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DNA Repair Response in the Inflammatory Bowel disease

Hyeon—Cheol Ha
Advisor : In-Youb Chang, MD.PhD.

Department of Medicine,
Graduate School of Chosun University

Oxidative stress is an imbalance condition between production of
reactive oxygen species (ROS) and diminished antioxidant defense
systems. Oxidative stress develops chiefly in the processing
ofinflammations since the inflammatory cells create enormous volume
of ROS for the purpose of protection from many noxious assaults. It
has been extensively identified extensively that oxidative stress in
inflammatory tissue can head for malignant growth. Moreover oxidative
stress acts as a chief pathogenetic factor for cancer development from
inflammatory diseases, such as chronic inflammatory bowel disease
(IBD)-related colorectal cancer. The levels of oxidized bases in the
DNA molecule are a result of the balance between the amount of
oxidative DNA damage and repair. Thereforewe analyzed the changes
of colonic mucosal DNA repair proteins of the dextran sulfate
sodium(DSS)-induced IBD. In this experiment, we studied the DSS-
induced colonic mucosal changesof morphological localization and
protein expression for DNA base mismatch repair(MMR) proteins,
MSH2, MSH6; DNA base damage marker and base excision
repair(BER) protein, 8-oxo-7,8-dihydro-2,-deoxyguanosine (80HdG),
Refl, OGG1; DNA double strands breaks(DSB) marker and its
repair(BER) protein, -H2ZAX, DNAPKCs, Ku70, Ku80. The pattems
of DNA repair proteins expression were protein-specific with
time-course. While the DNA repair proteins that show increased
expression were Ref-1, OGG1, DNAPKCs and MSH2, but Ku80 was
decreased. The proteins changed level of expression may be the



target molecule in the pathogenesis and protection of IBD, but
additional study are needed to be confirmed.

Keywords : Inflammatory bowel disease, DNA repair protein, Dextran
sulfate
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H.0.E Z&ole S& 22| ROSE 20l MASHH = Ct 0HY StLte
REN SUSs AASXE 10 H T, 1000 £ 3 JH= DNAO
EAE 2231, EF 1000HE & e HHEN =42 Lo?It
FHE D ACHAcworth and Bailey, 1996; Papa and Skulachev, 1997).
AMEX SEMES Lt AMSSAI ZSAEZ # AERH= A9
To BItol Hlelloted ROSSl MA0l WW=H SIt&tCH(Boveris A and

Chance, 1973). AIZ2| &&tst J|s0l ROSE HHot=dl, Hsg = Us
2 B0 O %28 22 ROSIHH MALH MM AE A(oxidative
stress)Jt  4J]l=  210ICH 012 20l ROSMAHS =M= MM
|ZLf MX=28H AF=O0IC.

HIZ& 2 (endoplasmic reticulum)oll U= A

EX gHo XAMMAS, DgMAXE S)0HAM ROS €40l SXoHAH
Sototd. &8t ol2sLt [Ad  EAls S FoHA=, MARRH
MAStEE PEE MAUSS MAds RYcts MAUW EE steEEZ S
ST CHSUAICH =RE F2 3PS QI SR SHH5HE
HAaNEZESEE 2H K2 200Z0l =& Ch=  200ICHBabior, 1978;

Hussain et al, 2003). Sol, A2= HAMZU S&3= MA HOIA
225t ROSQ peroynitrite(ONOO)E MAol= 21z 2HAM fCHMarnett,
2000). Ol2iet WEE0| DNAZX}, SHEHE - HA HIE D

o
SE0 HalE LOH e (carcinogenesis)S =ciE = UL

ROSOll 218t DNASl ¢tat= 2= 4002 SJI2F OISAllE2A 20

Eas g2z = UL ROSH2 AsHEUH 2o dHL

DNAZ D[ &2 (DNA base products)dt BIEEDNAZXE O Ch2et
g S 20ICI(Aust and Eveleigh, 1999; Cooke, Evans, 2003). O &t}
M= = HE B2 27 = otlhk= 8-oxo-7,8-dihydro—2-deoxyguanosine
(8-OH-dG)eldl, &HH =AHEZI 2ol AMZEez &stE AEYH AL
MBSIN HIXZ 08210 UACHKasai et al, 1997; Fortin et al, 2003).

