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* Role of oxidative stress induced by blue light in human

. retinal pigment epithelium cells apoptosis

ZYU Yong-Zhen, XU Zhe, ZOU Xiu-Lan, ZHANG Chu, WANG Guan-
. Feng,ZOU Yu-Ping

[Key words] apoptosis; reactive oxygen species; oxidative stress; human retinal
. pigment epithelium cell

~ [ Abstract] Objective To research the mechanism of oxidative stress mediating
’ the cultured human retinal pigment epithelium cell (hRPE) apoptosis induced by blue
‘ light and the relationship with time. Methods The blue light damage model of cul-
¢ tured hRPE cells in vitro with LED blue light density of (4.0 +0.5)mW - cm > adjusted
g by FL-1D blue light illumination meter was established, and the illumination time was
¢ sat as 0 hour,0. 5 hour, 1 hour,2 hours,3 hours,4 hours,5 hours,6 hours, 12 hours, then
the cells are grouped according to illumination time. Cell ultrastructures were observed
by transmission electron microscope, the rates of total cell apoptosis and the levels of
reactive oxygen species( ROS) were measured with flow cytometry,and the expressions
of Bax,Bcl-2 and Caspase-3 were detected by Western Blot. Results The cells and
michondria became vacuolar or swollen, cytoplasm and microvilli were diminished in
each illumination group. The total apoptosis rates at 0 hour,1 hour,2 hours,3 hours,4
hours,5 hours, 6 hours, 12 hours were (5. 30 £0.64)% , (5.90 £0.89)% , (6. 80 =
0.98)% ,(7.70£0.76)% ,(9.60 £1.10)% , (11.45 £2.60)% ,(14.90 +£1.60)% and
(23.90 = 1.20)% , respectively. The apoptosis rate increased after illumination for 4
hours compared with control group,there were significant differences (all P <0.05).
The levels of ROS at 0 hour,0. 5 hour,1 hour,2 hours,3 hours,4 hours,5 hours,6 hours
were (12.90 £1.18)% ,(20.09 £0.63)% ,(23.91 £1.47)% ,(29.14 +1.94)% ,(34.3 =
1.84)% ,(38.97 +1.68)% ,(44.08 +0.83)% ,(57.76 £2.80)% ,respectively, the levels
of ROS increased significantly after illumination for 0. 5 hour compared with control
group (all P<0.05). The expressions of Caspase-3 and Bax were up-regulated slightly
after illumination for 3 hours and up-regulated significantly after illumination for 5 hours
to 6 hours,while the expression of Bcl-2 after cell was down-regulated after illuminated
for 3 hours, there were significant differences compared with control group (all P <
+ 0.05). Conclusion Blue light can cause cell apoptosis in hRPE probably motivated
by oxidative stress, the apoptosis phenomenon is not obvious after exposing for 3
hours,but obvious after exposing for 5 hours to 6 hours.
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[REIA] 8 5 AR AMLR B &7 B A e
[BE] HH MARALRERAEAL ERFFRINERGANR R E F K 2008 (hu-
man retinal pigment epithelium ,hRPE) 8 a9 /E AL A L 50 R e X &, Fik A LED
"*k)od?iil"* H ARG AR Sh 3% I 69 hRPE fm A2 A ) 3 k26 32 4 (4.0 £0.5) mW -
ﬂ‘«l’j—éﬂl}l@é}yjféﬂgﬂd‘fﬁlo h(E#*#E28) 0.5h 1 h2h3h4h5h6h12h4,
lzzéﬂ' W, 45 UL 5K m 0L 6 AR A 2E M R K 2l iR AR A étﬂ}ié’,/)ﬂ T R R RN &M E KT, Western
Blot 3 KA Bax Bcl-2 Caspase-3 Gk Ax N, R K LBAmiEy A RELE
BRI, Y B RR R (BRI IR ﬁi"&%/ﬁc/ AP, EFATRA LR L h2h3
*h4hS5ho6h 12htgmA %53 4(5.30+0.64)%.(5.90 +0.89)% . (6.80 =
0.98)% .(7.70 =0. 76)% . (9.60 +1.10)%  (11.45 £2.60)% . (14.90 = 1.60) % 7
: HaPIRLE, BB 4 h G A R R E, ER N AR P

