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Effects of Abalone Shell Extract on Proliferation of Retinal Pigment
Epithelial Cells Induced by TGF-81
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Abstract In this study, an extract was obtained by super-oxidizing abalone shell. The effect of
super-oxidized abalone shell extract (SA) on TGF-81-induced retinal pigment epithelial cell metastasis
and its fundamental mechanism was investigated. First, abalone shell powder was extracted through a
superoxidation process and measured using the WST-1 assay method to confirm the cytotoxicity. After
treating retinal pigment epithelial cells with TGF-81 and SA, the change in morphology was confirmed.
TGF-B1 reduced the proliferation of elongated retinal pigment epithelial cells by approximately 40%. In
addition, the wound healing assay to confirm the migratory ability confirmed that SA inhibited the
migratory ability by TGF-81 by approximately 20% in retinal pigment epithelial cells. Western blot was
performed to confirm the basic mechanism in retinal pigment epithelial cells treated with SA. The
protein expression levels of MMP-2 and phosphorylated FAK confirmed that they were decreased by SA.
These results are expected to inhibit the proliferation and metastasis of retinal pigment epithelial cells
induced by TGF-B81 and help prevent retinal diseases, such as proliferative vitreoretinopathy promoted
by TGE-A1.
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1. M
S A0 A2 8 (Proliferative vitreoretinopathy,
PVR)2 AT A E(Retinal pigment epithelial,
RPE)7} HIZ33AQ] S4|0& Qg HRAZE HEE=
warale] 9] 7Rt gt §HF9] shutoltH, 2 A
A SAFYAGESY K% T A=
Z83% Al fgog a7t dAistd At
DA ZE Fuko] g &40 2 Qs F4, o], A]-
S7tAA0|(Epithelial-mesenchymal transition, EMT)
o} 22 HYEH @Afo] UEA "Edt3-6l. 4H-F
7YY #Hol&= tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), 18]1 transforming growth
factor-g (TGF-$)2} 22 cytokine©] ofolal Q)
Ao" AdHA SItH7,8]. AH-F7+Y Aolof| Toidl=
cytokine & TGF-8= AHAEO] Ay #EFS 7t
d B4 7R ZoE vEE skl TGE-4) 9
o FrE YA TEARY F4], olFS FXI5to]
AH-F2HY HolE RSt HarE{eH9, 101
AEL BoAol, &3 5 7] of2] A QoA de
FAE JUPE =2 AoR dHA Stk AAHE
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Aol AHEH F2E2 @i YgolA Algior A
ol-g5t3ltt. AR A2 steel wool& ARES]
o] AAgo] &g o]2-E AAste] AHsITh Al
A3 AAEE 80 CTollA 3087 S5 HES Al W A

T2 o0&

159
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S 39 HHESIYTH15). AEAH o RN
Azst7] sl 200 TollA 1087 &4 A

8510] 50 mesh@ EA5FAT
CBAs 44 B 1 kg2 2UEAFTA LR
(COSMOS660, Incheon, Korea)E o83t 80Tl
A 2447 5% 7 1LY FE2HE ARSI AR
F2HS Al wjFAY 10 %= =S Hrtste] Ao
o5ttt

25 TollA 24A17F zAlSH

£

[ hi Remove foreign substances from running water ‘
was‘ ing using steal wool
‘ steamed H 80 °C, 30 min, repeated 3 times ‘
1 5
L Add 3,500 ml of 5% fermented vinegar + 3 kg of
‘ superoxidation H abalone shells and immerse at 25 °C for 24 hours.
‘ Burning H Heat treatment at 200 °C for 10 minutes ‘
i i
‘ Smash H Grinding to 50 mesh using a high-speed grinder ‘
I
Hot water extraction of 1 kg of abalone shell
Extraction powder at 80 °C for 24 hours using an ultra-high
vacuum Iow-temperature :on:entrating extractor

