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ABSTRACT

The inhibition of cyclooxygenase (COX) 2 by H.0.—oxidative stress in
apurinic/apyrimidinic endonuclease-1/redox factor—-1 (APE)
human fibroblast GM0O0637 cell line.

Lee Min-Young

Advisor: Prof. You Ho-Jin

Apurinic/apyrimidinic endonuclease-1/redox factor-1 (APE) is a
ONA repair protein induced by oxidative stress or ONA damage-related
stresses. The APE also involved in the transcriptional regulation of target
genes in response to the oxidative stresses by enhancing the DNA binding
ability of their transcription regulatory factors. The COX2 was reported to
be a regulator of cancer-angiogenesis induced by oxidative stresses.
Therefore, we investingate in this study the relationship between COX2 and
APE in human fibroblast GMOO637 cells in response to H.0,—oxidative stress.

COX2 expression was induced by H.0, treatment in nomal fibroblast GMOO637
cells, but not in the APE-overexpressed GMO0O637 cells. Since it was reported
that COX2 expression is regulated by NF-kB, whose binding ability is
enhanced by APE in response to oxidative stresses, we examined the
phosphorylation and degradation of [kBa, an inhibitor of NF-kB, by
Western blot analysis GMOOB637-APE cells after H.O,—treatment. The | kBa was
phosphorylated and degraded by the Hx0,—treatment in GMOOG637 cells in a time
cource manner, however, its phosphorylation was comparatively down-regulated
in GMOO637-APE cells. The degradation of | kBa in the Hx0,—induced GMO0637-
APE was not clearly identified because of the higher level of its basal

expression. The degradation of | kBa could be detected in the TNFo —-treated
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or CdCl,-treated GMOO637, and only in the TNFa-treated GMOOB37-APE cells.
When we analyzed the COX2 promoter activity, the activity in the GMOO637-APE
was decreased to 35% in comparison with that in the GMOOG37.

Taken together, although the H.0,—induced phosphorylation and degradation
of IkBa is comparatively decreased in GMOO637-APE cells, it is not clear
because of the high level of its basal expression in comparison with that in
GMO0637, that may be related with the low levels of both basal COX2

promoter activity and H.O.—induced COX2 expression.
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1990 0l COX= 2JHSl YIHOl isoform&E2 &ML 84 &[CH (Arch Biochem

Biophys 1993). COX-1 (cyclooxygenase-1)& housekeeping A2 A HO RE X

N | O.” tél—
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ol
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COX2 (cyclooxygenase-2)= ® 2|8 &2l prostanoidE2 &4 Eol, XYL

grd el o 2ESt H® OB E lAlShE isoform@2 M RCH (Arch

OIH

Biochem Biophys. (1993)).

Cox22el W&slz SJtEl AR mANA etd &2l = ALOIOI =otH LIEHRTH

ORA

(Lancet Oncol. (2001), J Biol Chem. (2000)). S22 =0 22totH COx2 S&Ql
Xtel promter A¥E& J|/=2&02l TATA box 2 NF-k B, NF-IL-6/C/EBP, PEA3, NFAT,

CRE, AP-2 Zlcli) SP-1 St &2 Uest =82 MAINQ X8 R4S b

1
ol
Ol

QCH (Eur J Biochem. (1994)) (Fig. 2).

Cox22l promoter F=0= NF-kBJt ZEE N2z FHEH= F=201 & 20 VU=

Hez =OLALH, 0 F== Soil NF-kB= COX28l Zels XZ&stChl ettt

J

(FEBS Lett. (1997)). NF-kBE X=g % U= SL& U301 28 NF-kBt 2

FD /UE | kBaJl phosphorylation &2 degradation@l X, | kBa 2 FE X

o
Ol

AL NF-kBs ZHIE0 MNEHZO X0l JtsoH&IC. = W2l NF-kB=

or
ol
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Ol &+od& NF-k8B

b2

ARl RSl HAHM 2HE otHA=EH XN & F2t

(Nuclear factor-kB) = M MED MZO K= A= =23, SZ0HAM WHE=

iy

SECITIe LEHE X&Hote MM a2 ZAXMN BtCH (Marcel Dekker Inc.
(1992), J Biochem Mol Biol. (2002), FASEB J. (1995), Am J Pathol. (2001)).
APE1/Ref-1 (Apurinic/apyrimidinic endonuclease/redox effctor factor)®&
A= 148 chromosomeOl ?IXIot:) UL 4IH2] intron U 5JHC| exonZ &I
UCH (Hum. Mol. Genet. (1992)). AtECl APE mRNA= 2 1.4 kb 21010111 954
nucleotide 2| coding f== ZEgotd RULE. SDS gel Ol A recombinant APES| Ol
AeFe 36.5 kDalOll oHEStCHD SHCH (Biochim. Biophys. Acta.

sz FHLY
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(1992)). APESl N-terminal domain® nuclear localization sequenceE IXE&ot1)
UqD (Cell. (1991)) C-terminal domain ONA bindingdt EHEHAIO]  AP-
endonuclease activityOl =28 &S ot= 222 ZBO0HRFCE (Nucleic Acids
Res. (1995), Carcinogenesis. (1998)). APE1/Ref-1= 2JH2l domaing2 & &
HE REO| o/ SEHEOQICE. 0 29H2 domain 2222 o heliceS0 =1 MO
&l six-stranded B-sheets==2 & ZEOHUCH. 0O HEHAEZ exonuclease I 2t
DNase |0l EIHEX 2AS &2 429 o/B-sandwich SHEHZ MIUCH (Embo. J.
(1997), Proc. Natl. Acad. Sci. U. S. A. (1994)). APE1/Ref-12 CHSHZAI2 OI2t
o He "2 MM LSECH (Histopathology 33. (1998)). Cell SEHOI
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(Histopathology 33. (1998)). AFZCl APE1/Ref-1= &Atstd AEY A=DE OfLICH
(Cancer Res., (1998)) CI& AEYANAE 2= DNA =4S 27510 HAIE =
ot HU Mollg &= XEXEZMN Z2&HCH (Biochemistry., (1996)). X&L= ®

