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[(HZE] BH HiTeAW BRI (ATRA) RIMAES AL R R L (ARPE) -19 41 T {5 5 &
®. FAHiE CRAARFMWER ATRA 4 F ARPE-19 40 /g 24 h 48 h, 2% F 40 M i1 %k 7] & -8 ( CCK-8) 2 £ Ul
LA T M 5 43 5% T 0.2.5.5.10.15 Al 20 pmol/L ATRA 4b 38 ARPE-19 # Jf 24 h, 5 1 7 2 40 2 A #n
Western blot 3 6 Wl 20 Jfa T 7K S Fil caspase #H 26 8 (1A 0 235 & 3 43 %R F 0.2.5.5 .10 F1 20 wmol/L ATRA
AbFE ARPE-19 4l g 24 h, 3 28 9 =X 40 i AR AG 0 06 M AU (ROS) 7K S Fil 2 55 2 ok & B8R K 4 & R 4K 1A Il
(multicaspase ) /K, 3 3 52 0 ¢ 5 & & PCR 3 4 1l caspase A 5& 5 [K] mRNA A X £k &, H A 0 wmol/L
ATRA ZH1E R 25 (X IE . B5R  CCK-8 #5455 /K% , ATRA 40 Fit ARPE-19 4 il 24 h 1 48 h J5 i1 > ¥ )
3 e BE (1C4,) 4351k 13. 88 wmol/L il 11. 99 wmol/L, A [ ¥k iF ATRA A3 ARPE-19 40 Jifs 24 h 1 48 h J5 4 g
FEER BRI, Z R WA G % X (F=176.60.350.30, % P<0.01), 4iffi$5 35 24 h B, 2 wmol/L,
6 wmol/L ATRA 41 20 L 77 1% ZR 45 25 [ % B4 75, 12 .14 .16 .18 .20 wmol/L ATRA #4141 Jf 77 15 2R 45 25 1 % I 41
%, ZSHHEGEI¥E () P<0.05) o 3 = 240 AR K I 25 R s, AN [k B ATRA 4b # ARPE-19 48 il J5
24 h, 40 HE O T mulllca%pase K ROS /K MK H A 2% H A G it % 735 L (F=86.39.166. 84 101.40, ) P<

0.01) ,H 2.5 pmol/L A1 5 wmol/L ATRA ZH 40 M ] T F 4 25 (A X B4 TR ,10 .15 1 20 wmol/L ATRA 21 #¢
25 F X IR L TH i ,2.5.5.10,20 pmol/L ATRA 4| multicaspase 1 ROS A} £k B a5 AN A T, 2 58

Giil = L (3 P<0.01) ; Western blot Ky il 25 S /R, 525 (A0 AL 038, 2.5.5.10,15,20 pmol/L ATRA 4
caspase 9 H FAMAX RIK BT F , 2 R WA G2 B L (Y P<0.05) ; 525 [0 IRAH LA, 2.5 pmol/L ATRA 25
caspase 12 78 [ A £ T 55 ,5.10,15 .20 pmol/L ATRA 41 3% Wi F& 1%, 2. 5.15.20 pmol/L ATRA 415 25 4
B e 2 A Giit2f L (¥ P<0.05) 3 525 A X B4 45,5 .10 .20 wmol/L ATRA 4] caspase 3 & 4
XFE RIS 2 B AT ST 5 X (9 P<0.05) 5 5% FIA I A%, 2.5.5.,10.15.20 wmol/L ATRA 41
cleaved caspase 3 B FHIXF 43k it 5.3 1 5, % 50947 5612 25 3L (#9 P<0.01) . SEIM 0B it PCR 25 i
N, A A XA 8, 2.5.5.10,20 pmol/L ATRA 4] caspase 9, caspase 12 mRNA J 5 pmol/L 10 umol/L
ATRA 4] caspase 3 mRNA M X} £kt W B I &, 2 5 W6 K i % & L (¥ P<0.01), ATRA ¥ J&¥ /N F
10 wmol/L Hf , caspase 9 I caspase 12 mRNA [t A XF 22 ik 2 52 10 JE A0 1% T =, 24 16 ik 20 ;.Lmol/L msf, AR X
KEFBERI AMESTEOMNBA, i ATRA K4MFEF ARPE-19 240 i I8 1 /2 8 1 0% ROS KA
TRk caspase (ML I T2 342 2 B0 .
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[ Abstract] Objective To investigate all-trans retinoic acid( ATRA) -induced apoptosis signaling pathway in
ARPE-19 cells in vitro.  Methods The APRE-19 cell was treated with different concentrations of ATRA for
24 hours and 48 hours. Cell counting kit-8 ( CCK-8) was used to detect the cell viability in order to determine the
experimental concentration range. Flow cytometry and Western blot method were performed to evaluate the apoptosis

