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[{BE] B8y - @54k A K T--B2 (transforming growth factor-B2, TGF-B2) #5 S8y A 0 M i o 3 | B2 4 g (retinal pigment
epithelium cell, RPE) |z — [a])ii#1t (epithelial-mesenchymal transformation, EMT) FiBY, #3H-3% 25 /e M L HALH, 5iE - &
ARG 3R ARPE-19 48, 7 k2 A4, TGF-B2 41, TGF-B2+ Mre &, M3 ZR4., R real-time PCR ¥ % 4L 401 o- “F- 5 MU 3) &
1 (o-smooth muscle actin, o-SMA), £ & 4 (fibronectin, FN), [ pz 5853 (E-cadherin) mRNA ff) % ik, Western blotting 4% ]
FAMM P o-SMA, FN, HIAEH (occludin) MEARE, RMEIEIOERN o-SMA 1K E, [FIHH Western blotting 4 ll TGF/
Smad i@ % T i Smad3 (REREILK T, 58 - TGF-p2+ ik Zigl EMT R4 W B k%, “F4efLighs a-SMA . FN iy mRNA, B EE
T, 5 TGF-B2 A ESALIT X (35 P<0.05), R, b4l 4r E-cadherin mRNA | occludin & &KL B (35
P<0.05), SEIegE RIB R, R e B IE L At U e 4e i, BeAh, TGF-B2 if5S ARPE-19 i)l EMT it v & 4
Smad3 @EEEAL KIS BRI R TR (P=0.001), £5i8 - M35k {5 TGF-p/Smad {5 5l #% %l ARPE-19 #iiffs EMT i,
BATTEAE B GIAL I B T 2 gLy AR

[ 5IA ] MR P ergifl; ks, FERE B2 i — mIRF L MM G LA
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Effects of lutein on transforming growth factor-f2 induced epithelial-mesenchymal transition in
ARPE-19 cells

LU Ya-nan, GU Qing, LI Dong-li, GONG Yuan-yuan
Shanghai Engineering Center for Visual Science and Photomedicine, Shanghai Key Laboratory of Ocular Fundus Disease, Department of Ophthalmology, Shanghai General
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080, China

[Abstract] Objective * To establish the transforming growth factor-B2 (TGF-B2) induced epithelial-mesenchymal transition (EMT) model of retinal
pigment epithelium cells, and investigate the effect and mechanism of lutein on EMT. Methods - ARPE-19 cells were cultured and divided into
4 groups including control group, TGF-B2 group, TGF-B2+lutein group and lutein group. The mRNA levels of a-smooth muscle actin (a-SMA),
fibronectin (FN) and E-cadherin were analyzed by real-time PCR. The protein expression of a-SMA, FN and occludin were assayed by Western blotting.
Immunofluorescence was used to detect the change of a-SMA. Meanwhile, Western blotting was performed to detect the expression levels of pSmad3
in the TGF/Smad signaling pathway. Results - TGF-B2 induced EMT was inhibited by lutein. Lutein decreased the mRNA and protein levels of the
mesenchymal markers a-SMA and FN, and increased the expression of the epithelial markers E-cadherin and occludin (all P<0.05). Immunofluorescence
showed that lutein can inhibit the conversion of epithelial cells into myofibroblasts. Lutein significantly downregulated the high expression of pSmad3 in
TGF-B2 treated ARPE-19 cells (P=0.001). Conclusion - Lutein inhibits TGF-B2 induced EMT by downregulating the expression of pSmad3 in TGF-p/
Smad signaling pathway, indicating it may attenuate subretinal fibrosis.

