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ZE R

UMMAT FESIS ARAZI MES] AIo|Al DNA =7 cHEol
of gt

oxidase(G/GO)E A Aste] A HAEZFA AR42Jd ME &S =g
F Ku70, Kug0 w¥e] wistE #asta olw] &Adsis s AXEIA o
(poly[ADP-ribose] polymerase, p53, Bcl-2)¢] W3lE ##stux 3o &=
3 G/GOZ MEIA FXA] caspase?t Ku @] #AAd S Lolri o=
Sl AMEANE S E 71HS et stk AR42] AlE= G/GO A A

2 FE QAR EHOR HAstra A4l FsAm AXAEe] S

mlo

o

stttk AlEAFE R A AZEILAL AR dElEe] EASE gFow
G/GO HHo| olg MIEAEA META GA dojFe sttt G/GO
AAA AE 8 W Ku @ @ Kuel DNA-end 23 Fo] #asdtdom
Ku ©e] FHA+= caspase-3 2 AAl A Ao ofsto] A& vt Ku70 L=
Kul0 ¥t} wd f#d =t} Ku dominant-negative mutant 4 A=2 &4 =
FAIZL AEZAA G/GO ARl st AEANES GAAEet vug Az
Ku ©@o] Ax A& duwlo=m A AES AATES & 5 At o9
Az Kol G/GO A Ael o]ete] BHH = FA4 A7 AR42] AlE ] DNA
E4A71H o] DNA £4LS Ku70/800] o8] &=y, Fuhat SAdaks
7 MAE A EW caspase-37F A3kl Ku70/80 @S E3lsko
DNA &3 Ax 1A =89S & F AT webx]  dgikio] o

Ll



A dAEe] &4 DNA B &l Ku709 Ku80 @¥o] 7 Al

o] Wolr|How A8es Ao AzEC}

ANEHE T XA Ku 70/80, #3 AAM X, caspase—3



UMMAT FESIS ARAZI MES] AIo|Al DNA =7 cHEol

<A A3 g uF>

SR E LS LR AR

oA W AFA thA HAA A E Eoglel AAEN o dEu
S5 wiAEE Fed AxE geAd k! ogd FANAZ =
superoxide anion(O ), #4FstF2(Ho0y), +4H71(OH) s dom HAy %
g
2

710 AAE AWE B FEA e 89low g 57,

2o A FEA =A3 glutathioned] A % o]EF TiAlel #AEE=
cytochrome p450 &/de] F7tstRom, &g HAgdd ae o5, HolAS
W =olA Adaitsts 2 4 AdAikstEe F7F 28l WA itk
324 selenium, f-carotene 183l vitamin C, E9 7FA7F ®HaEupt?
AA AFHe] Fod A4S ASHE 2 AY AAx AEE dHA 9l

o’ Aol I AT LPESE ol FolA grh. AN AF MAE
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of Abd 7ol daiA e ol &HAA Fokrh A AAEY APEES AE
A R A ETA] ole) dojubi=E A Aol wEw 34 AFde] A
oA g AAE Abdel Qlo] AEaAbe] 7] o] Fa o] HalE
o] gAJatzo] o3 HAF MMT ATuA NAL A7 Do)
DNA <48 B33 gxAd<el dwo=x DNA-dependent protein
kinase(DNA PK)7} &&1A Qom o] wWe regulatory subunits?l Ku70,
Ku80 ©¥ = catalytic subunit®! DNA PKcs9 EFE=Z o] Fojx it}
Ku70/80 @& DNA olsud &4 A48kl 2 F-9jo Z3ks § DNA
PKE Ao zA &4d DNA 55 #3448 /jA e " DNA PK
9] regulatory subunit®.2ZA 2] 7% % Ku70/802 <£4¥ DNA & 7]
T Fygsttn deld v BE7 M4 mddAx 1587 P F v
& 4, 18A17F A#HFE Pt 52, Ku @ o] DNASH A3tels 4o
A HW Ku-DNA Ago] #43e

BE
g qkae] o3k DNA &35 Wojsh=

e DNA B gl Kuzt o
S 7HES AR Y. Kug0 @o] A ® Ku80-null (Kug0 ') AF =4
g 7|93t fibroblast MXEe] A5, HAsFAE FEEHE ME &4 s