and caspase related protein levels in ARPE-19 cells treated with 0,2.5,5,10,15 and 20 pmol/L of ATRA for
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24 hours. Flow cytometry was used to detect the reactive oxygen species ( ROS) and multicaspase levels and
quantitative real-time PCR was carried out to determine the mRNA relative expression levels of caspase related
proteins in ARPE-19 cells treated with 0,2.5,5,10 and 20 wmol/L of ATRA ,and 0 wmol/L ATRA group was used as
the blank control group.  Results CCK-8 test showed that the half maximal inhibitory concentration of ARPE-19
cells treated with different concentrations of ATRA for 24 hours and 48 hours were 13. 88 pmol/L and 11. 99 pmol/L,
respectively. The cell survival rates of ARPE-19 cells treated with different concentrations of ATRA for 24 hours and
48 hours were significantly different ( ¥ =176.60,350.30;both at P<0.01). When cultured for 24 hours, the cell
survival rates of ARPE-19 cells in the 2 wmol/L and 6 pmol/L of ATRA groups were higher than that of the blank
control group (both at P<0.05) ,and the cell survival rates of ARPE-19 cells in the 12,14,16,18 and 20 wmol/L of
ATRA groups were lower than that of the blank control group (all at P<0.05). Flow cytometry showed that there were
significant differences in the apoptosis, ROS and multicaspase level among ARPE-19 cell groups treated with different
concentrations of ATRA (F=86.39,116.84,101.40;all at P<0.01). The apoptosis rates of APRE-19 cells in the
2.5 pmol/L and 5 pmol/L of ATRA groups were significantly decreased than that of the blank control group,and the
apoptosis rate of APRE-19 cells in the 10,15 and 20 pmol/L of ATRA groups were significantly increaseded than that
of the blank control group (all at P<0.01). The relative expression levels of multicaspase and ROS were significantly
higher in the 2.5,5,10 and 20 pmol/L of ATRA groups than that of the blank control group (all at P<0.01).
Western blot assay showed that the relative expression level of caspase 9 was increased in the 2.5,5,10, 15 and
20 wmol/L of ATRA groups than that of the blank control group (all at P<0.05). Compared with the blank control
group, the relative expression levels of caspase 12 were increased in the 2.5 pmol/L of ATRA group and reduced
gradually in the 5,10,15 and 20 pmol/L of ATRA groups,among which there were significant differences between the
blank control group and 2.5,15,and 20 wmol/L of ATRA groups (all at P<0.05). The relative expression level of
caspase 3 was significantly increased in the 5,10 and 20 wmol/L of ATRA groups than that of the blank control group
(all at P<0.05). The relative expression level of cleaved caspase 3 was significantly increased in the 2.5,5,10,15
and 20 wmol/L of ATRA groups than that of the blank control group (all at P<0.01). Quantitative real-time PCR
assay showed that the relative expression levels of caspase 9 and caspase 12 mRNA were significantly higher in the
2.5,5,10 and 20 pmol/L of ATRA groups than that of the blank control group (all at P<0.01). The relative
expression levels of caspase 3 mRNA were significantly higher in the 5 pmol/L and 10 pmol/L of ATRA groups than
that of the blank control group (both at P<0.01). When the concentration of ATRA was lower than 10 pmol/L,the
relative expression levels of caspase 9 and caspase 12 mRNA were elevated in a concentration-dependent manner.
When the concentration of ATRA reached 20 wmol/L, the relative expression levels of caspase 9 and caspase
12 mRNA were markedly decreased, but it was still higher than that of the blank control group.  Conclusions
ATRA induces apoptosis in ARPE-19 cells in wvitro through activating the reactive oxygen species and endogenous
caspase-dependent apoptotic pathway.

[Key words]  All-trans retinoic acid; Retinal pigment epithelial cells; Response to oxidative stress;
Caspase apoptotic pathway
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PBEE I R TR Ty 2R YA 3R A JRER, J2 AR5
M EEA . 4 I 2 B R (all-trans retinoic acid, ATRA)
AR A MR R R A AR
filifn & |z (retinal pigment epithelium, RPE) 4 ifl it 3=
FIhEEZ— """ RPE 41} ta o] ok S I 52 25 40 o $2 44t
EIR YRGS 28 S By B W A AR T, 0 AR 45 2%
BPEIFSE L AR E R . T ORI A A B
YRR e SR 1 fife 0 37 5 R o ARSI 1, RPE 40 i JC 2%
Dy ERAE . BRI, ATRA £ RPE 481 3 1 i g
BUE AT 540 00 4 I T Sedn i v RIS & 2
A . B AR BF 5E R B, i ATRA 5 3 JF il o
NADPH % AL EEA 5 1015 P 4 #% (reactive oxygen species,
ROS) 25 TS24 Al RPE 4IRS MEBR AL (HET

RPE A} 22 v5 49 5 7 HLH 5 A i 2. A BF ST )
ATRA #5155 ARPE-19 20 Jg 4 T- 915 = @ 42, LU N
PR AE T ATRA P REVEAR IR BES 5 10

1 HB5T%

1.1 #E

ARPE-19 41 g & W H 3£ ATCC 40 MY J& .
DMEM/F12 3% 5k i & 73 %0 0. 25% A p il - £ —
%04 Z, T8 (ethylenediamine tetraadetic acid, EDTA) ( 3¢
E Gibco 2~ #l); if 4 Il #& ( bovine serum albumin,
BSA) (ATRA | — H 2 IV B ( dimethyl sulfoxide, DMSO )
(3£ Sigma A W) ; 7 5% R (100 wg/ml) | Trizol {7
(3 [H Invitrogen 2% W )5 40 g 71 % ) &-8 (cell
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counting kit-8,CCK8) ( H 7K Dojindo 2y #] ) ; B 25 H
V-5é ot RO B S 8R4 ( annexin
isothiocyanate , Annexin-V) I T2 7 & ( 32 [# Becton 2y
#] ) ; Multicaspase 43 #f7i 7 & ( MCH100109 ) . ROS £
M7 A R W 9 £ s ( polyvinylidene fluoride , PVDF)
ik ( 22 B Merck Millipore /3 7] ) ; Powerwave XS fif L #t
2366 1 ( 28 | BioTek 4 A ) ; Brilliant SYBR Green
A & (H A Takara 23 w)) 5 514 5 31 (_E i Sangon
Biotech 2 71) s RIPA %0 28 i ( -1 8425 KA ) 5
1 ii caspase 12 BATT PR (ab62484) i caspase 3
B BE PR (ab90437 ) (3£ [E Abcam 23 H] ) 5 g IR
caspase 8 BATLFEPLIR (#4790) A il caspase 9 PR 75 [
Pk (ab669514) i cleaved caspase 3 P73 [ i {4
(#9964) i GAPDH B 7 fe i fA (#5174) (2 Cell
Signaling Technology 7% ), ¥ 3t 40 M (X ( 3
Beckman 2% v ) ; ECL Z5 [ EP £ Ml & 48 (3£ H
Millipore 44 1) ; B4R ( F 7 Olympus 4 7 ) ; Quantity
One B AR HCF | SE b 2206 E & PCR kIl & 4t (56
Bio-Rad A %)) o

