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ABSTRACT

Human Retinal P_igment Epithellum Increasingly
Produces VEDF and Decreasingly PEDF under

Oxidative Stress, Leading to Neoangiogenesis

Jeong-Yong Kim
Advisor : Prof. Gwang-Ju Choi, M.D.
Department of Medicine

Graduate School of Chosun University

This study is to aim to elucidate the mechanism of
neoangiogenesis in human retinal pigment epithelium under oxidative
stress. Paraguat was added to cultured human retinal pigment
epithelium (HRPE) for 72 hr to induce oxidative stress milieu.
Expression and production of angiogenic factors including vascular
endothelial growth factor (VEGF) and pigment endothelial derived
factor (PEDF) was checked by RT-PCR and Western blot,
respectively. Whether or not induction of the neoangiogenesis was
monitored by both tube formation in ECV 304 cell and migration

assay of human fetal dermal microvascular endothélial cells. The



competitive RT-PCR showed that PEDF gene in paraguat-treated
RPE was significantly lower expressed than in non-treated HRPE.
But Western blot showed the significant increase of VEGF
production (p<0.05) and the decrease of PEDF production (p<0.05).
Moreover, angiogenesis was dose—depéndently increased when the
various concentrations of paraquat were added to HRPE. Taken
together, oxidative stress by addition of paraquat causes .HRPE to
produce VEGF more and PEDF less, leading to neoangiogenesis,
suggesting that the neovasculization in age-related macular
degeneration (AMD) be céused by breaking the balance of
angiogenic factors in HRPE such as VEGF and PEDF-that is, in
oxidative stressed HRPE, VEGF releases higher and PEDF lower, as

compared to the normal HRPE.
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2ol AU 2AZRFAY A AxdERL FgIg.



e, AEHQ A7z Aol FBWAY P ZHE VEGFs 2

AAFA A AA PEDF(Pigment epithelium-derived factor)5< &

F94 QAL Abld] ZFe Sste] AV B AE 99
Zobol met 3@sE AsaEdse og Fuhage) o} wete o

A2ae] 2R 7|AS FHnA g Fe AEgS AIs
= A9 Wiy BTG FA M E] paraquats 7t} At E A
FESIL, oJF AHEAAM AFAA g RPAE AU VEGF
o} AP AAAAJN PEDFO 239 wsle #ddsinz i o

=0 ol €I A &2 dAAAY ¥yt Zuiz Hgm A4

e

o

g Fold $9, AH2EG20] 4G FU ARG B )



1. AEF g ,

Cell line2 1A DAL da)Ax(olst AA4H)F(ARPE-19;
ATCC No. CRL-2302)8 37°C, B%air-5% CO’} ¥ 8H+ 5838
HjF7lol A wjgstgdel. wl}AL 56Tl 3083 EX2’} FBS
(Gibco BRL,Grand Island, NY U.S.A.) 10%$} penicillin (100 U/ml),
streptomycin (100pg/m¢)3} amphotericin B (1 pg/ml)E X3 FAA
(antibiotic-antimycotic, Gibco BRL, NY, USA)E &%
DMEM:F-12 (1:1) ¥}#} (Gibco BRL. Grand Island, NY, US.A)E A}
|3t

2. AJ2EHYE 5

BRYANEFE 1x106cell/mt FFEOoR 3F g F AFJrEFHS
E fx387] 93t paraquat(Sigma. St Louis, U.S.A.) 50, 100, 500uM
FTEER 397 AA wF At Ast2Ed 2] ALEE WA E serum
free media® A dte] 48A1HE < ¥HEAIZl F9) HiR]E Ro} -T0C=E
1 7}3to] Westernd} tube formation 2 &) ©]§% 3, RT-PCRE 93
Ae 98 HA T serum free media® IA3L] 6A1ZF wHE--Foj
TRIzol Reagent(Invitrogen, California, U.S.A.)& °]&3% 9 F RNAEZ
F23%to) VEGF$ PEDF #3Ae] 23d& A7, vjasiiich
3. AXBAxE A