[Key words] subretinal fibrosis; lutein; transforming growth factor-p2 (TGF-B2); epithelial-mesenchymal transformation (EMT); retinal pigment
epithelium cell (RPE)
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endothelial growth factor, VEGF) & 37 Al UL §a & il ok 38
AMD EEWIHLIEE, (HAEDL VEGF {897 )5 2 4E N, K&
—PHEIT RS R A T Er4Eft, a5
JRR = BT, TR AL A AT 254,

PR 2 Rz 2N (retinal pigment epithelial, RPE)
Wt b Bz — 18] W5 b (epithelial-mesenchymal transition,
EMT)  [u] WL J £T 24 200 e A% 400 60 1 % 10 /6 A0 I 8 T 2T 4
e & EEMER Y, € BMT 3Lt i, o- F i L
WL Zh % [ (a-smooth muscle actin, o-SMA). £F & & 4
(fibronectin, FN) %% [a] 5T 40 L pr s 4 ) % ik LI, RPE
20 A 2235 T o 40 N AR 35 4 0 g 25 K 1 BORRAE Y (] I
b ARG Rkt R R TR Y, e K R T -B
(transforming growth factor-p, TGF-B) f1F i% 5 RPE 4 iU
EMT i #t v & 4 6 | S AE T, ifii Smad % 5@k /r & 1
TGF-B % EMT (i e 7,

M3 e — P RARAIPLEIA], TR S AR IR AE 3
BEDX ", EATRET " B AT IR A B R RS
A FE AT AR AMD #O & SRS . SKifn, g SR EAR I
J T LF AL rh PR TR R W AR IE . ASWEFEid i TGF-B2 i
3 RPE 4fiffs EMT #i%Y, M52t 3xt EMT #y £ 1E
BetlLitill, DA A NG RIGTT AR T £ (12 T K

1 HHSHE

L1 928 bhkt

N ARPE-19 #fi g # (3% [E| ATCC 4fi ig %), DMEM/
FI2 8550k MG iE . R AEBH L (3E1E Gibeo &
wl), TGF-P2 (Z i/ 10 ng/mL, 3£ [& Peprotech 23 &),
M3 (ZIRIE 40 ng/mL, At AR A BRA D),
4 RNA BRI A, BRI, <5 ik PCR ]
& (RIRAMREAERAR), WAEEA (occludin) i
fh (S Sigma 2451), FN Bk, Bl e litrici
THi. ST (35 CST AF]), Pactin Hifk, a-SMA
Pifk. pSmad3 $ifk (3%[E Abcam 2% 7)), BCA & [ i
EEIAAE (BRI REYHRERA ), @5 THM
e (fBIE Zeiss 23 w]), sOCRMEE (HA Olympus 23 +]),
PAGE ¥ Jyg WL ik Je 4 I8 % 55 . PCR 494 () (3£ [E] Bio-Rad
AW, A HABEREG T RSE (idt Amersham 23 7)),

1.2 5k
121 TGR-2 RIFHET MRk IEMIE 21 0HK "
BEATFI S0, TGF-P2 B 2.5, 5. 10, 20 ng/mL, W22 4f
WO 5 0 EMT S5 A S K 4B ok g
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FEHL 10, 20, 40, 80, 160 ug/mL, Mg PHIK TGF-p2
Xt AR A A 08 [ IR AN s 40 A B B TR . 2%
ffiE TGF-P2 TAEHBE 10 ng/mL, 3525 40 pg/mL,
122 MMLR: 5 K4 HUH % f# 1) ARPE-19 41 )i,
37 Cokim, HEHE R | min BHEAR T LML, BA
10 mL 204, 939 xg N0 5 ~ 10 min, W H R A7,
INAGE & & 10% G 24- 1 i ) DMEM/F12 $535 58, 1A% 4y
Mg (4x10° A/ 4L), #5RhFRFRIL, & 37 C,
5% CO, fHim I A 55, WEIHCRMEAT ARG L.
AN A K R BT 90 Y% fil A I, SE 46 4 TE IfiL i DMEM/
F12 By SR B ARZE R SRR LR AL . 24 h J5fr s s a5 oh
IR (TCifiEH;F2E) . TGF-p2 41 (10 ng/mL TGF-B2)
TGF-P2+ M 24 (10 ng/mL TGF-P2-+40 pg/mL H-# 2%)
s R (40 png/mL H338), =405 B4 T AR 2
YR AENE, dREEEE SR 48 h, Je RS WA,
1.2.3  Real-time PCR A5 &L 41 a-SMA, FN. E-cadherin
mRNA 7KF i sy HAC PR B RNA $2 B 7 & 52
HUEN RNA, FlE ok 8 . AR —27% PCR A & 150
PR AT RO N1, (9 CE & PCR (L HEATHE:
M, 95 CHiZEPE 15 min, 94 CAFPE: 45 s, 60 CiBk 45 s,
72 CHEAH 60 s, k40 MBIR, ASDIZERAEH 22 Axt
FERH LR, BHE 3 AE L, A B-actin fEHN
Z, AWEAE PS4 H EilE BioTNT 5 FR 2 =54 5,
SIFFIRE 1,

