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ABSTRACT The protective effects of pigment epithelium-derived factor (PEDF) against X-ray-induced

retinopathy were investigated in vitro and in vivo. The function of PEDF was suppressed using PEDF receptor

inhibitors and transfection of siRNA in human retinal pigment epithelium cell line ARPE-19. The decreased

expression of PEDF was measured using quantitative fluorescent reverse transcription PCR and ELISA. Cell
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viability after X-ray exposure was monitored using the CCK-8 method. Both left and right irradiation fields were set
up to deliver X-rays to the eyes of mice using a small animal radiotherapy simulation machine. Each field was
irradiated with 10 Gy. The total dose was 20 Gy. The saline containing 2 nmol/L PEDF-34, a 34-amino acid
fragment at positions 44~77 of the PEDF, was prepared. After irradiation, the mice were treated with eye drops every
day for 4 weeks. After 8 weeks, the eyeballs were harvested for HE and TUNEL staining and checked for
retinopathy and apoptosis. The results showed that pretreatment via PEDF receptor inhibitors and the reduction of
PEDF expression aggravated X-ray-induced cell damage in ARPE-19 cells, while PEDF-34 exerted protective
effects against X-ray-induced cell damage. Eight weeks after irradiation with a dose of 20 Gy, the experimental mice
demonstrated aberrant morphology in the retinal pigment epithelial cell layer and apoptotic cells in the outer nuclear
layer. The PEDF-34-treated group maintained a structurally normal retina and had no apoptotic cells. The current
study indicates that PEDF has a protective effect against radiation-induced retinopathy, and the PEDF-34-containing
eye drops could alleviate the injury. Our findings may provide an experimental basis for a new treatment approach
for radiation retinopathy.
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Apoptosis
CLC RS8I1

& b T4 ¥ (Pigment epithelium-derived
factor, PEDF) j& H1 418 /™2 S MR 4 B 1 73 Wb Y B 2
H, 70 ¥ 58 50 kDa, J& T 22 2 1R & E B i 22 B
8 KT i DR, DR R IR AL Y S €7 3% B (Retinal
pigment epithelium, RPE) 4 Jfd 4 & I 1 15 44 , H
FEC IV B STz R, B 2 F
EPEDIRE , W SR A P E AR R PR BT R
hE 5 B D eN o 72 S Y A Hh R IR BR PEDF
A R S R A 1 )RR D A T A P A s
I8t BH MR 14 25 T PEDF 1] LU 203 RPE 41 ffg
AV 4 a7, 18 B R 3 (1) PEDF X T+ 4k 457 1R 9 i
() IE 5 D Re AR A SR R 2 AT 2R H .

TR LA PO s A WL TR & IR R R S
BRIE T 2 S BURE L1 IR Bk 46 1
B R A, 32 ) B A o AR S I A R 4 i 45
5 B BEA I AR R SR BT, H T R e T
% Im K EZRIT FBoe R B M E IR 53t
I A8 AR B IR 4B T 40 0 4405 10 9T ROE AN B
T ARHE ST B FEWE T PEDF o 40 90 5558 5 453 47 1)
fEF, AT A T A RPE 41 fiil ARPE-19, 7£ 411
PEDF Ih it fE A 1 X 4 26 F ARPE-19 41 i (¥) 45 13
YEF, #2364 T T PEDF L3 44~77 K1) 34 N5 4t
1% - Bt (PEDF-34) X 8, I JIEE X 5 2 453 4% (1) f 37 1
FH o AR SE5% 25 B e I R B7 6 TEOHHPHE AL I 3 4% 12
T SE G AR o