-OH-dGE EZRF AMHZ0N SHE0l R SUE L AN €8H2e=2



Cl=dl, m, 2ty s O&st oA pb3rdXAE dl=Rst Crest
0 =5

OICHHollstein et al, 1996). 0|48t DNA Z4atl =g =Zoliste
o

=
2= MBMUA XNEHCZE MEEL. BadNHOo2= ROSH =&
= (0]

Zl= Al S 2o
XNEAE 2 DIkl R6tAH W0l 012 XICE Oleist &2 o= MEH LY
HES DNA =2 HZ(DNA repair system)0lctd &tCH

Ol DXl DNA == Z 20t E=MotXICH LI A U0 2% U3t
ZCHLAM, EREXI| ==(mismatch repair; MMR)2

oS FINE =AIle JEgsS SOID =M,
DNAZDJI&EH ==(DNA base excision repair BER)2
O|sh CHADNAIE £&0ILE, F2l0l ZZ&& 2<2(apurinergic site: AP)
So =3E ddYot(Mitra et al, 1997 2002) AWM, ®wIALEIS
M ==(nucleotide excision repair NER)2 &Il A0l WXt
L& (cross-link) 22 O ZIHS DNA &&2 S30ot0H, WM, Mg
+==(recombination repair)2 DNA 0|SJt< =& (double strands break:
DSB)2 =T Al2ICHSunesen et al, 2002 Intanno et al, 2003; Skinner
and Turker, 2005).

DNA =7 |&X = StUel MMR2l 32t UC-=te 2o dad=
AHEHE, UC-2t& 2t 0lddel 26%0 M MSHz A&E1301 dEXHCZ
A

=
S0l E€&ZS JKlH(germline splice site substitution)=! CHBrentnall,
3=

1995). Ol2{&t Ei- A (polymorphism)2 UC S4 SX0A=E 11%, 4
BXAE 9% 22 LIEFLEXICH EHOY T MSH2 HEO0l ULH olEet=
UC-2tad 2t Ol84ol &M= 2HHDE Qille &% UCHNoffsinger et

al, 1999). &£ U2 MMRQ!l MLH1 9 ﬁ@(haplotypes)ﬂf UCe 2&O0l
ULID LedF =0(Pokornyet al, 1997). MLH! TE22H IUHESHMLHT
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1. A8z & 2
SSXH
= AMEHN AI2E =28 Sprague-Dawley HE9 &lF(6-8F)2
AMNESIQFLH AgECc=z2 A HE2 ZddAIZIJI 6t Dextran sulfate

sodium (DSS, Sigma)s S22=0lA EIAN(2% E£= 5%) 72 2+ E0HolD

otRAL04 Olo et @ &

Z AEZS HEEH P20l CHCooper et 4,
2000). DSS2E2 z2 sIstOZ HZEFINHES RUAI=E & T IHH
g2l Mol gHoe=z, HFRU ESEHAE-2d EEHI-2FA 2

=
SN ROl ol18L

= o o
polysaccharide) 2 SPNE AEHIE2 S2AIIl=0 AMA
AESIHMOZ A2 UC2H SAISH A4&2 0t £ e HEZ L& 24F:1D

O AH
=]

ol

ol

ASSESE ether2 A O AASIMAIZI TS, EXNE HEoH(
paraformaldehyde2 2 4COH A 24A12t DHSIACH HSEEHZ A H
AXZ 30% sucroseldt &RE phosphate buffered saline(PBS)0lIA
EAIH WSO e ZH&=A4Z2 FHASGIH 10-15 m SFH=Z Zet
ZclO0IS 0l SEAIZCH HDbetdl X& ZFEH2 08 & S42 ethanol €=,
xylene§&d S& HAM m2tEiez =l s = Z2tA  =2H0l=o0
SZAIZCH  PBSEZ = Xtell MESIH DEMS HOHGHLD, 0.3% Triton
X-10001 &w& PBSE &A20AM 1AI2H 1% bovine  serum
albumin(BSA)Jt &R & PBSE A20AM 1AI2ZE 22 BESAIA HISO0IH
BIS2 AMotCH AEH A= 11X SMe Osw 20 25 =
EXIXtel Heat  shock  protein-70(HSP70),  tumor  necrotizing
factor-a(TNF-a); &HE#2 =EZAI| #==(mismatch repair;, MMR) CIXtZ &=

MSH2 &l (1: 100, BD Bioscience, USA), MSH6 &tdl (1:100, BD

Ja

U
10
ol
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Bioscience, USA); DNAZJ|&E Xl +==(DNA base excision repair BER)
oIXt2= MTH1, AP endonuclease(APE), 7,8-dihydro-8-oxoguanine
DNA glycosylase (OGG1) (0l& 25 1:1,00, Santa Cruz biotechnology,
USA) DNAOIZItY &4&4==(double strands break repair; DSBR)
oIXt2= Ku70, Ku80, DNA-PKCs(Ol& 2% 1:1,00, Santa Cruz
biotechnology, USA).