AEE FolA FodA AE ¥¥S g0z & e AsAd HO;

9} paraquatd] A FEE A3y hA PietersE°e] #L A} 43



o olE AstAle o3 AIMEF BHAEE FSANAT. e 2
HalH &3 2o 96 well microplate(Falcon, Lincoln Park, NJ,
USA)A 337 ALE 05x107/miz S4A 712 AZFFh 90 ul
ANg ztzh gl adn 18 At Fof =AH3uAk &+ paraquatE

E0j4 PBSE ¥Wol AXe dxdoe=
da, AE A wjgednts Yol blankE Adrh #F EE F 29Uz
CO; ®wig¢d F EE  welldl 3-(4, 5-dimethylthiazol-2-y1)-2,
5-diphenyl! tetrazolium bromide(MTT) €4(5 mg/ml PBS, Sigma, St
Louis, USA) 10 w& 7F3lF53 oAl 37T, 5% CO A 4-5A1%F ¢
gt MTT7F $4H =5 5. 7 welldl A 80 w¥ HE o
150 46 DMSOE %3 10 min¥¢ EE0lA AXE formazan 23E
2 =X microplate reader(Bio-Tek, Cambridge, MA, US.A)E ol &
3teo] 540 nmoll Al §FEE SAs4H

Jl}l'

4 /}“Em )\}ﬂ.}\E i’-]’% t“- Z‘.;g

A3hAIQ) HoO2 9 paraquat o] 9§ B s AEue] A3t 2E
28 2 F7E A AR UZ AYS FAFT PP S o83
9 3%, G540 1x107mlel FeHET Al 500 WM, 1000 uME
=9 HyOp 2832 200 pM, 500 pM 5 X9 paraquat® 2+Z 1 uMo)
2-7'-dichlorofluorescein diacetate(DCFH-DA) &7 %o ¥ 37TolA
2N L 5% CO2 wid7lolA vld F excitation 37 485 nmet
emission 3} 530 nmolA FFAEE FHAUGD. FAsAY
oxidative stress QA7 HIE 1x10¥/mIZ =FXF & N-acetyl
cysteine(NAC), pyrrolidine dithiocarbamate(PDTC)E 30 ¥ & vl
Ae ¥ ¥ H0, paraquat, 2] 1 uM DCFHE 37 A F 24
2 B WA T 299 FgelA 2P



5. W 245 A XA VEGF, PEDFe 47 2d¢ =3
LAFYVAAR] 2AZ AL Aot AANFFELAANS S A

385} A}, /}}i}xﬂ% A2k T 2 MIEE TRIzol Reagent
(Invitrogen. California, US.A)& °l§39 £ &3 F RNAZ
RT-PCR(GeneAmp PCR system 2400, Perkin Elmer, CT, US.A)<S
AN RB3ATG. B3-S A%t 5 uCi [a-p] dCTP(Amersham, London,
UK)E PCR #8 EFE A7t st First strand ¢cDNAE 1 U/
#¢ RNasin (Promega. Madison. U.S.A.), oligo(dT) 450 ng, 40 mM
Tris-HCl (pH 84), 100 mM KCI, 10 mM MgChk, 1 mM each dNTP,
10 mM DTT(Gibco BRL. Grand Island, NY, US.A)¢ MMLV
reverse transcriptase (Invitrogen. California. .USA) 200 U7} &-%9
20 pee] gA0jA = RNA 1 peo 2 RE A3 Ht. PCRE 1xPCR
&% H(10 mM Tris-HCl pH 83, 50 mM KCl, 1 mM MgCi2, 100 ug
/ml gelatin, 0.05% triton X-100)9] 25 ng<] RNAE-’?—H A"
¢DNA, Z+7} primers 10 pmole, 50 uM dNTP$} tag DNA polymerase
(Perkin Elmer, CT, US.A) 25 unit7} /% 25 0] whgdAor A
Patdrh AFL 948 5 pCi  [a-Fp) dCTP(Amersham, London,
UK)E w8 38 ¥7stant” PCR 48 25 y2%E VEGF,
PEDF 10 9} B-actin 5 plE 7% H|¥A polyacrvlamide gel Aol A
100 VoA 2A12F & A71958 § 1A% 308 5 80CoA Az
% X-ray 2o =%Al1A autoradiographyE Al 3B3tsith. VEGF, PEDF#
B-actin ¢cDNA ¢ A% IMAGERTM ¢ 1D MAIN(Bioneer, Korea)
2 semi-quantification 3tQ 21 B-actin cDNAE 7]|Fo=2 v2sg
o5 Age Ha 23 oy wRatt |