1 MR5ERZE

1.1 FERF

FE IR X R Eagle: F12 15 772 5 (DMEM: F12) (3%
Hyclone) ; i 4 Il 3& (FBS) C LA & %1 BD ;
Atglistatin (ATG) ( 3£ [H Selleck) ; ¥ /& BE P 1§
(Bromoenol lactone, BEL) ( 3£ [& Sigma) ; CCK-8 it
FE SRR PO HE Y ik & (il AR A
Y8 KA R A A ) ; Lipofectamine RNAIMAX
Reagent(3 [H Invitrogen) ; PEDF siRNA (siRNA1 : IF
Xk 5-GCGAACAGAAUCCAUCAUUTT-3', & X
B 5'-AAUGAUGGAUUCUGUUCGCTT-3'";
siRNA2: 1E X B 5'-
GCAGUGGGUAACAAAGUUUTT-3', Jx X % 5-
AAACUUUGUUACCCACUGCTT-3'; siRNA3: IE X
8% 5'-“CCGGAAGCAUGAGUAUCAUTT-3', Jx X %
5'-AUGAUACUCAUGCUUCCGGTT-3"; [ P %t &
siRNA : iE X T 5"
UUCUCCGAACGUGUCACGUTT-3', & X % 5-
ACGUGACACGUUCGGAGAATT-3") 1 _I- ¥ 75
AR PR A T4 K RNA N E SRR & 544
FARFA B (H 2 Takara) ; Talent %%t 58 £ 44 3455 &
A RAR AR A BR A 7)) s PCR 5] 4 (PEDF:
iE ] 5-TTCAAAGTCCCCGTGAACAAG-3', < [A]
5-GAGAGCCCGGTGAATGATGG-3'; GAPDH: IE
] 5-CTGGGCTACACTGAGCACC-3', J [ 5'-
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AAGTGGTCGTTGAGGGCAATG-3) 1 A T4
W) TR PR A 7] 4 B PEDF ELISA it & (RN JE
BAYRH A R 7]) : PEDF-34 17 5t B R AR
F A PR 7 G R s MR EK ] e i (R 28 4E 7R A PRt
F A PR A FD s TUNEL 4 0 A7) & LR L
BAEMEAREGRAFD .

1.2 ‘HpetExRS5HREt

ARPE-19 4il fg 1 B 4k 50 o 248 BT A ) B4 A
MRA A, K H & 10% FBS. 100 UmL H H % 5
100 pg/mL %% % 2 ) DMEM: F12 1% 7: 5+ 37 °C .
5% CO, AR B 35 248 R 77, 45 2~3 d AR —
TR o 41 BB 55 5% RS-2000 Pro B X 5 2645 FR AV (25
Rad Source) , & HLE N 160 KV, & HLA N 25 mA
FEZ A 1.1 Gy/min, 71 & 3K 5 8 L 3 = A5 E

1.3  CCK-8 4HAf3E 113N E

B # A= K B ) ARPE-19 4 fitg, LA 4 000 4™ 4]
J/FLEE Rl T 96 FLAR 1, 18 X it 28 Ab 3 48 h f5 &F AL
B 10 pL CCK-8 ¥ I & 2 h, K H Synergy 2 g
FRAX (G2 [H BioTek) M 52 450 nm FIROEFE , PLAS (Xt
R RO 7 A 100% 41 B35 77 -

1.4  siRNAZES

EXH KA K A 7 ARPE-19 41, A 20 000 44
P/AL A T 6 FL AR L o OB IR W BE R
Lipofectamine RNAiIMAX Reagent # % siRNA
(25 pmol/BfL) , 4k 8577 2 d e kAT fE 4Lk .

1.5 RNARESSEER

21 fif = RNA K A RNA /& il $2 3571 & B e
JH 3 5 S AR & i cDNA, [ SR 2 = 5 485 1) S
LR 2 LU ANTP M ™) AL RBRR A410.5 nL( &5
RNA i 41 1] 1)) . Oligo dT 5| % 25 pmol . & RNA
500 ng. FH 2l K b 2 AR BB 10 plo ) B 2% - 2
37°C .15 min, Ji7 85 °C.5 s,

1.6 KHEZEPCR

WG E B PCR AR R« B IR SR e A &
2 pL.2 f#% ) Talent gPCR PreMix 10 pL. 1E [ 5| 4
6 pmol. 2 1] 5] # 6 pmol. 50 5 ROX & % 4% {1

0.4 pL FHAEK AN ARFA R 20 pL o KA VIIAT 26 E
& PCR 1% (£ [H Life Technologies) i 47 4 14 43 #7 ,

B2 A« FAE 1 95 °C 3 min PCR 40 MG, £:1
F£ 95 °C 5 5,60 °C 15 so bR 2 & 40 B 51 A 272435,
PL GAPDH SN N S %} &, BH P X I siRNA %% Ge 20 %
ENT.