Fig. 1. SA extraction process

2.2 HIZZF i

OG- AA T A EZ(ARPE-19)SMS  American
Type Ceulture Collection (ATCC, Manassas, USA)
oA F4stem DMEM/F-12 (ATCC) iAol 10%
FBS (Gibco BRL), 100 U/mL penicillin, 100 pg/mL
streptomycin (Invitrogen, Carlsbad, CA, USA)& &
7¥ste] 37 €, 5 % CO» incubatorollA] viFsIHATE
HjQFARL 2~3dmitt M2 wgstct

2.3 Cell viability &

Cell viability= WST-1 assay 'S ARgslo] =
A3lHtHDogen bio, Seoul, South Korea). ARPE-19
HEE 24 well plated] 5 x 10*/mle] HE= seeding
& 37°C, 5 % CO2 incubatoro|l A 24A17F B FAIHTE
AR HAPEESE(SAS Aot 4841t WSSt
St ¥hS & WST-1 reagentE HES-AIZ] 3 microplate
readerg ©]85t9] 450 nmollAl FFEE SA5I3Th

2.4 Wound healing assay

Scratcho <9Jgt SAS] ABAIE RISk Ll
ARPE-19 A2 6-well plate°] 8 x 10%/ml& F&3t
T, 37 TollA 24A17F viFct. vk & Al 29 wWiRE
FBS7} gl= HIAI2 oIl yellow tip& ARESHo] ©
A M|ZZE scratch $F &, 20 ng/ml®] TGF-B13} SA
£ Aot AlE9] o5 48417t TRt IS

o o=
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2.5 Western blotting

TGF-B13+ SAE A2sto] ¥igE ARPE-19 AlZ=
lysis bufferg ol-&sto] TlAE 34519 om, BSA
protein assay kit (Bio-Rad, Hercules, USA)E o]&
oto] ol AJegolgltt. SDS-PAGE #719% %ol
nitrocellulose membrane (Amersham Bioscience,
Little Chalfont, UK)Ol transfer sttt 1x} A1
MMP-2, MMP-9 (Cell signaling technology, Danvers,
USA)= 1X TBSTZ 1:100022 3]451911, GAPDH
(Santa cruz Biotechnology, USA)= 1:4000°2.2 3]
A3HE 4 ToA overnightﬁi HRSAIFE 23 A=
ArLoA 1A17F WRSAIZI & ECL kit (Biosesang,
Sungnam, Korea)E o]-835t] &4+t

2.6 A X2

gojg o] EAREAL2 one-way ANOVA-Tukey's
(GraphPad Prism,
version 5.0, Graphpad Software Inc, San Diego ,
CA)E ol-&3to] ARAS sigitt. A4 94 A5
= p0.05 FEolA 794 2tolE Felsiith

multiple comparison test

3. Zat o uF
3.1 ARPE-19 MZ0M SA7} TGF-81=2 R
MIZ SA0 0Xl= S&

24181 A FE2(SA)°] ARPE-19 Al2] A2
=& 2E=A A5 Y8 WST-1 assay® ER15H
CHFig. 1). Al JEEo] tixata Blaste] oF 98% 4
28 Ho] ARPE-19 A|20] that S40] et 9%
= SIS

1004

Cell viability (%)

ct® sA
Fig. 2. Effect of SA on cell viability of ARPE-19 cells.

Cell viability was detected sung WST-1 assay.
CTR; control

TGF-g&= A= F4, A%, &3l Fa3 9L
Ste Alx A AR g#A Utk TGF-p&
TGF-R1, TGF-B2, TGF-839] A7} §3og Us
4 Qe 11 % TGF-p10] 71 wo] 971 9loH
bt W A9 HR3te fdotke gHAR dEA 9
tH17]. wWekA] 9-2]%= ARPE-19 AlZo] TGF-81 ¥ SA
£ Aeet $o Alxge Bkl SA7F Al o] o] m]A|
£ Gl dis] APt

TGF-p12 A2¥ ARPE-19 AMx& A €vlF
o= FE Hiel o] AH HAoME FHE A
THFig. 2). SAZ A3t A= TGF-p1 ©5 A= H
Az} ulwslo] ARPE-19 AlEo] AZE M-QolA=

ek e AL Bt

Cell shape
(long/short axis)

TGF-B1 + SA
Fig. 3. Morphology of ARPE-19 cells in treated
conditions. CTR; control, TGF-81; cell treated

TGF-B1 alone; TGF-B1 + SA; co treated with
TGF-81 and SA. **p<0.01.