1 (23.90£1.20)% , 5
. EL(#H P<0.05), iﬁ?xﬂazﬂ\o.s h.l h.2h3h4h5h6h % hRPE i 4 &8
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ROS A8F8 451 4 (12.90 +1.18)% .(20.09 £0.63)% .(23.91 +1.47)% .(29.14 £1.94)% . (34.30 +1.84)% . (38.97 =
1.68)% .(44.08 £0.83)% .(57.76 £2.80) % , % 0.5 h Eta fee /= £ 69 ROS A B 7 &, 5 B xR E, £ F 3 A 4it 5
FX (¥4 P<0.05), Caspase-3 Z Bax £3 h 5 #M LA, mS5~6hB5R& LiAKAE B2 i NAE3hETHARE, S

EFATRALE, ZEF AL FEL(H A P<0.05), &t

BhRTRT AR RR DR EMA T AL FHEE

B, ARFLEI h i mIeTRELT BGERARZ, LRSS ~6 h EHILTRAN G @A T,

NALR {5 % | B2 (human retinal pigment epi-
thelium , hRPE ) 20 il HA 5% 12 5 5% 1 53 A Wi e i %
JGAR ML AN Be L R L s A U B H B AR
R, TR [ 1 S S e T Y
e ok s, 0 % 58 T o B SR A B D
AT 5| AR U A OGP B B A8 M . Stargardt 5 | 5 25 1
PR S48 A0 o €, 3 A Pk A IR o ' PR LR
(A B T, B 7 S5O ) B8 L 2 8 R 1) St Ak
A0, A R & 15 4 (reactive oxygen speicies,
ROS) 52 A AL B R N, BT 5 RPE 20 i =%
JEOL 20 M By 9 T A S e g S W O 184
hRPE It , B AER T OE 53 hRPE 40 g T
IV FIILR B 55 B[] 1 G 3R, S 4 s 102 937 400 )
Ak B B i — 7 ) LR

1 #B5H®

1.1 #RS5MEE et iReRd N % X e ERBEIR
PR, G 4 1l v | AR 85 37 & (Gibeo, SEH)
100 x10° U « L' HEH K 100 x 10’ pg - L' 4EH X
XL, 5 2.5 g - L' EDTA f)[jeZE (1 ( Gib-
co, [ ) ; DCFH-DA 5568 4 (Sigma, 3£ [H ) 5 An-
nexin V. PE-7-AAD I 77385 & ( Merck Millipore, 7
) ;—%1: Caspase-3 , Bax  Bel-2 Ha g A B 7 BT 14
(Rabbit mAb,CST 3E[H) ; N2 B-actin [ HT N TERE
Ptk (B, HE) 5 90 HR  A AP R 10 7Y
AP o SPi i 1eG #47t ( Cell Signal Technology , 28
=) s FL-1D 85 565 Bt (6 5 0l R 27 ot f A 2%
J7) s LED 0GR (HARSE . 004 451 nm, (a4l
JZ 0. 982, il RO HBHE A PR 7] ) 5 Guava Easy-
Cyte ALY (2 Merck Millipore 23] ) o Hofth
200 Ay e e S B 3 DT 900 o

1.2 ZWHE 537 C FRBR45 5% CO, 4l
FRFRAE WO UG R A M R AR . L[ S 3R
LED WGAT I8 3 40 i B 32 46 1E B 07, (B & 48 Nt
SREE AT AA) . R LED KT8 31 4 H 35 55 K1 T 1Y)
T E IR R, WG B o 20 % 55 40 N DG
BRI R IR (4.0 £0.5) mW - em ™, KBS PRI H
BEIRBRIAATIEA RPE 404 73 5 Je b 7%, Horp P4 ~
PO JEARH LT T 525, 430 TE 0T BEZH 0 05 56 55
2Ho IEFONREZ LRI O h DGR, R AT o] S HE AL 2
F T RN PR b B A ' A S 4 DY i R (]
50.5h1h2h3h4h5h6h.12h, DI 4
RS 1 & R FR %0 10% JiG 4 137 19 A DMEM
gk,

1.3 ZESTEENE hRPE AEBHMEH KM

F% 1) hRPE 2l Jifd 25 A [a] ' BE B 8] 40 B )5 , 3500 ¢ -

min "' B0 15 min J5 3 W, IF IR 400 TR A
W, IMA 0.8 mL ARFRA4L 2. 5% [ 1% ,4 C
FE 3 h B, W ALE R K RS Y A
TR -HlOBUEE G 0, 375 5 FUBE T 28 IE 5 X B2 O
M43 h.6 h 12 h 440 B MEEH .