1.7  ELISAUE PEDFRE

ARPE-19 40 Jfil siRNA %% 44 2 d J5 4, 4% 2L 5%
FRAhEL L JERE 3%, 4 °C 1 000 x g 250> 20 min, 3K
Fi PEDF ELISA 5 &t A7 BN 58 , PEDF bidfe i
FERRE G 5 REA S I N ELISA LR, 37 °CiF &
90 min, PR RPEAR 2 Ik, BALIDNAED R bR bt
A TAEW, 37 °CHEE 60 min, P 3 ¥, i\ BiAR it
AV G- SR A BRI TAEW, 37 CIF A
30 min, YEtR 5, IIN R K 37 °CHFE 15 min, i
NE& I R FH RSG5 450 nm (1) W 6 BE o A AR v
TR 55 A R JE 2 i s o fh 28 T SAE A PEDF
W

1.8 PEDFZEHBALZHAIMIL

PEDF & H 45 ¥ 3 ff T # T Molecular
Modeling Database (PDB ID: 1IMV) , X H PyMol
2.3.5 B AT B ARSI TR

19 MEAMIRIES R AR

6~8 J& s SPF i C5STBL/6T /N I H 1 iE
ST IR EN YA IR 2~ 7], ¥ PEDF-34 5 1 < A AE 3
EhAK e E 2 nmol/L. /N BRBEAL /3 N =4 . = [
St HE4H .20 Gy HE 2L A 20 Gy HE 5 5 PEDF-34 434
2 o FESR AT A8 T 1% 32 B2 B2 R s 3 S JRR T /0 B
K /N S W0 T8 16 9T B0, E A7 WL X-RAD SmART
(2 & Precision) 15 72 47 19 57 X 27 I8 5 /)N BRUHR 38
T B4 BLAE 5 mm, B LUK 225 kV, B L 13 mA,
R T % HR AT 10 Gy XS 2R, R A P9 T AR IR I
AT RN € A 45 W5 T SPF 3h ) s 1l 3%
PEDF-34 &b #1240 & K AE /) B HR BR 6 il PEDF-34 ¥
2 uL, H AP 2L 0 A B R K, S 0 A 4 JiE 4k sk
TSR, T RS 8 JE) JE HUHR BK [ 52 , A i)y, i
17 HE Jet5, 5 TUNEL &t . R34 S50 48 95 K 2
LRSIV I 7 2 HbdE

1.10  SGHZEDH

5 SPSS 19.0 B AF AT e ik 2 4 #r , 28 LA
I+ br 22 (Mean+SD) &7 , FE AR P E L 5 R H
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2.1 3§ PEDF If & 3t APRE-19 40 ffi 48 53 1515
BI1ER

1B 9 —Ff 4y wh B4 B% 5 (1, PEDF Jd 1 5 A0 B 11
ARG A REL Y AEH  PEDF 32 R #1157 ATG
8¢ BEL 1] BH W H 52 4R (115 5 4% 5, M1 A 45 4100 1
PEDF fIZhEE" " I 1 B7R8 4 Gy X SRR AE T
ARPE-19 41 fB (035 11, (B A Giit % 2 5, Tk #
10 umol/L ATG 5% 1 umol/L BEL 2 h, F- kb #f X #f £k
A PR 7, 5 8% B SR Al 254 A 35 A A L
BT 2 5, P s | PEDF I B8 AT DL 55 X 5
£ %7 ARPE-19 40 g i1 4 1

