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ABSTRACT

Oxidative Stress Stimulates MMP-2 Secretion

In Human Retinal Pigment Epithelial Cells

Gwang-Woo Kim

Advisor : Prof. Gwang~Joo Choi, Ph.D., M.D.
Department of Medicine,

Graduate School of Chosun University

Purpose: To evaluate mechanism macular neovascularization in
age-related macular degeneration (AMD), we examinated whether
or not human retinal pigment epithelial cells, ARPE-19, secret an-
giogenic factors including Matrix Metalloproteinase-2 (MMP-2)
and Matrix Metalloproteinase-9 (MMP-9) under oxidative stress

induced by paraquat(PQ)

Methods: ARPE-19 cells were exposed to PQ for 72 hours and
then assayed for mRNA expression of MMP-2 and MMP-9 by
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reverse transcriptase polymerase chain reaction (RT-PCR) method.
The culture free medium was assayed for protein production of
MMP-2 and MMP-9 by Gelatin zymography. And the effect of
antioxidant, N-acetyl cysteine (NAC) on the oxidative stressed -

ARPE-19 cells was measured.

Results: MMP-2 secretion was increased in the oxidative stress
group compared with the control but the increase of secretion was

blocked by mixing NAC with PQ.

Conclusion: Oxidative stress stimulates MMP-2 secretion in the
cultured human retinal pigment epithelial cells, which could be
helpful to understand the mechanism of neovascularization in

AMD.
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Age-related macular degeneration (AMD)2 3ute] E A
Bg ARoRA MT FHAME =AU AAI Aok &4 4
S dodle F8% AA APoz AdA Yot (Klein R. et al,
1995, Evans J. et al, 1996). AMD<] ¥ <12 Yol7} 718 wet
et Mz 4uol b Ay 2Edsd 27l wadtga ¢
#HA Ath (Beatty S. et al.,, 2000; Cai J. et al, 2000). |

Bt AT AEE Fee] FFEA S By ZAITE Ao
o Je AXJH Yoz FFE&AY FFTFH HAEE9 H)
Z 2 AXEHEEY 94 T ANYFA LY FEE Fvn &
212 A}t (Schraermeyer U. et al, 1999). o]g s =ati Ay A
T 53] a9 ool B2 7t yolrt Frbgd mEt A
Ef o o @ol =&Ho 4 fF71E BE I (Ca J. et
al, 2000). olZ|¢ Astd 2Edf2y =g UYL FAIHn
d# 2 At (Maulik N, et al.,, 2002).

AL A EAed dPo2RE N2 BAGH| A
Bhe A gAY #AE gulst= o, B /AN (choroidal
neovascularization) &4 WA o3 AMDS F2§¢ =253
2oz deA Ao ol HAZut JANA LS g P02 HH
AlztEo] Ra2a uhg AuA Berdaatlste] IR At £
2t} ol wWEte PNPL R=3 vty oA AT Eo] B
g E33d 25 329 A¥S xH3A "Hr} (Green WR. et al,
1993; Chang TS. et al, 1994). olgjst W&t I[P HAHLS
S 2 2 7HA AU #EEHE e 4EA A &5 g

Hd

[>



WA £ F43 o]F & oF7)ste AN £UAQ] Vascular
Endothelial Growth Factor (VEGF)%} basic fibroblast growth fac-
tor(bFGF)st & o & AN &3 dA=2E AXS 7[A& B
4 9l¥E Matrix Metalloproteinase (MMPs)7F &¢& A 21t} (Steen B.
et al., 1998).

VEGF7} #4404 Fag 3 AY FIAA A, AA
VEGF @502 #dd dgo| BRI 23 FTHsto Hoste
TRz AT BoeE AL oMF £ gl AeE Hi HUG
(Schwesinger C. et al., 2001).