11X EXME 4TUHAM 24A12F BEEAIZI 2. PBSZ MEAIZI TS, &0l
SaE 2x gXHl(Alexa fluor, Molecular probes, USA)E &=20A 1AI2+
SO BESAIZ2I = confocal microscopy2 ZAIGHD) M= E HEGHIULCH

=22 14 XSS Mot 23 SHME BHES A2 ZXE AIE0HRALE.

(2)Western blotting

2F 2FXNE  =c2t0l10t0l A isopentane0l S E SHOIA
H2AAIZI USHEHZ 22AAHA OGS A0 ALSESHC =& 0.5m
3004 =oll 2N (lysis buffer; 20mM Hepes, pH 7.4, 2mM EGTA,
50mM-glycerol phosphate, 1% triton X-100, 10% glycerol, 1mM
dithiothreitol(DTT), 1mM phenylmethylsulfonyl fluoride (PMSF), 1048/ml
leupeptin, 104g/ml aprotinin, TmM Na3V0O4, and 5mM NaF)2Z 30&
S0t ZofAl2 = =+ & 3t(Homogenization) AIZALY.
Ultra—sonicatorE0IEailA AMEE TIAAIHA A 22IA2112(18.000rpm,
4C 15min), ASHES MX A Z2I6tACH18,000rpm, 4T 10min). 5&
St SHEUA Jtgst =, HIIZESS <ol HHME =T EBio-Rad
dye—-binding microassay (Bio—Rad, Hercules, CA, USA)Z Z&3IA=0l,
20ugel HHMAEZS10% SDS polyacrylamide gels2 &I SAZ2I =

i
I
ol

(G}

Q
nio

A =S SHybon ECL  membranes(Amersham—-Phamacia, Biotech)2
SHANGMES SIQUCH 11X SMles HAXZGISFHAMAUM At2st &M 2t

=
SLGHAH ALESHRULCE M sE= 2F 10 100022 AISotRUCH SME
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HAEADILD, 0l EHES RMHGHN =otAl ot FJIJF UE
XIS AL, EoiZ2&, FIIN8Y S2 ZdoHNEti(Wang et al, 1998;
Marnett, 2000). RONS= HMIZAH0UA BISE DNAG HstS |E6HN

A ZSEAL o0l MIN O ZASHAH SHCH QI2EEXOUAM JHE E6HA
LML= AT 242 (oxidized adduct) 8-OHAGR2Z F2 GIH T &
Bt X = B0l HENOICHWang et al, 1998). Ol2ist ¥I| Hsl= E6HAH
SHHOIIb =i SLLHNUTYN SLAMSATUHAMS 242 A= A2
E0l22 A& 0ICHHussain and Harris, 1998). [MetM 2 AEUHAM =4
g3 =J10l SItE 8-OHAG & 0led =E S LXIcts A2 At=E L
NO &£& DNA =7 CHEA(DNA repair proteins)2 Jls& <AHIGHLD,
DNAZEHE HAHsHES ASHAIZICHWInk et al, 1998). UCEtAel HE4H
Fa) 2 H=20M ps3 S=HH0I= =2 Gtstd gD HEW 2st
IIH? 20 MIHCHHussain and  Harris, 1998). & &&
SHENE SHHUCHEHOIAM RONS Z&0 2o Zes = A=
=ZEC

RONS-0HOHA DNA &4 telomere &4 UC-2tEH o & IE =

SEX SHEA0| =J|I0 UEIY Tl A2 2018ttt hydroxyl radical2
ODNA SJIZ22H =422 Wi, EIIE &Eoiotl, FelZ2E: 2N

olelolelZE  22(apurinic and apyrimidic sites)2 S Zol, &2

O

ZHS0 25t OIS AFE0l JHKIA & CHWang et al, 1998). &tstd
E=42 £5 DNAOISAIES &4AIZ = UCHKehrer, 1993). 0l218t DN
E=LMS0l RHES NIz =SRDH SHEH0I DNAMHIES
Zefotn, =3g ==  ge  &ds2 gMN o, 223
& Zt(translocation)?t A3t 0. telomere HOIAEES OIF8HUHAM &L2=2
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FS ™ XHChaubert et al, 1994; Kern et al, 1994; Redston et al, 1995)