6. T A2V AZAA Y VEGF, PEDF9] 449 33
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A2 E 2T} 7hA SRR GS A Z AN AdE FRFAABEY
AE ZA387] 98k Western blotE A a3kt AbslaAlAe] & 484
T WHEA1Z) serum free mediag Eo} Ao A&t REobE
i 2}= protein assay kit(BCA assay. PIERCE, US.A)E Al-&3le A
3t 5 50uge @A L 12% SDS-polyacrylamide geldll 100VZ2 7]

=

%% ¥ polyvinylidene fluoride transfer(PVDF) membrane (Gelman
Laboatory, M], U.S.A)} 40mA=Z & A$] dojAlZl ¥, membrane &
5% non fat dry milk(Gibco BRL, Grand Island, NY, US.A)7} £ &4
Tween-tris-buffered saline(TBS-T)Z 1A17H5<¢ A-29A4 blocking 3
T 1084 33 TBS-T buffer2 MoJETh  rabbit anti-VEGF
antibody(1:2000. Santa Cruz Biotechnology, Santa Cruz, California,
U.S.A)¢F rabbit anti-PEDF  antibody(1:2000, BD, San Diego. CA,
US.A)E 05% non fat dry milk7} € TBS-TZ 3AAFH 2A12-5<¢
A2 AN F 74 1084 33 TBS-T buffer2 A ojFArh.
HRP conjugated anti-rabbit IgG antibody{Jackson ImmunoResearch,
West Grove, PA, US.A) 23 ZFAE 10 200022 3Asto 1A 5
QbAoA WAl F 7 10248 33 TBS-T buffer2 Rl
. HRP &4 chemiluminescent substrate(EPD western blot
detection kit, ELPIS BIOTECH.INC, Korea)E& AM3d9 X-ray
film(Fujifilm, Japan)ol & AlA @43 VEGFS} PEDF9 2@ <&

o3
k-3
AL BAEHAT” ol AFe AL 23] oA wrEIRY.

7. ECV 304 cell & o] &% 9W#3 A (tube formation)

AZFAEFHAZ vt o pubal 2ATl oA 2L ujekolo] MAFAFL

=3tE A E dolr 7] 93819 ParaquatA X & GHALATE 484]

b THA] BhS XA QL serum free media® Fo} #APA f= A

N



ol ALg3tATh AstAE A= e wjgde] VEGFS PEDF| W@ 1
2} A}, anti-VEGF antibody(Santa Cruz Biotechnology, Santa Cruz,
California, US.A.), anti-PEDF antibody(BD, San Diego. CA, US.A)
10pg/mbE 242 A 2j3te] 4TAA TS MY w-3AlA VEGFS PEDF
o E3E A7 AASAT £ 43 FAS A g2 uIgdx
37 Rl Protein-A agarous bead(Oncogene, La Jolla. CA, U.S.A),
200ut/mE ¥ol TAl 4TCAA 6A1F B3 F 4T centrifuged] A
12,000rome2 1023 Hzjste] A H-& ECV-304 growth media%t
112 mixste] 439 tube 4 2F9 A2 ALFHAT”