MOIXI2= AP-1 (Fos, Jun), Nuclear factor-kB (NF-kB), polyoma virus

e

enhancer-binding protein2 (PEBP2), early growth response-1 (Egr-1), Myb,

members of the ATF/CREB family, HIF-1a (hypoxia inducible factor-1a), HLF

o

2E0l JqTHD 2D SHF/OCH (J.

uin

(HIF-1ike factor), Pax-5, 12l Pax-81t &
Biol. Chem. (1997), Embo. J. (1999), J. Biol.Chem. (1996), DNA Cell Biol.
(1993), J.Biol. Chem. (2000), Embo. J. (1992), Embo. J. (1992), Mol. Cell.
Biol. (1994)).) (tablel)
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Fig.1 Intracellular signaling pathways mediating COX—2 induction



Tablel. APE 1/Ref-1 enhances ONA binding of transcription factor

Transcription
Name of transcription factor

factor
AP-1 Activator protein 1
CREB Cyclic AMP response binding protein
ATF Activating transcription factor
NF-kB Nuclear factor-«B
Myb Myb
Pax-5, Pax-8 Paired box containing family of genes
HIF-1 Hypoxia—-inducible factor 1
HLF HIF-1ike factor
PEBP2 Polyoma virus enhancer-binding protein 2
Egr-1 Early growth response-1
NF=Y Nuclear factor-Y
pd3 p53




1. dElile & 299
1. antibody

Anti-actin  antibody@ anti-APE  (Ref-1) antibody=  SANTA  CRUZ
BIOTECHNOLOGYAF2  2t2f  sc-1615%2t  sc-55728  AtE0HR 2O,  anti-C0X2
antibody= BD Technologies® 610203, anti-lkBa antibody®? anti-plkBa
antibody= Cell Signaling TechnologyAt2l 92422t 9241SE 22t AtEotUCH

2. APE 28 YIS 22Y

A&l HR0LEMIEEC! GMO0637 M2l cONA 22 H APE & X+ (F 5°- GGA TCC
ATG CCG AAG CGT G -3°, R 5'-GAA TTC TCA CAG TGC TAG GTA TAG GGT G -3°)
£ PCR &Ho=Z ZSZAZCEH. pGEM-T-easy vector (Promega)lil S&XE &5
S2dst = 1 FIIMES S, APE REX= MEtE&A BamHi 1 EcoR1 (New

off & ot Hstea=2 0lel EHoH

Ct st

—

-

rr

124
ol

Ao

England Biolab)S 0|5+

S pcONA3. 1(+)neo (Invitrogen) vector Oll cloning &iCt.

3. transformation

competent cell (One Shot TOP10, invitrogrn) 100ul Ol lygationS OF&l DNA
20 ME E1 XHAY AE OS LSUHAM 1AI2E S0 EXIMCH. 42TCTUHAM 12
30x& =0F heat shocks & H A3S0HAM 22 8% AXIUCH. TubeOll LBHHXINI 500

]

w = EItot( 37C incubator ilAl TAIZH SO BtS AIRICH. Biet MEE &4

=Zclottd 100 4= M2 a5 Hs 25 HMHotld NMEE & A2 =

rn
—
w
Nl
=
Yl
==
H
ne
ol
2
w
N
o
>
Q
[
(on
ot
S
2
x

ampiciline 2 &Jtot{ ©F

15A12 & JIRLY.

4. plasmid ONA 22l
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plasmid ONA =2l= D0ONA-spin™ Plasmid ONA Extraction Kit(iNtRON
Biotechnology)2 O0OI25t0d £8GI/ACE. 37COHA 15 mconical tube O

HEHeet NEE 34 =22Iot MNES

oA
A
=
S

-

PelletOil solution 1 250 wS FHIlot®d && AIZI1D solution 2 250 4 €1
1Xtell ZalAe A0=1 solution 3 350 #E 210 1Xtdl ZaAd £ A0HE S
52 =t IS0AM LXIMCH. 4COUHA 13000 rpme= 158 =02 &4 =clot!
HEBHS MZZ2 column Ol €10 &=201A 13000 rpmeE 12 s & =22
etCt. column otSMZ2 el column = solution 4, solution 5, =2 2t=2f 500
“e, 700 w2 AHE = 13000 rpme 2 12 =¢eb |AA =2l StCt. Columns

M20IM 13000 rpn2 12 SOt a 22501 colum S L@ = O

(distilled water) 2 DNAS =SCH.

HI

5. EdE NZ= =8

FRACEH.

0%
ol

plasmid2 transfection 2 FUuGENE 6 (Roche)Al2S 0|26t ==
H&Eot= MIZE transfectiondt?l 24A12F &0l 6 well plateOl 4 X 10* 38z

Or=CH. MM 1.5 microcentrifuge tubeOll HHEFH 97 42k FUGENE 6 Al 3 w4

[e]]}

AV
[

£ AR20AM 52 3¢t Bt A2l & 1 tubell ONASE 1 pgsS &IOS & =20AM
202 S0 Bt AIZLH 202 & ME2 ez WME MEH €01 37T,
5% CO, incubatorIA 4AIZ2F SOt incubation B F 4AI12F = HHYHES M=
wHst = 2 ~ 38 =0 100 mm culture dishOl SACH. 15 ~ 30 =0t o=

antibiotic (neomycin) & X2l BILHUHM I = colonyIdt 20IH marker

f—

I

Ho=Z colony ®IXIE MAS = colony isolation2 AI&StCE. T Hi &
MHGED 1X PBS (pH 7.4)2 SH MOHFRUCH. DS8Cs E2E tip0l BiMIES
HE21 colony fIXIN CHXX £H ACH. D=0 Trypsine EDTAS 20 ~ 40