# 1 Real-time PCR 2|4 )35

Tab 1 Primer sequences for real-time PCR

GIEVEA 2l

B-actin F: 5-AAG GTG ACA GCA GTC GGT T-3' 195
R: 5-TGT GTG GAC TTG GGA GAG G-3'

K /bp

SMA F: 5-GGA CAT CAA GGA GAA ACT GT-3' 105
* R: 5-CCATCA GGC AAC TCG TAA CT-3'

FN F: 5-GTG AAC GACACATTC CAC AA-3' %
R: 5-GAC GGG ATC ACA CTT CCA-3’

Bocadherin | 3-CCT TCC TCC CAA TAC ATC TCC-3' %
cache R: 5-GGT CGT TGT ACT GAA TGG TCC-3'

1.2.4 Western blotting #5M %2040 a-SMA . FN_ occludin,
pSmad3 HE RIS AR HACH S, & PR
(phenylmethylsulfonyl fluoride, PMSF) Fifdfiz il
RIPA 2 [ 24 fE BUEVE 1, H BCA 7 2 1 Uik
o EEUINFE 20 ng BEATHREGHLIK, ARG EE 5% BiE 4
yEiREMA 20, o BIA—$L (a-SMA Fiff, occludin i
k. FNHLfE, pSmad3 Hifk, #1:1000), 4 CHER EEH
WA, M TBST $lE 3 RIG A bt (1:1000) =imMFE

EHSGEAEE (B L 2019, 39 (6) ()
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1h, TBST #EME 3 2k)m, A ECL &6k, SRIGELFEER
TCEEI R G A TG, (3 Tmagel 2R Mk FEAH
PAH BT SN S 50K BE (BRI LRI AR Rk

1.2.5 il 5 JeAS &2 41 o-SMA i i
ST fE, £ Triton JX IR VE M 5 min J5 ] PBS ¥t 3 i,
FH 3% BSA 1% % = i 3 14 30 min, Jin A — i (a-SMA,
1:100), 4 CoKMIBEM A LR, PBS I3, MHE it
(1:500) 1h, PBS ¥ 3 ik, DAPI ¥ % #% #7 & 10 min,
PBS {3 3. S PLoeim KFIE hrilds . SRETER
Je s TSR B T

1.3 Beil A itk
P LR EA 3 k. R SPSS 20.0 # ikt fratit

2019, 39 (6)

W, EEBIELL xts KFoR, FALRIEIRELE R H
BRETZoW, 2 Hfsbrtb R #8255, P<0.05 %
IRERHEAGUHHEE L.

2.1 M EX TGF-B2 5 3y EMT HIJE mRNA [1)580

TGF-B2 4 a-SMA. FN mRNA 235 & W 8 & T 18
40 (¥ P=0.000), E-cadherin mRNA 2% ik Ik F % B 2
(P=0.007), M-3#3 (40 pg/mL) T ] LL#H] TGF-B2 (1)
TEM, BB BEAR R Bt an e br & a-SMA, FN mRNA ik
& (P=0.000, P=0.001), F}& b aniEtsEdy E-cadherin
mRNA A& (P=0.018) (E 1),

h
)

=
L

0.5

E-cadherin mRMNA 184 #835 ik

A
o4 4
) =
%34 - 231
<2 . % 3.
= 2 =
= e pr
E o
NI < [0
S0 : . 0 :
AERHL il TGF-P2 $i] TGE-p2+ AERE
#if M- 5L 5