F fr=d of @43ty dzdel 24 AA=E caspase T

dairE E F vt Caspases &S UE = cystein H7]ell 571¢] 3
3 M EZ=gol e 3] F
stth7b ol Ap=ro] ofste] &4 stE W /H]E Tstel e ofe] o
EHANA AZIAS FEFTEY A mad) osd #4349 caspase-3
o] & 2 AEEZE S Poly(ADP-ribose) polymerase, DNA-PKcs & 9
DNA #d dus 2s)ghe] Hueu®® aehE22l bleomycine] &

F

ully
filo



Ku @l 2+x7b caspase-3  SAAldl  ojste]  ojAge]l  wam e
caspase-3° 9|gt Ax3 o] Ku @9l & gt o J=ofzlc)

Aol AE &4 Ataed gste] fFrEe HAE JAES] AEARE A
DNA & &l Ku70, Kug0e] &-& Walaxl &dvh. A AAxEF<I
AR42] AEE AHgste] A&Aor FAANL(HISFL)E TEUE &
2A ARl Glucose/Glucose oxidase(G/GO)E A Ao =2 H g HAAMxze] A

N

X &S s & A ¥AE Y DNA 248 S48, AXTARY] A3 o
W = (poly[ADP-riboselpolymerase, po3, Bcl-2)2] W3S A&3te] EAJAA
of oJste] AF Az MAEIATE doAy=A] ofF-E LolH gkt MEa

AL Al Ku703 Ku80 ©He] wWislE #2313l caspasa-3 JAAE A&
sto] caspase® €4 % Ku ©¥e] #AHES Bz aglvh. Ku70/80 ¥rt
A A FAAS AT GAAETY] AEAIE S Hu o RN A X
AE #gTd oz Hol= Ku70/809 H9&S tyste] A AMxE A

FuAb 1A 2 o] AAE s axk Ak



. M= A 9y

1. dE M= we & H=E =24 7=

AT AAEE FE FHAFY MAEA AR42] Al ¥ (pancreatoma, ATCC
CRL 1492, ATCC, Rockville, Maryland, USA)E A}&3lH, sjgdL 90%
DMEM high-glucose medium, 10% fetal bovine serum(FBS), 100U/ml
penicillin®} 100g/ml streptomycin(GIBCO-BRL, Grand Island, New York,
USA) & #H7bstel zAedth Al 5x 10" cells/ml® 24 well tissue
culture platedl], == 5 x 10° cells/mlZ 100mm culture dishel seeding3}<
37C,10% CO2 ,90% O, Z7A Ao AFESSTE AEHoz SRS
st EZ 25 10mM  B-D-Glucose/Glucose oxidase( mU/mD(G/GO,
Sigma Chemical Co., St. Louis, MO, USA)E A}g3}a, o] B4 A FE9
A & AFEARE B Ku @¥e] Wsts 323 5 e 44

e A ste] mwstsgc

oH‘m.[

=S AIRHE,

2. H:O: 5F
AR42] A% Glucose/Glucose oxidase™*E 2 x)8 & A|x o HjFdS
Hstel  wigd el AAdE H,O, FHS 43 H0, =S

Thurman®'¢] W< Wasle] WAM oz =439t

3. ELISAS O|=2%F DNA 523 =3

G/GOE A Ag AR42] A ¥ DNA 4 (DNA-fragmentation) AHE=E
7] 913l cell death detection ELISA(enzyme-linked immunosorvent assay)
kit (Roche Molecular Biochemicals, Sandhofer, Mannheim, Germany)& A}
&3tk 24A17F &<t G/GOE A X g AlxEe] lysis buffers ¥ 307F 4

2o HAEe] ME U @S FEHF AAEYI T streptavidinl =

_6_



o
”}0

2l E plated] dedE FHst] %4 th Peroxidase-conjugated DNA A,
biotin®} A3 ¥ histone A7} Eolde XS Tk 5 243 G20l ®E
SAIZ1 H 2 2'-azio-di[3-ethylbenhiazolin]-sulfonate (ABTS)E #7}3sfe] 2
AAIZL F (405-490)nm &3 %= 25 o] &3t DNA +4& A sttt