I

W GHEZID 37C incubatorlM 3 ~ 52 ZSEUALCH. HMEIN YHB=KE
S0|EO2 S0Ist & HIYMS 20 ~ 40 S S0H=1D MEE 34560 =22
= 12 well platedll s|3CH. 2 ~ 3L oiEol= antibiotic (neomycin) S XMclst
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BHZHUAM I/ = 100 mm culture dishOl S|HALCH. MEIF Xgt = Western

blottingldt RT-PCRE MIZ=DF &g TIA=K Q! ot UL,

6. HIZ= & MEBHSEA

Al 570 MRl GMO0637 AMIE== Coriell Cell ReposiroriesOllA
—UOIACH, Ol MEON pcONA3. 181Dt & == GMO0637-pcONA3. 1 Al =
el pcDNAS. 1THIE0Il APE RAEXE &otd 2248t pcDNA-APE HIEHE
S & T & GMO0637-APE (APE Dt stable cell) MIXE

& MIEQI Neuro2A M= ATCCZ2FRH

o
ol
%
(S
=
2
o
A\
=
=

=0 APE
LHHAHO!I pcONA-APEDE SHEE = Neuro2A-APE MIEF== 25 10% fetal bovine
serum(FBS) JF E&= Eagle's minimum essential medium (EMEM)OIlAl 37T, 5%
COt U= ZAHZ HHYGHALCE.
AESl BES MEZQI SWA80 ME== ATCCZ2SH ot SWA80 Al ==0il
APE ZSHIE QI pcDNA-APEDL SE & SWAB0-APE (MIZZ LHOI APEDF WS E
stable cell) MExFz= 25 10% fetal bovine serum(FBS) It IZ&E RPMI 1640
medium OlA 37C, 5% COJt U= XAHOZ Hi 2ot RULH
AHEFSl &Y MIQ!I DLO1 MEZ== ATCCEZ2RH Lot ] DLD
APE ZSHHIEHQ! pcDNA-APEJH SEEE, DLD1-APE(AMIZE  LHOf

x
i
_|

2

| APEDI EEE
stable cell) MIZZ== 2Z2510% fetal bovine serum(FBS) JF &=l RPMI 1640
medium GIAl 37C, 5% CO.Jt U= =2H2Z HILGHALE.

7. A%t Hel

2210l NIEZE 48AI12F S0t J|2 = 8.8 M2 H.0, (Sigma, 31642) EHS PBS
(phosphate-buffered saline)Ol 2t2f 25 yM, 50 pM, 80 pM, 100 uM o ==t
SO SlAEt = 28212 M0 XcelokLE.

2+2 48AI2H SOt II2 = 10 1g/me2| TNFa (Sigma, TO157)S PBSOIl

—/ T/

10
=
Hel
U
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me 2+2+0 NIZLOfl X 2lotRiL
NEZE 48AI2t S¢t II2 &= 1M CdCl, (Sigma, 202908)E PBSU
3|MGHH =B =St buMOl SI& = 28219 NI X elatRAC.

Proteosome inhibitor@ MG132 (Sigma, 2211)= OMSO (Dimethyl sulfoxide,
minimum 99.5% GC. Sigma, 05879) O =04 100 mM2l stock solutiong &1
EHESTIOH 10 MOl &I 2822l M0l X elokACE.

8. ANA ==, cDNA &4« 1cl1 RT-PCR

100 mm culture dishOll =&31 HHLE M (90% confluency)OllA HiZHS
HAGHD 1X PBS (pH 7.4)2 &tH AOFRACEH. 1 m2l TRIzol (Invitrogen)sS
20 AU MEZIN ST & BtEotES 8 = pipette2 0IE6tH Eolle AZE

325t 1.5 ml microcentrifuge tubeldil S|ACH. 200 w2

chloroform& €1 &&ol & gt = dHEEYZCIIE 0IEotH phenol =

ZoIMCH, &332 400 ©#E ZTAO| pipette=2 0186t MEZ& microcentrifuge

tubeOll SACH. =& isopropanclE 201 RNAS E&AIZI & HHAYZ2III00

20 HMAIZCH H&EE BNA pelletS 70% ethanol EH 1 ms 20 ==
c

HHotd SIIS0A JtEH 2 0= ethanol EH0l 25 HMHHES U

OtULCH BISEZHOZiE= RNASI 5 wgit 1 #9] oligo (dT) (500 wg/ me) eln 1

#6 10 mM oNTP Mix (10mM each dATP, dGTP, dCTP 12l dTTP) £ DW

water) 12 w0l 8o Al2] XS 58 S 65TCUHA EXelsE otACt. 1O T8 1

2 2lst sample QFOl 5X First-Strand Buffer 4 #£2F 0.1 M DTT 2 £E E0HF1
s

HOoE O3 1 #2 (200 units) M-MLV RTE E0H=1D AHECH BHSXA2
37COIA 1AIZ2t 302, 70COIA 10= S¢CF Bts AI2ICH
BS AIA LE2 50 ng2l RNAOI ofiEgol= cONAS =22 ot COX2 =EXS
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PCR (Polymerase Chain Reaction) ZHo=2 SEGIUCt. ErSXZ2A=2  OW
(distilled water) 17.4 #£0fl 10X buffer 2.5 #£, 2.5 mM dNTP 1 #£, COX2 primer
212t {1 8 (F 5°- TCC ACC AAA AGT GCT TGG CT -3°, R 5'- CAT CCC CTT CTG CCT
GAC AC -3"), polymerase 0.1 /4E A0 BtS AIRILCH.
mastercyclerS AtEot0 2 AICIASOH, 94TOAM 30=, 60COH AN 30=x, 72COAM
1222 otRel  BrE80l 293 B=ESEE StAC. 229 BFE0A
glyceraldehydes-3-phosphate dehydrogenase (GAPDH, F 5'- ATT TGG TCG TAT TGG
GCG CC -3" R 5'- CTG ATG ATC TTG AGG CTG TTG TCA TAC -3')E UxX=2=Z
OISotACE. PCR OIM 22 MH=2 EtBr (Ethidium bromide) € E&otD U