ROSOI 2t DNASI &tsteE ZE 4012 HII2 disAlelE2A 22Xl
DNAZDIAFZ2(DNA base products)dt HEEDNAZA S& 2o
ULt 8-OH-dG= ZERF AMIZEN SHHEO S& IS

g 2= =0, o, 2ty S O2st 2uM pS3RERE
FARICI IS A 8—oH-dGOl =
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8-OH-dGIt S=&E L, U0 HEES SLAIIH, COE DNA
Z2c|DA20tMIE DNAZGIIEE=EZ IS0l U= MutY(excision repair
gene MutY: MYH)Q Ola2 &g ZHO| #2 ZEEs KRYAMCsE
A& ZtE T ACHCroitoru et al 2005). MYH = 8-OH-dG2 ZE=ZR2
KX XDNAZRE oOotdiElS HMSHCH AXMZ Oggl/ MYH 0I5ZHE
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Ref-1&t# &l It AA2 54 F S5 =JI0l= DNA FI| &=
F=SAJl= AW 20 HE0l Z0U=s HAS 2l0lsttt. of X2t ol
S0 HHC=Z HOIZES Mols O 33 2450 M &4=

_22_



CHOSUN
UNIVERSITY
1946

LS B,

H3H0d

ABE A

_23_



T i
L § F ELE-
7 &l __m__ﬁ_ > ol _m_.m MK 5 o o K
o o o B a3 B S RU OOl
T . S E m o s
Eh%%%lériow|u wwo 5 M
&R B o R Y _ 5w g =
L - « m - ol 0l © g e, A4 4 B = 0l
e O_EWAM__%%_ oo c MR 5
_Il_ i bl | (W) E=) _._ o0 |r_._ = -~ J.I_. .__|_
oo o H = e m oo om o
= m |1A090L++mwr
wE oy O Wows T4 A
m.»ﬁo_z_ug#@.&p_o;h =~ 0 =53
TR G ww Sy Sww M
| > < ol oo = o B .
8 &) o il <0 T s U =3 oo w2 S
oL B R 5 B ngmmlﬂo
- R [t R K0 = o 5 O © 33 0[0
ol o] K0 I GO KO kg < U = o Wk Y K X o< mJ
o 53 )M o o s o < U on ™ T i =
W = . R = ujo o T o =2 mJ = H =
— = ol o ol = e = OF =
_non 2K s KR -z
S =g 2 o B s 0 Ul Q.0 = P <0
o0 FOI Rl o) 110 _|__Mo - | W) > m_@.._ &r a = R N
SEwr g qoL s o ow® A T
g m a3 = = il < ioJ
4B ++%m,m_mol.ﬂm20ﬁﬂ,£a
0 o X< o = ol o m wor 0l o (o) ol B ™
Kb nJ on RO KIO 33 = _ = K
n2 @l - Klo o5 = 20
c_mrEP.?L.:I o K O s W55 Ujo
o e ol T = 5 . ° S = g =)
p W R o RO RCOH <0 i o 8 o A
IR W o REH1 ) 0 = o O S o=
2w st 4 o = B moo 5 T 2B
=S befi KU 3 = Ie) oo 7 o) o L JIJ [T}
= 0l o o Kl — m —— o o s %5 41 ot
& B0 0 X0 o EEAL w =2 o= =2 2% ﬂu_ Rl -
uﬂg_mowmLao_am_ngém_;_wﬁ_w
SR 75 mE _ua__raNEo
OF mir ioJ = m.m JJolo © ™ ) a._ - ™ o @._.o
= o RF oo o3 DN x o o Hrl s - © o)
xn_goémm@_w_gngarm.ma
A0 H T &~ K G ] J
80 of | ’oE0 < 5 5
LK A RO 4 8= o
nd

| —
—

2 gLt

4

F

~ 24 -

2 Al



References

Aonarth IN and Balley B, The Handbook of Oxidative Metabdism ESA Inc, Chelmsford, MA, 1996.
Atand SE and Depinho RA A citical rde for telomeres in suppressing and fadlitating
cardnogenesis, Cur. Qoin. Genet. Dev. 10: 39-46, 2000

Aust AE and Eveleigh JF, Mechanisms of DNA axidation, Poc. Soc. Exp. Bid. Med 222:246-252,
199

Babior BV Oxygenrdependent microbia killing by phagocytes (first of two perts), N B, J Med
298: pp. 659-668, 1978

Boveris A and Chance B, The mitochondrial generation of hydrogen peroxide. General properties
and effect of hyperbaric oxygen, Bochem J. 134:707-716, 1973

BrentnallTA, Rubin CE, Qispn DA e a, A gemine substitution in the human MSH2 gere is
associated with high-grade dysplasia and canoer in ulcerative colitis. Gastroenterology 109 151155,
1995

Buffinton GD and. Doe WF, Depleted mucosa antioxidant defences in inflammetory bowel disease,
Free Radical Biol. Med. 19: 911-918, 1995

