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DNA repair factors in gastrointestinal

system: Mismatch repair proteins with age

Kee—Hune Kim
Advisor @ IN=Youb Chang, MD.Ph.D.
Department of Medicine,

Graduate School of Chosun University

DNA mismatch repair (MMR), as a member of DNA damage repair
system, e mainteins genomic stability and suppresses tumorigenesis
via the function in repair of post—replicative DNA errors. Chronic
oxidative stress is generally believed to be a major etiologic factor
in the aging process. Not only influences cellular signaling and
oxidation of cellular proteins and lipids, but reactive oxygen species
(ROS) have powerful effect, multiple damages, on both nuclear and
mitochondrial genomes. This serious celluar injuries are mostly
repaired via maily DNA base excision repair pathway and MMR. It is
relatively well—known that 8—o0xoG—DNA glycosylase (OGG1) and

AP—endonuclease (APE1l) in the initial steps of DNA base excision



repair, but not in MMR. So in order to ascertain the physiological
role of the MMR in aging, we have investigated the changes of MMR
proteins, Msh2 and Msh6, in postnatal aging colon of rat. We found
that the amount of protein level of MMR was decreased with age in
colon. This data is also confirmed that the immunostaining of mucosal
epithelium and intestinal gland was weakened in aged rat colon by
the immunohostochemical approach. Therefore, we propose that
dysfunctional MMR with age may be associated with the increasing
DNA damage and tumorigenesis,

Keywords : DNA mismatch repair, DNA damage, tumorigenesis, aging



I A =

DNA %% ZA17] (DNA Mismatch)+= A o]Are] Ayz EASH=H)
E3] dinucleotideE 2] ¥HZ-S 333l microsatellites ©]ACZE thii 24y

stoh, weEbx DNA Z% &A1 7] 45 (Mismatche repair ; MMR) A3Hs

l

Mutl, & 371¢ltf. 19] 22 E. coli proteins ©] MMRo] €338}A] o] Fof
Aed desith. @ EfEES MutH  SMutLel g AR
(homologues) &= o}, MutSel s]3d3dt= AL EA8HA d=vH(Gu 5,
2002). #7374 wEHE < (Hereditary non—polyposis colon cancer)
< MMR FAAA7F 2dHolE oA et =, 7P &3 44
+ hMSH2, MSH6, hMLH1,hPMS1/2 Eolth. B 10-12% ¢] Ah#Aow
A= gl MMR Agro] AN, o5 Aol Fo el il
M ok 2 wE A A ok AAoltt (Jiricny $Nystrom—Lahti, 2000;
Caldls &, 2004; Lawes ‘&, 2005). 3}A|¥F MMR©] 8—0ox0G:A
mismatches 9] ol o= o] FAF=Ni &, 1999 Gu =,
2002; Mazurek &, 2002)3, ¥ o]F JArHst= FH X il (Colussi &,
2002)°l  &std  msh2—/—  AAFujel  AFolAlEelA  HGA] DNA
8—oxoG <} H202 °f 9Ja] 5= DNA 8—oxoG F+0] B F7hdrh.
=dWo] W% Aol FHjel theh A YUAAIRE, EA7E o] Foln &
of WAsH= A(otdld) ol -$sHs 8—oxoG(F-otd) & AASH= W] MMR
o] #ofd Aow ettt oleld F52 8—ox0G:C HTb= 8—0x0GO|
sty 2HE Ax]oj 72 DNAAFE (mismatched duplexes) ol hMutS a 7} 941

2 Adgsttges AREel os] AR ET Y (Mazurek 5, 2002).
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o
o



hMSH2/hMSH6 ©]= )] (heterodimer) 1 hMutS ¢ ol4] hMYH$} hHSH67}
AfdAoz AsAgsri= 2o HT wE el wE MMR wuElgo]
8—oxoGel Zx tsH A AAC #IHAH FHo=