* k%
120 - [ ‘ [

1

-
o] o
o o

T T

(9]
o
T

Cell viability / %

N
o
T

N
o
T

§

0 Gy 4Gy 0Gy 4Gy 0Gy 4 Gy
DMSO 10 umol/L ATG 1 umol/L BEL

o

Group

1 PEDF 2R3 7B A X G52 AL #E 0T ARPE-19 41 i i
FIPER ; #p<0.05, **p<0.01
Fig.1 Effects of PEDF receptor inhibitors and X-ray on the
cell viability of ARPE-19 cells; *p<0.05, **p<0.01

2.2 P&{X PEDF ik ¥t APRE-19 ZHff1 45 53 745
B1ER

N %A% ARPE-19 41 i v PEDF [ 3Kk , A 14
% PEDF 2 K 5 51 3 i T =5t siRNA, # 4 2 d J5 2
H4H s RNA HEAT 300 5 5% ¢ O 5 & PCR 73 # . [ 2
(a) ik 7x =% siRNA ¥ 7] P& 1K PEDF [ mRNA ik
KR, oA siRNA-1 R Bt )5 8255 .
ELISA F 5244 L siRNA-1 (8% I 32 P (A i 1 77 5
) PEDF ¥ FE (& 2(b) ) , 6] ARPE-19 £ fitd 73 i)
PEDF % 3| T 11| . siRNA-1 % %t ARPE-19 4012 d
JEALER 4 Gy X 92k, 45 SRR B, siRNA-1 #5420 1) 4
LIS 7 B AT B X R siRNA 35 442 (B 2(e)) s

(a) kk
12
s -~ 10p —L
= T
[}
o L
@ % 0.8
g6}
e
<04t -
Z W -
o
€02}
¢ 2 %
K £ :
eoo“ é\qﬁh é\qﬁh ?\\*\P‘
A
N PEDF
Group
(b) %%
€6 I
2
=5t
TR
B'S 4|
afal
c
821
c
1t I_'r_|
0
Negative control siRNA-1
Group
(c) 140 "
120
= 100
2 80t
=
S 60F
>
g 40
20
0

0 Gy 4 Gy 0Gy 4Gy
siRNA-1

Negative control
Group

2 P&{ik PEDF %A%+ ARPE-19 41 a4 5453 45 1 1
FH < (a) =X} siRNA 5 445+ PEDF mRNA 7KFf1E 5 (b)
ELISA #5Jll siRNA-1 ¢ 45 85 77 5 o PEDF (19K 5 (c)
SIRNA-1 YL B & X 22 %t ARPE-19 40835 77 (16 F 5

*p<0.05,**p<0.01
Fig.2 Eftects of PEDF downregulation on the radiation-
induced damage of ARPE-19 cells: (a) effects of three
siRNA duplexes transfection on the PEDF mRNA levels;
(b) PEDF concentration in the medium measured by
ELISA after transfection of siRNA-1; (c) effects of
siRNA-1 transfection and X-ray on the cell viability of
ARPE-19 cells; *p<0.05, **p<0.01

2.3 PEDF-34 %} APRE-19 {HB4E 515015 891 B

PEDF H (R 5 (1) 22 52 I £ 11 i 400 o) 2 1 45 A
AL HE 104> o SR €N 3 4> B 478 , PEDF-34 52 PEDF
B 44 37 K 4 &R (Aspartic acid, D) 3] 5 77 fiL
[ K 4 & ¥ (Asparagine , N) [ & 34 NRA AR 1 £
R, B T 1Al B3 At R x 7 HAE
PEDF & [ 45 14 1 (¥ ir & 1% 3 1% 7 51) . PEDF-34
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A TR IR B N IRER 5 7, AE AL i Ak ik 3 2
fifs AV JEE , T 75 450 00 1 35 B A4V 59 10 75 R B T 77
B, BA 2 ORGP A AR AR T B 3 ()