1.3% 2| argarose gel IAM EOIGHALCEH.

ol

= HIE2 eppendorpll

0 5
o

rr

9. Luciferase activity assay

luciferase activity= pRL-CMV plasmidE & et renilla luciferase gene
£ 0l8ct0d =ZoIRUCE. plasmid2 transfection & FUuGENE 6 (Roche)AltsS
Ol 25t =g oFRUACE. GMO0B37, GMOOB37-APE(2 X 10* )& transfectiondtl|
24N &0l 12 well platedl MXEE Z0t=RALCH. 2N 1.5 microcentrifuge
tubeOll HHRFOH 48.5 L2t FUGENE 6 AlSF 1.5 # = &=20IA 58 S 2SS A2l
—1 tubeOl DNAZ 0.5 pg= EJtotd &a=20lAM 202 =2 2sS AIRALCEH. 202
MZ2 RO 2 WMl MZEU 20310 37C, 5% CO, incubator iIA 4AlI2t

[m]

gl

ol

O

ot culture 8t Fl 4AI2F = HHLHMS MR2=2Z WHS = 24A12t 20l NZE

PBSZ AO0E

>

= 1X passive lysis buffer(5X PLB, Promega) 100 #£2 NIZE
a=20AM 102 st ol AlICH. ol A2l MEZEE 20 22 1.5 me
microcentrifuge tube O ZO0=CH SolAl2l KM 2 42t 10 4 firefly
luciferase measuring buffer(promega)E 4110 spectrophotometerS 0lZ36H0
firefly gt& =ZstCh. £ CAl SolAl2! A 2 #2t 10 #£ renilla luciferase
measur ing buffer (promega)S 4110 renilla gt =&SICE. Firefly gt renilla

st= H=3 oA = Felgtlt.
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10. MZ Sl

Western bDblotOl AlZ28t CHEHEI=2  M-PER  (PIERCE) buffer® AF205t0d
HISHHCH. MIZES HHUYMS HHGED 1X phosphate buffered saline(PBS pH
7.4) MI=st = MZE Z20olE PIol Protease Inhibitor (Complete mini, Roche) S

Z8tst M-PER (PIERCE) buffe 100~300 w4 £ 1) CH8HA FoHsS AU,

B 22lel A ZHZz MY 6HJ| ol bradford (Bio-Rad) AlZE 1:52 dl
E2 3XSF=0 3456t Bradford reagent working solutionS St=CH, 12l
protein standard= 1 mg/mé BSA (bovine serum albunin, New England Biolab) S
ZHIstCh (2 8, 4 18, 6 g, 8 ug, 16 wg). 1 m Bradford reagent working
solutionOl BSA standard?t <=c2lel SHHES 2828 1w D01

spectrophotometerS 0I=26t04 595 nmUlAl SEZEE SHIC.

12. SDS-PAGE gel dJ|HS

Acrylamide solution (Acrylamide, N,N'-Methylenbis acrylamide), Tris buffer,
SDA, APS, TEMED) Dt Z&t&E 10% SDS-PAGE gelOl protein marker 5 42t
100CHIAM 52 =© 202l protein sample (actinit APEE 2 ZE6HI)| <8t 5 g,
coxeel Z&E2 98t 70 18, IkBa2 plkBasS HSEGH| <8 30 @S
HIAMZelIH €01 EXAIA lodingE 6t12, 1X running buffer (25 mM Tris |,
192 mM glycine, 0.1% SDS)2 0I5t MIIFSE otRUL.

13. Western blotting

HIG=0| Y gelS 4TOHA 90 V2 2 2A12F =0QF 1X transfer buffer (25

mM Tris, 0.2 Mglycine, 20% methanol, pH8.5) polyvinylidene difluoride(PVDF)
— 15_



membrane (PALL corporation) Ol transferotRCt. Transfer’} €% Membrane2 5%
skim milkIt S U= 1X TBS-T buffer (50 mM Tris, 150 mM Nacl, 0.1% Tween 20,
pH7.4)E AE0I 1AI2F 302 =2t A=20IA blockingAl2l = 4CTOIA 16AI12H &
Ot anti-actin antibody, anti Ref-1(APE) antibody, anti-COX2 antibody, anti-
| kBa antibody, anti-plkBa antibodyE 5% skim milkJl SHU= 1X TBS-T
buffer (50 mM Tris, 150 mM Nacl, 0.1% Tween 20, pH7.4) Ol SIAGt04 2f2F 8 me
£ membrane?I 0l =St 4C, rocking platformOilAd 16AI12t E & BHSAIRACEH.
AESH antibodyll 72 slAti== UsS10 ZCH Anti-actin antibody®?t anti-
APE (Ref-1) antibody= SANTA CRUZ BIOTECHNOLOGYAt2| 2t2f sc-16152F sc-55725
AESIFCeH, 228 1:200022 SAokA ) anti-C0X2  antibody=  BD
Technologies2 610203 At&otd 1:20022 3SIAGHULCH. anti-1kBa antibody
et anti-pl kBa antibodyi= Cell Signaling TechnologyAt2l 9242%t 9241SE 22t
ArESIR D 1:200022 S|AGHACH BFE0l ZE antibody EHE MHE = 16Al

