HO-1 mRNA and

protein were detected by real-time PCR and Western blot assay, respectively. The enzymatic activity of HO-1 was
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detected by colorimetry. The reactive oxygen species ( ROS) proportion in the cells was detected using fluorescence
probe H, DCFDA, and immunofluorescence technology was adopted to detect the nuclear translocation of nuclear
facotor-E2-related factor 2 ( Nrf2). The expression of Nrf2 protein in the cells was detected by Western blot after
intervention of ROS inhibitor N-acetylcysteine (NAC) and transfection of Nrf2 small interfering RNA (siRNA).

Results The LDH leakage rate was significantly different after 0,3,50,100 and 120 pmol/L DHA treated the cells
for 24 hours (F=8.14,P<0.05) ,and the LDH leakage rate in the 120 pmol/L DHA group was significantly higher
than that of 0,30,50 and 100 wmol/L DHA group (all at P<0.05). The relative expression levels of HO-1 mRNA
and HO-1 protein or HO-1 enzymatic activity in the cells were significantly different among different concentrations of
DHA group in 8 hours after treatment ( F =16.24,P<0.05;F =11.34,P<0.05; F=11.81,P<0.05), and the
expressions of these factors were considerably higher in the 30,50 and 100 wmol/L DHA group than those in the
0 wmol/L DHA group (all at P<0.05). The ROS relative fluorescence intensity and nuclear Nrf2 positive cells
proportion were statistically significant among different concentrations of DHA groups ( F = 11.08, P <0.05;
F=16.42,P<0.05), and the ROS relative fluorescence intensity and nuclear Nrf2 positive cells proportion were
evidently higher in the 30,50 and 100 pmol/L DHA group than those in the O pmol/L DHA group (all at P<0.05).
The relative expression levels of HO-1 protein and the proportion of nuclear Nrf2 positive cells were significantly lower
in the NAC pretreated 100 pmol/L. DHA group than those in the 100 pmol/L DHA group. In addition, the HO-1
relative expression level and the positive cells proportion of nuclear Nrf2 were significantly lower in the of Nrf2 siRNA
DHA with

concentration below 100 wmol/L can protect RPE cells from oxidative stress by inducting the expression of HO-1 in

transfection group than those in the blank siRNA transfection group ( both at P<0.05). Conclusions

the cells via ROS/Nrf2 pathway.
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WY M E M B B A P (age-related macular
degeneration, AMD ) Jg& — il [ 4 % 43 1<t B A9 X000 | 3k
71 0 JE o AR AR AT P A2, W R A T 45 B UL E A
BEL W A AR BRI 2 — . HT, AMD
R DR FR A BILRITD A 58 W] T3t VB R L EE R
PO FE A B e RV SR S AMD 1 &0 A
FU BRI, AL BB AE AMD Y K i A R &
PR AR . T B AR e S AL U R R R,
P i {5 2% | fz (retinal pigment epithelium , RPE) 4f fify
X SR AL AR RS, Fr 2 R BR TOLIMZ T IE i 22
G AL KON, BRI RPE 41 i 7 W 't 52 2 A1 35 3 5
20 i PN AT 7 AR R R R 4B (reactive oxygen species,
ROS) . BLAh, B 4% A9 5 1<, RPE 20 034 Bk ROS 1Y
RE 1A B . PRI, Bi3 RPE 20 T Y 404k 0 JOIR 25
AR FEL AMD [k o I RBR R R, S T
PUAAAL NG ST G T A LR AMD J5% RPE 46 Jfd (% 4
R K P, R I R E AR T T RN R
(docosahexaenoic acid, DHA ) J& —Fp A1 F1 i B B , A
A BUEALAE T X il 28 3R G DL R I RO J 32 A
N i kB e B A B 2AE L, IF BEAE — R Lk
20 A A BLOIR 2, AL AT RE S R 2 BT A
AR S B, dn i 21 2 %A A B 1 (heme oxygenase-1,
HO-1) g F ik 41 5™ o A BEFC | 76 404 DHA 3 A
RPE 4 i %2 3% HO-1 Y 52wl , DT S el PR Nz 4 3
SLHAR A

1 M#5EFE

1.1 g
1.1.1 A RPE Zijfitk A RPE 4 i # ARPE-19 £

i B 2 E ATCC A H] .