2002). 3 PCNA7F hMYHERF ofe} MMR @ A% A3 4-8-5fe],
8—oxoG:ATH 24 dTE& FIdge= Aoer FHHD Y (Gu T,
1998: Gu %, 2002). =3 PCNA7} hMYH#vl ofyg MMR %
FEAgete], 8—oxoGIATE £ A%S FAs AoR FFHHI 9l

H(Gu &, 2002).

wEs THEE W ol a5 AT o2 A dwHdow U
i ma el FEAQ Holtt. watnge AX/5 ALthAle] 2
A e BE Aol w1 wAzAe 2 S X 2k s

ool A A o)z o] & (free radical theory)ol] WEwW, w=3l= FAJAMA
(reactive oxygen species; ROS)o ola] A H = @& 552 A&54<
kst =24 (chronic  oxidative stress) 2] dFo|th(Beckman® Ames,
1998; Harman, 1956; Papaconstantinou, 1994; Sohal &. 2002;
Stadtman, 2002).

ROS:= 27HA4 8 A=E &8t A&y adss 2. 34, Atsl
A Eel sl AEZAAEAE AT Hofshe 5 AE A9 A=
(multiple  cellular  signaling  pathways)&°] 24 3l¥t}(Finkel}
Holbrook, 2000; Suh, 2002). <& &% mitogen—activated protein
kinase (MAPK)Z %9 574 p383 SAPK/INK 2l& dAd @iz Eo] A}
A 4o 98] g4 Ett (Finkel?}t Holbrook, 2000; Hsieh %, 2003;
Papaconstantinou, 1994). FinkelZ} Holbrook (2000) 2 %3} W& o]&
kinases €4 ¥ o3t At AAAd e Wste] tisl Rarskgitt.

ROSE 18] B=38t4 axe= A dd, A & 35 A9 e Alx
T4 Q459 W3 FA-e-Hnh AFsA @A, 53], protein carbonyls,

o] w3}of migsle] FrFecta Ao Itk (Beal, 2002). o1¢k FAFSH



ROS+= EX3 A4S AEsA]A F3sjA]7]3.,  4—hydroxynonenal¥}
malondialdehyde& A A1Z1tH(Traverso &, 2003). °ol& APit #H2E
(fatty acid fragments)> =3} s&E=olA +24 AA F7Hsttk(Igbal &,
1999). iyt =ikl AbshrE @SR, ROSe| wE 7hd 28 A<
A= 542 54 (genotoxicity) €1t ROS7F DNA 47]7F vpekst AHeiAd
e derla, 719 & 9 DNAWA T ZS] 3139 (base loss and
DNA strand breaks)E Z#stAl FokMitra 5. 1997; Mitra, 2001;
Mitra . 2002). 8—oxoguanine (8—0x0G)¥} 5—hydroxyuracil (5—HU)
W 32 AskE Ve F-<17] -9l (abasic (AP, apurinic/apyrimidinic)

sites) 5 AAAA AR T Hol, EAAESCNN =AWl

—_

¢

=
= st @ HF 237 Eya ¢ o]t dskA] ¢k AdEIY AME
M T Al Z=AHo] - AV ZAx fFE¥ AP sitest truncated
polypeptidess 233t o] H7|eAd EdHo] @A ES AdA71A &

th 24 Q4 (regulatory elements) ] =<IWio]e} DNA W32 3o
o] A mRNAA/Jo] FAA Hof, opdd ©¥a (wild—type proteins)&
o] ojito]l Zdct uwEbd w3 -oFA DNAEA H22 AZAeE 2 A
EAbel A7 &S mAA Dok (Suh, 2002).

