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—Abstract-

Changes of DNA repair factors with age in nervous system
Joo-Young Kim
Advisor: In-Youb Chang, MD. Ph.D.
Department of Medicine,

Graduate School of Chosun University
There is a rapid loss of weight with age in human brain. That is
related to the reduction of neuronal bodies, the loss of dendritie, the
accumulation of mitochondrial damage, and the reduction in DNA repair
activity. Once DNA sequence is lost, perfect recovery is impossible.
This character of the DNA makes genetic fragments a major target for
age-related decline. Cells comprise intricate DNA repair system to avert
DNA damage. DNA repair system may itself be injured by age-related
celluar process including reactive oxygen species. In this study we will
survey the changes in DNA repair factors during aging in rat, including
mismatch repair (MMR), base excision repair (BER), and double-strand
break (DSB) repair. This paper shows that the level of Msh2 protein
declines after 1 year of age significantly, which is one of the key
enzyme involved in MMR. BER factor, MTH1 and OGG1 also are slightly

reduced with age. In contrast to increased DSB damage(y—H2AX), the



repair factors for DSB, Ku80 and DNA-PKCs, are reduced in aging rat
brain. These results suggest that the increased DNA damage and the
reduction of several DNA repair factors with age may play significant

role in deterioration of neural system.

Key—wards : DNA repair facors, DNA damage, Brain, aging,
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Mg = 60 M Ol&M= HE 0.1% 8= S0l =0HSChb,
Ol=0ls =28 ZAE =cHstOH(Esiri, 2007). =stofl et Lol

LIEtUE =28 0182 o sgd XS T4, 4 A2 St

DNA 23529 24, AlYA UEO 2A S0 ZE=CH (Morrison and

Hof, 1997; Raz and Rodrigue, 2006). <0t OlLlct & Has S&t

ol

AFUNME Olefst =atol ME =) SH0| 2AE0l SHLJACH (Coffey

r

et al, 1992; Pfefferbaum et a/, 1994). BH&EZ2 HO| ZAUGIH 24Dt
LIEt L= BHH JIAHAE=2 0|0, O0IFY, =249 AH0A 2480

A
sS4
.I

i

L
ol

ton
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Off Hioh 20t SEAXIA UEFECHESiri, 2007). £ Z&AQI
y

IAENAE HMOI 20ols S22 & (entorhinal cortex) Ol CHE*

02
0o

2 HO QU] ZAXLD UCH(Insausti et a/, 1998; Raz and

Rodrigue, 2006). 50 Ml OIZ 0 AIFAMEZS AJ|IJF 2A6tD, JIXSI|9

H1

JEAl =X E 46% BT ZA=CD 2B/ CH(Jacobs et a/, 1997). =2

>~

HAE KA F

O

Hd SZ22(estrogen)S &E0olH E2-4

A% (pblood-brain barrier)2 ESEA&0|l ZIt=ECteE 231 (Bake and



Sohrabji, 2004)2 OIF0, O0lgd S&0 MEUHAHAAE LoD
Jt8otd,  Latol 2€F2 HE = 0ds2 ddze=E =80

a2 =dg =& U, 0lH&

radical theory)Ol Olgl AN 20st=e 22z FHGtL J=d,
ML (reactive oxygen species; ROS)Ol 2ol MA& = X=HQI
At AEQ A(chronic oxidative stress)Jb =30l 2201 UCHD
2eA XD JUCH (Harman, 1956; Beckman and Ames, 1998; Sohal et a/,

2002; Stadtman, 2002). Z=2 Ol2igt =3 £ oF 2AE AEM

[ gy o= o),

rr
-
tol

MAEIHHEESNH M ONA Sl AEd A(replication stress)0ll 216oH DNA
SYUC0 ol "HAE AME 2EHO0 JATs=s =FO0l HII=ED
QUCHBurhans and Weinberger, 2007). AMIZ0H SoHX20ILE AEHADL