1.2 J5ik

1.2.1 4if$E3%  ARPE-19 40 F & Ji & 53 40 10%
BSA 7 HE% R 1Y DMEM/FI12 1 37 3k, '8 T 37 C fF
38 S5% CO, RIS FRFI PG AR 5 2~3d B4 1 IR
B dk . R 0.25% B8 A [ -EDTA % WK 14 46 2 min,,
FE 25 mm” BRI L 14~ 10 6/ 0B 3R, 7€ 100 mm”
B R LA 85 95 2 0% ~80% fil £y , U 1) .

1.2.2 ATRA #l4 ¥ ATRA & f# T- DMSO &
1x10 7 mol/L, 4325 i 10 ml F -20 °C F ¥ % 17,
6, AT HT 8 H] DMEM/F12 i 8¢ ATRA 2 TAEWRE .
1.2.3  ARPE-19 4 JfiJE &AL MEE 5 ARPE-19 4
L 2.5%10°/ml % Bk F 6 FLAR, 40 5K 0.2.5.5.10
120 wmol/L ATRA Z-FRANfT 24 h, WA [E] ATRA k%
'~ ARPE-19 4fi it 257281k

1.2.4 CCK-8 LKz 40 A7 5 % ¥ ARPE-19 4fi
L 5x10°/ml % B 30 & 96 LA, BE FR 5K 100 pl,
TE57 47 10% BSA [ DMEM/F12 1 %2 36 v Bi b5 35 24 h
Ja L, AR asm 0.2.4.6.8.10,12 14 16,18 F1 20 pmol/L
ATRA 47 5255, P R U i ATRA 35 35y 25 1 % BE
4. Higr 24 h 548 b JT, BBk B, AMAE A
10 wl CCKS$ ff) DMEM/F12 100 pl, 7 37 C F 7 & %
4h, SR CCK-8 A I 200 i 1 25 A5 150, feif 1T 4 FL A )
LAY TE 450 nm Kb B O R (A) B, BT A7 52 56 2
SLES 3R, CCK-8 AMAEIG = (LR fL A -2 1
LAME) /(R IRFL A -2 F AL A {H) x100%

V-fluorescein

1.2.5 s M AR I 40 M 4 T-KF - >R JH Annexin-
Vi T A I A A T K. B ARPE-19 41 fif LA
2.5%10°/ml % BEHRIF 6 FLAR, 43 3R 1 0.2.5.5.10,
15 1 20 wmol/L ATRA Ab¥EANAE, HoH ARG ATRA &
BRI IRE AR B 24 b J5 WOAR 200 i B 5 4 T L 1
FH 0. 25% A5 11 IF A WO 4R 20, P 9008 ik 12 6 22 vh iR
(phosphate buffer saline, PBS) ¥ 1 &, & .0 £ 12
13.5 cm,1 000 r/min 2.0 3 min YA, T % PBS ¥t
1R, WSCER 40 L O HOB PR 7E & A Annexin-V AL N
g ( propidium iodide,PI) # 1 £% 45 & 2% v ¥ H 30 min,
PRI A ML AAE 488 nm & KT R 21 68,25 ' KOk
BRI O, AR B X B2 50 B 1 o) BRI, G 4% 3
DA B (L, BT A SE g T A 3 IR

1.2.6 3 240 AAG I 240 ] multicaspase /KF R H]
Multicaspase 73 # 120 7] & P 3 I 7€ caspase BT 240
5 JIE % 35 R0 AR BE TS AL, B ARPE-19 41 g L)
2.5x10°/ml % BE R0 T 6 FLAR, 2 Bk A 0.2.5.5.10
A1 20 pmol/L ATRA 4b #E40 i, Hip AR TR ATRA &
Wh A X B, A BT 24 ho g 58 4 5% 55 WA T
fdi 1 0. 25% i £ 11 B -EDTA 5 03 16 Wi 46 40 i, T
¥ PBS ¥ 1 ¥%,1000 r/min 2.0 3 min XM, ¥
PBS ¥ 1 K, BAHMAEAH T-"IEMLER D(7-
Aminoactinomycin D,7-AAD) 1 PI (1 1 {5454 28 vh g,
JBFE 30 min, AU U 40 AL AE 488 nm UK P T A I
LLOTOE BOGHURE B0 , AR5 1 ) 1 20 82 5 B4 %o iR
DX, G0 53 DX ) B0, 90 NGt i35 04 Sy B8 20 JH IX + e
I 20 e DX+ B R AR X, BT A SR R 3 IR