"DPFFK VPVNK
"LAAAV SNFGY

2DLYRA RSSTS
YPTTN

{275 10 pmol/L PEDF-34 TiAL# 2 h (41 % ) . 2
T T B R G 4 15 9] PEDF-34 T A FE X X 528 5
i) ARPE-19 404517 By — & R4 1R

1

I

Cell viability / %
[e:]
o

0 Gy 6 Gy 6 Gy
PEDF-34

3 PEDF-34Xf ARPE-19 #5145 4 i) 347 £ i - (a) PEDF 48 1 45 #4) & PEDF-34 () 235 2 J7 41 ; (b) PEDF-34 AL #1 /5
X RIS 5] AT 1T ARPE-19 4135 /1784 5 #p<0.05 GF2 0 LI 45 i)
Fig.3 Protective effects of PEDF-34 on ARPE-19 cells: (a) the protein structure of PEDF and the amino acid sequence of
PEDF-34; (b) pretreatment of PEDF-34 altered the cell viability of ARPE-19 cells damaged by X-ray; *p<0.05 (color online)

24 MEAMREHRGELNHESHAF
MR

9 1 W 5T PEDF-34 £ 44 PN X H0L 199 5 68 5 45 473
IVEH K F /NS 6 7 B E AL LG CS7BLY
6J /I R R 8 15 B A A IR T, 23 S RS 10 Gy . K14
() 7R 1 AN HESR B A5 SR T 7K1 &R 1 CT
B I, AT 0L R 2 70 B SR B S L N o B

Je 45K 145 2 nmol/L PEDE-34 f AF 3 25 /K g HE 4 78
4 18, kS 37 4 ) Ja BUIR Bk AT HE 4465 I 4.(b)
27K 20 Gy 4bFEZH () RPE 41 it )2 438 JEE Fn 45 74 2 o 5
BOGIE 5 S E NG, WZJE S5MZ =S58
St , T PEDF-34 Ab PR 20 {R FF 1 1E % 19 A0 I i 45
¥4, # 7R PEDF-34 X X 5 28175 5 1040 W0 453455 L AT
—EM R EA

Inner nuclear layer

Quter nuclear layer

Layer of photoreceptors
Retinal pigment epithelium

4 PEDF-34 Jji HR AL J o) /)N BRUA P00 JIE S 3 A A TR PR VR
(a) 7045 WS BT 7E SR T /KT < el PR THT PRI L5 5 (b) /N BRAW R HE Je £
Fig.4 Effects of PEDF-34 eye drops on radiation-induced retinal injury in mouse model: (a) median sagittal section, transverse
section, and coronal section of the left and right irradiation fields; (b) HE staining of the mouse retina
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2.5  PEDF-34 383540 ) BR 48 AR = B4

TUNEL %28 2 7% 20 Gy 8 5 2H 11 /1 B3 A0 199 i
AMZ Z HAFEAE PR TG0 L, T AE S 0 B 4H 5 PEDF-
34 AbFEZH R B T4l (B 5) L AN R
P JO'e 41 PR A 2H BRI 5 D6 BH 20 Gy BRS AT LI &
TG 20 M % AR T, PEDF-34 A0 7 a] #1041 /8% 40 il
RATET: .
[0Gy]

R I
&5 TUNEL %+t PEDF-34 i HR A0 2 %F
/N B P 4 i P
Fig.5 Effects of PEDF-34 eye drops on retinal cell apoptosis

detected by TUNEL staining

3 g

7 B 350 R Sk 25050 i JC VR 97 R, AR K IR
HEZ BT & AR IR, 2 5 A B B
A9 JRE SO L PAY B2 45457 » AT -5 CA0 D) B 24 i
AR IR BE | AR B AG , 3 1T 51 R 0 B I AR 1, B
AP E R FEAG Y  AEALN R, PEDF 3 22t RPE
A R = R SR U el G A1 N7 € 7 7 7 11
AR, AR N A IS TR YR T T
PEDF X #1L X Ji5¢ % 5 453 493 11 £ 47 4E L, 7E ARPE-19
2 i AL B PEDF 52 444711 57 2 % Ik PEDF %
IR TTINEE X G 2R T A B A, 7B/ RS R R
THLHE 365 J5 348 kb B & PEDF-34 1942 3 £ /K Bt 22 fii 41
W J5 453497 , 3 7~ PEDF J e 22 ik Fr BT J8C8 PR
W s A2 A — € RSP EH