Carpregher C, Ludani MGand Gasche C, Adtivated neutrophils induce an hiVISH2-dependent G2/M
checkpoint arrest and replication emors at a (CA)13+epeat in cdon epithelia oells, GUT 57:780-
787, 2008

Cawkwell L, Sutherdland F, Murgatroyd H Janis P, Gay S, Gross D, Shepherd N, Day D and
Quirke P, Defective hMSH2ZhMLH1 protein expression is seen infrequently in ulcerative cdliis
associated odlorecta cancers, Gut. 46: 367-369, 2000

Chaubert P, Benhattar J, Saraga E and Costa JKras mutations and p53 alterations in neoplastic
and nonneoplastic lesions assodated with longstanding ulcerative odlitis. Am J. Pathdl. 144: 767—
775, 194

Cdllins RHJr, Feldmen M and Fordiran JS, Colon cancer, dysplasia and surveillance in patientswith
ulcerative odliis. A critical review. N Bl J. Med. 316 16541658, 1987

Cooke MS, Evans MD, Dizdarogu M and. Lunec J, Oxidative DNA darmege: mechanisims, mtation,
and disease, FASEB J. 17:1195-1214, 2003

Cooper HS, Muthy SN, ShahRS and Sedergran DJ, Qlinicopathdlogic study of dextran suifate
sodium experimental murine odlitis. Lab. Invest. 69: 238-249, 1993

Cooper HS, Muthy S, Kido K Yoshitake H and Flanigan ADysplasia and cancer in the dextran
sulfate sodium mouse odlitis model. Relevance to odlitis-assodiated neoplasia in the humen: a study
of histopathdogy, B-catenin and p53 expression and the rde of inflanmmetion. Carcinogenesis 21:
757-768, 2000

Crotoru ME, Geary SP, Di Noda M, Menno M, Selander T, Aronson M, Redston M, CotterchidVi
Knight J,, Gyfe R and Gallinger S, Assodation befween bidlelic and nonaallelic genmiine MYH
gene mutations and colorectal cancer risk, J. Netl. Cancer Inst. 96: 16311634, 2005

_25_



Ekbom A, Adami HO, Helmick CG, Jorzon A and Zack MMPerinatd risk factors for inflanmatory
bowel disease: a case-contrd study. Am J. Bpidermid. 132 11111119, 1990

Finnie |A, Dwerakanath AD, Taylor BA and RnodesJM, Cdonic mucin synthesis is increased by
sodium butyrate. Gt 36: 93-99, 1995

Fioochi C, Inflammetory bowel disease: etidlogy and pathogenesis. Gastroenterdlogy 115: 182-205,
1998

Feisher AS, Esteler M Hapsz N e a, Maosatdlite instability in inflanmatory  bowel
disease-assodated neoplastic lesions is assodated with hypermethylation and diminished expression
of the DNA mismetch repair gene, IMLH1. Cancer Res. 60: 4864-4868, 2000

Fotini P, Pascucd B, Padanti E, DEmico M, Simonelli V and Dogliotti E, 8-Oxoguanine DNA
damege; at the crossroad of dtemative repair pathways, Mutat. Res. 531; 127-139, 2003
GeenmeldBD, Harpaz N Yin J, Huang Y, Tong Y, Brown VL, McDaniel T, Newkirk C, Resau JH
and Meltzer SJ, Loss of heterazygosity affecting the p53, Rb and noc/ape tumor suppressor gene
loci in dysplastic and cancerous ulcerative colitis. Cancer Res. 52 741745, 1992

Gisham MB, Oxidants and free radicas in inflanmetory bowel disease, The Lancet 344: 859-861,
194

Hanauer SB, Inflammetory bowel disease: epidemidogy, pathogenesis and therapeutic opportunities,
Inflamm Bowel Dis. 12 (Suppl. 19): S3-S9, 2006

Hammer RE, Richardson JA, Simrmons WA, White AL, Breban M and Taurog JD, High prevalence
of cdorectal cancer in HLAB27 transgenic F344 rats with chronic inflammetory bowel disease. J.
Invest. Med. 43: 262-268, 1995

Head KA and Jurenka JS, Inflanretary bowel disease part I: ulcerative odlitis — pathophysidogy
and conventional and altemative treatment options, Alfem. Med. Rev. 8:247-283, 2003

HemistonML and Gordon JI, Inflammatory bowel disease and adenomes in mice expressing a
dominant negative N-cadherin. Saience 270: 1203-1237, 1995

Hb T, Onera M Kobayashi K e a Emyme linked inmmunosobent assay (ELISA) and
immunopredpitation studies on anti-goblet cell antibody using a mucin produding cell line in patients
with inflammetory bowel disease. Gt 35; 224-230, 1994