ROS+= E& AWAldAM AHxor AT DNAEY F2o] A% 7t
st X Hol7] wiEel, ROSe| #5% AES L3 BE E4ES 5
Hol I APAE 7hskAl EepA o] o] Folxith {3 4 I E B
Folld =84 DNA 5 F2es A 7], GUdDNAYWAE &4, AP
sites 52 DNAY7|EA +=E724=Z(DNA base excision repair (BER)
pathway) & %3 H®EctMitra 5, 1997; Mitra, 2001; Mitra %,

2002). oW &9 B 3 wAHREE AAFRA R Befste @
WA = (proteins of the nucleotide excision repair (NER) pathway) 2] %}
go] 98] o]FojXt}(Sunesen 5, 2002). A RF w=3lo] wWE FHA &

o

< DNA #Z3 #A37]o] st &4 9 S0 g J&st B A

1o



Qi Adolth Wb B QAFeNE wse] WE A7 234 o4 DNA
a2 A4

27U GFS oo

1=

olol R 12 MSH2 ¢ MSH69 W3ls =%
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II. 48948 2 ¥4

TEZF
Ao AFE A 24 14 @D, 17FP1lw), 45 (P4w), 10F
(P10w), 285 (P28w), 505 (P50w), 1005 (P100w), 1205(P120w)¥

A4 S 22 == 42 AREeRlth

e

A EES ether® ZAA vHAIZ] & paraformaldehyde .2 4T ol A
24X 1At ¥ xAE 30% sucrose’t $H¥ phosphate buffered
saline (PBS) oAl &FA[A W] wE 43NS HAsste] 10-15 m
TAE #Hep Sepolto FARAZTH PBSE ¢z AlFHste] g ds Al
78taL, 0.3% Triton X—100°] &% PBSE Aol 143}, 1% bovine
serum albumin (BSA) 7} $HF¥ PBSE A-2ox 1A13F 242} REGAIA HIS
o4 wkg& Alsklth. Al 1A= anti-Msh2(1:100 in PBS, BD
Bioscience, USA) ¢} anti—Msh6 (Upstate, 1:100 in PBS, BD Bioscience,
USA)E 4TColA 2447 WEEAIZTE PBS®E 5 kel AlF e § 23 A
Q1 chicken anti—rabbit IgG—HRP conjugated (Chemicon, USA)< 1:200
o7 3] A 3} A 2of| A 1A%k &<t Ele o Edl 5
3—3" diaminobezidine (DAB,Sigma, USA)Z WAEcH J2Fo2 = A
1FASS et 2a AW vhEAZ] 2245 ARSIt
Western blotting
A A 22& =efololo] A8} isopentane©] E3HE

BN YEdulz B A ths Al AREst

oo

SRR

ot x4 0.5mge 300

32



w S8 &E=N (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), 10pug
/ml leupeptin, 10gg/ml aprotinin, 1mM Na3V04, and 5mM NaF)C° =
30 &P 07 CelA  &3iA ¥ A3} (Homogenization) A7t
Ultra—sonicatorg ©]g3lA AxE FAA A7 A17] 32 (18.000rpm,
4T 15min), A5 9S A= A3 (18,000rpm, 4C 10min). 53

Bk dweld A F, A/9ES 98 @94 FEE Bio-Rad

dye—binding microassay (Bio—Rad, Hercules, CA, USA)ZE AAd}A+=
g, 20pge] ©MAS 10% SDS polyacrylamide gels® A7]9% A7l &
G " =S Hybon ECL membranes (Amersham—Phamacia, Biotech)®
A4 dAE stk anti—p53(1:1,000, 4C, 24h; Santa Cruz
biotechnology, Inc, Santa Cruz, CA, USA)¥} anti—y —H2AX(1:1,000,
4T, 24h; Upstate, NY, USA )= 1z} A2 27t AFE3gc Qa9 o
WS enhanced chemiluminescence detect system (iNtRON, Biotech.,

Seoul, Korea)& o] 8-3to] Sguhmae] wdol 2 salsigint



A3 eA] DNA EREg oA 232 #xojx DNAYZE-S& FHAI7]=
EA<QIMsh28t Msh6E tidoz &4 AFPDHHFH =3 (P120w)ol o=
7NVNA FA 244 dd WstE #ESESIth DNA &4 dezel
Msh29} Msh6e] e &4 A5HH 285 (P28w) 7HA+ ¥ Wakglo] A
HHog o] §A ¥l o, 505 (P50w) ol Hasty] AFEke] 1005
(P100w) &+ 1205 (P120w) ol A& -9 Z4sk3ick
1. 4% 22 (x3ho) 1 SFA o)A Msh2¢t Msh6 232 AGx
2 3}5t3 w3}