1.1.2 R0 204 DMEM B35 BN R R
4= 1l 35 ( fetal bovine serum, FBS) ( 2€ [ Gibco 2\ &) ) ;
DHA  B-actin Z 3 BEHT (A \ROS I ] ] N-£ It F it
f% ( N-acelyl-cysteine ,NAC) . 2¢ Y84 H,DCFDA ( &
Sigma-Aldrich 23 7 ) ; CytoTox 96® 3 il 5 14 41 i 25 1
o3BT & (€ [E Promega 22 7)) 5 BUPT A HO-1 £ 3¢
BEPTAR (5c-136960) AR 1 AL ¥ i b 30 - BT B =91
(sc-2354) (BRHT A He ¢ 1-E2 A 2% 5 5 2 (nuclear
factor-E2-related factor 2, Nrf2) £ 78 F& PL 14 ( s¢c-365949 )
(3£ Santa Cruz 23 A ) ; Cy3 Fric W FE 40 R 2 e BT
1A (ab97035) ( 2 E Abcam 2\ 7] ) ; Nef2 /N T RNA
('small interfering RNA ,siRNA) (] )N 7 & 1% 4= ¥ B 3
AR T ) 5 siRNA #3305 & (18 [ Qiagen A )
HO-1 3% P70 Ml ) & (B GenMed 22 w]) 5 40 i 25 1
$EIBCIK ) & | Bradford 7k B2 I & KR & (3£
Pierce 7 A ). S810R Y iy ¥ ¥ W &5 .00 Bl (78 [5]
Eppendorf 2 7] ) ; ABT 7500 %l 52 B} 5% 5% 7€ 1 PCR X
(3£ ABI 22w ) s Infinite F200 45 5673 566 HE 3 (Fig
+: Tecan 23 7] ) ; Nikon €2 Plus B3O il 2o A6 2 s
(HARHEHRA ) .
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1.2 Jiik
1.2.1  4Afds s X 4r4l  ARPE-19 40 i FH & 7K F1L 4
¥ 10% FBS ff) DMEM ( % 2 mmol/L L-7% & ik Jtic 1
100 pg/mlE 8 RMEEE R ) 8 T 37 C KB E 5%
CO, MR FRA P B R . A K EHE N 80%
R Jof 0 3 A 3 R = 6 AL B & 1% FBS 1)
DMEM ;32 5L 85535 24 h, F AR RE 75 4L 00 K5 75 00 4
S A 30,50 100 1 120 wmol/L DHA {EF§ 4 ~24 h,
ARSI DHA K5 55 W 55 57 09 20 M AE S X BROZH, 7
100 wmol/L DHA 4bFRH] 25T 10 mmol/L NAC T 4b #
1 h {E% 100 wmol/L DHA+NAC 41,
1.2.2 Nif2 siRNA 406ty BUBEERN LY ARPE-19
AR B AR R 6 em ARG IR, A0 HIZ 5%107, 5 4
R TCIMTE R FR BB 57 18 ~ 24 h, 4% J] siIRNA #6305
G B HEAT siIRNA #5241 100 nmol/L Nrf2 siRNA
SRR S G A SR R E 4 h, R
PBS {6 20 0 5 56 4y 56 42 B AR BT IS SRS 0, DA
fi siRNA SO A %S 1 siRNA 23 5 4F O 25 10 B4 A
X RE SiIRNA L2
1.2.3  ZLPR MWL 2 A I DHA X 20 il i) 25 1
ARPE-19 40 g 4% B 1< 10* /4L (1 %5 JBE $2 Fb & 96 LR
AL SR AE O 100 Wl HREER 1,201 Oy g Ab B A
W DHA U400, F 3595 )5 24 h R 52 13 ok
I CytoTox 96 ikt 5 1 40 i 75 11k 43 #r 1K 50 0 46 ) L.
1% i & Bl (lactate dehydrogenase, LDH) [ i £ 3¢ )&, I
115 LDH (i €, LDH 2% (% )= S5 4] LDH
JoT R W B/ A LDH S5 KBt x100% B2 3 3 A
EAL,EEME 3 R,
1.2.4  SZmf a6 & PCR LKl 48 fg o HO-1
mRNA A ki F MR 1.2, 1 J7 I AR AN [ vk
DHA Ab3R 20 M, 5% FI Trizol 4 HUAH A & RNA L 3 pg
RNA #7054 5% K AR5 19 ¢DNA JEFT 520 % i PCR £
M. HO-1 EiE5141% 5’ -GCAGAGAATGCTGAGTTCATG-
3", FiEBI 9k 57 -CACATCTATGTGGCCCTGGAGGAGG-
3';GAPDH L 55| % 1 5’ -GCCTCAAGATCATCAGCAA
TGC-3" , R |#} 5’ -CCTTCCACGATACCAAAGTTGTC
AT-3" o 718 564 :95 C HAE Pk 10 min;95 CAEYE 15 s,
58 CiRk 1 min, 3t 40 NEIF . L) GAPDH Sy N2 4,
SR 27 T A A AL AN P HO-1 AR X ik i
1.2.5 Western blot I/ HO-1 & H AN £ 5 &
I 45 S [R) ¥ iE DHA AbFH NAC i b B 2 Nrf2 siRNA
ERYLA A, FH 4 °C JCTAE PBS vk 1 W, A f 8 R
il i Cocktails 241 4 i . 44 B 40 i 28 (3 42 BOK 51
&5 1 U ] 4 JCAH E 5T R 4 M A% 2 B SR A Bradford