Halistein M Shomer B, Greendlatt M, Soussi T, Hovig E,. Montesano R and Haris OC, Somdtic
point mutations in the p53 gene of human tumors and cell lines: updated conrpilation, Nudeic Acids
Res. 24:141-146, 1996

Homes BW, Yong S, Eiznhamer D and Keshavarzian A' Gutathione contert of colonic mucosa:
evidence for oxidative damege in active ulcerative odliis. Dig Dis. Sd. 43: 1088-1095, 1998
Hussain SP and Haris OC, Milecular epidermidogy of humen cancer: confribution of mutation
spedira studies of tunor suppressor genes. Cancer Res. 58; 4023-4037, 1998

Hussain SP, Hofseth LJ and Hamis OC, Radical causes of cancer, Net. Rev. Cancer 3.276-285,
2003

Intano GN, Cho EJ, Mdviehan CA Walter CA,  Age-related base exdsion repair adhivity in mouse
brain and liver nudear extracts. J Gerontd A Bid Sci Med Sd. 58(3):205-11, 2003

_26_



Issa JP, Ahua N Toyota M Bronner MP and Brentnall TA, Acodlerated age-related CpG island
methylation in uoerative odiitis. Cancer Res. 61: 3573-3577, 2001

Kasa H Andysis of a fom of oxidative DNA damage, 8-hydroxy-2-deoxyguancsine, as a marker
of celluar oxidative stress during carcinogenesis, Mutat. Res. 387: 147-163, 1997

Kehrer JP, Free radicals as mediators of tissue injury and disease. Git. Rev. Toxicd. 23 21-48,
1993

Kem SE, RedstonlM Seynmour AB, Caldes C, Powell SM Komadd S and Kinder KW, Molecular
genetic profiles of odlitis-assodated necplass. Gastroenterology, 107, 420-428, 194

Keshavazian A, Sedghi S .and Kandfsky J . ef al., Excessive production of reactive oxygen
metabolites by inflamed cdon: analysis by chemiluminescence probe, Gastroerterdlogy 103:177—
185,192

Kinouchi Y, Hwatashi N, Chida M, Nagashima F, Takag S, Maekawa H and Toyota T, Telomere
shortening in the cdonic mucosa of petients with ulcerative cdiitis. J Gastroenterd. 33 343-348,
1998

Kohonen-Carish MR Deniel JJ, te Ride H Buffinton GD and Dahistrom JE, Susceptibility of
IVsh2-deficient mice to inflammation-assodiated colorectal tumors. Cancer Res. 621 2092-2097, 2002
Korenaga D, Takesue F, Kido K Yasuda M Inutsika S, Honda M, Nagahama S Inpaired
antioxidant defense system of odonic tissue and cancer development in dextran  suifate
sodiumdinduced odlitis in mice. The joumal of surgical research 1020 144-149, 2002

Koutroubelis |E, Mliaraki N, Dinoulios PD, Kamriris K Castanes E and Kouroumdlis EA,
Decreased total and comrected antioxidant capedity in patients with inflammeatory bonel disease, Dig.
Dis Sd. 4914331437, 2004

Lih-Brody L, Powell SR Cdllier KP, Reddy GV, Cerchia R Kahn E,. Weissman GS, Katz S, Foyd
RA MKinley MJ, Fisher SE and. Mullin GE, Increased oxidative stress and decreased antioxidant
defenses in muoosa of inflammetory bowel disease, Dig Dis. Sa. 41:2078-2086, 1996

Mambo E, Chetterjee A. de SouzaPinto NC, Mayard S, Hogue BA, Hogue MO, Dizdarogu M.
Bohr VA and Sidransky D, Oxidized guanire lesions and hOgg1 adiivity in lung cancer, Qncogene
24:4496-4508, 2005

Mamett LJ, Oxyradicals and DNA damege. Carcinogeresis. 21: 361-370, 2000

Mtra S, Hezra TK, Roy R lkeda S, Biswes T, Lock J, Bodogh |, Izumi T, Corrplexities of DNA
base exdsion repair in mammalian odls. Vol Cells. 7: 305-312, 1997.