1.4 FHXAAEAMKN hRPE @EUET-X  JHE A6
HAOEI 1 h2h3h4h5h6h 12 h 44006, FHlk
£F 15 mL B.0E P, B0 R R R, R A %
BE W HC 100 WL AR T 96 FLARH, FF4 i B fin
A AnnexinV PE-7-AAD i T=3 57 & 0 #3857, kG,
FZEHE Y 20 min J5FTI A0 LSO

1.5 RRAEARENMAEA ROS KFE  SEHEO0 h,
0.5h.1h2h3h4h5h.6h4l hRPE 4, {5400
KR FEMLEEHB 70% ~ 80% B, F DCFH-DA 2865
FHH hRPE 4 A ) ROS, 44 1 ~2 mL /1 10 wmol -

L~" DCFH-DA ARG FRINL, BT 40115 57 LA s 75 30
min, TG EEFRE PBS WASIEYE 3 UG , TH AL 4 &
BEB R 96 fLbk P AT A e AUk . 5 B =
JASCI A I Sk 488 nm J & S 525 nm,

1.6 Western blot A T-HXEBWERIE FM
FEPEROE 1 h2h3h 4 h5h6h 12 h 21404
SR, IS SR MR BE K S x EAEE vl
AR E A, WS B A C R
SDS HEfEH, LUK HLEE , 7 0. 22 um PVDF JE#E4T
SRR 1R NS WK R PR PR JS , —$0 A Bax (Bel-2
Caspase-3 (1 : 200) St N g pEPLIR, WS H B-ac-
tin BT A TERESUA (1 2 1000) ,4 CHEF SR, K
H e E I SE % St RBUR i A e i (1

3000)37 CHFE 1 h, FRIE VLG8 B A ECL &t
R IFATIKEE 5347 -

1.7 Zit=a4r I SPSS 20. 0 Geit# )ik 1 7
BRI Mo SRR T8 £ il 25 (2 £5) &
TN 5 45 S0 BOHE TR AE A A, A 3E AR Y B
Levene ¥y 364777 25 55 PERL B0, 7 22 A 57 (P <0.05)
B F Dunnett-T3 3F 47 2 5005 9 L4, 7 22557 (P >
0.05) i} LSD ¥ 3e A7 4 E0 M i b 48, P <0.05
hESEGIEE L.

2 H#R

2.1 hRPE 8B RIEHME 15X R A0 25
Fo TERE TE T, JE 20 s LR 2 A B K S
JiL P DL A | AR AR T A S5 Y A B A, B A
PN S T SR A T AR A 0, R e B BT IR o A 3
575 J6HE 3 h AN M A A A e K Ui B v Ak B AT T
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FEI3 A 5 JE AR 12 h AN /D, B s iR g,
TR IRHR T 7 , SRR DD b K, A% P 5
5 B R G R A (T 1) o

Figure 1  Cell ultrastructures changes at different blue light illumination time by transmission electron microscope ( Figure A — D x 8000 ; Figure E —
H: x25000). A,E:Normal control group;B,F:Illumination for 3 hours;C ,G ; [llumination for 6 hours; D, H; [llumination for 12 hours 7%} H1 5 W
ZEAN[R]IG I (8] hRPE 2 BS54 2816 (181 A - D g x 8000, /€] E — H 2y x25 000) . A E: IE# X HEZH; B FOLM 3 h 4;C G OEM 6 h

Z41;D HOEH 12 h 4
2.2 hRPE {HRURAT % SZi0h R0, AR TE
YEHT hRPE 4005 o5 4 &k A 1=, 24 hRPE
AMAEHERERTES0h 1 h2h3h4h5h6h12h
At it 2 40 6 A SCAS: 00 76 400 i O T 2R 0 9 A (5. 30
0.64)% (5.90 +0.89)% .(6.80 +0.98)% .(7.70 +
0.76)% . (9. 60 £1.10)% . (11. 45 + 2. 60)% .