A. Msh2@+d 9] W3}

A 1Y%EH A 285

Mshzuqoﬂﬂ %f_’ Z%uLJ—l%%jq. %1—;(}/%1% H]%ﬁ]— 7<—1u1—%; ﬂ%oﬂ}q x—]u]-z—] o7
UEbs o}, Aol upeki (basal area) 9 £33 Ay ZEo A ZakAl
Ebtth(Fig. 1A; arrows ). 33} Axd B5F
g AstA vepskod, olgfe wrg FA 195 2857kA wggle] w3
= AT

<=4 507 7Y =4 120+

AA W3} XA LEA vhehgov], 4 5057 Fuafsel s wa
o oFgk ZraEY] AFERT, EA1005% 12050l BAol A el

8] Zaeklth(Fig. 1A).

B. Msh6d 2] Wi}

= 19%EH =4 28F

Msh6H oWk & Msh2@oduk-$ v} v =844 Huka

_ﬁ_
Aeksold AmAon teda, B4 vhetesh £33 4u SN 4t

_‘IO_



Al YERstth(Fig. 1B; arrows ). 9A] @3} Axz BFolA YEMRL o A
EA oA o AstAl A E ]l

=4 50F%H E4 1205

=4 50FFE A nfsy FAECA wRlo] 4 zhe] o,
Z/10078F 12070 A = ek dAoA] ghds] 7FAskelth(Fig. 1B).
Msh2@ 3 Zpo] & Msh6tdlo]l &4 505758 FEgAA Hash7] A
ztsto], 10078 120704 = &3] FHagtol et

ol

] ol

i

N

2.Msh2¢} Msh6 @97 o] W3}
w3to] wE wwlA A (Western blot) 2 AASH A3 24 1059 505
o] Hlwe| - xfelE HolA gkomn, 5079 1005 Apolo] vt F=
A A ek th(Fig.2). olefdh v ko] Aibe Wz 3lekel Al
Aol A Ak tE. Msh2¢h Msh6 whd o] wha] ki okt xpo] =
B, Msh2wd 7haeo] vlal] Msh6 wHej oA A 7Fas)

_‘I‘I_



= Ao DNA FA ooz s zx #Aojx DNAG7Z|ES T3
A7l &4<QIMsh29t Msh6 H@o] 32} Ao &4 28574+ 4
Astglo] A&HAow o] FAHOL, 505 o]F Ay A&
100+ o] =3} AdejelA = ¢ Ak ol st wE
HAE7) 52 Astel] e o F4 < MMR®] A3}, MSI€|
=7t oe T EAY #A-o] Sl AOE AR HT

ROS? A el 93] DNAEA H2& Alxte] X 2o]7] wjitel o5 &4
58 FEshe AW Awle] EAgh Absd 97], GADNAVA &4, AP
sites o< DNA@7]EAFEH=Z(DNA base excision repair (BER)
pathway) & %3 HF®EttMitra 5, 1997; Mitra, 2001; Mitra %,
2002). ol T A &Y He B wad ey AR #

ox,
)
2
[-‘El
o)
=2
£ =

oI5l WA= (proteins  of the nucleotide excision repair (NER)
pathway) 2] 2o 9] o]F|Zt}(Sunesen &, 2002). o] UYAF+Z &
) (Double—strand breaks: DSBs) & WAMIZAL, &¢bA] Fo] Fof 23|
¥ AZst DNASY FHE, o DSBst AEZAPEALR f 25 Av
(Rich &, 2000), Azs ANA WeolE =7 E drh(van Gent &,
2001). DNA olF7teEd 5779 w22 A A= (homologous
recombination: HR) ¥} #H]A&A @A s (non—homologous end joining:
NHE)) 9] 27}4] = AZE 7142 vk NHEJ&= 47181 < (sequence) 9] 4
el BAglel B weks AAFA 7= 71ARD v HRS &35 A