MMP-2, 283 MMP-9& ¥ JgAx9 o5& 4A 3dl=
27 IVES 2sto AlX9 72 S Edde Aoz 48A gl
t} (Pepper MS. 2001; Migantti P. et al., 1996).

gt AT = MMPse] #dld] dig =3 71%5S X3 3
om AZ AT FBUAL PR & Yo mn H9 g
(Plantner JJ. et al, 1998; Guo L. et al, 1999). =3 A3}4 2Ed
2F AZYd HfolH X (cardiac fibroblasts)dl]A] MMP Ao =3
A T2 F8E& stn vtz EAA Atk (Myocardial Biology
Unit, et al, 2001). 23y AsHd 2Eg 2 x=&d F9 M1y
A XA MMP9 &H| ¢t kg &l Hug AFE ofF gloh

a2t B AFdAe o Qg A i3 2Ed 26 9
& o2 7kA] W3 TN AP Fods= MMP-29 MMP-9
o] BHE FAlet Ast2Ed 29 Fubage AFARAE it
s Baux s
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1. AXF ug

gtet A3 A E3F [ARPE-19; ATCC No. CRL-2302]1% 5%
CO., ¢t #&3d Md7] HelA wgFstdeh WSR2 56TAA 30
27t 93383 FBS (GibcoBRL) 10%9t 34 Al (antibiotic-anti-
mycotic, GibcoBRL)E 3%-%3% DMEM:F-12 (1:1) ®jA] (GibcoBRL)
g AMgsidd. AxEE AAdstzxa & #We FBS 23.5%, DMSO
(Sigma) 10%, DMEM:F-12 (1:1) #l%}9 665%E &£&3 NEE4
g Zlel] Yol A Hie] R#AsHTE (Grout B. et al. 1990).

2. A3ty 2EH 29 2 & Az Y5

SHEk wlgE 1 x 10° cel/3mee) F ALFWAEF o
%% 9] paraquat (PQ, Sigmal)% Z}z} 7bsta oAl 72A1HE wl st
gt} s A2ZE N-acetyleysteine (NAC, Sigma)g AH4-3+3ith

FastAe) EIE PQE WA AP F T vz FAsAE A
gt om A 12AE v gstATh 72413 g F ¥R E serum
free mediaZ Atz 72AF  wiFEET. Wl ¥ PBS
(GibcoBRL)Z 1-23] Al#3 ¥ AHEE =o} TRIzol (Invitrogen)
method® RNAE F&3tn JAASTHELNS(RT-PCR)S Alds
Atk Alxe vix Q) serum free mediaE 335t Gelatin zymog-
raphy & Al 33t}

3. AXEAE HAA
£ A3 = Pieters(1988) 59 WHE ALl AEXEHEE



259} 96 well microplate (Falcon)oll 0.5x10° cell/mle] etAt
HAE FF4 90 w¥E& 4z YA 282 18 At Fo A3
17k = PQE TEEE 10 m8 ¥ oW FEdiAl PBSE ¥
AEe gzwoz 43, AX B WEdnE Yo blankE 4k
ot Z EE T 3 U7 CO, 7oA gt & ZE welldl MTT
4 9(5 mg/ml PBS, Sigma) 10 & 7}siF3 thA] 37T, 5% CO,
AN 4-5 A7k o wgdtd MTT7F 34EEE AT 2 wellol A
80 uL¥ WA oS 150 £ DMSO (Sigma)E& ¥ 10 minE<¢H
Shaking3| Al A ¥ formazan 24L& & XA microplate reader

(Bio-Tek, USA)E o] &3l 540 nmiAH FF=E 2R ).