McKerzie SJ, Baker MS, Buffinton GD and Doe VWF, Bvidence of axidant-induced injury to epithelial
cells during inflammetory bowel disease. J. Qin. Invest. 98 136-141, 1996

Mtra S, lzumi T, Boldogh |, Bhakat KK, Hill JW Hezra TKChoreography of oxidative damege
repair in mammelian genomes. Free Radic Bid Med. 33: 15-28, 2002

MombaertsP, Mzoguchi E, Gusby MJ, Glincher LH, Bnan AK  and Tonegawa S, Spontaneous
development of inflammetory bowe!l disease in T oell receptor mutant mice. Gall 75; 274-282, 1993
Noffsinger AE, Bdlli JM Fogt F, Fischer J, Godmen H and FenogdioPreiser OM A genrline
hMSHR dlteration is unrelated to ocolonic microsatellite instability in patients with ulcerative odlitis.

_27_



Hum Pathd. 30: 8-12, 1999

Qdes HS, Fraser D and Krawiec J, Ucerative odlitis in the Jewish population of southem Isreel
1961-1985: epideniological and dlinical study. Gut. 28: 16301636, 1987

Onkusa T, Ckayasu |, Tokoi S, Araki A and Qzaki Y, Changes in baderia phagocytosis of
macrophages in experimental uoerative odlitis. Digestion. 56. 159164, 1995

Okayasu |, Chkusa T, Kgjiura K Kanno J and Sakanoto S, Pronotion of cdlorectal neoplasia in
experimental murine ulcerative odlitis. Gt 39: 87-92, 1996

Gshitani N Kitano A Ckabe H. Nekamura S, Matsumoto T and Kobayashi K- Location of
superoxide anion generation in human colonic mucosa abtained by biopsy, Gut. 34:936-938, 1993
Papa S and Skulachev, VP, Readiive oxygen spedes, mitochondria, apoptosis and aging, Mol Call.
Bochem 174:305-319, 1997

Poddsky DK Enhanced odonic nitic oxide generation and nitric oxide synthase adtivity in
ulcerative odlitis and Crohn's disease. Gut. 36: 718-723, 1995

Pokomy RV] Hofmeister A/ Galandiuk S, Dieiz AB, Gohen ND and NeibergsH, Qrohn's disease
and uoerative odlitis are assodated with the DNA repar gene MLH1. A Surg. 225: 718-725,
1997

Presti JUC, Reuter VE, Gdan T, Fair WR and Cordon-Cardo C, Moecular genetic dterations in
superficial and locally advanced hurmen bladder cancer. Cancer Res. 51: 5405-5409, 1991

Prior P, Gyde SN, Macartney JC, Thompson H Waterhouse JA and Allan RN, Cancer morbidity in
ucerative odlitis. Gut. 23: 490-497, 1932

Pulan RD, Thomes GA Rhodes M Newconrbe RG Williams GT, Allen A and Rhodes J,
Thickness of adherent mucus gel on cdlonic mucosa in humans and its relevance to odlitis. Gt 35:
353-359, 194

Rachmilewitz D, Stamler JS, Badwich D, Kameli F, Ademan Z and Poddsky DK Enhanced
odonic nitric oxide generation and nitric oxide synthase activity in ulcerative cdliis and Crohn's
disease. Gut 36: 718-723, 1995

Redston MS, Papadopoulos N, Cadas C, Kinder KW and Kem SE, Conmon ocourence of APC
and Keras gene mutations in the spectrum of odlitis-associated neoplasias. Gastroenterdlogy 108;
383-32, 1995

Rhodes J, Thickness of adherent mucus gel on cdonic mucosa in humens and its relevance to
odlitis. Gut 35: 353-359, 194

Rhodes JM Codonic mucus and mucosa gyooprateins: the key to odiis and cancer?, Gut
30:1660-1666, 1939

Rubin,CE, Haggitt RC., Bumrer,GC, Brentrall, TA, Stevens, AC, LevingD.S,, DeanP.J.,
Kinmey,M, PereraDR and Rabinovitch PS, DNA aneuplaidy in colonic biopsies predicts future
development of dysplasia in ulcerative odlitis. Gastroerteralogy, 103, 16111620, 1992

Ruddlph U, Finegdd M Rich SS, Hanimen GR, Russo MT, De Luca G Degan P, Padanti E,
Dogliatti E, Bames DE, Lindshl T, Yang HMiler JH and Bignami M, Accumulation of the oxidative

_28_



base lesion 8-hydroxyguanine in DNA of tunor-prone mice defective in both the Myh and Oggt
DNA dlycosylases, Cancer Res. 64:4411-4414, 2004

Ruttler MD, Saunders BP, Wilkinson KH, Rurbles S, Schofield G Klanm MA Williarms, OB Price
AB, Tabat IC and. Fobes A Thirty-year andysis of cdonosoopic surveillance program for
neoplasia in ulcerative odlitis, Gastroenteralogy. 130: 1030-1038,2006