0 E AR BT RO . 20 g AR T TSR TN U It
Jhie S R W R R LUK S BRI R B AN R AP 4E R K I
PR 73 80 5% 28 106 B 8 H = a2 b, 43 50
A HO-1 1 B-actin Hi{4& 4 CHEF 12 h, in AAH N 4t
FEEF 2 h, ECL B 5% 418, 5k Image J ¥ 53
MrH K AR, LA GAPDH h N B 8 i HIWE AW
LERO TSV
1.2.6 HO-1 fgiGMEME &80 1.2.5 FikiiE£ 4
R, B0 24 11 em, 1 000 r/min & .0 10 min, 3 |
W, A 1.5 ml GENMED 35 ¥ A 2 40 I % U
LB LG T B, TULREM AT A 1.5 ml 4@
W B, IRS),400 W 5 3 ~5 s RfFaifl, &M
HO-1 3% P43 B 0 G B4 20 BRICE S 508 FRE A S
KA 340 wl ZZ vhifk €20 pl S W D 120 plic
Y, 380118 %5),37 CHREEIE T 1 h, inA 400 wl 2 1F
Zeik N, B0 IF IR HL 100 pl 2% 540, T 464 nm
530 nm AL AR AT H I OG BE (A) {8, 715 HO-1 /1%
P, DL 22 50 88 1 P A /NS A B E 4 0 B R o
1.2.7 ROS & EME  4%1F 0.30 40 #1100 pmol/L
DHA Zb 3 J5 4 h o 40 0, Jm A 43 F 3 EF 34 | H,
DCFDA (YK FE R 5 wmol/L) ,37 °C i E & 30 min,
PBS F043 Uk , D043 06 0 B 1T D 28 440 i Y 2 e
PR WK N 485 nm , B SFIK h 530 nm A 5O iR I
{8 = Ab BHLZH 5l 5 B /% A 41 9¢ Y63 x 100 %
1.2.8  furse e MEE ARPE-19 4 il Nef2 1% 54 {37
BUBES 4 /L 9 ARPE-19 il 2 F £ 5 H R A B
24 fLA SR 24 h, S 12,1 J7 ik b P& 2 40,
FAT R 708 3. 5% 2 5 W = [ E 15 min, H 58
710 min, G PBS Pk ¥ J5 T AR LU 50 1% 1L = 1
IH & i 30 ming PBS PR 3 WK, B NH Nef2 47744
IR E 2 h; PBS PR¥%, A Cy3 fric B9 R bt
BEE 1 b OGRS NI R R A
Image Pro Plus B/ Nef2 % 0 4 M #E 17 11450
1.3 Biib2orik

K SPSS 17.0 Ge it 2 8 Ak AT g3t o b o A B
8 R AR AR R A F ARG S IE S0, Dhats
Forno KRB E T W L KF L83k, AWk E
DHA kb3 4[] LDH Jfg th % \HO-1 mRNA & [ A0 X}
Feik it (ROS Fik & 4 A% Nrf2 BH 1 40 ffd b ] L 35
K ASHE R T 200, 48 2 E R LSD-t k5,
R AU RS 56, P<0. 05 b 22 R Geit#53 L,

2 R

2.1 HiJRfY ARPE-19 40 g ) 245 K A Al W &2 DHA 24
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LDH g %

ARPE-19 4fifi 7 DMEM 5 37 3 of U BE A= <, 40 i
ARl i 2 IR T 2 M8 SRR IE Al 5T bR
RWURL o 20 M A A 2 RS RS I S RS A R A
AR, Z A e M ETE ST B2 (K 1),
0.30.50 100 1 120 wmol/L DHA £H 41 g I % 1% 5% Wik
i LDH I 2 4 5 K (8. 18 £0.32)% . (8.42 +
0.68)% .(7.35+1.03)% .(9.25+0.86) % Hl(12.36+
0.72) % , AN[F¥EE DHA /)G LDH i tH 320 G4 L
ERH T L (F=8.14,P<0.05) ; 1 120 pumol/L
DHA # LDH ¥ 1 2 W] % & T 0.30.50,100 pmol/L
DHA H, Z F WA Gl 2 L () P<0.05) (K 2),

PR b i 2 52 5 5 BR 120 mol/L DHA 4,

B 1 i‘E‘?%H’JARPE-wzHiH@ﬁim.\ A:Jﬁﬂlﬁ%i ’Jéﬁiﬂ’ﬂfgﬂlﬁ/\g
FIE B RRIE , 40 5 T L5 3R (x200) B AR ARG 4l L RN fA
o, 51 5 %% (x400)

a B2 FRERE DHA £
AEEs EF®R S LDH
RHEL®R F=8.14,
B P<0.05. 5 120 pmol/L

8
6
41 DHA 1F & B L3, " P<
2
0

LDH Ji Hi (%)

I 0.05 (I8 % 5 % 4 4
LSD-t # 5, n = 3)
LDH ; 3| iR Jli & /i ; DHA
TR

0 30 50 100 120
DHA(pmol/L)

