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1.

(RPE) (EMT)
primary RPE EMT

(RAR)- primary RPE
transforming growth factor- 2(TGF- 2) RAR-

Am580 Am580 TGF-
Am580 TGF- 2 EMT -smooth muscle 

actin( -SMA) Am580
TGF- 2 (ECM) pro-matrix 

metalloproteinase 2(pro-MMP2) Tissue Inhibitor of Metalloproteinase-1(TIMP-1)
Interleukin-6(IL-6)

SMAD2 Am580 TGF- 2
myocardin-related transcription factor-A(MRTF-A)

RAR-
RPE EMT
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2.
(AMD) AMD

1,2 AMD (VEGF)
3 VEGF

4

5 IL-6 (MCP-1) IL-8
TGF- (PDGF) 6

ECM
7,8

9

(EMT) EMT -SMA
vimentin 10 EMT
MMPs TIMPs ECM 11

ECM
12 focal adhesion 

kinase (FAK) talin
13,14 TGF- mitogen-activated protein kinases (MAPKs) SMAD

phosphoinositide 3-kinase(PI3K) Akt myocardin-related transcription factor (MRTF)
EMT 15-17 RPE EMT

AMD
18 AMD

-SMA RPE 19

RPE MRTF-A TGF- EMT MRTF-A
20

(RA) A
21-23

RAR RAR- RAR- RAR- 24 RA TGF-
25,26

(ATRA) RPE RAR- TGF- -
SMAD 27,28 ATRA RAR-

RAR- RAR-

3.
RAR- Am580 RPE EMT

in vitro
RAR-

in vivo
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4.
1)

(DMEM) (D6429) (MEM)
(FBS) DMEM- nutrient mixture F-12(DMEM/F-12) -EDTA(

) Invitrogen-Gibco (Rockville, MD, USA)
( 60mm 100mm) 24 Coaning(Corning, NY, USA)

-SMA -
Sigma-Aldrich (St. Louis, MO, USA)

Type I -A 5 (5 )DMEM
(Osaka, Japan) (BSA) (Kyoto, 
Japan) TIMP-1 TGF-

IL-6 ELISA R&D Systems(Minneapolis, MN, USA)
RAR- Am580 ENZO Life Sciences Institute (Farmingdale, NY, USA)

BD Biosciences (Franklin Lakes, NJ, USA)
I Rockland Immunochemicals 

(Limerick, PA, USA) SMAD2
-3- (GAPDH) -

SMAD2 Cell Signaling Technology (Danvers, MA, USA)
MKL-1/MRTF-A Abcam(Cambridge, UK)

 Alexa Fluor 488 Invitrogen(Waltham, MA, USA)
ECL

GE Healthcare(Little Chalfont, UK) RNeasy Mini Kit Qiagen
(Venlo, the Netherlands)  ReverTra Ace qPCR RT Master Mix (Osaka, Japan)

 SYBR Green Life Technologies(Carlsbad, CA, USA)  DAPI(4',6-
-2- ) Fluoromount-G SouthernBiotech(Birmingham, 

AL, USA) (Tokyo, Japan)
Bayer(Leverkusen, Germany)

RPE
6 C57BL/6J ( SLC ) RPE 29

RPE 1%MEM 20%FBS DMEM(D6429)
37 5%CO2

30,31 24 1 BSA(1 ml/well)
37 1 RPE -EDTA

DMEM/F-12 2 DMEM/F-12
Type I -A (3 mg/ml) 5 DMEM RPE

( DMEM/F-12 4.4 106 cells/ml) 7:2:1:1
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Type I -A 1.9 mg/ml 1.1 106 cells/ml
BSA 24 (0.5ml/well)

37 5%CO2 1
TGF-  1ng/ml

Am580 10µM DMEM/F-12(0.5ml) 24
48

RPE 24 48 50mM 
Tris-HCl (pH 7.5) 150mM NaCl 1mM EDTA 5mM NaF 1% Nonidet P-40 0.5% 

0.1% (SDS) 1mM Na3VO4 1% 
12000rpm 4

10 10% 15%
SDS-

5% 0.1% Tween-20
(TBS-T) 1 4

TBS-T 1
enhanced chemiluminescence (ECL)

NIH ImageJ ( 1.46r; National Institutes of Health, 
) 32

(RT-qPCR) 
24 RPE RNeasy Mini Kit RNA

ReverTra Ace qPCR RT Master Mix cDNA SYBR 
Green StepOnePlus Real-Time PCR Applied Biosystems, Foster City, CA, 
USA qPCR qPCR