1.2.7 Ui ARG 40 ROS /K- R H] DCFH-
DA J 35 K2 Il & ROS K F-. B ARPE-19 41 jfd LA
2.5x10°/ml 2% BEHEA T 6 LA, 40 5R F 0.2.5.5.10
120 wmol/L ATRA b ¥ 41 1, H b R %S in ATRA %
WS EIA B, A PR JS 24 h IS4 A0 i B 57 WA
fili 1 0. 25% R4 1 g -EDTA ¥ W T £k Wi 4R 40 M, 1
¥ PBS ¥t 1 ¥k, 1000 r/min 2.0 3 min, i & 40 i, 7
¥ PBS Ut 1 K, A M A 1 wmol/L ROS F1%5¢ 5t HE
DCFH-DA #5730 min, J i =X 40 g (X 7 488 nm %
PR R L8, 5% O K G B I O, 20 €8 O AR R
ROS FH 40 M, 56 g (8 B PEZCE BRI  ROS K-, Fr
Am s HE 3K,

1.2.8 9L E it PCR A caspase A ¢ 48 4k A
mRNA I%f A& B ARPE-19 418 L 2. 5x10°/ml
WM T 6 fLAk, /5 kA 0.2.5.5,10 F0
20 pmol/L ATRA 4b F# 4fi 1, & v A ¥% 1 ATRA
BN A N IR Ak BRS 24 hlfg 4 40 il 15 5% W
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i Fi Trizol 327 42 B 44 ffg & RNA, 2% i Brilliant SYBR
Green {7 @ WEAT 5L P06 & & PCR L. 514 ¥ 41
i [ | i Sangon Biotech 2 RJ#RML (K 1), 25 EHX
HREH (TC cDNA) BB A 978, CoE R T 330 Xt
F /3 ASANTF] A 2 B A IR AT SE I O i PCR R
N, FF X ARG RT3 PEAL . DL GAPDH Sy 4 2,
SR 278 TR A S R A M Ak

1.2.9 Western blot 346l caspase #H 3¢ #0 25 H AH Xt
xik®E RFH0.2.5.5.10,15 F1 20 pmol/L ATRA 4t
H ARPE-19 #H /)5 24 h W 4 40 s, PBS ¥E % J5 RIPA
S 2 W g 40 L, ] SDS-PAGE B iE HL Uk o ¥ 7R
FI B % 2= PVDF 58, 575 4 3 T 5T 4 70 80 5 % i g
LA 1 h, R 080 5% BSA i B¢ caspase 12
(1:1000) ,caspase 3(1:1000) ,caspase 8(1:1000) .
caspase 9 (1 : 1 000) . cleaved caspase 3 (1 :1 000)
GAPDH(1:500) Hi {4, £ K LB 7 30 min, 4 C 1 1%,
J IS ) A DT 12 b, TBST YR S min 3t 3 3k, 8 T
HRP FRic i I E 5o P K BB E 1h, R A
ECL k22 & )61 .44, ffi ] Bio-Rad Quantity One Ji§j,{%
AR I3 BT 250

X SPSS 20. 0 2% %4 # GraphPad Prism 6
KR A AT g it o AR I8 . TSR R &2 W
KO E 52 &2 1E 549 i, UL mean+SD FE /R ; & Levene
Koo 7 22 ¢ Mo % 440 M A A R ORI T R
multicaspase 7K . ROS 7K} caspase 5 mRNA Al
AR RS A R T B R Ty 2 4B, M
PIHE AR ] Dunnett-r £ 5 , P<0.05 Jy 22 7 H 4t it

2 H#R
2.1 A[FEHSE ATRA X+ ARPE-19 2 i 35 75 1) 5 mid

ARPE-19 41 fifl fE ATRA ¥ J& 24 2.5 pumol/L F
5 pmol/L B S A- 5 IE %, 10 wmol/L B} 41 i JT 46 4%
4,20 pmol/L B 40 JfL 4% 45 W W, Bk & W F T K
(Bl 1), CCK-8 y& k25 B4/ , ANk ATRA 4b
B ARPE-19 4 fifd 24 h F1 48 h 40 Jf £7 1% & 514 L 5
LR H G % E X (F=176.60.350.30, ¥ P<
0.01), 2 wmol/L.6 wmol/L ATRA 1 4fi Jfi % 32 24 h
A1 48 h J A0 M A7 TG R s L AL T, 2 R
il L (¥ P<0.05) ; 40/ 35 37 24 h i, 1214
16 .18 .20 wmol/L ATRA 41 41 il 77 1 AL F 25 11 4

L3 G
WEZH, 20 Mo 1% 3% 48 h i, 10,12,
£1 ZHEEE PCRIYWEF 14.16,18,20 wmol/L ATRA 4
Table 1 Primer sequences of quantitative real-time PCR 20 it 7 T %ﬂ;ﬁ Tz g X g =
P 1 A P T BRI (5 -3") 5" BEKE (bp) FH A G ¥ E L (Y
P<0.01) ;20 pmol/L ATRA b B
Caspase 3 NM_004346 T 1] : CATGGAAGCGAATCAATGGACT 139
i : CTGTACCAGACCGAGATGTCA 24 h G MM TE R T3 30%
Caspase 8 NM_033356 iE T : GTTGTGTGGGGTAATGACAATCT 222 LA (£ 2), ATRA X 41 81715
JZ 1] : TCAAAGGTCGTGGTCAAAGCC [ o el ,
Caspase 9 NM_001229. 4 1] : CTCAGACCAGAGATTCGCAAAC 116 FA T AR 12 5 £ 40 7 A4
J% [ : GCATTTCCCCTCAAACTCTCAA G, ATRA fb3E 24 h F1 48 h 5
Caspase 12 NM_001191016. 2 i : AACAACCGTAACTGCCAGAGT 118 N 5 .
’ - IELEE . CTGCACCGGCTTTTCCACT 9 2F B4 ) 7% B2 (halfl maximal
GAPDH NM_001256799. 2 T4 : GGAGCGAGATCCCTCCAAAAT 197 inhibitory concentration, ICy, ) 43 J]

