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Induction of Angiogenic Cytokines including IL-8
and MCP-1 in cultured RPE
by Oxidative Stress
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Figure 1. Effects of hydrogen peroxide and paraquat on MTT
[3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl = tetrazolium  bromide]
reduction of human retinal pigment epithelial(HRPE) cells. ——— 14

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 effecs of NAC and PDTC on the paraquat
~treated ARPE-19 cells(B). Error bars indicate standard error of the

mean. 15

Figure 3. Comparison of expre+ssion of IL-8 and MCP-1 gene in
ARPE cells in the presence of hydrogen peroxide and paraquat,
respectively. The results in RT-PCR show that expression of IL-8
and MCP-1 gene does not increase in the hydrogen peroxide-treated
ARPE cells, whereas transcription of IL-8 gene increase more

significantly in the paraquat-treated ARPE cells than MCP-1 gene

does, especially after 72hr incubation. 16

Figure 4. RP-PCR shows the increased expression of IL-8 gene in

ARPE cells after 72h-exposure to paraquat. 17

Figure 5. Antioxidant itself effect on expression of IL-8 and MCP-1
gene in ARPE cells. RT-PCR shows that the expression of both
IL-8 and MCP-1 gene decrease in the presence of the antioxidants,

NAC (A), PDTC (B) for 72h compared to the control. ———————— 18



Figure 6. The results of RT-PCR shows that antioxidants including
NAC and PDTC overcome oxidative stress of paraquat-treated ARPE
cells. The expression of IL-8, MCP-1 gene in the ARPE cells under
antioxidants after oxidative stress treatment. ARPE cells were either
exposed or not exposed to paraquat and NAC (A) or to paraquat
and PDTC (B) for 72h. Compared with just only paraquat-treated
the cells, only IL-8 expression decrease in the presence of NAC,
whereas that of both IL-8 and MCP-1 gene decrease in the presence
of PDTC. 19
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ABSTRACT

Induction of Angiogenic Cytokines including IL-8
and MCP-1 in cultured RPE by Oxidative Stress

Keun Oh Kim
Advisor : Prof. Gwang Ju Choi, M.D, Ph.D.

Department of Medicine

Graduate School of Chosun University

Purpose : This study was wundertaken to investigate whether
expression of angiogenic cytokines 1is induced in the cultured RPE
by oxidative stress.

Methods : ARPE-19 cells were exposed to HXO; and paraquat for
24, 48, and 72 hours and assayed for the detection of IL-8 and
monocyte chemotactic protein(MCP)-1 expression by reverse
transcriptasé polymerase chain reaction(RT-PCR) method. To see
that antioxidant overcome the oxidative stress, we observed
expression of IL-8 and MCP-1 gene after ARPE cells were treated
by paraquat and antioxidants including N-acetylcysteine(NAC) and
pyrrolidine dithiocarbamate(PDTC) at the same time for 72hr.

Results : Expressions of angiogenic cytokines, IL-8 and MCP-1
increased by incubating with paraquat for 72hr. Antioxidants
including NAC and PDTC decreased the expression of IL-8 and
MCP-1 gene by counteracting the paraquat effect.

Conclusion : Oxidative stress stimulates angiogenic cytokines including IL-8
and MCP-1 in the cultured RPE. These results may be significant on the
understanding the cause of age-related macular degeneration and its treatment.
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1. A5 g

M9 EF [ARPE-19; ATCC No. CRL-2302]8 5% CO:9 &5+
stg i grivlel A wigFeih. MFH LS S6ToA 30ER AT
FBS (GibcoBRL) 10%<} 3 A A (antibiotic—antimycotic, GibcoBRL)E&
gH3 DMEMF-12 (1:1) 9A (GibcoBRL)E AF&-3ch. AXE A%
3tz & W= FBS 235%, DMSO (Sigma) 10%, DMEMF-12 (1:1)
Wl 665%8 /T AXEFAuAN Fo] A Fio] RASFHAT
e ¥4 5 AAAL(-196T)NA e AXUY BE gALFR &)
P Hol AEI} 37T Folgle FHE FAH A dFH o=
B Asseg AAALd nadgo’

2. FEH

MEAHNANEFE 1 x 10°cell/3nt 522 6 well plate] AEEZE 2
S 9A g F A2EHYX2E FE FEEE HO0:% paraquatd
ALREle] FEEE 2442, 4BAF T2A TS WgERT. ASIAR
N-acetylcysteine(NAC)®} pyrrolidine dithiocarbamate(PDTC)E A}-£3}
Hom A3t 2EYLE WS F PAAY wIE ASAE AA A
2] ¥ vz FUAAE FEEE wjAe] FHsAh. o] IS A3}
A} FY3A APt viF F PBS = 1-23 MAFF | MEE
Xo} TRIzol methodZ RNAE F%3%3 RT-PCRS A3 th