Sedack B, Merz H, Schorle H, Schinpl A Feller AC and Horak |, Ucerative cdiiis-ike disease in
mice with a disrupted interleukin-2 gene, Call. 75: 253-261, 1993

Sato T, TenigamiA Yamekawa K Akiyama F, Kasum F, Sakanoto G and Nekamura Y, Allelotype
of breast cancer: cumulative dlele losses promote tumor progression in primery breast cancer,
Cancer Res. 50: 7184-7189, 1990

SchreiberS, Macdemott RP, Reeder A Pinnau R, BertovichM and Nesh GS, Increased adtivation
of isdated intestind lamina propia nmononudear cdlls in  inflammetory  bowel  disease,
Gastroenteralogy, 101: 1020-1030, 1991

Smonds NJ, Allen RE and Stevens TRJ ef a, Chemiluminescence assay of muoosal reactive
oxygen metabdites in inflanmmetory bowel disease, Gastroneferdlogy 103:186-196, 1992

Skinner AM, TukerMS: Oxidative mutagenesis, mismetch repair, and aging. Sd Aging Knowledge
Environ. (9): re3, 2005

SrinivasanY, Brabet P, Bouay G Bradey A and Bmbaumer L Ucerative oditis and
adenocardinoma of the colon in G apha i2-defident mice. Nature Genet. 10: 143-150, 1995
Sunaga N Khono T., Shinmura K Saitoh T, Metsuda T, Saito R and Yokota J, OGG1 protein
suppresses GC? T:A mutation in a shutfle vector containing 8-hydroxyguanine in humen cells,
Carcinogenesis 22:1355-1362, 2001

Sunesen M Stevnsner T, Brosh Jr RV, Danov GL, Bohr VA Gobal genome repair of 8-0xoG in
hanster cells requires a functional CSB gene product. Oncogene 21: 3571-3578, 2002

Tamaru T, Kobayashi H, Kishinoto S, KajiyamaG, ShimanotoF, and Brown VWR Histochermical study
of odonic cancer in experimental odlitis of rats, Og Os. Sd. 38 529-537, 1993

Tedder RS. and Pounder RE, Defection of herpesvirus DNA in the large intestine of petients with
ulcerative odlitis and Crohn's disease using the nested palymerase chain reaction, J Med Vird. 38
183-190, 1992

Vetuschi A Latdla G Sfera R Capili R Gaudio E- (2002). Increased proliferation and apoptosis
of odonic epithelia cells in dextran sulfate sodium -induced odlitis in rats. Dig Dis Sd. 47,
1447-1457.

Warren BF and Watkins PEAnimel models of inflammetory bowel disease. J. Pathdl. 1720 313-316,
194

Willenbucher RF, Aust DE, Chang OG, Zelmen SJ, Ferell LD, Moore DH and WAldmen AV,
Genonic instability is an early event during the progression pathway of ucerative odlitis-related
necplasia, Am J. Pathdl. 154: 1825-1830, 1999

Wink DA, Vodovoiz Y, Lava IJ, Laval F, Dewhirst MW and Mtchell JB, The muitifaceted rdes of
nitric oxide in cancer. Cardnogeres's, 19: 711-721, 1998

_29_



Xe Y, Yang H, Mller JH, Shih DM Hcks GG, Xie J and Shiu RP, Cells defident in oxidative
DNA damege repair genes Myh and Ogg1l are sensitive to oxidants with increased G2/M arrest and
multinudestion, Carainogenesis, 722-728, 2008

Yamere A Shinmura K Sunaga N, Saitoh T, Yamaguchi S, Shinmura Y, Yoshimura K Murakami
H, Nojima Y, Kohno T and Yokata J, Suppressive adhiviies of OGG1 and MYH proteins against
GC to T:A mutations caused by 8hydroxyguanine but not by berzo(@)pyrene did epoxide in
humen cells in vivo, Carcinogenesis 24:1031-1037, 2003

_30_



Legends for Figures
Fig. 1. Hematoxylin and Eosin stain of OSS-treated colonic mucosa of the
contral, 1day(10), and 7days(7D).
Fig. 2Western blot analysis for the HSP 70, TNF-a, MSH2, Ref-1 and OGGI.
Induction of inflammation was confirmed by protein expression for the HSP 70
and TNF—a. The level DNA repair proteins MSH2 was decreased, but Ref-1 and
OGG1 were increased.
Fig. 3.Immunolabelling of MSH2
Fig. 4.Immunolabelling of 8-oxoG(A) and Ref-1(B).
Fig. 5.Immunolabelling of y—H2AX(A), DNAKPCs(B), Ku70(C) and Ku80(D).
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