JZ 7] : GGCTGTTGTCATACTTCTCATGG

A 13.88 umol/L A1 11. 99 pmol/L,

1 : PCR : 3¢ 4 it 2 2 17 5 GAPDH - H 3l B -3- 5 2 ot & il

Ve B b B O24h BE A7 O W

Note : PCR ; polymerase chain reaction; GAPDH : glyceraldehyde-3-phosphate dehydrogenase

50 pm SOl 50°%m
& - R

1 ARERE ATRA 43 ARPE-19 il 24 h AL (PR =50 um)

D:10 pmol/L ATRA  E:20 pmol/L ATRA
Figure 1

50 pum,

A:0 pmol/L ATRA  B:2.5 pmol/L ATRA C:5 pwmol/L ATRA

The morphology changes of ARPE-19 cells treated with different concentrations of ATRA for 24 hours ( bar = 50 pm)

A:0 pmol/L ATRA  B:2.5 pmol/L ATRA C:5 pmol/L ATRA D:10 pmol/L ATRA E .20 pmol/L
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£ 2 AREIKE ATRA &2 ARPE-19 4 /5 A< 6 B 18] &=
20 B 17 i Z bk B (mean=SD , %)

Table 2 Comparison of cell survival rates of

ARPE-19 cells treated with different concentrations of
ATRA at different time points( mean+SD, %)

ATRA ¥ FEA AN [R) st () 5 400 L A 3 6
(pmol/L) it 241 48h
0 3 100. 00+0. 00 100. 00+ 0.00
2 3 108.33+3. 51" 131. 67+ 9.07°
4 3 107.33+6. 11 107. 67+ 6.02
6 3 111.33+6.51" 128.00+11.27*
8 3 105. 00+7. 00 101. 00+ 1.73
10 3 98.00+4. 36 76.00+ 2. 64"
12 3 78.67+8. 62" 40. 67+ 5.51°
14 3 34.93+2. 57" 25.67+ 4.51°
16 3 27.00+1. 00" 20.57+ 2.54"
18 3 16.34+5.51*" 16.73+ 1.72°
20 3 26.33+3.51" 9.08+ 1.30"
F{H 176. 60 350. 30
P14 <0.01 <0.01

E: 54 A 0 pmol/L ATRA (% X ) 4 L%, P<0. 01 (B R R Ty 22
43 #1, Dunnett-t K55 )  ATRA : 4 UL 8 R

Note; Compared with the respective 0 wmol/L ATRA ( blank control )
group, P < 0.01 ( One way ANOVA, Dunnett-t test) ATRA .

retinoic acid

all-trans

2.2 AR EE ATRA Xf ARPE-19 4 Jfid 8 1= & 4 Jfd
multicaspase 1 ROS 7K 3F (1 52 1

0.2.5.5.10,15,20 wmol/L ATRA 4t # J5 ARPE-
94 MW T-F M (7.52+£0.00)% ., (5.81 =
0.13)% (3.93+0.07)% . (19.3144.47)% .(51.79+
7.35)%F1(56.42+6.69) %, MKV 2 RAH Gt
B X (F=286.39, P<0.01), H 2.5 pmol/L Fl
5 wmol/L ATRA ZH 4l Jifg 4 1= 4 = [ % B2 B W R
B ,10 .15 1 20 wmol/L ATRA ZH 4 Jifg I 1= % 5 ik JiF 4K
Bt T m, ZR WA S EE L (Y P<0.01), 2
ATRA #2755 T 10 wmol/L I}, 2 Jifg i = S WY g B
A6 He B ATRA &b ¥ ARPE-19 4 ffg 24 h J5 41 i
multicaspase Fl ROS A Xf F ik & QA L 2 R YA SR
i E X (F=166.84.101.40,1 P<0.01), 2.5.5,
10,20 wmol/L ATRA # multicaspase 1 ROS F¥JAH Xt &
KEYEEAXN AT &, EFEARI R (Y
P<0.01) (W 2, 3),
2.3 R[a M EE ATRA 43 ARPE-19 4i it caspase
AHOCHE L] mRNA FIEE 1 AH XS 20K & H#

Western blot £ il 45 W & 75, A [A] ¥ B ATRA 44
caspase 8 # AN Rk it SR LLHL, 2R TG HH# B X
(F=2.91,P=0.06) ; caspase 9 caspase 12 caspase 3,

cleaved-caspase3 8 [ AH X Fe ik i SR L3 22 R B4 5

Rt 2

=

23 X IR 5 wmol/L ATRA 21 10 mol/L, ATRA 41 10 wmol/L, ATRA 41 15 wmol/L, ATRA 41 20 wmol/L ATRA 21
1050.17% 4.18% 105 0.26% 3.00% 105 0.96% 2.77% 105/0.70% 16.00% | 10°5.01% 14.70% 105 9.21% 11.79%
1% e 10¢ 10 10* 10* 10*
| . .
= 10° 10° 10° _ 10° 10
N l { E 5 5
X 10? 102|248 10> 107
1 1 1
e 334010 2.81% 1149/ 10 3.14% | 10 1 3ome 10 I 4526%
101 10° 10° 10* 10° 101 10 10° 10 10° 10" 102 10° 10" 10° 10 10° 10° 10* 10° 101 10 10° 10° 10° 10 10 10° 10° 10°
Annexin A FITC-A
75 FN R 2.5 wmol/L ATRA 4 5 wmol/L ATRA 4 10 wmol/L ATRA 2H 20 pumol/L ATRA £H
10° 1.62% 105 325% 108 1.84% | 105 2.60%
10* : 10°1 10¢ 104
- o
3': 10° ' 10° 10° 10°
=1 102} 10%) o 10? 10?
~ - 5
10 e 101%| 10 i 262 10 18.19% 10 b 67.36%
10" 102 10° 10¢ 10° 107100 10° 100 10° 10" 102 10° 10° 10° 10" 10° 10° 10° 10° 10! 102 10‘ 10 10°
Multicaspase PE-A
25 IR R AL 2.5 wmol/L ATRA 41 300 5 pmol/L ATRA 41 10 pmol/I. ATRA 41 20 wmol/L, ATRA 41
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Figure 2 Apoptosis, multicaspase and ROS levels in ARPE-19 cells treated with different concentrations of ATRA by flow cytometry A :apoptosis