Oh

2t = 1X TBS-T buffer(50 mM Tris, 150 mM Nacl, 0.1% Tween 20, pH7.4) Z 5&
ALBE AII=1LD IXPBSZ 54 281 MIOIECH. 2X  antibody  (Jackson
ImmunoResearch) Q! anti-goat antibody= 5% skim milkJt SOHU= 1X TBS-T
buffer(50 mM Tris, 150 mM Nacl, 0.1% Tween 20, pH7.4) 1:40002Z anti-mouse
antibody= 1% skim milkJt SO U= 1X TBS-T buffer(50 mM Tris, 150 mM Nacl,
0.1% Tween 20, pH7.4) 1:20022, anti-rabbit antibody= 1% skim milkJt S0
Uq= 1X TBS-T buffer(50 mM Tris, 150 mM Nacl, 0.1% Tween 20, pH7.4) 1:20002

£ S|lAot0 &=20IAM 1AIZ2E 308 =2 BtsS Al

010

v

Ct. BtSOHAl == &Sl 2%t

Xl E2EHZ MAGHI fIoi 1X TBS-T bufferz2 5&% 5H MO{=1 1XPBSZ 5
281 A2 S ECL(enhanced chemiluminescence) (iNtRON Biotech) solution A%t

solution BE 22t 800 4= Aot 2 ZAIH X-ray film22 SHAGHIALCH.
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1. HO0, X2l F2| CoX2el &8
AgAUAE APEJL MIZULHS &tatd AE AN OlXls ggs 202D

?IoH Neuro2A, OLD1, SWAB0 MIZ=OIA APEJF WS El= MIES Neuro2A-APE,
OLD1-APE, SWAB0-APEE M= & ZHO0 Jl=8stHZ =& otULH.

SEHUEZ NMEF=SW APEIL UEEE=E ME=S
2t0Iot)| ?loil Western blotS =&otRALCt. 22+ 25, 50, 100

C}HH Xl

[ )

|0

| g5
=2

F
jo

M2l H0,E MIZEOI Xelotl) 24A12F =0l AEE 2l==0otd EoHAIH 22 HAHS
AtESHH  COX22l Z&= =QI6HRICE. Fig. 20lA 20Xs Z2d4=2 ME=F

250AM COX22l &2 RS otJl (IARLE.
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(A)

SW480 SWAB0-APE
0 25 50 100 0 25 50 100 H0, (L M)
_ actin
DLD1 DLD1-APE
(B) 0 25 50 100 0 25 50 100 H0, (L M)
- T ——— a— T S——  — —— aotin
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Neur 02A Neur 02A-APE
0 25 50 100 0 25 50 100 HOp (uM)

Fig.?

Fig.2 COX2 expression after treatment of Hx0, by Western

Cells were cultured for 48hr and then treated with H,0, (0, 25, 50, 100
UM) and harvested 24h after the treatment. COX2 expression was detected by
Western blot analysis using anti-COX2 antibody (BD Technologies, 610203) and
HRP-conjugated anti-mouse antibody (Jackson ImmunoResearch, 115-035-003).
(A) SWAB0 and SW480-APE, (B) DLD1 and DLD1-APE and (C) Neuro2A and Neuro 2A-
APE cells.
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GMOO0B37-pcDNAS. 1 GMO0637-APE

80 100 H202( u M)

actin

APE

COX2

Fig. 3

Fig. 3. The expression level of COX2 protein in GMO0637 cells after the
treatment of Hy0,

GMO0637 cells and GMOOG37-APE cells were cultured for 48hr and then
treated with Hx0, (0, 50, 80, 100 pM). Cells were harvested 24h after the
treatment. COX2 expression was detected by Western blot analysis using anti-
COX2 antibody (BD Technologies, 610203) and HRP-conjugated anti-mouse
antibody (Jackson ImmunoResearch, 115-035-003).
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GMO0637 GMO0637-APE
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- - - S - .- actin

- (B)
GM0O0B37 GMO0B37-APE
0 4 8 12 0 4 8 12 time (hr)

Fig. 4
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Fig. 4. The expression level of COX2 protein after the treatment of Hy0» in
time dependent manner

GMO0637 cells and GMOOB37-APE cells were cultured for 48hr and then
treated with H.0o (50 pM). Cells were harvested 1, 2, 4, 8 or 12 hr after
the treatment. COX2 expression was detected by Western blot analysis using
anti-COX2 antibody (BD Technologies, 610203) and HRP-conjugated anti-mouse
antibody (Jackson ImmunoResearch, 115-035-003).
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2 . H0, M2l = COX2 iAol eal | ol

GMOOG637-APE  MIZO0I et Sd WEAZ2Z=  GMO0637-pcDNA3. 1 A S
AMESHR M, GMOOB37-APEAIL =2t GMOO637-pcDNA3. 1 MIEX== M= & 2O
Jl=8ti2 =& otALt.

GMOO637-pcDNA3. 1 AIE 2t GMOOG37-APE  MIXEOI H.0.& X2l 8 = CO0X22

CteR Aol e sS Eolot)| ?loil Western blotS =oAL, 2r2f 50, 80, 100

e

M2l H0,E MIZOI XMelotl) 24A12 =0l AXEE =2/=0otd SoiAlH &2 o

AtEoSEH COX22l Zels =QlIotRULE. Fig. 30A 20HA= 22Uz sdUlHxZ
GMOO637-pcDNA3. 1 MIE=F0IAE HL0.0 28t COX2 == Z&s =el & =
UAKX L APEJL Wt =l GMOO637-APE AMIZOIM = H0.01 2feh COX2 Z &0l

4N

2Rl MBS & O Zuotd =40otJ| ?ot 50 UMl HO0.S Al =0
Melgt = TAIZS2H 12 AIZPIEAL ME2] H0.001 Thet =& Alts LZEotEHA
coxeel £ HEE =QlotRilt. SEdUE=Z0AME CoX2el Z&0l H0, Ml =

2AI2t S 2H ZItotIl AIEGHH 12A12400kK OO && &I XISZ A8 APEDL

&
il
ral
n
i
=

IZ=0ME CoX22l 28 HEO Bl gles 222 2L (Fig.
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GM00637-pcDNAS. 1 GMO0637-APE