Ik XIS (ROS Dt HE Sg QX)IL MO JtoHXIE, AHE=
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Sot X Eat
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Ol, mitogen-activated protein kinase (MAPK) ZZ°| p38 SHEHAO|LE,

X CF ChUH Al

— = — =

nio

S

roi
ES
e
0o
0

P 2 O M &8

in

fol

SAPK/JNK &l
d2=0] g4dsat=0, a0l et olgl E2== =8 OfLict, Lsh&&

C}bH Xl
—_ =

ﬂﬂi’-

o ML} BestttD 2 XD JUCH Papaconstantinou, 1994;

min

Finkel and Holbrook, 2000; Suh, 2002; Hsieh et a/, 2003). HS 2E

NZE P4 2452 ROSH S0l ZSEHNUKXLH, =6l =st0l dlclotH

Solote Atatd S8 E (protein carbonyls & E&; Beal, 2002), ROSOH

M= (unsaturated fatty acid

H[[

10
%
s
tol
mn
rr
MW
Hl
tol

IR,
fragments)0l =3t SESUAMN RAL UM SIt&tCH(Igbal et a/, 1999;
Suh, 2002; Traverso et a/, 2003). Ol= ROSOl DNA &DJ|2 Ctst
Aghe &4, FD19) AAl(base loss), ONA OIEJte&4H(DNA strand
breaks: DSB)E ZciotAH ECH(Mitra ef a/, 1997; 2002; van Gent et al.,
2001). 8-oxoguanine (8-oxoG) 1t 5-hydroxyuracil (5-HU)1t Z2 &H3HE
gI|2 RHI| 2<l(abasic sites &=, apurinic/apyrimidinic sites;

AP)S0 S 2 &5 SHHO0IDL =& H S, WmetA ROSIH A0
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JIHAIY D XI¥=0ol 2ol REXSA(genotoxicity)Ol =cH=ECh.

=t 2L O 0ld =ZotXl e o2 AZE, =5 =stMENAT

0

S0H0| REIIsd0l Jse GIlEEY 2SI A0 2o JIs KMot
= A4E S0 HHESS d4AIZIH =0, 0a 2ok
SHH0l & ONA OlsotE£4 ol M2, mANAd A Old, SHHES2
Old0l HEXRC2 Zdstlh. Olelgt AdE= Jedotol = I =2t

+E DNAZEHS =XH=2 JoH2 Mzdcet A S22 od2

lig
0x
o
=
ﬂ
=
il
O
%)
c

=
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(&)
(@]
&

O XYAd2 JIotkl R6tH ool OIEH&ACH 2reF Ol8l ROSE
Off ONAZ=4 ==H0| HSSH XI0H(Alzheimer’ s disease),
Il M 98, 2S00, Z2E0, 43H 52 5 Hd dF3H 23
Asso 2YHol 206tH = ChH(Gorbunova et a/., 2007; Wilson and

McNeilla, 2007).

il

Ol JHXl ONA == ZZJt EMstAeH, IAH Us0 2¢, &

W

TIHE DNAZED|IAE £2A9|l= EREXI| ==(mismatch repair;

P

rr

ol

MMR), AFSHA HD|&AF CHADNAJIE &4, AP S9 =23 ¢
ONAZ DI &Ml == (DNA base excision repair; BER)JI UCH(Mitra et a/,

1997; 2002). ™ =Al2 S3Y LREIE EH=2(nucleotide excision
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repair;  NER)OI  2lai  ==3&=0, OISONAIE &&2 o4
=&t (homogenous recombination), S£= HIASH 2= 28 (nhon-
homogenous end joining)S2 M=& == (recombination repair)0l 2|aH
St Ol &CH(Sunesen et a/, 2002; Intanno et a/., 2003; Skinner
and Turker, 2005). GtAICH L3t ME KAL &4 = AF3AHQ
DNAZ= A 2 =S20f Oist H&st BEEsE HX 22 AFOICH O2tM =
HARNME 3ol @2 &85 oA =3 SHHE ONA SRR HHEE
0l ONA =7 Z2 Z£2 FEZot0 LOotEDXR HIXZAGsHH M