4. A 3 AL:FE79 FF

1x10° cel/mle) 3% H9AXE FAHs A & PQ 200 uM,
500 uM # 1 uM¢] DCFH-DA F9 ¥ 37CdA 2 A7t H<¢ 5%
CO., & &&std wig71dA wlF F excitation 3+ 485 nm$}
emission 7 530 nmoll A FFZEE ZAHSA (Higgins GT. et
al., 2003) (FACSCa- libur, Becto Diskison). 32F3}A]¢] oxidative
stress 4A715 & AEE 1x10° cel/mlZ =X @ ¥ NACS 30 ¥
%<t preincubation ¥ ¥ PQ<¢} 1 uM¢ DCFHE 374 A X3 £ 2
AIZE F BESAI D F TG A A3 AT

5. A8t 2Eg 29 93 MMP-29 MMP-9¢] 239 &34
GFE AT F B A EEZ TRIzol Reagent (Invitrogen)g ©]

83l % RNAE ¥ F%33t}. First strand cDNAE oligo dT,

Tris-HCl (pH 84), KCl, MgCl2, dNTP, DTT (GibcoBRL)%}



MMLV reverse transcriptase (GibcoBRL)7} 358 20 x0o] £
A % RNA 1 poz2RE FA4sAth. €& cDNAE RNasin
(Promega)2 x&88tiL YA secondary PCRS 3334 tt PCRe
1xPCR €% 9(Tris-HCI pH 8.3, KCI, MgCI2)ell ¢cDNA, Z+Z}9] pri-
mers, ANTP$} tag DNA polymerase (Perkin Elmer)7} /38 %
Hol A Alggth. PCR AES A7IFET 5 €4 F Ak

6. 431 2Eg 29 9 MMP-29 MMP-99] Ao =3

e A AL serum free media® 72417+ AP g =
o] dlAd AT L Gelatin zymographyE Al 33ttt 10%9)
SDS-PAGE gel[Sol A(30% acrylamide 0.8% bis-dimethylacryla-
mide) 4 m¢, Sol B(1.5M Tris-HCl pH8.3, 0.4% SDS) 25 m¢, third
D/W 244 m¢ 10% APS 40 w, TEMED 20 ]9l Gelatin& 1
mg/mlgE£o 2  HJ7Isle  Separating GelZ2 AFR34 1 5%
SDS-PAGE gel(Sol A 0.67 m¢, Sol C 1 m¢, third D/W 2.3 m¢, APS
20 @, TEMED 10 )& stacking gel® A}g3gich Agto)
100-200Vel A A719E& EWZ YA 25% Triton X-1008 ©]-&3}
o] 30 ¥ W9 AHs YA incubation buffers] W3 37CA 18
Al 39 S AIF T whg-o] 9. % Brilliant Blue staining 33
o7 W ARE FASAT. EAF wetd 72 kDe pro-
MMP-2¢t 92 kD9 pro-MMP-9& ##3tt}.

o
o

7. F3A3}A o 9% MMP-29F MMP-99] #u]e] =34
A Z = NACS AHEdlen dady 4949 A2
RT-PCR# Gelatin zymographyE ©]&3ld U3 wygoz A&



St

8. % A ¥ 4
A3 A3 FIFEEUA U2 dehdi FAAHY B4
SPSS program©. & Kruskal-wallis test® o] &3stat}. P<0.05¢ #

- TAAFA FogAel Jd& RoFE FFA
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1. AXEP =

AEE FolA dodAy AX ¥y dod F & A PQ
9] F¥EE ZAEIATY. PQ FE7F 100 uM Ao HE AEL
50% ol o]tk PQ HE7F 1000 uM ©]4Q A% AE PELo
10% ol&tAth (Fig. 1).

2. A3t 2EH 2 FF Fa

qEHoz whgA HafE7Y 440l Fretgh 53 PQE 200
uMe] FxZolA 2Tl vjE F ouje) JE g A
(o]
o

Sk
BB £ FARAE FA AR Ao] 1y Aagrlo

AL PQSH o] AA Ald] FHadtTh (Fig. 2).

3. PQl 93 MMP-29 MMP-9¢] 23

PQ 50 uM, 100 uM, 500 uME A &l3ti RT-PCRS A3
d MMP-2& $EAE A &L gxFd v FE gEFo=
Hdo] F7t ATt (P<0.05). MMP-92 #dLe HAAT ou)rs}
ATt (Fig. 3A).