Tube formations A4 U371 Y3A, 94 250uL2] Matrigel(BD,
San Diego. CA, US.A)S 24 well plated] 5 ¥ 37TolA 308 9
AR o] well platesh 0.5x10°cell/me] ECV 304 celle Y3 743
BFstant. ojwf e FAARE AANIINS neutralization bFGF
(R&D Systems. INC, USA), 30ug/mi-& o] g5l 7o)
¥ PBSZ 2~33 A# F 70% ethanol2 4TColA 308 ol AT
¥ PBSE o] @vj3oz ANE A

-—

8. MEolEsd FA

Para(juat 21'3] T 48AN7F B<F ¥rg Azl serum free mediag X.o}
23 ARt dFez wWwgd 712 human  dermal
microvascular endothelial cellelA] 2dL tipg AMEste] AF 19
300 ym A7 AVZ MEE AA3AL PBSE 23 AxE AF F
growth medium® paraquat *2]3+ serum free mediag 1:112 4¢] uj
AT ol TE AFAAE AANT A 20py/mE =9
neutralization bFGF(Santacruz Biotechnology. California, US.A)E &
o) BolFdth 2447 A PBSZ ThA 2~38 MH ¥ 100% ethanol

_ s -
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3] Hx0: 9 paraquat 559 A8 AE Fot MLAu Az 7135}
] ol A 4P ALALELE FANAT. AskAY FEI}F
7HETE AEX XAES =%er, HO; 9 paragquat® EF %71
1000 uM o189 A% 2% ME AEgo] 10% o8t KO, o %
57} 500 uMQl A9l AE AESo] 50% ol¥ paraquat: %7}
500 uMQ! Aol ME HEL0] 50% o 3tith(Fig. 1). & APjAE
50% olate) ME BEEL QoA e FEA 500 uME AP F
g5 A5 B2 AR2ERLE FRdE BE ASH AL

o},

2. AstAld) g FuGsiAxe AJrEHY2 HF

AFSHAIQD HiOp 9} paraquat o] 213 whebd sl 2] Ab3t ~Ed
F2 FFE A Adxgnz AYS B
paraquat 5 ¥FX JE&H oz wEA 44T Aol FrEA
53] paraquat= 200 uM9] FElA thEFo vls] 150%H =9 6
A AA2ES ARHRAG =3 FAAE paraquatst Zo] FAld A
dE gA itz Adol g4 FAsA Fx &

_?_
o2 239 FJ8AH(Fig. 2).

=2

3. 335t 2EH 2] 9§ VEGFS PEDF9 {3 2@ W3}
Paraquat 3% A2 ¥ FAYAY FEAAA VEGFY Fxize 2d



2 paraquats X Atol7} ¢1dth(Fig. 3). 22y paraguat 3€ 3]
Fo FEHPYA QALY PEDF HAAE AsAY sk w2l 5%
olEH o2 ZA3AHp<0.05)(Fig. 4).

4. 233 2E# 20 93 VEGFY PEDF9 A4t s}

Western blot& ¥3ted ASt2E# 2 59 ot MaAdm A ZoA
EUBE32ARJNA, VEGF, PEDFe] 9@l Aite] Wslg &1 24,
paraguat 2] ¥ PBAALAIAMEA paragquat FE FEHOR
VEGF @¥de] Aito] F7tstes 2E &8 tHp<0.05)(Fig. 5). =
% PEDFE#E9 AAS paraquat 35 o&Hoz asud
(p<0.05)(Fig. 6),

5. AXr¥ VEGF, PEDF9] tube formationoll ti3d g3 <l
Paraguat® 2l conditioned medium®.& A& A}, paraguat®l &
=7 S7Hee] weEt B 2e tube-like structure® 3485 oh(Fig. v7
A~D). 28y anti-VEGF antibodyE Yol VEGFE AAZ uj=] o)A
£ tube-like structure Aol ¥W3lrst ¢ldch(Fig. 7 E~H). 18y
anti-PEDF antibodyZ Yo} PEDFE AAZ widde o g
tube-like structure @A &P 21, paraquat F X0 wetAE Wt ¢

A (Fig. 7 I~L).