82

< &F° DNARYOR FE &g Jus Hipsto] Jogt DNA 55

< Sttt (Khanna®l Jackson, 2001; van Gent &, 2001). o] 2o A
Z}sk DNA €42 2838t de7F A4 2] o)A (replication error) &%
WAE= A-G ZHERAAT(A—G mismatch), T-C ZHERAA7|(T-C

_12_



mismatch) wolth o]gfgt o] EHTehs Zlo] ZERAY] FIAIAE
(mismatch repair system) ©%® MSH2, MSH6, MLH1, PMS1/2 s©°] ¢
Zlell sttt ol & Fste] A A S BRI, FFLAE AAgth
(Gu &, 2002; Mazurek &, 2002). 53] w=3lo] & 5 5¢

g DNA &40 42 Al 7159 od< A Ha, 8 S5AF
TE7 Z (postreplicative  correction  pathway)el  dl@dst=  MMR2
microsatellite instability(MSDE BEUE® 3 A¥} wste] weh HAdct
I dEA ok HA oo ® w3tE FHXA T- HEAZLAA wjds
AwgdaE MSIZF S7bH 2, Mutle] #do] ZrAdvti W ¥ lvh(Neri
S, 2007). AR ofAE osbe] wE MMRE HEWs 9 7152 ®igte]
M= 2 deA AA S Aol

N

¢

MMR] 7] sA a7t A57kA] &defxl vz = 278t (colorectal cancer)
of Wk "l o 58} ydo] Zvka Zloll=H], HL Kase] 9 MSIZ)
A (MSI-H) 532 MMRA & whAaghe] whgo] F7bH L, v AA 2 7
+ 54 MMR=A®oO] FefolA =}
o] oF 8l Amadel #o]l e Zow RuH JtH(Geisler
2003; Lanza &, 2006; Felton ‘&, 2007; Hsu &, 2007).

A7 MMRE] =driolel whddo] Ql= Zlow 2 i 4 vEd
A A 9X5F 7 A1y A28 (Lynch syndrome types 1 and

oz e deld odi=u. A1Fe g geel A 4%, A2 4F

=

o} (non—small cell lung cancer) oA

P

MMRFAZE] 7 difgfda 25 5dwols xyidho] (biallelic
mutations), Bl Z #2 20—404e] T, NFTY, Te 2FUFE T
S Fgol wAske] ol A5 V£ AATHTT A1Y, A2d
Tt "IATFT A3P o R ERFE etk (Felton 5, 2007).
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A2 oz ol wel DNA B4 ooz gls) 23 #xojx DNA
A4 EAIE 2D Msh2gh Msh6 Bdol 237 2o E4
28% W Wskglol A&H o WHe] fAHYOL, 50F oF Hiss] A
Aol 100F o) wmat FeelAE Zastdvk st W ALY A
s, 223 ole] WE FEAR/] £BMMR) O Ash, fHA B F
bz Qlstel ol FFe wAT wo] Qi oz ARHM, o

71 9% W Be AR/t Besttn AR

k3 Y]

Qs

o
30
rlr
m1ru

.

o)
=

_16_



Legends for Figures

Figure 1. Decreased Msh2(A) and Msh6(B) expression with age in
rat colon mucosa. Immunoreactivity for  Msh2 and Msh6 were
exhibited the relatively strong at young age in rat colon mucosa
especially in intestinal gland and epithelial border(arrows of 10
weeks), in contrast , that of old age showed markedly diminished
immunostaining. The changes of Msh6 with age was more dramatic

than MshZ2. Rectaangle shows the area of magnification.

Figure 2 . Decreased Msh2 and Msh6 expression with age in
protein assay. Diminision of MshZ2 and Msh6 expression was
confirmed in old rat colon by western blot assay. The decreasing
pattern of Msh2Z and Msh6 was similar, but Msh6 was earlier and

more significant than MshZ2.
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