(14.90 +1.60) % % (23.90 +1.20) % . 15 1F 7 % HR4]
ANREIH TR AHEL , 684 h 5 h 6 h 12 h J5 408 T
S BN, 258 A g E (P =0.012.0.001
0.000.,0.000, VL& 2) . HISLHEDN, 24 hRPE 4 i1 't #
3 h B, AR T AN S YO RART ) L 4 h ) 4i
PRI TSR E H 6 A ZH B B4 i

Figure 2 hRPE cells apoptosis rates detected by flow cytometry. Low-left; Normal alive cell ; Up-left; Dead cell or fragments ; Low-right ; Early apopto-

sis ; Up-right ; Late apoptosis

T AN hRPE P 22T IERS AN 42 b SR TSR Jr s A T - R A s A MR T An i
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2.3 hRPE 4Ba/R ROS 7K i 240 i AR
BO0hoO0.5h1h2h3h4h5hK6h4 RPE
908 9 = AR B9 ROS AH X & 43 G b (12090 +
1.18)% .(20.09 £0.63)% .(23.91 +1.47)% .
(29.14 +1.94)% _(34.30 +1.84)% . (38.97 =

1.68)% (44.08 £0.83)% .(57.76 £2.80)% ; 5
TEHO B Eb A, At AN [R] % BE B | 77 A %) ROS 8
X2 A G E (2 P =0.000, WL 3) .
R, AT RE R 25 6 ) [8] A9 ZE K, hRPE 41 g A ROS
A AN N

Figure 3 Rates of DCFH-DA fluorescencin in hRPE cells measured by flow cytometry. The area of R, was relative value of DCFH-DA fluorescencin
in hRPE cells, which was the relative levels of ROS i zCAH U ARSI hRPE 4 iy DCFH-DA ¢ Y6AH*HE . ElHh R, FrfEIX Ly DCFH-DA %5

S, B2 A AR B ROS (AR X E

2.4 hRPE FT-t§X%ZE H Bax.Bcl-2, Caspase-3 &
X OIEH X AL 4 M Bel2 5 NS M E R
1.771 £0.149 Yt 1 h2h3h4h5h6h12h
HANM Bel-2 52 HAE 53 1,320 £0. 149
1.331 £0.093.0. 979 £ 0. 155.0. 743 £ 0. 087,
0.431 £0. 064 .0.423 +0.044 .0.263 +0. 071, %
JGHRAH Bel-2 Rk HIEH X A LR, 2534
Giiter i L (B P =0.000) , 1EF 4 B4 h Bax
Ji Caspase-3 5 NS HE 514 0. 016 +0. 004 |
0.009 £0.002,5%M1h2h3h4h5h6h12h
21 Bax 5 N Z 9 LL{E 47 il 24 0. 011 = 0. 001,
0.008 = 0. 001.,0. 069 +0.005,0.115 +=0. 015,
0.170 £0. 024 ,0. 245 +0. 032 .0.484 +0. 064, 5¢
B3 h4h5h6h12hd5FEH5HEALE,2Z
S ESG %= L (P =0.001.0.030.0.037,
0.033.0.033) ;%M 1h2h3h4h5h6h12h
20 F Caspase-3 5 PN 2 19 FL{E 4> 5 & 0. 065 +
0.011.0. 256 +£0.053.0. 310 £0. 045.0. 665 =
0.088.0. 689 £0.096.0.943 0. 054.1. 167 =
0.131,5%M3h4h5ho6h12hd5FEREAH
i, 2R WA ST X (P =0.038,0.032,
0.036.0. 006,0.023) . H it AT 1, 5 1E & X B8 41
Bel-2 Bax ,Caspase-3 Fis A, EIRA GRS Bel-
2 R N IRER OGRS AL 3 h J5, Bel-2 Kk
/DB R W 5 T Bax [ Capase-3 7EJ6GIR 3 h J5 A 5%
ik LR A B 5 h 5 Bax, Caspase-3 3Rik I
WS . HCHED hRPE 41 ffd Bax Bcl-2 | Caspase-3
MR R 2 (B 4) .

Figure 4  Relationship of Bel-2, Bax and Caspase-3 expressions
with illumination time Caspase-3 ,Bax }¢ Bel2 %5 9 ik 5% IR
IRF I B 2 2

3 iTig

FHF5E R, RSN FE hRPE 406, 24 W5 040 4108
BEiR3 ~7T mW « em 2 FREER 3 ~6 h HE 24 h f5
n] 5|0 A R R BT Cai SRR R
B, WX hRPE 240 i (%) 453 495 52 6 BRSO RS (1]
W . ARSI ISR BB IERE 6 h J5 hRPE 4y
LT A IR 2R AR ik ER s, Tk B
B T AR T P2 75 Y FFE I 4 h J5 40
ML= IG 0, 5 E F O R4 b B A R (1
A P<0.05),