4. PQ9 3 MMP-29 MMP-99 A4
PQ 50 uM, 100 uM, 500 uM<E A 28l Gelatin zymography=



AYPE o MMP-2& tzZo| viste] $& JEHoz 4ito]
7} ST (P<0.05). MMP-9& tzZd) ¥ate) 2 WaeE Kol
&ttt (Fig. 3B).

5. FAAstA ] @ 343 2EH2 A w3}

PQ 100 uM¥} NAC 20 uME A& o RT-PCR oA
MMP-2¢] 282 tizTd Hlstd 2ol ZA3ATH (P<0.05)
(Fig. 4A). 543 ZHdolA wg3 serum free mediadlA zymog-
raphy 24 MMP-2 AAHe gz 34 H)ste Aabo] A3t (P
0.05) (Fig. 4B).
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AT FEdM =449 713 Fad adez gEA Je
AMDE 44, Z2A%H 5 4 T §32o2 vdd A58 9%
WAL AAA 80%E AR, Aol =24 A, T A
2499 WA FFEA gy, 28y JFHo2E A A
of9] £ao] HA3 FPHE Aol HAoltt (Young RW. et al,
1987). ¥ A F3& A& $HAdeE AMD 2 20%E A
AepA gk AbEA grehA A o] 80-90% A4 Aol M, gut 3}
nzy aHoze FAA Ry &£Ho] W] FEHE Zo] 5H0]
t} (Leibowitz HM. et al, 1980). 4+&4 H=dd F39 45, 18%
gto] #olA BEIES Wolx XNEF F Jou, AlE F AEo
2o Aoz 4#A YH(Macular photocoagulation study group, 1994).

AMDY] 2 A F9 stve T NG A 2EH
2o 93 & AHTF Aol Qe Aoz g#A Ut (Proctor
PH, 1989 ). & Yo7} QA wE A 2E#H 2 g 24
= Ak fElvlel g3t g Ai A Ee] &4e] AMDY
83 "Wdoz w3 HATY (Beatty S. et al., 2000). A A4
FE71 s AXY FAAHA AR Y, FAHAT T HIAHAENAA 4
Ad & I3, PQe 7L stetE Aoyt WAL ZAL Tl M E
A3 "dv} (Fridovich L, 1986).

ARE Gt ARG HAEFT PQE AHE-3HY 4tstd 2E#H X~
g 7tk e, PQol 937 v A4 e B3-S FAZEY
& B3t A (Fig. 2). A3t 2EH2E ¢ ¢ Y2y

of



HA XA 87 84 FHAxA MMP-2¢ 2|9 Z712 g9l
AH(Fig. 3). TAol Az} 2EH2E & AT FAA(NAC)E
AL W MMP-29] £u)7F Z4aste AT #A8AH (Fig. 4).

4719 Ase BE3 wHAA g AMDSY THd Ay
o] WAl A, AP ez A et ANV A ESL
MMP-2¢] #H|E £Z3t%, 23 FANYE 2 & F A& 2
g3] Attt ol @ AFje A 2EH2E w2 F¢, 9y
Naguo A df Ao BHstE VEGF, FGF £2UAE #u)s
o FFJAAYe] JIEddve ©UE Riudg: dAHE Aot
(Ohno-matsui K. et al, 2001; Wada M, et al., 2001 ).

T3 FAsAC] o F MMP-2 Ao #ZAE s E A
=, dAsAC oA g Axddue] RN EHFARS] &y
ZAE A AR AdAE + ASE & F A ol F
A FasiA e F47 AMDe #AAE A5ty AMDe] 23
S AAAIIAY £& AMD HAE AR dud £x otz A
=29}, |

FF, A 2EH2E M F, FASAE At A, G
Ao T A XA MMP-2 ¥ ofe}, 1 9] A&7 Azt &
Hlo] ZAAE 5o, FAAstAe RN AdAERE £ o 35
az gtk & ol2jd AT E A AMDY o 2 AMDe
P& ARAste FAZAMY qAsA 9 FteAS FAstuA o)

rl
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Table 1. Primer sequences used for PCR.