level B:multicaspase level C:ROS level

7-AAD .7-Aminoactinomycin D ;ROS:reactive oxygen species; ATRA :all-trans retinoic acid
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* 3 AEIRE ATRA 4 I j5 ARPE-19 4 i 7 multicaspase . (¥ P<0.01),2.5.5 J2 10 wmol/L ATRA 25 HAH X %

ROS 185 % i% & bt % (meanSD) K BT, 20 wmol/L ATRA 4 HAH X 2 ik & 42 i
Table 3 Comparison of relative expression levels of
multicaspase , ROS in ARPE-19 cells among different —Fﬁk 35 pmol/L.10 pmol/L ATRA | caspase 3 mRNA
concentrations of ATRA treatment (mean=SD) MY REAEREREZANBEAHE S, Z5 Y A5% 115
ATRA ¥ Ji&F FEA multicaspase ROS ‘Ew" X ( i&j P<0.01) ; ATRA m E /J\ F 10 p,mol/L H‘T ,
Cpmol/L) H X RA R MRS B caspase 9 fll caspase 12 f{) mRNA A% # ik Bk )JF K
s C semesr omwoor  HESITEHVRIEE 20 ol L it JUAR R B
5 3 20.42+2.77° 2.12+0. 08" %%%(% 5) °
10 3 51.90+5.92° 11.63+1. 627
20 3 70.73+6.09° 23.38+3.46" 1 2 3 4 5 6
F 166. 84 101.40 _ ——— . -~
Pl <0.01 <0.01 b
54 H 0 pmol/L ATRA (%5 X AR ) 4 b &L, * P<0. 05 (BRI 3R Jr 2
SAT Dunnett-t K82)  ATRA - 45 5% B HE A2 s ROS : ¥ e Corenc? i R - - W

Note; Compared with the respective 0 pwmol/L ATRA ( blank control)
Caspase 12 il s Sy s ”
group,“P<0.01 ( One way ANOVA, Dunnett-t test) ATRA ; all-trans 4

retinoic acid ; ROS ;reactive oxygen species Caspase 3 M
H2%E Y (F=10.31.8.19.3.78.138. 51,3 P<0.05) . Cleaved caspase 3 08 'ﬁ!’ﬂ.'

—Iﬁ IJ:_IXT‘M,H IZKK 2 5 5 10 15 20 MmOl/L ATRA Qﬂ GAPDH s s oo am— s— ——
» B ~ i':
caspase 9 % El *H XT%%L 2 ﬂ_ = i’j ﬁ %Tl‘% BX & 3 Western blot i%# il I~ [E 7% B ATRA £B caspase 8 caspase 9,
(ﬂj P<0. 01) ;2.5 }LmOl/L ATRA 4 caspase 12 % E*HX‘T caspase 12 caspase 3 ¥ cleaved caspase 3 £3iA/KF 1:0 pmol/L
%\:{i%ﬂ%’s 10 15 20 },LHIOI/L ATRA Qﬂj‘é‘é{ﬁﬁk,{ﬁ ATRA 4{; 2: 2.5 pmol/L ATRA #{; 3: 5 pmol/L ATRA #4;
p = Q ,\_\L,;‘.: 4.10 wmol/L ATRA #4;5: 15 pmol/L ATRA ;620 umol/L ATRA
2.5.15.20 pmol/L ATRA HERYNERIT¥E X (Y Ul GAPDH . H i [ -3- e 3 i
P<0.05), Sas@ X e %8,5.10.,20 pmol/L ATRA Figure 3  Expression levels of caspase 8, caspase 9, caspase 12,
4 3 =Y 2% ] 2 caspase 3 and cleaved caspase 3 in ARPE-19 cells treated with
Al caspase E El $H XT%%LE ﬂ ik % T /Jﬁ %ﬂ» different concentrations of ATRA by Western blot 1:0 pmol/L
77
X (¥ P<0.05), 525 X A b4E,2.5.5.10,15, ATRA group;2:2.5 pmol/L ATRA group;3:5 pmol/L ATRA group;
20 umol/L ATRA 2 cleaved caspase 3 % r:_l *H Xﬁ%‘%LE 4.10 wmol/L ATRA group; 5: 15 wmol/L ATRA group; 6:20 pmol/L
e . vt o N gro > : glyceraldehyde-3-phosphate dehydrogenase
E%‘ﬂ%,%ﬁi@ﬁéﬁl‘l‘i%ﬁ){(i@ P<001) ATRA group GAPDH :glyceraldehyde-3-phosphate dehydrogenas
(K3,%4),
FF PG E T PCR 4521 R, A [A] # 4 TERE ATRA 48 ARPE-19 41 H1{) caspase
e BE ATRA 4] caspase 8 mRNA #f %f 32 tHXEBHEIRIEE LK (mean=SD)
. . Table 4 Comparison of relative expression levels of caspase related
BB AR ER LG E L (F= proteins in ARPE-19 cells among different concentrations of
3.02,P=0.07), caspase 9, caspase 12, ATRA treatment (mean=SD)
caspase 3 mRNA FH X} %35 5 SR LA amra e ek PG AER IR a3
1= i’;j ﬁ gﬁ i—[‘ #" i“ X ( F =212.90, (pmol/L) 1 caspase 8 caspase 9 caspase 12 caspase 3 cleaved caspase 3
60.85.32.77, 4 P<0.01), 525 xf O 3 1.00£0.00 1. 000. 00 1. 00£0. 00 1.00£0. 00 1. 00£0. 00
H:@ 2 5 5 10 20 p,IIl()l/L ATRA 2.5 3 1.07+0.25 1.3420.19° 1.27+0. 04" 1.19£0.18 1.91+0. 02"
5 3 1.29+0. 19 1.71+0. 21" 0.95+0.27 1.57+0. 29" 3.12+0. 09"
2 caspase 9 mRNA A X%} & ik & 1 8. Ft
pEaL s ,\_\L,:; P 10 3 1. 18+0. 21 1.92+£0. 13" 0.69+0.24 1.49+0. 20" 2.38+0.22°
2B BT R L(H) P<0.01) 5 15 3 0.780. 16 1.42£0.12°  0.68£0.09°  1.16£0.25 2.43£0. 15°
2.5 pmol/L J¢ 5 pmol/L ATRA 4] 31,0920, 12 1.58£0.26"  0.59£0.08°  1.46x0.17°  2.94x0.02"
caspase 9 mRNA MX} £EBZW I &, r@ 2.91 10.31 8. 19 3.78 138.51
WE U Ak 2 TE B A Bk B P 0.06 <0.01 <0.01 0.03 <0.01