7 AL a-SMA mRNA {15 4 %t % 35 5 B. FN mRNA [ #H %} 2 ik 4 C. E-cadherin mRNA {1 % ¢ ik &,

“pP=0.001, °P=0.018, 5 TGF-B2 4L,

TGFP2 #] TGF-p2+

B PRI TGE2 #] TGE-p2+
#l - L

5 x4 M4L L5 P=0.000,

g e il
¥ P=0.000, *P=0.007,

1 Real-time PCR #&ill ARPE-19 ZlBfl a-SMA. FN. E-cadherin mRNA F&i%x/kE
Fig 1 Expression of a-SMA, FN, and E-cadherin mRNA in ARPE-19 cells by real-time PCR

2.2 WEEFON TGF-B2 i 531 EMT AHOGHE (155 mi

TGF-B2 4 a-SMA, FN %Kik & W B & T4 4 (1
P=0.006), occludin & [ #i5 & EALTXIRA (P=0.000),
M3 (40 pug/mL) T AT LA T H o-SMA [ EN & [ K5
(P=0.005, P=0.003), | i occludin & 4%k (P=0.007)
(E2),

'ﬁl{ | JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2.3 M- FE N TGF-2 5 S EMT ik #t v o-SMA 3% ik

(5T
P rIAR IR R (8 3), MR TmA (TGF-p2+
M3 3RA) HIZER LR TGF-B2 AW 855, o-SMA %

BT, S MEEL, TGF-p2 41w a i, a-SMA £:ig,
PEoRNURET A AR BE5E , i mh 5 35 mT UL S A L 21
YR HEE
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A B
T8
[GF-f2 { } M )
- - & 20 -
praciin = 15
a-5MA “""" =10
- “
N1 1T iR

ind .... ML TGF2 8 TGF-p2+ M-
Qeciudm "|:|I|'_‘+f?’-|_ .#:‘H

C D
__:? 2 T i 1o — (3 1
= % \ ==
B = =
w14 = - £ 031
z 3
0 T T T T
HEE TGF{R24] TGFp2+ M PR TGF2 ] TGF-p2+ i
g E i M A

7 A. Western blotting #51ll] EMT #H25 7% [4 5545 s B. a-SMA %5 [ iU #eih s C. FN & [ A 235 & s D. occludin 2 1 AU AHRT ek 5, “ P=0.006, ©P=0.000,
SR ELS; © P=0.005, ©P=0.003, ©P=0.007, L TGF-B2 41Lb4s,

2 Western blotting #&ill] ARPE-19 £fiffl «-SMA. FN_ occludin &\ &Ri&KF
Fig 2 Expression of -SMA, FN, and occludin in ARPE-19 cells by Western blotting

E
B
= 1.0
FE|
j:; 0.5
L} | I | T

| TGF2 #1 TGF-pa+ H-¥
L e i
T A ~ D Guisdtif i, R R gL (A), TGF-B2 41 (B), TGF-p2+it izl (C), M4 (D), R4 100 pm; E. Gyl e e o,

3 GBS ARPE-19 41 o-SMA i3k
Fig 3 Expression of 0-SMA in ARPE-19 cells by immunofluorescence
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2.4 W FEXT EMT {5 'Sk B iz 1 Smad3 Rt gm
Western blotting £5 .22 8] (& 4), 5% B4 46 Lk,
TGF-B2 44+ pSmad3 ik L (P=0.000), ifijF 3§ 3wl

A

TGF-p2 | ]
o i

2019, 39 (6)

Wi TGF-B2 15 5119 pSmad3 Kk iy £ (P=0.001), &
R, M 3R] R o 40 i Smad3 1 B R 16 ok 0l
TGF-B2 i%5:(/) EMT,

2014

i
1

1.0+ —

0.5

pSmad 3 5 H Rk

HEE TGR24] TGF-p2+ M
L i

E: A Western blotting #alll EMT F2¢ 2 (14535 B. pSmad3 & (4 fARX ik, " P=0.000, SxFIaZHLLES; © P=0.001, 5 TGF-B2 L,

4 Western blotting #il] ARPE-19 £fiffi pSmad3 & [ &®ik/KFE
Fig 4 Expression of pSmad3 in ARPE-19 cells by Western blotting