0 1.5 4 8 2 0 1.5 4 8 12 time(hr)

Fig. &

Fig. 5 The expression level of COX2 mRNA in GMOO637 cells after the
treatment of H.0o

GMO0637 cells and GMOO637-APE cells were cultured for 48hr and then

treated with Hx0, (50 uM). Cells were harvested 1.5, 4, 8 or 12 hr after the
treatment. COX2 expression was detected by RT-PCR.
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Fig. 6 Luciferase activity after the treatment of H,0. using COX2 promoter—

containing reporter vector

were cultured for 24hr and

)

04

1

GM00B37 cel I's and GMOO637-APE cells (2 X

(pGLs—basic) as an

vector

reporter

transfected with promoter-less

then

and pGLs—COX2 vector containing about 2 kb COX2 promoter

negative control

Luciferase

transfection.

he

t

after

Cells were harvested 24hr

region.

activity was measured by Luciferase assay system (promega)
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3. H0, X2l & COX2 mRNAS| &8 R &0l

GMOO637-pcDNA3. 1 MIAE 2t GMOO637-APE AMIZEOl H202E =22+ 50 pMe =%0t
S X2l 8 = COX2 mRNASl Zels =0lot)| ?loff RT-PCRS =lotRALt. Fig.
Ol GMOO637-pcDNAS. 1

HJ
°

4°]  Western blot Ze Ot&IHX=2 SHEU=E
NIEZ=0AM= HO.0l 28 COX2 mRNASl Z&g &ol & = UJUXILH APEDL
DESHE GMO0637-APE  MIZOIM= H 0.0 2I8h COX2 mRNASl &0l & Eol
AMED UASS &g = JAULH (Fig. b).

CESH APEDL DHEEE MNIEZOAM H0,E HMeldt)l & FAAMEIUAMSE C0X22
20l &Eol Mokl Uqs X222 AHKM, COX22 upstream S 2 kb F=2=
L Btol= pGls—COX2 HIEE ArEGHO COX22l promoter2l &&s =QIGHRUCEH. Fig.
62 Z 0l 2lotH, GMOO637-APE  MIXLO A2l COX2 promoterll &&= GMO0637
NIZOIAS 240l dloi 65%)F 240 As A=z 2L 0l= GMO0637-APE

NIZOI A COX22l 280l 0101 & Eol AL USS 20lots X222 K AHEILE.
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GM00637-pcDNA3. 1 GMO0637-APE

0 50 80 100  Hx0p (pM)

1.00 0.94 0.90 0.79 1.00 1.01 0.96 0.92
Fig.7

Fig. 7 The degradation of | kBa after in GMO0637 cells after the treatment
of Hx0,

GMO0637 cells and GMOOB37-APE cells were cultured for 48hr and then
treated with H0, (0, 50, 80, 100 uM). Cells were harvested 24h after the
treatment. COX2 expression was detected by Western blot analysis using anti-
| kBa antibody (Cell Signaling Technology, 4812) and and HRP-conjugated
anti-rabbit antibody (Jackson ImmunoResearch, 111-035-003).
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Fig. 8 I kBa degradation in GMOO637 cells after thetreatment of H.0,

GM00637 and GMOO637-APE cells were cultured for 48hr and then treated
with H202 to 50uM. |kBo degradation was detected by Western blot analysis
using anti-lkBa antibody (Cell Signaling Technology, 4812). (A and B)
Cells were harvested 15, 30, 60, 120 or 240 minutes after the treatment. (B)
Cells were harvested 1, 2 or 4 hours after the treatment. (C) Cells were

harvested 4, 8 or 12 hours after the treatment.
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4. HO0, X2l £ IkBa degradation2| &0l
NI LHOIA COX2 2f &80l Sgs == 8AM 2a4=z= Fig.l A 20l
Htet 20l CRE, NF-kB, CEB Jt AN U201 APE Ol 2cH ONA ZESHO0
SotEl= 8AF RA4Z= AP-1, CREB, ATF, NF-kB, Myb, Pax-5, Pax-8, HIF-1,
HLF, PEBP2, Egr-1, NF-Y, p53 Ot ULt AN RUCH (table.1).
A

APERt 2t&0t0d 2HHIDE U= AL R4 S0l Atstd AEH AN JtE 2126k
BrSot0 Cox2el 2a=s X&ote 2 A NF-kBel ZHAE BN

20t2J12 L. NF-kBE Z43StAIFIJ|l RloiAd= | kBa 2l phosphorylationdt
degradationO| &&E Ot otE2 | kBa degradation= Western blotting@&
SOIGHA L. GMOOB37-pcDNA3. 11 GMOOB37-APE  MIEOI =22 50, 80, 100 pMme

o
ol

H0,S Helotd) 24AI12F =0l MEES 3ot EoHAIHA 22 HES ALZ0HH
Western blot2= =QIGHALH. Fig. 721 Z2UHZFH GMO0637-pcONA3. 1 MIZEOIAN=
| kBa 2l degradation0l 0Lt A0l =HQIEALI, GMOOB37-APE  NMIEOIA =
| kB2l degradationOl Z0HUAl &2 XXHd Z2RUALH.