4. MIT &4 U trypan blueS O|ZTF H=E 5+ 53
MEAE S =437 95t MTT % trypan blueE ©| &3k AlXE 7
T3t 96 well culture plated] welld]l AMEE Y2 5 &<k 1)

Fe = 24x7F Eb G/GOE AASATE 2¥a MTT

(¢

(3,(4,5-dimethylthiazol-2-y1)-2,5- diphenyl tetrazolium bromide, Sigma
Chemical Co., St. Louis, MO, USA) 05 mg/ml == welld] ¥ i 4A]3+
FoF vt Aol Q= Al W] mitochondrial dehydrogenase®] &4def 2]
a mepdow dAEE JEE 570nm/630nmol A ELISAZ =48tk Al
EZE 24 well culture plateell 5x 10" cells/wellS @il 8t54 &b nj kst
F G/GOE AHA3 & 0.2% trypan blue(Sigma Chemical Co., St. Louis,
MO, USA)S S AF83Fo] hemocytometer® Al EZE A3} o).

5. HAEAIME (transient—transfection) M|E 0S|

human Ku70/pET1la, Ku80/pET1a2l vector °] U+ Ku 70,80 cDNAZ
BamHI, EcoRI o= #&g pcDNA3 (In vitrogen Corp.,, Carlsbad,
California) vectorell Ard3te]l Ku70, 80 overexpression vectorE |z 3}t
C Zd F(427-732bp)HFS Hdsl=  Ku80 expression  vector(Ku
Dominant- Negative mutant)= Kpnl % BamHI A|3& 4 sited 7FA L
9l primerE AFE3e] KuB80 cDNAE  template®2 PCRS 3le] Ku
Dominant-Negative cDNAS %= & Kpnl-BamH 1 45 pcDNA°] 4t
Akt AHE-H sequences T Zr)
5-TGCAGGTACCTATCATGGAAGACTTGCG-3¥ 5-GGTACCTAGGTG



CTGGATATAGTACAGG-3.

A| %+ plasmid& Dotap reagent (N-1-(2,3-Dioleoyloxypropyl-
N,N,Nitrimethyl ammonium nethyl- sulfate)(Roche Molecular Biochemicals,
Sandhofer, Mannheim, Germany)& AF-83lo] Ao Fo5t T} o] DNA
= 0.1 pghle] 5=7F ¥ =% 50mM Hepes-buffered saline (HBS)S. 2 3]
e FAT. dd Ass AlE= 5 A 6 well plateo] wlgste] a1,

Az FEASE AExs 2043 F A2 wiAR ZotFFa, G/GOE A

6. M=z Y 55
MEZE 2L T 27FE phosphate buffered saline (PBS) &91o g o]
> AM¥d 0125 M Tris (pH 6.8), 2% SDS, 10% Glycerol, 1.5%
Mercaptoethanol®] Z3$hd vz FZ FA(lysis buffer)S ¥al 95T |, 5
B 29 F AR T A5 AS Fste] AE Wl AA FEHoE AL
gatairh AMEAF AEd FEHe Axd HHdS 10 mM HEPES (pH
79), 1.5 mM MgCl; ,10 mM KCl, 0.5 mM DTT, 0.5 mM PMSF, 0.3%
NP-40S 233 k39 Aol ¥ 3027t 45 ol 531 g 3o 3
TAHS Fste] Axd FERo AT AlxE FEHS Estal &
< 3 Aol ¢4 Am I AHI F 10 mM HEPES (pH 7.9), 25%
2 5 0.2 mM EDTA, 0.5 mM PMSF,
05 mM DTTE 233 FZ BE 30%3t & 9lolA wgAA 4l