W T 1 S A N SO AE A R T B
N P R SR R e K A o 2
21, 1M hRPE 20 A IR 2R o F & 8RR 9 i
P 25, 5 5 A Ak R O N 5 5 1 A e R T DDA
SO R  — e v SR R A Bk
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RiRS S LaE , 56 H hRPE 41 i A J8O'G 40 e =
AR ROS FER [ T LR A AL I fE 538 55 .
WFFT CL RS, S AR 2 i > o 3k 4 it 26 Bk A e B i
T EEG I, Forh GBI IRV W 5 — B A AR SR =
SR AT AR A B B T (0,7 ), Sparrow
25 IR R B, K ROS SR B i Bk it ] (i ML 14
KR AR AR A 2 YR Z N SR VA S A AN
1 7 M A LT T, b IR A (3R C B AR,
F LA & OG- R A R4 AT,
7% hRPE ZfiJitd Py AS i FR 22 11 i 4 2R T T 44 i 3t e 43
T FEOEIRW R A WO BB AR B9 O K
A0 8 3 N AL 8% £ B2 % ( N-retinylidene-N-retinythan-
olenrine, A2E) 7E#E AEH T, AT i 5 B 5 sk 4hr
7= A ROS B#l A A LR A AR, & A AR W T
N7, HETT B A 40 MR T AR S EG 4G I hRPE 48
Py ROS ZKE& B, G 0.5 h 5 40Py ROS /KF
C I & Ty, HOH AR a5 O BRI (B] 52 1E AH G, 1
hRPE 4 it (1) 7 T 3% A0 il 25 't BECASF a] 28 < i 384 0
F ULAHED, 40 B Py ROS (A Bl 5 5 40 I 08 T A7 AE —
FEBR . X6 hRPE 41 i J5 Ze A4 S AL E I B, T~
TRIBBENG BIE 0, 4L N O, ™ 55 ROS A= il 2, H b
FOGRRI [E] 3G ROS s ey, 5t A AT fig A2 7™ A 1Y
ROS K A8 M BHEBRIF AW R, W51 T hRPE
G i e SR S5 K8 ) 2 A%, I 7T Rk — 25 5| 4 i
RERRAR TN RE AR AL . BEAb, — B2k AR S AL B iR
LIy RERE RS, & AEH T, O, 7] 5 H,0, &% A
AW ROV A R A B (OH ™) KR it b,
JERUEZ B ROS, NG5 & 1 4 i i i T, 3
TR ROS-2 45t 173-ROS ™ A G 20 . Fly B4R
Y e A= AR R Y I, P REH ROS /R M {5552
TRPEE T T {5 S, 5 R T 40 T,

LD RS589 o 5 B ) D' Ik Az i 4 i T RPE 24
MR T Caspase-3 B, Bax Bel2 Rk A
FEVIM KR Bel2 ZEHHI 40 -y 2 A 1,
Bax S 4 I8 T 1Y 5 58 8 45 [ 5, Bel-2 46 98 T
5 Bax {2 1 T X5 AL 9 0 TR B O T AE
FANCT, ARSEER H Bax FaATEREGIEIA 3 h 4 h i}
TGS ER, H TGS h 6 h FRIK B EH L | M Bel-2
FIRNHD . #7 Caspase-3 Bax FIKHE Z M Bel-2 3£
iRk /D, AT HI RPE A B0 T I T2, IE RSO0 T 28
BRI E Y Bel-2 m]BHLLE Ca®* 3 81 ARG E ki ik
JIEER AR 11 B2 9 A 2 7 A P R 1 2 R S O
T3 Bl pro-caspase-3 &, il A -/ & 4=, H
HEHE hRPE il 3 h 5 4 h i), K A2E Je Zkifa ™
A1 ROS K ALY IR 2 1215 5 )5, i Zopi 4
MPTP fg¥ Bax £ 1 RAETELAAR B FLIE JE 01, TP B
FER A MPTP, 585020 it 5 1 =5 95 1, AR 0F 1 40 it %
SORLAA i RK: S 40 i 8 T PR R, DT 8 O T
5 F-  pro-caspase-3 455 | L IH T BRI N o

25 BRI, ATHERTFE G IR 3 h 4 h L A LA,
hRPE 41 i 50t AT GE 30 1 40 g Bk %, 5 R 240
W, AT N5 T AR T A,
PRUT T JERRES A6 hRPE 20 M 08 T 52 0, — 7 R i
T 7 ' A T O A R B AR T e R L
KA RS BAATE I T 5 58 g L2 A A7
HATA Rt — BT R SRR
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