3. AX8AE FAA

AZZZEYL Holgle AX vEZ=o & 22 G434 9
3 849 =T MTT [3-(4,5-dimethylthiazol-2-y1)-2,5~diphenyl
tetrazolium bromidel#EAlA AFM& wE= ¥ £8A49 formazans

3 A3} microplate (ELISA) reader® 540 nme }F o4 FJTE



z3d dolgdn YAHoE Y ARY FEE BA¥t 2
AYAHE Pieters 59 TPL A8t ATFAHEE =L
96 well microplate (Falcon)e]l B=tAsAEE 05x10Yml2 g4A7 2
AXEFY 90 pAE& 24 YA a8l 18 A Fof SA3}aA
3 paraquat® FEEE 10 p¥ Y3 oW GE YA PBSE ¥ Al
T dz2FoE 43, AE dA EFATE Yo blankz g Z
EE F 293 COz MI71A e 5 EE wellel MTT &465
mg/ml PBS, Sigma) 10 & 7}l thA] 37C, 5% CO01A 4-54]
% 9 wigstd MTT7E K955 sich 24 welldld 80 pL¥y ¥
4 2 150 4 DMSOE Y3 10 min¥¢t ShakingdlA AAE
formazan 23& & %A microplate reader (Bio-Tek, USA)E o]-&-
89 540 nmAA FFEE FA3}AH.

4. A B3R LF) A

WA AT AL Y EAAA 2-7-dichlorofluorescein diacetate
(DCFH-DA)E ©°]-&3%9t. DCFH-DAE AX9s A 5348 & A
or] AXWY esteraseo] 93] v]¥F<¢l DCFHE AIHW g4 4
2% EAA ¥4 DCFHE H@HE= A& ol &3t9 NEAUNLTF
g AL AV 1x107/mle] FHANALE  ZFganA se
H:0: 500 pM, 1000 pM; Paraquat 200 pM, 500 nM 3} 1 pM<9
DCFH-DA ¥4 ¥ 37CelA 2A13 &<k 5% CO:¢F £&3t8 g7
A wF F excitation 37 485 nm9} emission 37 530 nmelA FF
AEE ZA}ATS FA3A 9 oxidative stress HAIFE AETE
1x10/ml2 =¥ ¥ NAC, PDTCE 30 & $¢ preincubation & ¥
H:029} paraquat$} 1 pM9] DCFHE &7 AAT F 2418 ¢ ¢
AN F T FAA S8

Y

5. 4% 2EH20 ¢ FHIY ATBRAAY £ %
YBYY ATBYARY A2 S A5t GANFGRLVSANE 3
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Aok E AT F 2 AXEE TRIzol Reagent(Invitrogen)& ©] &
st F RNAE %8 F&3c. First strand ¢cDNAE 1 U/ut
RNasin (Promega), oligo(dT) 450 ng, 40 mM Tris-HCl (pH 84), 100
mM KC, 10 mM MgCl, 1 mM each dNTP, 10 mM DTT
(GibcoBRL)S} MMLYV reverse transcriptase (GibcoBRL) 200 U7} 3
g 20 pol EHoA F RNA 1 moe=%dH FA4394. PCRS
1xPCR €% 94(10 mM Tris-HCl pH 8.3, 50 mM KCl, 1 mM MgCl2,
100 pg/ml gelatin, 0.05% triton X-100)°] 25 ng?] RNAEZY-E A H
c¢DNA, 22} primers 10 pmole, 50 1M dNTP$} taqg DNA polymerase
(¢f Perkin Elmer) 25 unitZ} &-H8 25 o] g Aol Aot
(GeneAmp PCR system 2400, Perkin Elmer). A%< 13t 5 uCi [a
-p] dCTP & W& &2 71840k’ PCR W8] AH8% primer
¢} PCRZ72 Table 1,29} 2t} PCR A& 25 w24%€ IL-8 MCP-1
10 pL9} B-actin 5 pbE 7% WPAA polyacrylamide gel AollA 100 Vol
A 2A3E EQE AZI9E] F 1A 308 Bk 80TolA A= F
X-ray B¥) x=ZAN#A autoradiographyd Al #B3tgth’ IL-8, MCP-1
3 B-actin ¢cDNA ¢ AHFE IMAGERTM & 1D MAIN (Bioneer,
Korea)£ semi-quantification 3}3.2™ $-actin cDNAE 7|22 HW

3ol normalization 3tch?