CTR TGF-B1

TGF-B1+SA

Fig. 4. Effects of SA on scratch wound closure in
TGF-81 in ARPE-19 cells. The cells were
imaged at O and 48 hours after scratch. CTR;
control, TGF-81; cell treated TGF-81 alone;
TGF-81 + SA; co treated with TGF-81 and SA
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SA7F ARPE-19 A|229] o] WA
7] 913l wound healing assays
g3t A} TGF-1S AEet =S v
SAE AHEgt & wound healing area”t 9F 20% 34
oSS s 919 A1 53l SA7H ARPE-19
Aol FAE AAstaL gRlstdrt.
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3.2 ARPE-19 MEZ0|M SA7} TGF-412 REH
MMP-2, MMP-9 % phospho FAK 20]
Ozl &t

57

49

jiA%)

MMP (matrix metalloproteinases)= A3
Zoje} 22 FHHof| Toloh= Al AAY, FHAl
A Bael 22 trorst AEjsky Ao Fagh =
ojtH18]. F£2 MMP-29} MMP-9+= 2 ¢
QF Hojet ATH Axe] 7S JHrEdohs a4AR
A 9JorH19]. MMP-29F MMP-92 Z41-5-aA%
P39 of P4 AR o] 52 EX1oh FAREAT
o= 529 AL MMP-2, MMP-99] ¥Ho| o &
Aoz ®BiywEo] QtH20]. EZF T AAtu A oA
MMP-22} MMP-90] &H|=m g} uf g} A
ool 8% ITL Ity YA YrH21-23]. £
AolAE SAZF ARPE-19 AIEQ] olso] Foish=
MMP-29} MMP-99] &g E2Ist9tHFig. 4A). 20
ng/ml9] TGF-B1E& 48AI7tF A&st& W MMP-22+
MMP-99] Thiid dhd o] J71st AL ERIT &= g2
EdZN

|

HE 2L o

O
Rus

=

MMP-09] g e gojmgt

Act24].

FAK (fokal
oncogene tyrosine-protein kinase SRC)Q} PI3K
(phosphatidylinositol-3-kinase)/AKT®} 2 31
A5 ARE FAJsloh= H484 tyrosine kinsaeZ A,
T2 QAZoA AlZ P& D F4], o]0l 2T I
< ot Zo=E DA UrH25]. FAKS ZHA|Eof A
TGF-g°l 9Jafl 41-37t4 Hol& A=s71= skl A
ook #ofdh= F83F iR e heH26]. FAK
9] &3l A= Wizl SR A 58T ol A=
9] 7140 tigt olF 9 MY T T T A9
52 2EE & Y= Ao 7 RuEHATH27]. 20 ng/ml
9] TGF-B1-Z 48A1ZF A2ot3lS ©| p-FAKS] Tz

o] S7otglom, SAS TGF-p13+ 54 A2slie

adhesion kinase)2 Src (proto

161
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A) B) - kbDa

MMP2 |+ o e o 4 p-FAK .

(V576/577) 0

MMPY | e - — FAK (R, 1o
e E o -“

TGF TGE-R -

(200g /m”ﬁ - + + (20ng/mL) + +
- + - - +

sA SA

Fig. 5. The protein expression levels of MMP-2 and
MMP-9 in ARPE-19 cells by western blot
analysis. ARPE-19 cells were treated with 10
ng/ml TGF-B1 with or without AC for 48 h.
GAPDH was used as an internal control.
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o, ZZE0 TGF-B12
YA AT A EL] F4], o5 A5t
bl A T A 20 A TGF-B100 98 f=
AfHoz defsinz FAFATIEHS
9] ofgr 9l 7o) AAA 7HA]7F Y& Ao 7|riETt
TS BRI Y& HfZhS o] g3t ot Agho] oo
a3t 71227371 € Aoy 754 AE 59 Hiole
24 o] &g 7FsAdo] e Aoz AlgdEth
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