C}bH Xl
—_ =

0

2 wEo2 AES AAl SHUCH
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(P1), 1 =(P1w), 4 =(P4w), 10 =

o

(P10w), 28 ==(P28w), 50 ==(P50w), 100 ==(P100w), 120 ==(P120w)& &=

AESZE2 ether & A OIFEAIA SMAIZI O, ZIE E&5IH
paraformaldehyde 22 4TCOUHAM 24 A2t DEGIQCH. YWSsEHEZE HI| 2ol

X&S 30% sucrose Jb &S8E  phosphate buffered saline(PBS) 0l A

S=AH ds0 OE =X&d=S 2 Aset 10-15 wm Sz Ect

Scl0lS0 EFAIZRCH. OetEl X&) 2 D £ S49 ethanol €2,
xylene &% S5 HA4 OctEe=x2 ZOl & 5= Zetd =ctol=l

SZAZCH.  PBS 2 == Xtell MEHSIH DFEHES HIAGHD, 0.3% Triton X-
100 O] &w& PBS £ A=20M 1 Al2t, 1% bovine serum albumin(BSA)Jt
2RE PBS E A20A 1 Al2H 22t BtEAIH HISO0|H BtES AHMGHAL.
AN AFZ2E 1 X gHMe Osn 20, ER BXI| ==(mismatch
repair; MMR)QIXt MSH2 &l (1: 100, BD Bioscience, USA), MSH6 & Xl
(1:100, BD Bioscience, USA); ONA &€J|Z Ml === (DNA base excision repair;

BER) Q@ X+ MTH1, endonuclease |Il homologue 1  (NTH1), AP
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endonuclease(APE), 7,8-dihydro-8-oxoguanine DONA glycosylase (0GG1)
(0l 2% 1:1,00, Santa Cruz biotechnology, USA); ONA O|=JIE&
E=AM42(double strands break repair; DSBR) Q1K+ Ku70, Ku80, DNA-

PKCs(Ol&h 2% 1:1,00, Santa Cruz biotechnology, USA).

=

1T X SXHE 4CTOA 24 AlZE BESAIZI =0 PBS 2 MEAZ UOS, 2 X

St chicken anti-rabbit I1gG-HRP conjugated(1:200, Chemicon, USA)S

AM20A 1 Al2ZE S BEZ2AIZI & 3-3 diaminobezidine(DAB, Sigma,

u

.

[

Al

0l0

USA)2 ZMGIRAUCH tHE=ZES 1 & SHMES 46t 2 & et e

0ol

Western blotting

2F LE EctOl0t0oIA2t isopentane 0 EgE EH0UMM =50l
H2UAIZI HSAEHZ S2A3H U= 20 AISott. =& 0.5mg 2
300 #t 2ol 2EN (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), 10 4g/ml
leupeptin, 10 4&/ml aprotinin, 1mM Na3V04, and 5mM NaF)2Z 30 & =S¢t
0° COlM BoiAIZI & ZZ& 3H(Homogenization) AIZACt. Ultra-sonicator £

Ol2aHM HIEE HIUAIA SA=2EIAI122(18.000rpm, 4T 15min),

MEMs THI A =22IotFCH18,000rpm, 4C 10min). 5 & SOt ZTOIM
tgst =, MIIEs=s2 S SHHE =EE  Bio-Rad dye-binding



microassay (Bio-Rad, Hercules, CA, USA)2 Z&oi¥=dl, 20 ug2
SHEHAI 2 10% SDS polyacrylamide gels & MI|FSAZI & HHASE
Hybon ECL membranes(Amersham-Phamacia, Biotech)Z SZHA SME GtAULE.
1 X Sdle HIAZXGESAMUN AIES St SLotH AISoHLCH