2.2 A[ElHkEE DHA fE )G 4 i HO-1 mRNA A X}
Rk g
SERF 9 E it PCR 254 7R ,30 .50 i1 100 pumol/ L
DHA YEHJ5 8 h, ARPE-19 Zifffd f* HO-1 mRNA (¥ 4 X}
Fk BRI 1.61£0.22 2.42+0. 14 F1 2.90+0. 21,
SRR ERASIFE L (F=16.24,P<0.05) ; 1
q: 30,50 ,100 pmol/L DHA £ 4 fifg h HO-1 mRNA f1
FHXF R 5 5 F 0 wmol/L DHA 41, 25 B34 S5 2%
B X (P=0.041.0.024.0.000) (K 3A),100 wmol/L. DHA
YEF T ARPE-19 40l )5 4 .8 .26 1 24 h 41 jig h HO-1
mRNA A XF ik W 4 1.64£0.14 .2.91+0.22

3.10£0. 11 .2.52+0.27 fl 1.33+0.25, (K HL i 2 5
At #E L (F=20.83,P<0.05) ; 5 R4 HAH 4K,
AEFRSS 4.8 .12.16 h 4l HO-1 mRNA #H X} &35 &
BBt 2R WA G E X (P=0.038.0.000,
0.000.0.018) (& 3B) .

;e i 3.5 b b

X H 30 a

® RS

= = 2.0 a

= = 1.5

Z Z 10

=z Z05

=) S 0.0 @

= 0 30 50 100 = 0 4 8 12 16 24
DHA (mol/L) YEFHIA] (h)

B3 &AM S HO-1 mRNA I RIEEMEEER AR HE
DHA 7E i ARPE-19 #4015 8 h HO-1 mRNA #Xf Fik w9 ik F=
16.24,P<0.05. 5 0 wmol/L DHA fEH 41 L% ,* P<0.05," P<0.01
(HRZEJr 257 Hr, LSD-t K55, n=3) B:100 pmol/L. DHA fE i
ARPE-19 il fifg J5 /S [a] B ] 25 40 v HO-1 mRNA AR 32 35 5 (1 LA
F=20.83,P<0.05. 5 0 h % ,*P<0.05,"P<0.01 ( H[H % )y %4
B, LSD-t #256 ,n=3)  HO: M2 % A A s DHA: — - oS i

2.3 R[E ¥ DHA /EH]J5 ARPE-19 4 g+ HO-1 &
I 2R 3K BT A Ak

Western blot Z5 ¥ i 7, HO-1 25 [ 19 A 6 35 1k &
DHA Y B2 /) T g i, AN [/] DHA % B2 20 HO-1 25 1 1Y
X R R R EIR LS Z R A S FE L (F=11.34,P<
0.05) (| 4), 0.30,50 F1 100 wmol/L DHA £H 48 Jfy +h
HO-1 /19 if§ 35 1 {8 4> 51 h (0.37 £0.04) . (0.56+0.07) .
(0.98+0.12) #1(1.26+0.05) mmol/ (mg + h) , B L35 24
SHEG ¥ X (F=11.81,P<0.05); 5 0 umol/L
DHA #H [ %, 30,50 1 100 wmol/L DHA #H 4f ifg
HO-1T /& PE X B R, Z R WA Gt FE X (P=
0.027.0.019.0.000) (& 5) .

4  Western blot

HO-1 EA W R R R E

B-actin | | @ PHA B HO-1

HxFIEE HO-
= : T X 2 5
p 12 a DHA ¥ i 19 7+ # ifi
:é Lo 4 1:0 wmol/L
é 0.8 a DHA 4 2:30 pmol/L
= 0.6 DHA 41 3:50 pmol/L
‘;E 0.4} DHA 41 4:100 wmol/LL
S 02l DHA 41 HO. [ 4l %
= (5 R T

0 30 50 100
DHA(pmol/L)
S h HO-1 EgiE 8 Lk®E F=11.81,P<0.05. 50 pmol/L
DHA £ H4%,° P<0.05," P<0.01 (8 [H % J7 22 /> #7, LSD= #2 %,
n=3) HO:IMLLRAGH ;DHA: —+ "N HMR

WANEER BS5S FFE
"E DHA {fEE 8 h
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2.4  A[E¥k#E DHA /EHlJ5 ARPE-19 41 fig # ROS %
Ot BE AR 4k

0.30.50 1 100 wmol/L DHA 4] ARPE-19 4 jifd j§
ROS HH X 58 Y B 43 531 A (12.52+£1.07 )%  (19.47 =
3.21)% (32.41+1.82) % F1(44.58%2.52)% , Wik
2R Gt %= X (F=11.08,P<0.05),30.50
F1 100 wmol/L DHA 1 FH J5 40 L 5 ROS HH X 5% S 58 B
WIS T 0 wmol/L DHA 4, Z R ¥ A it % & X
(P=0.021.0.014.0.000) (& 6),

wn
(=]
1

E 6 [EiRE DHA
{EFJE ARPE-19 #H 1
a ¥ ROS BI#E 34 3% 3 38
B F=11.08,P<
0.05. 5 0 pmol/L
DHA 4 W #," P <
0.05,"P<0.01 ([
R %4 b, LSD-
%, n=3) ROS:

B
o
T

N}
[=]
T

ROS AR5 3 (%)
S S
1

0 0 30 50 100 W PE 4R s DHA, —
DHA (pmol/L) — B

2.5 NAC Wik Pl Nef2 siRNA %5 4e % ARPE-19 41 ity
t HO-1 25 [ 4R 35 1Y 52 i)

0 wmol/L DHA £ 2 ity AV 3% 35 % 1 & i) HO-1 &
M1, B DHA B R34, 40 il v HO-1 25 11 1 3R 36
S5 % Wi W BR 100 pwmol/L DHA + NAC 41 41 g h
HO-1 23k 4% B 2 5 F 100 pmol/L DHA 41 ( &
7A), 0.30.50,100 pmol/L DHA 41 % 100 pmol/L
DHA+NAC 41 4 s f HO-1 25 [ 19 A8 %) 3% 3k £ 43 31
70.010.06.0.24+0.07.0.78£0. 05 .0. 89 +0. 02
M0.21£0.06, 4l i) Bk LK 2 R A S it %8 X
(F=7.38,P<0.05) 31130 .50 F1 100 wmol/L. DHA
YEF JG 4 jd o HO-1 & (3 AH % &k & B B & F
0 pmol/L DHAY , = ¥ A it 4B X (P=0.035,
0.007.0.000), 100 wmol/L DHA +NAC 41 41 Jfi
HO-1 & [ A X% 3 3k & 9] & % F 100 wmol/L DHA
H,ZRHAGI¥E X (P=0.030) (K 7B) ., A[AHk
J DHA £ }% Nif2 siRNA %5 Y4 fi] HO-1 2 (940 X} %
KRB R 2R A S L (F=14.82,
P<0.05) , 1 30,50 .100 wmol/L DHA f£ [l J5 41 Jfa
i HO-1 A X k& 2 & F0 umol/L DHA
N, 2R YAHEGH%E X (P=0.044 0. 028 ,0.000) ,
100 wmol/L DHA +Nrf2 siRNA %% Je 20 4il ifg h HO-1 7§
FI AR X 5 35 1 0] B AIK T 100 wmol/L DHA 41 , 22
GiitE L (P=0.014) (K 8),

234 S B7 RERE
HO1 [wok st ‘ M SSS pHA A1 NAC fE
. FAE4 i+ HO-1
B-actin ‘ - - - ‘
L Q EAWRIETL
Lor - A% 4L
iz s
X 08 H}” HHEREBR
-34 Wk &l B: % 4
= 06[ ARPE-19 44 fifg
=k HO-1 2 11 4 Xf 42
F\LEH ’ a c kE K F =
% 02 7.38,P<0.05. 15
0 wmol/L DHA 2
0.0 (BRNY

1 2 3 4 3 ti,* P<0.05,
*P<0.01;5 100 pmol/L DHA 41 L% ,“ P<0.01 ( #[H % J5 2 M7,
LSD-t #:%; ,n=3) 1:0 pmol/L DHA Z{ 2.:30 wmol/L DHA #4{ 3.
50 wmol/L DHA 4{ 4.100 pmol/L DHA £ 5:100 wmol/L DHA +
NAC 4l HO: Il £ 3 404 Al

: 1 2 3 4 > E 8 Western blot ;%

c—
HO-1 [ - - - # M Nrf2 siRNA #
B-actin . -‘ ‘ ‘ Q # J5 ARPE-19 44 pf

1 HO-1 EAKRiA

ol s 4140 o HO-1
3 107 R kA
B o8l B: % 4141} b HO-1
Z o6l 8 TR 235 B A
H{E{ I F# F=14.82,P<
— o 0.05. 5 0 wmol/L DHA
% 0.2f 411 5," P<0.05," P<
@ Z . A )

0.0 0.01; 5 100 pmol/L

DHA 4] [t #,° P<0.05

(PR E 7 2250 7, LSD-t %5, n=3) 1:0 umol/L DHA 4  2:
30 wmol/L DHA 41 350 pmol/L DHA 4] 4:100 wmol/L DHA 4
5:100 wmol/L DHA+Nrf2 siRNA 5 Je4]  HO. [l £ £ & A i
2.6 A[REIHE DHA fil NAC /E )G ARPE-19 4 fifg o
Nref2 #2545 1 B