Degradation® Al&EZ2 & O &duotH E4otJ)| |0t xS 50 MOl

o

SIA H0,E MIZOl HMelst & 1AIZF2HE 12 AIZEDEKL HO0.0 CHEE =& Al2t
XEGIHA | kBa2 degradation HEZZ SQIGHACH. SAHUEZ  (GM00637-
pcONA3. )OI = H:0, X2l = 2AI2M2H | kBa Sl degradationOl 12AI2t0HX
NEEX8H APEDE WS EE=E MZOUMAME | kBall degradation &= HEOt
SHUZZ20 Hioh AYol 0IL4H20 HO.0l CHEH == AlI2H0l Z &= APEDS

WHLSEE=E NEZNAME | kBa 2l degradationsS 0I5t HHAHARCH (Fig. 8).

re
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Fig.9 I kBa degradation in GMOO637 cells after the treatment of TNFa and
CdCl,

GMO0637 cells and GMOOB37-APE cells were cultured for 48hr and then
treated with 10 #8 of TNFa (A) or 5 pMof CdCl, (B). Cells were harvested 1,
2 or 4 hours after the treatment. | kBa degradation was detected by Western

blot analysis using anti—| kBa antibody (Cell Signaling Technology, 4812).
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5. TNFa 2 CdCl, Xiel & | kBa degradation2 &9l
ol AIS0 2loldd, GMO0637 MIZUA= Atstd AEMAN 2ol | kBaJt
degradation =/ XISH APEDI WMEEE MIEWAME 22Xl | kBaQ A0 =D

=2CcC o

T OFAIBt NFkBE & AH3t AlZ 23 | kBaJt degradationtl= X &KX

[.|_|_
e
$Q
[m)

| kBa 2l phosphorylationit degradationOll 2/8t NF-kB2l &Ad3t Jis&d=S 20t

EI| o, TNFa 2t CdCl, Mel & | kBa 2l degradationS &QIGIRCH S4

2
kA

o GMO0637 cells 1t APEJE Wt &= MIE== GMOO637-APE cells Ol 2t2F TNFa
(10 #g8), CdCl, (5 uM)E XHelot) TAIZHMIA 4AI12F =0l MIESE 356t oAl
H L2 HHUS AE6tH [ kBa degradation2 Western blot22 = QIGHALH
(Fig. 9). TNFa Ol 28t | kBa 2l degradatione GMO06371+ GMOOB37-APE MIE =2
SOM SHOIZ AKX (Fig. 9(A)), CdCI0l 28t | kBall degradation® GMO0637
NIZ OIS SIS ACH (Fig. 9(B)).
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Fig.10 | kBa phosphorylation in GMOO637-APE cells after thetreatment of
MG132 or Hx0,

GMO0637 cells and GMOO637-APE cells were cultured for 48hr and then treated
with MG132 (10 pM). H.0», (50 pM) was added to the cells 1 hour after the
treatment of MG132 and then harvested. | kBa degradation was detected by
Western blot analysis using anti-pl kBa antibody (Cell Signaling Technology,

9241).
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6. MG132 X2l & | kBa phosphorylation &¢I

APEDE S E M= GMOO637-APEOIM= | kBa 2l phospolylationS <Ko=
HE &SI A0 [kBa2l degradationdt ZOHUA EUS 20lcte FHLZ
GMO0B37-APE cel IsOll proteosome inhibitor?! MG132(10 #8)E Xelotod | kB2
degradations AXMAIH | kBa2l phospolylationsS Western blotting @2 =0l

H2gACH (Fig.10). MG132 10 8= APEDF WS E MIEZ= GMOO637-APECH 1AlZt

[e]]}

OF X2l ot MEE 306t o AIZACH. el MG132 10 1S 1AIZ2t HMelst
NIEO H:0, 50 uMES 152 = XMelotd MNES 2/==6t0 ol AIZCH. O 2t
Fig. 11 1t 20l GMOOB37-APE cel IIME | kBa 2l phospolylation dls= &L
T U= AS =ol StALCH. MG132 10 #g0ll H0.E 152 014 XMelst AEs &

otROLt ME WE MG132JF Zek=2 F=A 2ol | kBa 2 phospolylationOl G Ol
A SIotAl &2 242z 2EW[/CH. MG1322 MELE g2 o 20l

MG1322] 2= =E 2Z80A=E ME2 Sda &%=

min

p==}
S
0
ol

| US <ol 2

gGs A2 MEZS0l S0HFCH(data not shown).
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V.

APE= &tetd AEIAZERE OfLi2 DNAOKI =&= = U= HHIHK

A

AEY AN 2ol ZEHO K|EZ= DN =& SRUBAOIN ZE O JRA
transcription factor2l DNA Z&s=2 ZTIAIAHA HAIE =&otHL Mollgr =

o
AN

i
X
b
HU

c Xr=
== =S

nio

StOtD  2HAM  ACH (Cancer  Res., (1998),

Biochemistry., (1996)) . =2 ASHANAIES APED} MIELS Atatd AEZ A

OlXl= gg=s 20t2J|9lof AtE2l &R0 MZ AMIME, AES 2

MO 22t APEE g Al2! MEF==S =HEotALh. 22 MZ0 &etd

AEYHAE F1D Western boltting@zx EQloled = SAHWUXEZCl GMO0B37-

pcONA3. 1 MIEF0AM= H0,E X2IRS [H COX22l &0l R=ES

o

el ot L.

APEDE b = A2l &R0F ARl GMO0B37-APE  MIEZF0UAM= &tstd

AEMAN St COX22l ge =7EIF Al ES5= elotUbt. XSWA COX2=

20 M NSAIDs (non-sterodial anti-inflammatory drugs) £ Xe2lot COX29

S0 AME0l LHAMICH (J. Biol. Chem (1993), J. Pharmacol. Exp. Ther

(1994), Mol. Pharmacol (1994), Biochem. J (1995)). GIXIBH =2 AIES 20 A

Cox22l AMME XclotAl S0t= APEO SloiAl COX22l Zel0l =& EHAl e

s EQl ot 1 Hels ZOotE/UL. &2y RS2 AMEs S O Fuoki

=40t ?Iot0 2AI2EFE 12A12H0HK] H.0,E Xc2lotd COX2el Ees =2 21t

018Gl GMOO637-pcONA3. 1 AIEZ=0AN= HO0.S XIS W 2AI12HFE  COX22

_3’7_



20l R3S =0 ot¥Ld. APEDE MEE = AFES2l R0t AIEZ! GMO0637-

APE NIEZF0NM= &tstd AEH AN 28 COX22l e |SSIb A E3SS

SHOIGHRAULCE. mRNA SHAHIOI A S GMOOB37-APE AIEF=0AN= &totd AEQAN 2fet

coxeel &€& RTIJt TIAl EUCH. APEDE LS ANZOUAM H0.E Xclot)l &2

ZAMEUAME COX22l &

r
=)
0z
oo
ol
2
%
t
K
g

Aqe ez HAHM, Cox2el

i
1o
e
o
@]