C|

—

-

S 1: 1000 22 AL=otACH A4

[l

BHAIZ enhanced
chemi luminescence detect system(iNtRON, Biotech, Seoul, Korea)2

Olsot S& oz &8 HFEE oottt
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ASEN AT = ABUMN SN0 BEH 2D ZRSS

I ZEU ALl MSH2 2 MSHE 2 A X H A

=
L
@

BOE(Marietta et
al., 1998; Belloni et a/., 1999)t SAGIA=U 2=OHAN ZHO
orE Ash vte8 20 0ldst 2 AE 2= 2 HRAS0| =3l
e &8F 2FX Msh2 2t Msh6 Z& 0| 50 = 0|F 240tJ| A&

I

100 = 0Ol L3t dHUIAE e Za

ool
jo

ZUACHIAZ 0 2H). Ol a0l et MR SHHO0ILE IS XS

a
i
O
02
g
0
A
olr
0x
o

MIAIE Oded 2DE(Geisler et al/., 2003;

Felton et a/.,2007; Hsu et a/., 2007)1t &&0| U= AO=Z AIE2E

O

b,
SH U Ol & (replication error)22 LME = A-G
HERARII(A-G mismatch), T-C ZEHREZAII(T-C mismatch) S8
S13t= MMR AIAEES MSH2, MSHE 20 MLH1, PMS1/2 S0I O 2J]0f
ogsttt. olse =g dg2 KA *FHds 26t
SLLMs ANSte ZHEQIO (Mazurek et a/., 2002; Gu et al.,
2002), OIS0l =30l et == S0l ZAa&l], N &4 =H0

SOt ol et ME J1s2 O0lat =cHotAl =CH. Msh2 Dt Mshe &3

p= =

AO0IEE2 Msh2 =

4 50 =2H =20l ZAote, =4 100 = 04

rr
[

Lo A HolM= AL AetdTe= A0ICH WTetd =3 AdF 0l

Mt 42 = A=s ol 2HEC Msh2 2 A4 L= KXottt U=
LG 2EEHN s A2 Az, X2 SHOIELZ L3E



STAZ T- SEANE = HPe AN BHES HASES=S MSI It

SIS D, MMR &80 2A=CHD BDEAJCHKrichevsky et a/., 2004;

Neri et a/., 2007). GtXI2F OFEE L=3H0 MHE MMR o ZE He Y

Jlsel #atoll tHold= & Zeld UK @2 &4 FO0IC0.

WR 2 JlsKole UEZ2EE2 2€E 2 =2 23, =2

SOS0l 2otH MSI S0 MMR MotJt SHABIN LS A

02
10

2H0l SIHE D, BIAMNE He(non-small cell lung cancer) 2HX0IA
EX™ IR SEHB0lE tl: & X2 W 20| 22 AS2 201D
UCt.(Lanza et a/., 2006; Felton et a/., 2007; Hsu et a/., 2007).
MBMESE 0101 =Z0l 2Y  &Ei(postmitotic neurons)@IUlS

SHO T2 ONA OIS £Fots FRRAI|L=0)

e

2

o
ir

Ol X

2 2dd UXN 2 20N, 2801 EXeE MIMEUNA ER
BRI Lol A2 4tstd DNA =42 WEN 2ot 4L, DNA
== g4 = polymerase(S3l DNA polymerase B)2 &E#= & IS0
oo Hez 2B JCHDavid et a/.,1997). dHXI2H 20l FX &
MBMZUHA &SI OI&E2ZcI0F ONA 2 BER JIs0l s &2otli=
A& (Mandavilli, et a/., 2000; LeDoux and Wilson, 2001; Bohr,
2001)  ZAHDE YsE A2 FHEU. HHz 5H5-HEAMENQ

&0t2l3t(deamination of 5-methylcytosine)Ol Slol MAHL= G-T
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FQ8 JI&o=z HZSHCH(Koike ef a/, 1999; Khanna and Jackson,

2001; Sunesen et a/, 2002; Gullo et a/, 2006). =20l CHoll ClI2AES

A= KEXNE X JI(caretakers)2t 2ZrAlXb(gatekeepers) & JHXIZ
258 £ UAs0 22 DNA =20 HMIZAIE L SAI 2HSHC.