0 wmol/L DHA 4] Nrf2 F % {; T ARPE-19 41 g
40 I o, 40 B A% Nef2 BH Pk 40 M9 LE B R (4.6 +
1.1)% , 30.50 1 100 pmol/L DHA #H 4 Jii % Nrf2
FFPE 40 B B 3] 53 591 R (13.5£1.6) % . (24.3£2.5)%
M(36.5£1.7)% , Sk i 2% 5 AH it 8 X
(F=16.42,P<0.05); H 1 30,50 Fl 100 wmol/L
DHA 41 40 g #% b Nef2 PH ¥ 240 i b ] B 2 % F
0 wmol/L DHA &, 22 R ¥ G it 2% 2 L (P =0.022,
0.032.0.002), 100 wmol/L DHA + NAC 41 41 ity 1%
Nef2 PP 40 b ) o (8.2 1.3)% , Bl & K T
100 pwmol/L DHA 4, 2 5 A G it L (P=0.014)
(E9), 25X IRL X R siRNA %5 YL 20 41 ffg rf HO-1
B RIRBCR , Nef2 siRNA 6 YL 28 248 fifd b HO-1 5
FIRY 23k B @ s 55 (18 10A) =5 1 % B2 X AR
siRNA % Yt 25 Il Nrf2 siRNA %% Y 20 41 Jfid vh Nef2 25
(9 AH %t 32 35 8 4> 7 R 0.66+0.10.0.75+0. 14 Fi



- 682 - th A sz IR A 445k 2016 4F 8 F 45 34 445 8 W] Chin J Exp Ophthalmol , August 2016, Vol. 34, No. 8

0.1520. 06, BRI EZRAFHITH¥E X (F=10.17,
P<0.05) ,Nrf2 siRNA %% 3 21 21 ffd b Nrf2 2 [ B9 AH

100 pmol/L DHA+NAC 4 100 pmol/L, DHA £

’) ..

40( b

JEHE G (Cy3,%x100)

AMLAZ% N2 BE 20 L 051 (9%

LPSiES

B 10 7 [E Bt 7 5 46 40 Bl
}Nrf2 EARKENL A=
FIGF IR X IR SiRNA B ez

B-actin _ o 1 Nef2 SIRNA %% 32 241 40 s o
Nrf2 A E A WRE B &4l

I Nef2 ZE [ AH X 265 i
MEfb b F=10.17,P<
0.05. 5 Nrf2 siRNA % e 41 [,
#,"P<0.05,"P<0.01 ( 3 [H
R0, LSD-t K, n =
3) LS EXE4 2.8
SIRNA L4 3. Nrf2 siRNA
egedd N 8% %% 5t B F-E2
AT

Nrf2 FHR 221

3 Wig

HO 2 1ML 2T % P fi# 0 %5 4% F CO (Fe® Fil JH 4% K 1Y
R, HO A4 3 F[w] Lfg, B) HO-1 HO-2 F1 HO-3,
Horp HO-1 gy 80 A0 500 0 80 a2 W PR s A
W 555 AR S Z2 B B AR RS R HO-1 [ %6 1
P, HO-1 Al i H 7= 4 CO HLL F A Fe™ i & 44
0 DR B A T B IR B R IR S8 TR o B4R R T 3
PEUOT A R I Rz A0 1 A R ) RE U8R 8 R
TRE 1 . AR R, SR AN R 2 i S

50 wmol/L DHA £

X F IR AR T A A AL X BR siRNA 4, 2
S G2 E X (P=0.012.0.008) (& 10B)

30 wmol/L DHA £ 0 pwmol/L DHA 4

Nif2

DAPI

A

9 ROS %7 NAC {Ef3 /G ARPE-19 4 ffI e Nrf2 i8R A5 A b Nef2 B L 5
B4 4 4 rf Nef2 AZHE RS Bl AL L #: F=16.42,P<0.05. 5 0 pmol/L
DHA 4 H %5, P<0.05,"P<0. 01 ;5 100 wmol/L DHA 4t %5 ,° P<0. 05 ( 3 % 7 2% 43 #7 , LSD-t #&
B ,n=3) 1.0 pmol/L DHA 2] 2:30 pmol/L DHA 2] 3:50 wmol/L. DHA 4] 4:100 wmol/L DHA
(B) 41 5:100 pmol/I DHA+NAC 41 DHA .~ "B ; NAC  N-Z kb e 40 FR s N 4% s % R 7-F2

HO-1 i 2% 3K 1] I S0 J 2 25 A M g g 7127 . DHA
S N AR YAV R AR 2 e 19 0 I R =2 — , T 5 i I 2
HEYE G595 S L R Th Ak . WF9¢ K B, DHA W]
F# ik RPE 41 i i S84k 07 38K 7, I RE 30 R 28 1 4 &
BRSSO S T DHA o B 0 A R R
R ) S 240 B %) 185 A= 5 B A I T 0 B A R -6 1 4 B,
T8 S8 B B2 e A DHA A A5 25 4 25 90 199 [
(o A PERG REAY E . DHA AL A5 2k B3 648 45 B
0 PR D) R A A I BB N, 410 o A% PR -k B T O
BE LN BT RALE AR R DRSS R
W] DHA A 38 ik 22 F b il & #4400 0 JE 240 Jed 1 £ 47 £
Mo A7 #E—2 W% DHA & &5 G852 i RPE 4f i h
HO-1 (335, AWF 58 A 6] W 32 19 DHA PR ] 14 Sk
K309 N RPE 4l ARPE-19, & 3 30 wmol/L DHA EJi
Al HO-1 mRNA I [ 0 3k, [a] i F 8 5 il 0%
o FET HO-1 XF 40 i i f- 37 85007, 4 DHA W] B i
it BE HO-1 /Y 3% 3K 10 98 52 RPE 40 Jid /Y %1k 1 3
K-