-SMA(ACTA2 NM_007392.3) 5'-AACCCTTCAGCGTTCAGCCT-3'
5'-TCCTCTTCACACATAGCTGGAGCA-3' (Fn1 NM_010233.2) 5'-

GTTCGGGAAGAGGTTGTGAC-3' 5'-CCAATGGCGTAATGGGAAAC-3'
(Col1a1 NM_007742.4) 5'-CTAGACATGTTCAGCTTTGTGGA-3' 5'-GCTGACTTCAG 
GGATGTCTTC-3'' GAPDH(Gafdh NM_008084.3) 5'-GGCATTGTGGAAGGGCTCAT-3'

5'-ATCACGCCACAGCTTTCCAG-3' -SMA
mRNA GAPDH mRNA 20

32 24
RPE 8µl SDS (125mM 
Tris-HCl [pH 6.8], 20% , 2%SDS, 0.002% )4µl

5µl 0.1% 10% 4 SDS-
2.5% Triton X-100 1
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50mM Tris-HCl(pH7.5) 5mM CaCl2 1% Triton X-100 37 18
(CBB) 50% 10%

IL-6
IL-6 33 24

 120 g  5 -80 ELISA 
 IL-6

RPE MRTF-A
24 12mm 1 /well RPE 1 105cells/well

24 DMEM/F-12 24
Am580(10µM) 12 TGF-  10ng/ml

Am580 10µM 24 20 4%
(PBS) 4 15 0.1%

5 PBS 2 1%BSA
PBS 4 MKL-1/MRTF-A (1%BSA PBS 1:250

) 4 PBS Alexa Fluor 488
(1%BSA PBS 1:200 ) 1 DAPI Fluoromount-

G BZ-X710 (Keyence Osaka Japan) MRTF-A
NIH ImageJ

20,34 8 C57BL/6J
( SLC ) (90mg/kg) (10mg/kg)

( 532 nm 0.1 75 µm
200 mW Am580(50µM) PBS(1µl) 3

3
4 PBS 2

PBS 100 4 20 5
PBS 4 I (PBS

1:100 ) 4 Alexa Fluor 488 (1%BSA
PBS 1:1000 ) 1 PBS 50%
PBS BZ-X710

NIH ImageJ
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2)
Dunnett Mann-Whitney

0.05 P

5.
RPE RAR- agonist

in vitro
35 AMD in vitro RPE

RAR- Am580 TGF- (1 
ng/ml) Am580(1µM 10µM 30µM) RPE

48 TGF- RPE
Am580 ( 1) Am580
TGF 24

Am580 RPE

1. TGF- RPE RAR-
(a)TGF- Am580(1µM 10µM 30µM) RPE

48 (b) TGF-
ng/ml) Am580(10µM) 24

48 (N=4) *P < 0.05 **P < 0.01 TGF-
(Dunnett )

RPE EMT Am580
RPE EMT 18

RPE EMT -SMA
RAR- TGF-
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-SMA Am580(10µM) ( 2a b) ECM
ECM I

36 RPE EMT
-SMA ECM

RT-qPCR RPE DMEM/F-12 24
Am580(10µM) 6 TGF- (1 ng/ml)

48 RT-qPCR TGF- RPE -
SMA mRNA Am580

( 2c)

2. RPE TGF- EMT RAR-
(a)TGF- (1 ng/ml) Am580(10µM) RPE

48 -SMA -
( )

(b) - -SMA (c)
DMEM/F-12 24 RPE Am580(10µM) 6

TGF- (1 ng/ml) 48 -SMA
mRNA RT-qPCR GAPDH mRNA

(N=3) **P < 0.01 TGF- RPE
(Dunnett )
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RPE pro-MMP2 TIMP-1 Am580
MMPs TIMPs ECM

11 RPE pro-MMP2
RPE TIMP-1 RAR-

pro-MMP2 TGF- Am580
( 3a b) TIMP-1 TGF-

Am580 ( 3c b)

3. RPE TGF- pro-MMP2 TIMP-1 RAR-
TGF- (1 ng/ml) Am580(10µM) RPE

48 (a) pro-MMP2
(b) pro-MMP2 (c)RPE

TIMP-1 - ( )
(d) - TIMP-1

(N=4) **P < 0.01 TGF- RPE
(Dunnett )