?%_25\5\10\20 pmol/L ATRA éﬂ ﬂ{ 'ﬁﬁ»EOpmol/LATRA( EXJEE)QEIZBK “P<0. Os(eﬁl_l%ﬁ?éﬁﬂf Dunnelltk‘
’ . %)  ATRA: 45 i
caspase 12 mRNA *H X‘j‘%% ﬁ H ﬁ o r:_l Xﬂ‘ Note : Compared with the respective 0 wmol/L ATRA (blank control) group,*P<0.05 ( One way

Hﬁz ED% E ﬂ =1 % 5 i’j ﬁ‘ % —H‘ %" f V ANOVA ,Dunnett-t test) ATRA ;all-trans retinoic acid
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x5 A EIRE ATRA 42 ARPE-19 Hj caspase 8 caspase 9 caspase 12
caspase 3 mRNA #f X} & i& £ Lk 8 (mean+SD)

M JE R ATRA i 5 26 ki & o 1 ROS
o B PR AR AT BE R T B S Bk R IR T E

Table 5 Comparison of the relative expression levels of caspase 8,caspase 9,

caspase 12 and caspase 3 mRNA in ARPE-19 cells among different
concentrations of ATRA treatment ( mean+SD)

BB 1 55 — PR AR
20 ML T A A DR R A (LA

ATRA WEE FEA AT mRNA #4535 B W) SMEPERAE A1 EEPE CD8TT 41
(pmol/L) 3 caspase 8 caspase 9 caspase 12 caspase 3 W Ar S ik A il caspase i 12 A ik 12 1
0 3 1.000. 00 1.000. 00 1.000. 00 1.000. 00 . .

2.5 3 0.97+0. 03 4.49+0. 19" 1.730. 19" 1.020. 10 WA caspase IS Oy e 28 T Beo HMIA T
5 3 1.1620. 20 16.33+1. 60° 2.16+0. 26° 1.23+0. 04 R caspase {i b ZL U RE AN
10 3 1. 1820. 08 11.3020. 66° 4.98+0.73" 1.26:0. 04" & C(cytochrome C, CytC) {1 HH X i 7]
20 3 1.030. 06 1.78+0. 23" 2.63+0.70" 0. 83+0. 04° WETHRET 2 &LEEER. (1) 4
F i 3.02 212.90 6023 - B N (I U I (8 (L] A -2k NS QA
P 0.07 <0.01 <0.01

E: 5% A 0pmol/L ATRA (%5 [ X ) 20 [, P<0. 01 (B[R K Jr 22 43 # , Dunnett-r £

I5)  ATRA: 4 U0 & R

Note : Compared with the respective 0 wmol/L ATRA (blank control) group,*P<0.01( One way

ANOVA ,Dunnett-t test) ATRA :all-trans retinoic acid

3 Wit

ATRA JZ W58 47 BF o A A ] il /b (1) 38 43, (H 2 2 2
R 2 3 OGRS 4 40 i A RPE 0 i g 0 12 AR
SR FL T JEE PN ) — A N R R A G 0, ATRA AT 3 A1 v
TR 420 il I8 5 T 0 o L 5O i — & 1 K 75 RPE 461 fiEg
VAR P R BT A T, HRT DU B RPE 41
ORI R BE 1Y) ATRA Tiif 32, Y6 IR A7 25 48 i F RPE 4 iy
H—EWNLERHLEE BRI 25 ATRA, {H >4 ATRA i Ji&
FM&FH RPE 42, &SR,

AR Z RS UE S, 1 X107 ~ 1 x
10 °mol/L ATRA AJ 335 ARPE-19 4 jg b iy 22 B4 JB 1%
PR P e A, DA TR 981 4 s A o A v
ATRA A BB {E#F 40 Mo A=, vl D A L 08 T2, 5 A 58 vh
R FE ATRA REAR I T2 A 25 AT o it 24t B AR A
MZER B R, & ATRA ¥ B2 1) 7t & , multicaspase 7K
-} ROS 7K - i 2 7t 155 o Western blot ¢ 5 B %€ )t i
H PCR il 25 3 7R, caspase 9 caspase 12 caspase 3
J cleaved caspase 3 43 FF P8 T2 & B2 Bk OIS,
caspase 8 J) T ARYIHIE , U] ATRA i & 2BUHE T
ARPE-19 #0 Jifs Y IR 1L caspase HBPEJE T2 3848 .