T4 B 28 E 25 8T, 4l il ) NADPH 51k
Pt 5 VG, O T A — R A A R R 5 5 ROS



e s gh IR B 2L Ak 2016 4F 8 H A 34 45:%5 8 ) Chin J Exp Ophthalmol , August 2016, Vol. 34, No. 8 . 683 -

Ao dE R ROS L2 4 il N EZE 155 4 1, {H ROS
{4 2ok B8 7 A AT 5 kS 40 MK 43 -, andE BT  DNA (Y 4
et . A58 BoR, HO-1 ik 5 ROS X, &
WF 5% & B0, DHA W] B & i 5 ARPE-19 4 Jiid )= 2k
ROS, i %5 ROS #li##] NAC ZbFE4H L f5 , HO-1 & 1%
ik 2D X F W] HO-1 [ 3R1K 52 ROS [y

Nrf2 J2— i 5 2 1) S A Do 8 e s R TR -, AR
ZAMFT Nef2 fEAE T A ML b, 9 5306 & 3 Keapl A
G55 o AU 32 B A R AR VR BT Keapl 2272 &
RS IT S Nef2 S3eg . NeR2 BEE 5 RN S

2P IRNE (S AR E =R A VAT S A v L e ]

JE AR 56 JE R e 0L ARG P & B, DHA b
P ARPE-19 4 Jfd J5 , 240 Jfd 5 i 19 Nef2 5% 8% 22 41 i #%
W, 25 HO-1 Fik W es, teah, 8 % ROS i B
7 NAC 4bBEAN M 5, Nef2 [ 42 55 v 52 21 B 40 ), %
B Nrf2 §9900% 5 ROS £ 5, [ B, & F Nif2 siRNA
YL it s & 30 HO-1 (383K 1 3 k2, & B HO-1 11y
FihZ ROS/Nif2 (R

SZ L ARBFFEUESE DHA B 3% RPE 41 ffd Hf ROS/
JJFi5S HO-1 9 Rik8 . HO-1 KK
KL K B T M B R AT BE G A 2 R B Kk R
RPE 28}l i) R 37 4F o 76 Bl S /9 0F 55, FRATT 8 X
HO-1 {47 RPE 2 {1 HL ] i 47 35 28 A B9 BF 5%, DA i
— L WIH DHA 76 AMD 1297 o i b JH AN {8 .

S % ik

Nif2 {55 1l

[1] French DD,Margo CE. Age-related macular degeneration, anti-vascular
endothelial growth factor agents, and short-term  mortality; a
postmarketing medication safety and surveillance study [ J ]. Retina,
2011,31(6) :1036-1042. DOI:10. 1097 /IAE. 0b013e31821dc66f.

[2] Seddon JM,Reynolds R, Maller J,et al. Prediction model for prevalence
and incidence of advanced age-related macular degeneration based on
genetic, demographic, and environmental variables [ J ]. Invest
Ophthalmol Vis Sci,2009,50 (5) : 2044 -2053. DOI. 10. 1167 /iovs.
08-3064.

[3] Hemminki K,Forsti A,Li X,et al. Familial risks of age-related macular
degeneration[ J]. Am J Ophthalmol,2011,151(3) :561-562. DOI:
10.1016/j. ajo.2010.11.004.

[4] Parmeggiani F, Sorrentino FS, Romano MR, et al. Mechanism of
inflammation in age-related macular degeneration; an up-to-date on
genetic landmarks[ J/OL]. Mediators Inflamm,2013,2013 : 435607 [ 2015 -
09-20]. http://www. hindawi. com/journals/mi/2013/4356071. DOI;
10.1155/2013/435607.

[5] WA, EfEn. MEER LR GRER SHr R[],
S u iR R 4% 74 ,2014,32 (1) : 88-93. DOI; 10. 3760/ cma. j.
issn. 2095-0160.2014.01.018.

Huang DR, Wang GY. The causative factors and treatment of RPE cell-
related eye diseases[ J]. Chin J Exp Ophthalmol ,2014,32(1) : 88-93.
DOI:10.3760/cma. j. issn. 2095-0160.2014.01.018.

[6] Voloboueva LA, Liu J, Suh JH, et al. ( R)-alpha-lipoic acid protects
retinal pigment epithelial cells from oxidative damage [ J]. Invest
Ophthalmol Vis Sci,2005,46(11) :4302-4310. DOI. 10. 1167/iovs.
04-1098.

[7] Jia L,Liu Z,Sun L,et al. Acrolein,a toxicant in cigarette smoke , causes
oxidative damage and mitochondrial dysfunction in RPE cells: protection
by (R) -alpha-lipoic acid[ J]. Invest Ophthalmol Vis Sci,2007,48(1) :
339-348. DOI:10. 1167/iovs. 06-0248.