6. FAstA 8 Asf2EHR2 JAEF}
FasiA=E NACTH PDTCE AHEstglon] g4 e4A4y A
& GANFFRANLE o8 FUF BPo PEHsh

7. SALH

Y BdE FFLEFES FY= Jehin SAHA 24 SPSS
program© 2 Kruskal-wallis testE o] &3l t}l. p<0.05% A 43
d wodAol YT Ao BFHAT
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1. XA =

ANEE Fo1A govii AX ¥gS 4248 F de IAF H0: ¢
paraquate] ¥5& ZAMIATH HO: 9 $X7F 500uM A5 Ax
A& gol 50% o] paraquatE FE7F 500uMQ S AX PEE o)
50% °lstdtt. H:0: ¢} paraquat: EF ¥ =7} 1000uM o]3d A$
BT AX HEE] 10% olstdth(Fig. 1). o] dAdolAx 50% ols}
o AE AEEES doA & FEY 500uMEt Hsn BE Yo
TY3A H&5tt

2. A AT AR

434 A HOz & paraquat 7} 343} 2E# 28 23R A=
g £A%o dolrgtrl. ERTE 100%2 39 Hmsgen, HO; 9
paraquat =5 FE JEFH o W3A A Fo AAo F/H3INT 5
3] paraquatE 200uMe] F=oA dizFe wd F wo] Jte wkg
A A2FL AR =G FAFAE SAC HAA Ao B A
&F ol YA paraquatst 2ol AA Ao A3 HFig. 2).

3. 35t 2E# 20 g FAFY AXFPYAA] 2
RT-PCRAM = Hx0: AB §F 24A13F, 48A13L, 72A1 71K A HA
AEEAAAJ] IL-8, MCP-19] 238 WAst= QANFig 3). 28
paraquartE 24A173 4BA M E  ¥H3E Holx gdAT 39
AA Fo IL-8& Tk Jd&EHoE F/H8IAR MCP-1& %43t F7
Hds 2AHFig 4), P<0.05.



4. FaAstA o] T Azt 2EY2: A F}

AR A BN Ad9 M Eo] N-acetylcysteine(NAC) 20uM= 100uM
< pyrrolidine dithiocarbamate (PDTC)E 1uM3 10uM A €A IL-8
3} MCP-1¢ #do| 43 thFig. 5). % 43} 2Ed 27 {24
gt Ak g) oA g3 AIQl NACS 79 paraquart 100uM, of
IL-8& 5% d&H oz o] #Aadgon MCP-19 $3d-& 3as}
qeu 5 g&ojA = &ktl. PDTCY 7 $- paraquart’} 500uM
d " IL-8% MCP-1 & o BE o&Hog 99 A 3o 74
35 cH(Fig 6), P<0.05.



AR =AM AW 71 E3F YRR g8A don, AA
Moz 3PATY F7HE A HILE IR Yok olF 15%E
wHes A%4 WANt o 48 NYEe Aded dE
QWY zAYe 279 F QUL ALY Y A YPYoz BT
52 Foho 23 ol FE 3 el A4YBol
A2t SolgozA Wyel AFan® Aue Fksh @A A=
Z7F3ke kiAol MAAdye] Jejz st Ed st AEEdn ¢
A Yok a#Ey et AstaEdzd 9@ FHHARNR LB
#=9 pAY ATE vAs
A3t 2B 2 WA AAhFo] st MRl MEY E&4os
AR AP 53 Fukwe gdoz AP WAy AaxF
Axe AAAA daAold, FAF T WIAXAAN A B + A
I, paraquat®} 22 3EgEFolv WALA ZAF Foll YAAE AL
02 Aaae g 38R Ay mAYR Aol gl AX
2 A Yoz FFLAY JFFFH dAER wE 2 AXGSgE
o B 5 ANYgAe] Fo3 F&L I ALAyE il Eilo]
EN ARFo] Bad, A LrFo] Bow {ElrlY Ao B
Aoz &eix AUt
AR NMAA M EF AZFAEYLAE 71871 189 paraquatE
Apgsle] WAL S FAEEYES T3 FAEAHFig.
2). o] 3 As2EY2E PUYTn Bod AXA JFAFYY MR
AAz ¢A° IL-83% MCP-1& A&7 Add qAAFTFELES
< AN paraquatE H XA F& dz2Td vl FEAXNT
A eudE F7ME FA}AH(Fig. 34). =T FAAI N-
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acetylcysteine(NAC)3} pyrrolidine dithiocarbamate (PDTC)E paraquat
8} 37 Fo8te] IL-8% MCP-19 #AE #d3ith