FALRN BT B ROS 52, #72L 5 B2 Y ROS 7= 4
FA B AT AL e i n] 7 A2 S8 AR L, 5 4% Rl AR W)
WL, B TR O RS R WL it £ i ROS AT 4]
ELRAR T RE ZE AL , 3 BRI H 57 FE R 4 i 4
o SERIT BRI R, 2 ATRA Ab B i 40 i 32 B0 i)
F .y 2L S e, O B A s L A I
BEH BB S RBEAENA T 2R, kAT
B ROS MM L3 AT LA B ROS 78 2k 1 vh i it

= caspase ZELORIPA A8 2 BT BEW 5 (2) 7Y
1EiEAE  CytC fE caspase ¥ 1% Z Al ML
KL A B A B ORE . H 1R TE B B2,
caspase 3 J& I B B[RV 2 [ caspase 2
g #2il 1f caspase 3 ST,

Caspase J2& % 47 2 b 2 2 5 H i 19 — 1 ic 20 ity 04
To R, R F 8 LA TG 1 g I Y U e T an i o
H1 T caspase n] [ F{E AL IF REAH ELICH , P T2 A2
— B %, B SR R BN . Caspase 9 i T Ik [
BL U, MR TR G E SR TG, 5Lk
B CytC, $2F CytC 5 W T & A B S b I 11
(apoptotic protease activating factor, Apaf-1) 45 & I fifi
Apaf-1 R UL B\ FAK , J5 3 5 caspase 9 455
P H A A R AL, TE ALY caspase 9 JE— 2D ¥TE T
i ) caspase, (il G 1k 2 W F — A2 KR, TG caspase 9
AL R AR R TR P EER LN T,
Canton %™ AN BERIK A A B AMR IR BRIT IR
Ab PR EL A AR Jurkat 200 & B, caspase 9 Y 5 ZkL
TR Ty R i ik 25 DD AH G o

Rao %™ A AL R A AW Y N EAEM
T 293 Zta ik e A P J5E R, e 0 L AR AR T
LR caspase 12 [ 5 4 B 08 0, i = 0K SR I
SR AR TR R T PN 5T R R, AV Y caspase 12
SRR B, Nakagawa % B 5% & B, WD 1K
AN SR 1) P 2 I ST AN L 4R A A R I B AL S LR N T
PR, T 8L caspase 12 BV HI AL 7 VF 2 7 Bl 0K
o IXEEREFT LS R ARUE W], caspase 12 A 3G & N i
PO Rz R A R o AR 2 — AT LG R HAl caspase
FIGTEAL . Sanges %77 A B, 24 90 0o [ 114 P25
R, 240 0 P A B S A A R A, S SO AR
I 52 W 2L 2 48 3 B0 T2 5 W 17 A R 52
W R G877 e caspase 12, ABFFEH, ATRA 155 )5
caspase 12 8 [ 3Rk & T F, mRNA ik & BTt 3l W]
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TEP T B2 7, caspase 12 ARA Al B8 B Jo 9 D) #1 g
T B, AT 516 P J5% I R 38 S % . Datta 28 fF 55
UESE, O /Y caspase 12 AN J5T 199 E A 21 248 i o AR
HF caspase 9, ¥ caspase 3 fi¢J5 51 A 40 fg 95 12,
Hitomi 28 i\ Jy, caspase 12 B 2#01E T caspase 3
RJFTIEAMMEII T EITA caspase FR T, i B
W ) & caspase 3, BETMJE %, cleaved caspase 3, FHifi: {h
T AN Y o R Y 0 B 1 BE SR o Caspase & 7]
WS DNA il , 32 i 30 0 A% 8] /MABE R 65 20 DNA W
40 AR BF 5T 45 R W R, ATRA b B cleaved
caspase 3 & FIAHXS ik R ME A, U 2% caspase 3
A, RN T

AHWIFEUETE , ATRA 4 53 7= 4 9 ROS J& A Ji
P A5 RPE 20 i 0 1 1 B30 = 3 3 4 401k )
T Bk ROS AT fig L4 30 4 M o T i A ROk g . R
ATRA XFHE 7 19 4 55 0 0 A w20 1, {H X 4y 1 78
RPE 41 A 19 3 B2 AR R 2 5 Soan i w5 1k o A BIF 52 45
SR, ATRA RSMAE S ARPE-19 41 I8 1 2 3 1 %
I ROS K WM caspase HOVE TR T 42 300 . X
R AR 5 S S B ROS AKCE TH i, 2k A ik e,
AL REAR 32 T3 B0 P J5E I 7 52 17 il caspase {6 348 728
MBS , I A BN ML T2 AW RY R T KA
ATRA X} A\ RPE 20 g 5 P i AR, FARAE 2 ATRA 3
BRAEIR , 7E085E ATRA X 40 i 5 A 35 4F F 0 34l |, o
RPE 4 it 4 88 [a] 967 JFRE 18 i i 42
PRI AR B WA AETEAT ] B 45 v 58
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