RPE Am580
EMT 14

RPE
RAR-

TGF- Am580 ( 4)
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4. RPE TGF- RAR-
(a) TGF- (1 ng/ml) Am580(10µM) RPE

48 -
( )

(b) -
(N=4) **P < 0.01 TGF- RPE (Dunnett )

RPE IL-6 Am580
IL-6 37

RPE IL-6 RAR-
ELISA IL-6 TGF-

Am580 ( 5)
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5. RPE TGF- IL-6 RAR-
TGF- (1 ng/ml) Am580(10µM) RPE

48 IL-6 ELISA
(N=4) **P < 0.01 TGF- RPE (Dunnett )

RPE SMAD2 Am580
TGF- SMAD SMAD TGF-

EMT 15-17 RPE
TGF- -SMAD RAR-

SMAD2 RAR-
TGF- 1 6 TGF-

SMAD2 Am580 ( 6)

6. RPE TGF- SMAD2 RAR-
(a) RPE Am580(10µM) 6 TGF-

(1 ng/ml) 0-6 -
SMAD2 GAPDH ( )

(b) - SMAD2
(N=4) *P < 0.05 **P < 0.01 TGF- RPE

(Dunnett )
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RPE MRTF-A Am580
MRTFs TGF- EMT 20,28 RPE

TGF- MRTF-A RAR-
TGF- MRTF-A

Am580 ( 7a b)

7. RPE TGF- MRTF-A RAR-
(a)24 DMEM/F-12 24

RPE Am580(10µM) 12 TGF-
(10 ng/ml) 24 RPE MRTF-

A ( ) DAPI( ) 20µm (b)MRTF-
A / (4 N=20) **P
< 0.01 TGF- RPE (Dunnett )
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Am580
RAR-

in vivo Am580
( 8)

8. RAR- (a) 
3 Am580(50µM) PBS (1µl) 3

(b)
100µm (N=40 / ) *P < 

0.05(Mann-Whitney )

6.
RAR- Am580 in vitro

in vivo Am580 TGF- RPE
Am580 RPE TGF-

2 EMT -SMA
ECM pro-MMP2 TIMP-1

Am580 TGF-
IL-6 TGF-

SMAD2 TGF- EMT MRTF-A
Am580

Am580 in vitro RPE TGF-
2 in vivo
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RAR- AMD

AMD 38

EMT 9 A
39,40 A ATRA

RAR- RAR- RAR- EMT 15,26,27

RAR RAR- RAR- RAR- 3 ECM
41 TGF-

RAR- Am580 RAR- BmS453 RAR-
R667 Am580 36% BmS453
12% R667 73% 27 RAR- R667
RPE EMT RPE EMT
RAR 28 RAR- Am580 RPE

RAR- RAR- RPE EMT

TGF- SMAD MAPK Akt
EMT ECM

AMD
15 ATRA TGF 42,43 TGF-

44 RAR- Am580
TGF- 2 SMAD2 RAR- R667

TGF- 2 SMAD Akt RPE EMT
28 SMAD2
SMAD TGF- RPE EMT

TGF-
RAR-

MRTF-A 1 G-
MRTF-A

EMT 20,45 MRTF-A
ATRA 46 MRTF-A

CCG-1423 RPE TGF- EMT 20 RAR-
RPE EMT 28

RPE RAR- Am580 TGF- 2 -SMA
I SMAD2 MRTF-A

RAR- Am580
RAR- RPE TGF- 2 EMT

RPE 37 RA IL-6  (TNF-
) 47 AMD
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48

RPE RAR- Am580 TGF- 2 IL-6

EMT -ECM 49,50

EMT I ECM
ECM MMP

51 ECM I IV
III V VI I ECM

12 pro-MMP2
MMP2 ECM

52 TIMP MMP
MMP pro-MMP2 MMP MMP 53

ECM ECM TIMP-1 MMP
EMT FAK PI3K Akt MAPK
17 MMP-2 TIMP-1 54 RPE

TGF- EMT MMP-2 3 8 RAR- R667
28 RPE TGF- 2 pro-MMP2 TIMP-1

Am580 MMP TIMP
ECM ECM

ECM RAR-

-ECM

55,56 RPE
TGF- 2 RAR- R667

28 RAR- Am580 RPE TGF- 2
I pro-MMP2 TIMP-1

RAR- -ECM RPE EMT

7.
RPE RAR- Am580 TGF- 2

EMT ECM
in vivo

RAR- AMD

8.
, 

, , 
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