[8] Johansson I,Monsen VT,Pettersen K, et al. The marine n-3 PUFA DHA
evokes cytoprotection against oxidative stress and protein misfolding by
inducing autophagy and NFE2L2 in human retinal pigment epithelial
cells[ J]. Autophagy, 2015, 11 (9) : 1636 - 1651. DOI. 10. 1080/
15548627.2015.1061170.

[9] Paine A,Eiz-Vesper B, Blasczyk R, et al. Signaling to heme oxygenase-
1 and its anti-inflammatory therapeutic potential [ J ]. Biochem Pharmacol ,
2010,80(12) :1895-1903. DOI:10.1016/j. bep. 2010.07.014.

[10]Morse D, Pischke SE, Zhou Z, et al. Suppression of inflammatory
cytokine production by carbon monoxide involves the JNK pathway and
AP-1[J]. J Biol Chem,2003,278 (39) : 36993 - 36998. DOI: 10.
1074/jbe. M302942200.

[11]Florczyk U,Jazwa A, Maleszewska M, et al. Nrf2 regulates angiogenesis ;
effect on endothelial cells,bone marrow-derived proangiogenic cells and
hind limb ischemia [ J ]. Antioxid Redox Signal, 2014, 20 (11) :
1693-1708. DOI.:10. 1089/ ars. 2013.5219.

[12]Li Z, Dong X, Liu H, et al. Astaxanthin protects ARPE-19 cells from
oxidative stress via upregulation of Nrf2-regulated phase II enzymes
through activation of PI3K/Akt[ J]. Mol Vis,2013,19:1656-1666.

[13 ] Hanus J, Kolkin A, Chimienti J, et al. 4-Acetoxyphenol prevents RPE
oxidative stress-induced necrosis by functioning as an NRF2 stabilizer
[J]. Invest Ophthalmol Vis Sci,2015,56(9) : 5048 -5059. DOI; 10.
1167 /iovs. 15-16401.

(147 T 4008 % AR R, 55 K BE 2 AN UL RIS s R AT 25 M B 58 F 1L

D08 J5E 24 I 2 K 1 55 el B FCAILERAAE o [0 ] W7 T ol K 2 5 4, 2014,
43(3) :338-343. DOI:10.3969/j. issn. 1006-4303.2014. 03. 023.
Yu HN,Cai PF,Shen SR, et al. Effects of long chain polyunsaturated
fatty acid on the growth of retinal cells in high glucose environment and
their mechanisms[ J].J Zhejiang Univ Tech,2014,43 (3) :338-343.
DOI:10.3969/]. issn. 1006-4303.2014.03.023.

LIS T3CWT, PN 405 L 45 b oS I R 4 o) o LA 1 58 D' Je =2 %
MR LI ] . BOBUR 241 PR 2 i ,2012,33 (6 ) : 800-804.

Ai M,Sun M, Yang F,et al. Inhibiting effect of docosahexaenoic acid on
apoptosis of photoreceptor cells of rats[ J]. Med J Wuhan Univ,2012,
33(6) :800-804.

[16 ] Ramchani-Ben Othman K, Cercy C, Amri M, et al. Dietary supplement
enriched in antioxidants and omega-3 protects from progressive light-
induced retinal degeneration [ J/OL ]. PLoS One, 2015, 10 (6) :
€0128395[2015-12-20]. http://journals. plos. org/plosone/article?
id=10. 1371/journal. pone. 0128395. DOI; 10. 1371/journal. pone.
0128395.

[17 ] Johansson I, Monsen VT, Pettersen K, et al. The marine n-3 PUFA DHA
evokes cytoprotection against oxidative stress and protein misfolding by
inducing autophagy and NFE2L2 in human retinal pigment epithelial
cells[ J]. Autophagy,2015,11(9) : 1636 —1651. DOI 10. 1080/15548627.
2015.1061170.

[18]Fang IM, Yang CH, Yang CM. Docosahexaenoic acid reduces linoleic
acid induced monocyte chemoattractant protein-1 expression via PPARy
and nuclear factor-kB pathway in retinal pigment epithelial cells[ J].
Mol Nutr Food Res,2014,58 (10) :2053-2065. DOI:10. 1002/ mnfr.
201400196.

[19]Wei S, Wang Y, Chai Q, et al. Potential crosstalk of Ca®*-ROS-
dependent mechanism involved in apoptosis of Kasumi-1 cells mediated
by heme oxygenase-1 small interfering RNA[J]. Int J Oncol ,2014,45(6) :
2373-2384. DOI:10.3892/ijo.2014.2661.

[20]Chen N,Wu L, Yuan H,et al. ROS/autophagy/Nrf2 pathway mediated
low-dose radiation induced radio-resistance in  human lung
adenocarcinoma A549 cell[ J]. Int J Biol Sci,2015,11(7) :833-844.
DOI:10.7150/ijbs. 10564.

(W Hs H 1 :2016-03-05)
(A F T kF)



	61_中华实验眼科研究2016-8期
	61_中华实验眼科研究2016-9期目录
	61_中华实验眼科研究2016-8期内文