Gene S&ASP | Nucleotide sequences | Length References®
5-TTTCCATTCCGC
S | TTCCAGGGCACAT-
MMP-2 3 953b Vince GH,
5'~TCGCACACCACA P 1999
AS | TCTTTCCGTCACT-
3’
g |5 -GCGCTGGGCTTA
GATCATTCCTCA-3 Vince GH,
MMP-9 \s |5 ~GCAGCGCGGGCC 475bp 199
ACTTGTC-3
s |5 -GACTATGACTTA
G-actin® GTTGCGTTA-3 501b Nakajimalijima
actin as | ® GTTGAACTCTCT Pl et al, 1985
ACATACTTCCG-3

* PCR control (house keeping gene).

b )
Sense and antisense.

¢ References for primer sequences.
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Table 2. PCR conditions of MMP-2, MMP-9 and B-actin.

Dena- |Annea-| Exten-
Gene Hot start turation | ling sion Cycle 72°Co A
. 94°C 68°C 72T 587}
MMP2 | g4c | 30sec | 30sec | d5sec |0 cveles oAl 7]
vnpo | omn [ oaT | esT | mC | | %8
30sec 30sec | 4b5sec cycles| # 4T
. 94C 94C 53T 72°C Rl
B-actin 12min 20sec | 30sec | lmin 25 cycles

_16—




ARPE-19 (32 MTT)
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Figure 1. Human retinal pigment epithelial cell, ARPE-19 mortality

according to various concentration of paraquat
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Figure 2. Flow cytometric analysis for induction and inhibition of
oxidative stress. The oxidative stress is induced according to the
concentrations of paraquat (A). Antioxidant, N-acetylcysteine

blocks the oxidative stress (B).
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Figure 3. Stimulation of MMP-2 secretion in ARPE-19 under oxi-
dative stress induced by paraquat. MMP-2 expression is sig
nificantly increased in ARPE-19 by paraquat in RT-PCR (A) and

MMP-2 production is significantly increased in zymography (B).
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Figure 4. Blocking of stimulation of MMP-2 secretion in ARPE-19
under the oxidative stress by addition of antioxidant, N-acetyl
cysteine. MMP-2 expression in ARPE-19 is decreased in RT-PCR

(A) and MMP-2 production decreased in zymography (B).
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RigNxe

3L0{o] B THHIZ OrBRRl BIOIM R 2 BOF A UL &S
BB R4 QS HEQ EoH HOIM o 28 &H HUTL

2 20 ZOF HEH B, 232 H2Xe A YR 4
W7l Ao UME Tale HUTH E3 M =22 £ £ 9
H G T2e RA FHHZ 24Y, OLAG MA B3 ¢ 4
NBHR A QAU UHMel e THUTL 2311 A AN
HZS MM A AW 24, YYY 4. SEHF 244
B Qe % B8 BAWTOIN MY UM 2 gL HIIUTH
BB A4L2 AU ALQUTL ASHTol B4 UUBMNIIE T
B LT

A QBAIRG BFAF HE AHRMID BHEHBHR A G ABHY
Bo DOMYSUTH B23 T UMRMD A WIHF, UM
¥ THBHR Al B AW EOl FoB GE WOl UTNEF VU
T RTHOD RAO T GHe HHOm HXol Q7IF NIYUTH

VM B3l M 22 £ £ QH ANYS 2L o3 A
MU YR UNT il HEUTH BE Yo L8 WY
AN Q. _

2B HH GBS TR AT Yol WAl oltHAIENQl A4 37
HY, M2 Y, He3 Y, o2 Y. Y AW, 3™ HY
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