6. AJ=EG: njFAe AXx olFd AL 4F A

Human fetal dermal microvascular endothelial cells®l paraquat& 7}
sl AL conditioned mediume 2 2|3 F-$ GA growth medium
o2 XY Heo nvusM 2 AE olFFHo] T gEHoez F

1ge ¢ 5 UAHFig 8. A~E).



AP JAFNAG L 504 o] Fel A doju= Fute] WAoo A
BEFAS} DAL GTe] AP F AL, g LY
o A=Y A5 FHE Bole AFA Ay dgtudd g
8 2R mE FANZYAe, TR, 2% PAPRE vE

$¢ Mot AE¥oz WEEL 4% ARFdE e By @
FUHE U FEY FWAYAA A00B Ao Z7s g 2
ANEZ} Frhshe WA ALY HIR AniEdss B
dotn LeiA ok gy FAY BseEdast 4Y gAY
HAZUE U E /e ool AR VUYL FESE AL 3

g8 walA A 2o
45 F7FzHolqe) FaYYe VEGFS 2& %7939 PEDF
59 AAQR Atele] FRl oo fAHY, AFasgzs} AR

HAAAEQ FElolAE olE AR EF Yol LAsle] F#AF Aol
At M ols R ad M VEGFY AAZ7lRtE PEDFY 2Hd
o) oF FBAAAA) EFPo]l 2ol YRUAez oot

233 ek olHE BF Y 4ElE Holekamp 578 Fubai Ay

2

Q
s

€ A% v JF3AAL, Mori 5% FAA2222 PEDF
< F=3A 2AN A P2 2 wagRBe Aol YA
AdE BAFAT AF2EA2Y FH 0% A4 WL 2
Aoz ot Axgdoa Agsd FRANE FET 5 Aoke
FaAE AY BAE AL ok

Ade 9ARoz A% B Az JuAEFe) AsrEd2E 7}
371 $181e) paraquat® A}&3ke} AstxEdxe) FHUE FEIS o

iy



T AEFAA Ag2Eds A4 FAHEIASS A AH(Fig.
12). & GAZ AztzEdH 2 4FE AZEAA UM FEY
A2 4 VEGFS 88448 9A1QA¢ PEDFE Q@A FEaa0
S % Western blotg A A8t =A% A# paraquatE HXsHA] @&
Tl Blste] GEHX

paraquat %o 2

AV}

S
T4 PEDF #3Ast @de wyol
25 288 #9849 MFig. 46). VEGFY 73-¢,
FrAzte By wigsE #3d ¥ & U2 (Fig. 3), Western blot
7tgel Wl VEGF 99 o Aite] ojnjg)
A F7HEE FJsAHFig. 5). ol VEGF #3xe] #d ¥ &

4219} transcriptional modification S 9sjA @la BHo] t}A

2
N
o

o{}l

o} A= paraquat F=7}

Az 29AFE A AE Adst2Edart 24 27 By
Bell Beistz ARe Al Wk gAY ol Az F2 9
AFole A0l o1g e 4gH oz dFsA
2 shAch =3 AL B sk dAvE HE3sA BEA JdAE
SAT 1Y = 32 FukwiNe A9 FRYPA AAdRe #Aa
of osix B R Tl 7AA AU JMEsitge o
Jd¥ZAGE BIEd. 2y oleF si&ed dYue 2, d4 o
A W AN M E) paraquatl 93k 23 AEH A
St AL GB A AY VEGF @A A 712 #9siin
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Table 1. Primer sequences used for PCR

Gene |S&ASP Nucleotide sequences References®
S 5'~TGCCTTGCTGCTCTACCTCC
VEGF Kyoko O, 2001
AS |5'~TCACCGCCTCGGCTTGTCAC yoxo
PEDF S 5 ~GG‘A‘(J‘G(’Z\I GGATTAGAAGGCAG Kyoko O, 2001
AS B'~-TTGTATGCATTGAAACCTTACAGG
Bactint S  |5'~-GACTATGACTTAGTTGCGTTA Nakajimalijima
AS  I5'-GTTGAACTCTCTACATACTTCCG et al., 1985

* PCR control (house keeping gene).

b -
Sense and antisense.