Kug6 2t pb3 2 JIs&2Z Z¥EotH A2 Us HEXHL 2XI|-

ZAIL 0l ohgEEsdl. ol & JHXl Jls0l A

2
ORA
2
T
z

Jts4d&0l SIO=CHKinzler and Vogelstein, 1997). Ku80 & <AMHMIDb
MHIEE = A2 dHECEZMN Hastdd2 RAAIIes XIS Z
A2o5t=0 Z2ECEH, Al2e AAMHY OlAsS =cHobKXlIBH, 2H0 CHEt

BS2 Mot dEfeXicte O d6l JlsS ==ddotAl =Ch. Bter p53 2

AMT KBS ©f AA0l SAIN LMGE ZUYLMS =XD, S
AUIME COX-2, PGE2, Bcl-2, Ku S ASXSES Sol0l LHE
SAD IBO LEE 20| Y= ASE WIHKD UACHSheng et al.,

1998; Difilippantonio et a/., 2000; Klein et a/., 2000; Pucci et

al., 2001; Lim et a/., 2002).
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Explanation of Figures

Figure 1. Western Blot analysis for mismatch repair (MMR)
protein in rat brain with age. The level of MSH2 protein in aged
brain was significantly reduced, compared with young. The level of
MSHE protein in young brain was relatively low, but revealed down-
regulated with age. Actin was used as control.

Figure 2. Western Blot analysis for recombination repair (RR)
protein in rat brain. The level of Ku80 and DNA-PKCs expression was
slightly down-regulated with age, but Ku70 was up-regulated. Actin
was used as control

Figure 3. Western Blot analysis for base excision repair (BER)
protein in rat brain. The level of MTH1 and OGG1 protein expression
was slightly reduced with age, but not in case of APE and NTH. The
level of APE expression was relatively high both in young and aged
brain. Actin was used as control.

Figure 4. Immunohistochemistry for the mismatch repair factors,
MSH2 and MSH6 in the rat hippocampus. Immunoreactivity (IR) for the
MSHZ2 and MSH6 was localized in nucleus of neurons, and diminished
with age. (A-B) MSH2 IR showed intense staining in dentate gyrus of

young rat (8 weeks old; A), and significantly reduced in aged (100
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weeks old; B). (C-D) MSH6 also showed reduced immunoreactivity in
CA1 of hippocampus, but not so much as MSHE.

Figure 5. Immunohistochemistry for the recombination repair
factors, Ku80 and ONA-PKCs in rat brain. Immunoreactivity(IR) for
the KuB0 and DNA-PKCs was diminished with age. (A-B) KuB80 IR
showed intense staining in cerebellar cortex of young rat(A), and
significantly reduced in aged(B). DNA-PKCs IR also showed reduced
immunoreactivity in cerebral cortex(C-D), but not so much as Ku80.

Figure 6. Immunohistochemistry for the base excision repair
factors, MTH1, 0GG1 and APE in rat brain. Immunoreactivity (IR) for
the MTH1 and 0GG1 was slightly diminished in aged brain. MTH1 (A-8)
and 0GG1 IR(C-D) were slightly reduced in aged cerebral of rat, but
not APE in cerebellar cortex (E-F). The intensity of APE IR was

high both in young and aged brain compared with other BER factors.
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Figure 4 Figure 5
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MSH2/6 in rat Dentate gyrus and CA1 Ku 80 in Cerebellum and
of hippocampus DNA-PKC in cerebral cortex
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Figure 6
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