upstream E<E 2 kb = = pGLs-COX2 HHE AFSSHN  COX22l

Jl

promoterll EH=2 EQIGHALCEH. GMOOB37-APE MIZ U M2l COX2 promoterll &4

i

GMO0637 MMl &0l Bloi 65%)F ZAE0 XU

210

HU
HL
39
[m)
=)
rr

GMOOG37-APE  AIZLOIA COX22l Z& 0l 0101 &Eol HAHELD UASS 2llots

ez ANCLE.

-

X Tt

=

fol

APER} COX22| Z&lol ZHSE MZE W SSES) LU S2E A
S22l (Marcel Dekker Inc (1992), J Biochem Mol Biol (2002), FASEB J (1995),
Am J Pathol (2001)) NF-kB= &0t 2J|I2 RCh. NF-kB= APEOIl 2Iai DNA
Zes0l U st LANM20 (Gene 145 (1994), Embo. J. 11 (1992)),
INFa2 IL-110 22 g3 L2Il= cytokinedt H0.01 2lof &3t =0
2dAMCH (Annu Rev Immunol (1994), EMBO J (1995), Am J Physiol (1996), Proc
Natl Acad Sci U S A (1995), Biochemical Pharmacology (2000)). NF-kB&=

| —

| KBE phosphorylationAlZ|3d & CroHA

ro

Zc2l& 1] | kB= ubiquitylationl Of

proteosomel Al S06HEICF. NF-k B2l nuclear localization signal0] &2/ oH
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in

ooz 2t NF-kB= coactivatore &M

in

oz = UA EHH sote=z
target geneS NMAb AlIRICED  ZARCH. (Biochemical Pharmacology 68
(2004))(Fig.11). GMO0637 MIZE=2t GMOOB37-APE MIEZZ0ff 22t 1AIZF2H 12
AZEIER Ho0.01 CHSt =& Al2tS X&ESIHA | kBa 2l degradation EEE

1

FHCH. 2 Z3F GMo0637 MIEZ=0AME= | kBaJb degradationtl= A=

OII

2AIZEZE 12A12E08K Sotote 2= =elotALh. of kgt GMO0637-APE

MEFUHA=E HOHEl &2l | kBa & AT &AYSD| =0t | kBall degradation=

20lot)l OARCH. NF-kBE Edz AMZ = Us & OE A= 3N

| kBa 2 Degradationtl= AZE &0l 2IJI2 otFQC. HM TNFasS 10

wgxielgt A2 GMO0637 M2  GMOOB37-APE M= 25 [|kBaJt

degradationTI ACH, EFHON CdCl,& XHMelgt Hd2 GM00637 AMIE= | kBalt

degradation I, GMOOB37-APE ANIEZ == |kBaJt degradation0l L O{LIX

hQ

2RACH. & OI&AHE detd AEdA A Z3y &H2 [ kBaJt GMO0B37

ro
Olon

NE==0AMECH GMO0637-APE MIEZ==0IA O 20l &Moot X2 ZRLE

APEJL WS E MEZ GMOO637-APEOIAM= | kBa 2l phospolylationS < Xliot=
HE &SIt UM [ kBa 2l degradationdt LOLIA ZUAS A0lcte FESZ
GMO0B37-APE MIZ==0ll proteosome inhibitor@l MG132 (Neurosci. Lett., (1990),
Cell., (1995), J. Biol. Chem., (1996))S XMclot0d ESEUCH. proteosome

inhibitor= 1 Z1 GMO0637-APE MIE=0AMZ | kBa2l phospolylation &&=
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Y 0 A= AS =0l ofRUALCH. MG132 10 g0l H202E 152 014 X2l

il
12a

S
=

o
W
02
o]
52
0
O
E=

I LHEZ2 MG1320F a2 =X Roll | kBall phospolylation

Ol O Olat SJtetkl €2 He=z 2L ME W2 MG132IF dekts =X =l

ool Z2=2 0IF 020, GMOOB37-APE MIZEOUIAE=E [kBall Z&H20I

SIEH  USH, AFd  AEHAW 28t [ kBall  phospolylationit

degradationOl L{ULt2! SFAIBH [ kBal &0 =0 degradation=l= A ZJt

MHECZ 0]245t] OlZ Qo HAAEHS] COX2 promoter activityE =2 &

OrLich, <&tatd AEH AN 28 COX2 £8

re

2l &

00
njo

olee He=z

G ESIE

AHOZ NF-kBIF Ot THE &AF QA0 SloHAME COX2 &8 F&D

—_

Cl=Al

2020 APEGI Slof HE COX22l e ==Jt =L APEJL Bl Y COX2 EE =%

o | kBall degradation GEH ==X0 CHet &&= +otOoretlt. Htgt T

i

NESUHAME Stotd AEAN 2foff COX2 E€==2 [ kBall degradation

Ol CHet A&l +2lGt04OF etlh.

_40_



NUCLEUS

(LA o

RNA POL |

CRE TATA

Fig. 11

Fig. 11. Intracellular signaling of NF-«B pathways mediating COX-2 induction
A growing body of evidence indicates that NF-«xB plays a central role in
general inflammatory as well as immune responses. The promoter region of
COX-2 contains two putative NF-kB binding sites. Thus, NF-kB has been shown
to be a positive regulator of COX-2 expression. NF-«kB is activated in
response to a wide variety of stimuli that promote the dissociation of

| kBa through phosphorylation followed by ubiquitination, and degradation.
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