C .
References for primer sequences.




Table 2. PCR conditions for VEGF, PEDF and B-actin

Gene [Hot start|Denaturation| Annealing | Extension Cycle

VEGF 94”(‘ 94°C, 30sec |62°C, 30sec| 72°C, 1min |28 cycles
PEDF 12m;; 94°C, 30sec |64°C, 30sec| 72°C, Imin |31 cycles
B-actin 94C, 30sec |537C, 30sec|{ 72C, 1min |19 cycles
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Figure 1. Human retinal pigment epithelial(HRPE) cell mortality
according to various concentrations of oxidants such as

hydrogen peroxide and paraquat.
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Figure 2. Flow cytometric analysis for intracellular ROS using 2
-7 -dichlorofluorescein  diacetate(DCFH-DA) indicates a
significant increase after challenge with oxidized hydrogen
peroxide and paraquat(A). Antioxidant effects of NAC and
PDTC on the paraquat-treated ARPE-19 cells(B). Error

bars indicate standard error of the mean.

ROS : reactive oxygen species
NAC : N-acetyl cysteine
PDTC : pyrrolidine dithiocarbamate

ARPE : adult retinal pigment epithelium
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Fig 3.

ARPE :

RT-PCR of VEGF mRNA and densitometric analysis of
RT-PCR in RPE cells under oxidative stress. ARPE-19 cells
were either exposed or not exposed to paraquat for 72 hr,
as indicated. The expression pattern of VEGEF is unchanged
even after the cells are exposed to oxidative stress. Error

bars indicate standard error of the mean.

adult retinal pigment epithelium
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Fig 4. RT-PCR of PEDF mRNA and densitometric analysis of
RT-PCR in RPE cells under oxidative stress. HRPE cells
were exposed or not exposed to paraquat for 72 hr, as
indicated. Quantitative analysis shows that expression of
PEDF gene in HRPE cells is decreased by a dose-dependent
manner after exposure to paraquat (p=<0.05). Error bars

indicate standard error of the mean.
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5. Western blot of VEGF protein and densitometric analysis of

its production in HRPE cells under oxidative stress. HRPE
cells were exposed or not exposed to paraquat for 72 hr.
Quantitative analysis shows that production of VEGF protein
in HRPE cells is increased by a dose dependent manner after
exposure to paraquat (p=<0.05). Error bars indicate standard

error of the mean.
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Fig 6. Western blot of PEDF protein and densitometric analysis of
its production in HRPE cells under oxidative stress. HRPE
cells were exposed or not exposed to paraquat for 72 hr.
Quantitative analysis shows that production of PEGF protein
in HRPE cells is decreased by a dose dependent manner
after exposure to paraquat (p=<0.05). Error bars indicate

standard error of the mean.
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Fig 7. Measurement of change of tube-like structures on Matrigel
caused by secreted VEGF and PEDEF. Conditioned medium
(A~D). Anti-VEGF antibody-treated conditioned medium
(E-H) and anti-PEDF antibody-treated medium(I~L) were
used for tube formation test as indicated in Materials and
Methods. The concentration of the added paraquat increase
from top to bottom. With the addition of paraquat on HRPE
cells, tube-like structures are dose-dependently increased as
shown in A-D. Removal of VEGF can not form tube-like
structures anymore(E-H) whereas removal of PEDF form
tube-like structures more, compared to the conditioned

medium, irrespective of paraquat concentrations.



Fig 8. Effect of the HRPE-conditioned medium on human dermal
microvascular endothelial cell in migration assay. A
HDMEC cell growth medium. B~E : Medium used was
conditioned by HRPE cells with or without addition of
paraquat(B : 0 uM, C : 50 uM, D : 100 uM, E : 500 uM).
Neutralizing bFGF antibody was added to each well to
exclude the migratory effect caused by bFGF contained in

medium conditioned by HRPE cells.
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