W7t B , PEDF R 4 £F RPE 48 "\ Jik 2% i 4
B 2 T e 22 40 T L RO 2 A 22 R A I
JEC 2 D 1) 1F 5 The , AN 45 ¥ PEDF 1] B 6 B IR

993 AL I S5 500 S 155 PR PR T B 53 401 o AT 5 R
I, PEDF [1) ] e ik 2K A 44 41 3% 5% 1) RPE 48 il 5 5
5% B 58 S5 05 , 10 45 T PEDF-34 7] $2 = 48 5 4K 31
£ - RPE 21 i FL A 77 Mg ol K 52 25 41 BE L 1 335 40 199 fis
AU RFF S 7 5 A B AR A I ThEE 5 TR R
PR R L 5 T fie R L 400 ) o e e R 1 B
AN, 20 Gy X ST 281 5+ 8 J4 )5 , RPE 48
JLJZE BT G5 R R, RT R AR I T S HE R ) 2
A5 I -0 P9 B o il 2R, i L B AR A 5 /0N BRI
JIEE 451495 195 B RL itk . PEDF-34 i R 2 J6 457 1) R 8 24
Wik 7 ik, AT DA IR BR S 3R B4 8 T,
L2 %2 & B, PEDF-34 ¥4 IR 7] DL %% RPE 4 ity
JZ 908 B AR /R T B TR 4 ) R T

H 1% T PEDF {43/ RPE 48 g X 4710 H, 25 %8 5t )
I F- L A B, A B FEUESE , PEDF BA St e
Thieie , A e ARG AR 19X 68 200 B3 BoF 22 Fofn ] 12 A G 8k A
218 5iE 4 R A E T S A S B,
PEDF A J# 3% ERK1/2 5 PI3K/Akt i i - 4111 1| p38/
MAPK 15 5  4E R R AR Ty e, AT B AR v P S0
ML B 5451 o 1 A PEDF 348 1410 #1400 1) 0 A% it
FEHF BRSO T o AR K R B 5 A A
b H 85 JROE Rl - (3R 80 98RE 2 NP PEDF
53 2 K B0 I AR S 4005 (R e 0 TT RE S
HprR T Pra IR TR A XA AR,
AL AR5 51 RPE 41 B I BE T U N R 4%
WS PIL T Ge# =5 1 RPE 40 f 1) 93 415 i
TR X B FPSET: 7 & 75 2 5 PEDF % RPE 41 i
(I BI 4 1 FH 5% 253 — 20 B S B

4 g

PEDF 52 {4 4111 ] 351 kb 2 5% [4 ik PEDF 3 1A 7 1%
5% X 5 £ %) APRE-19 41 i ¥ 453473 1 , 45 -7 PEDF-
34 Z ik Bont X 48 51 2 1) ARPE-19 4 g 452 15 B
AIRIFER /N SEER R B, 20 Gy X ST 2R RS 5 41
W £ 25 b R )2 H B A S M E A T
=201, PEDF-34 £ JIk Fv B IR A0 22 2H f6 0% fR 55 7L
WA I () 1 45 0 EL TG R T o A S e 8 AR R T
PEDF X} X 5} £ % 5 RPE 40 M 452 4% i A8 35776 F 5 3iE
ST PEDF-34 2 JIk v Boxr 00 I JIsE X 5 26 4t A —
SE I V6 T RS , BT AT T TR 1 0 19 S5 A2 1 7
HRARAE T 0 BB . PEDF HoAth v M 22 Ik A B 5
A R ROR K BN AE o LRI R ik — 28
(I8 IE S F 7T
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