3 ifig

{ELME AMD B, CNV 2R AT AU RORIR
SN T B AL A VEGF 2549 Bilfs . BRI £
et it BRI HUG A A 51, EMT 2252 41l RPE
b R AL A A A LS ET 24 4 N A 1) 5T 4R R 26 A ik e
HAREE T H FibrEdan o-SMA | FN (93635, DA b
41 dr 4 4n E-cadherin, occludin 2%k 9 T Y, EMT
AR Fer4eft. Sergeft. Misr4eft. Mrergeft
(it e s A g g ] Y, LR ET 4 AR £ e T2 1
AR AR, IZANNEXT a-SMA BLAT R R 6% I L
P, ATLA#E o-SMA #ric. TGF-B 923 A A& (2t EMT
RAERSHEPEANE T, AL S RPE 4k EMT, BE
TERFFEUER T Z R /T LU JA 1T EMT SR /-S4
LF4ifl, WuZE "SR, PRLBERE S -1 (galectin-1)
TEA R, /£ AMD IR CNV 1 EMT Jr-GHy4E I
55 T £F 4k ft v A5 T B2 E i, Ishikawa %5 % B, oB-
KAEE (aB-crystallin) /& EMT iy EZ U H 1, T
VA oB- IR A B s AT DA A I AR 4R AL K .
Kimura 2 “ &L, $RERLSZ{4& -y (retinoic acid receptors-y,
RAR-y) #ah7lal LA/ N RPE I EMT Fii/N Uiy
HRR RIS AR R S, N {ETRYT 5 AMD AHSE IR
W LAt RAEVE . SR, X SRS R N TR
RITIE TR E LIRS . T — L, R
PRedS, A RIPUEMAER ", CADR e T
BB PP E ., M FRERP A R
., IBIT TSR ASHFSE N SRk i FI) TGF-B2
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(10ng/mL), #lif ARPE-19 4k 4= EMT, SEATALRINEE
SREfLamiuminy, WRRESRRD], 5 TGF-p2 4iMHkL, Mg
TG Al % TGF-B2 R AN 5 HE2 A EMT 5 (A 53 24
NebrEH 0-SMA. FN mRNA FIE HRIEKCE R b
B AEhrEA E-cadherin mRNA i1 occludin & [ )21k 7Kk
A (RISt LR LT 4 AR G, A
il TGF-B2 155 RPE #Higiy EMT id .

HAT Smad IRE A #EE (RIBERR LTI 0L) Dhig
f) TGF-B—TGF-B 52 & (TPR) VI {5 54 F R G & HH
AL 4E(brh EMT 382k R 5 ", £ R *
#*W, f£RPE 40/g’%k 4 EMT gy 2 b, TGF-B/Smad ji
e BRI &R, {ELRY TGF-B i fadd &5 4 17
FOIL T2 fh 22 AR/ IR 2R B R R ah (5 S &, =ik
#itiJ, Smad 5 TGF-B %k E & W4s & R A RERR L, T
R LY Smad B i S AN R AETE L ™0 A 9B ik 52,
Smad3 f£ TGF-B2 FIBJETHIL, BRRILACFIIEHE &, i
M-3R TS, Smad3 YRR (LR BEHE TGF-B2 /I .
# T FE, ZW] Smad3 4§ T TGF-B2 fili & iy EMT, it
AL, R SR T DAE o 4 i Smad3 BREER fL, FHLIWT RPE
HARM EMT i fe. SR LIRBFICEE RAE MRS L0 b £ 2]
UESE, (HRFRAERN KR it —P KL,

i bRk, AU T AN EMT B8, R T
I B 2% P 8 T 27 4 AL B 1 T, UE S8 i 8 35 ol 1ot
TGF-B2/Smad {5 5 idl # 14 2 TGF-2 ¥ 3 iy RPE 41 JIg
EMT, i sk B m s Ferefb o re i, A2 AM 3
ST AMD FUH: fth 38 A VERI IR o #E 5 27 48 AL I T
FRTT TR B .
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