gt Aol wrotstA g del BV A dsiMe WA wIA
YA FAT AJ2EH2E BHE AN AP Boste
2RAAE Bujdtd RN JMesdd £ gz @dhM 2
A7 AFAe o8EE /MeAdE o= AR VEIATO. AT AA
1] 8} pigment epithelium-derived factor(PEDF)7} =i&tuto)A] =)&)
2EE VAR WAL WAGE 7%S AN AHn dgE B
F2E2E B AAAve A4 AR ¥H7t F71E 3 PEDF
o Joa#dE dold weo] "Fo] W g2 A AL FE o
2 Aztdd. FAStAE FAHE AF A2EHL7 sHEA ElE
= IL-8% MCP-1°] 48 d3ddae FAgE A7 A48 deA
FEE A5 AQ¥R] 942 F Ad= MR Jresith 2R A
T FAsA Y FAZ INEAR A ZL o] JtesitdE MR
& 5 IR

Furagel dde] FAeA HEEHA Ritxn gyl vidd @
AN A AF2EH2E TS A23voA aPAH BHIAT 57
33 3dstAe] st AAE B I A Fugde 49
ofstn XEHPL A= d YV e F A3 AL
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Table 1. Primer sequences used for PCR

S
Gene (S&AS® Nucleotide sequences :Z?::ce ® |Length| References®
5'-ATGACTTCCAAGCTGGCCGTGGCT 1-24
IL-8 5 GT 292bp |Song M, 2003
AS |5'-TCTCAGCCCTCTTCAAAAACTTCT | 269-292
5'-CAGCCAGATGCAATCAATGC 123-142
MCP-1 S GCCAG ! 266bp {Song M, 2003
AS |5'-GTTAGCTGCAGATTCTTGGG 369-383
B-actin S |5'-GACTATGACTTAGTTGCGTTA 1912-1932 501bp Nakajimalijima
AS |5'-GTTGAACTCTCTACATACTTCCG |2392-2412 et al, 198

* PCR control (house keeping gene).

b .
Sense and antisense.

° The oligonucleotide primers constructed for PCR correspond to the sense

and antisense based within these reported sequences.

d .
References for primer sequences.

..12-




Table 2. PCR condition of IL-8, MCP-1 and B-actin

Gene |Hot start|Denaturation { Annealing | Extension Cycle | 72ColA
587

IL-8 - 947C, 30sec }597T, 30sec | 72°C, 1min |30 cycles g Al

MCP-1 Ith’l 94°C, 30sec |64T, 30sec | 72C, Imin |36 cycles| 3 4Co]
B-actin 94T, 30sec |53°C, 30sec | 72°C, Imin |19 cycles LB

-13_



ARPE-19 (3% MTT)
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Figure 1. Effects of hydrogen peroxide and paraquat on MTT

[3-(4,5-dimethyl- thiazol-2-y1)~2,5-diphenyl

tetrazolium bromide]

reduction of human retinal pigment epithelial(HRPE) cells.
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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 effecs of NAC and PDTC on the paraquart
~treated ARPE-19 cells(B). Error bars indicate standard error of the

mean.
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H,0,(uM) g ~atin
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MCP-1
PQ(uM) B —actin
IL-8
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Figure 3. Comparison of exprssion of IL-8 and MCP-1 gene in
ARPE cells in the presence of hyrogen peroxide and paraquart,
respectively. The results in RT-PCR show that expression of IL-8
and MCP-1 gene does not increase in the hydrogen peroxide-treated
ARPE cells, whereas transcription of IL-8 gene increase more
significantly in the paraqurat-treated ARPE cells than MCP-1 gene

does, especially after 72hr incubation
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Figure 4. RP-PCR shows the increased expression of IL-8 gene in

ARPE cells after 72h-exposure to paraquart.
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Figure 5. Antioxidant itself effect on expression of IL-8 and MCP-1

é
:

gene in ARPE cells. RT-PCR shows that the expression of both
IL-8 and MCP-1 gene decrease in the presence of the antioxidants,

NAC (A), PDTC (B) for 72h compared to the control.
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Figure 6. The results of RT-PCR shows that antixoxidans including
NAC and PDTC overcome oxidative stress of paraquart-treated
ARPE cells. The expression of IL-8 MCP-1 gene in the ARPE cells
under antioxidants after oxidative stress treatment. ARPE cells were
either exposed or not exposed to paraquart and NAC (A) or to
paraquart and PDTC (B) for 72h. Compared with just only
paraquart-treated the cells, only IL-8 expression decrease in the
presence of NAC, whereas that of both IL-8 and MCP-1 gene

decrease in the presence of PDTC.
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