Sa o Fe HAstel AEH Froom Agsach W FFe

%
N

=



7. Western blotting

100 pg A=E o AA @9 60 pge] Alxd @y 30 pge] 3 TulE
8% polyacrylamide &= 7] & 3 ¢ nitrocellulose membrane®] =%l th.
membrane®] 5% YAEFE FH3 TBS-T €9 (10 mM Tris, pH 7.5,
100 mM NaCl, 0.15% Tween 20 Y3 AolA 2 A]ZF blockingd %
1:10002.2 3= Ku70 =+ Ku80 ( Santa Cruz Biotech, Santa Cruz, CA,
USA), 1:1000 Poly(ADP-ribose) polymerase-1(PARP), &+ Z+Z+ 1:200%}
1:5000.& 3]43sk pb3 (Pharmingen, Beckton Dickinson CO., San Diego,
CA)¥ Bel-2 &4 (Transduction Laboratories, San Diego, CA)Z 4 ol 4]
S Eet EA3E F horse radish peroxidase® conjugate® anti-goat,
anti-rabbit 22} @A (Santa Cruz Biotech, Santa Cruz, CA, USA)S ZA 34
Ak wE WkEe] Z74o] enhanced chemiluminiscence kit (Amersham

Pharmacia, Buckinghamshire, UK)& A}-&3}%1t}.

8. A X 54 (electrophoretic mobility shift assay)

Kuol 243 A%E Li 5, Kim 779 ¥3e wgd 4 A8y
(electrophoretic mobility shift assay)S =31 sttt [v-“P]-ATP= %
=] gk double stranded oligonucleotide(5-GGGCCAAGAATCTTAGC-
AGTTTCGGG-3) 0.0175 pmoles ( >10" cpm)¢t 1 pge] poly dI-dCE *
skal gl 12% glycerol, 12 mM Hepes, pH 79, 1 mM EDTA, 1 mM
DTT, 25 mM KCI, 5 mM MgCly)ell 2 ugel & wila} 42 & A2olA] 30
B7F vk A 7 5 wkSE S 6% non-denaturing gelol| H-3balar, K3k A
200Vol A 2413F WA A7 Ed §, Fe 5 100VelA 4A13F A7 5=
Algstaitt. d71dsol v AS AxAZ F A7 AR e R Ku

DNA-end 4 =& S43AT



9. Ctujo] a0} 2] 53 (Pulse & Pulse—chase)

pulsed A2 (o A stA &2 1)I G/GO AALS BA
2ol wlgd  F owkxEt 44 7HEeE [PSImethionine(100 pCi/ml)
(Amersham Pharmacia, Uppsala, Swedden)S 3 £ % 10% FBSE X
3}3F methionine, cystine®] $l+= DMEM &®j#] (Sigma Chemical Co., St.
Louis, MO, USA)9} o] FoJa} it} pulse-chase A3 4$ AZE [PS]
methionines 313 WA el A 4A]3F vkl b A= Aol dA
AIZE EF G/GOE AAet AdS T35t AMEE & 5 Ao 10
mM Tris, pH7.4, 1.0% NP-40, 0.15 M NaCl, 1 mM EDTA, 1 mM EGTA,

v 9

H«l

0.5% sodium deoxycholate, 0.5 mM phenylmethylsulfonyl fluoride&
radio-immuoprecipitation £ o 2 AMEXS I3 d o} 100 pgel AlXE
awmS Hsle] Ku70 E+= Ku80( Santa Cruz Biotech, Santa Cruz, CA,
USA) FAZ 4AF AFA Ao dAS Astd dwe 4ToA kst
protein G-agarose bead(Sigma Chemical Co., St. Louis, MO, USA)$} W&

A1Zl ¥ 8% polyacrylamide A2 7|5t AS AxAZ & A7F WAL
=

Ho g 7|53t
10. SAHAE

RE ARe "EHEgrREoA 2 286k, 4 Add o] ®WiE A
S Hlu #HES7] 9elA analysis of varianceE 831, F ko] 9 9o7}
& uwol+= Fisher's least significant difference’™ &2 2z} 9] kS W] L3}
Stk T3k Student's t-test7} &EEES wjoll= I WS o] &38tal, o= A

€A P ko] 0.050]8tY wol= ooes Wsow 8T

_10_



m. & =%

1. Glucose/Glucose oxidase(G/60) ® |0 2|SF AR4ZT M| E2]

Ald

A4 AMAE AR42]el G/GOE FEH=E 244 HA AW 10mM
Glucose/SmU Glucose oxidase® AlZPHE A X g & AEZAbE AE 2 A X
TAF Al dojyi= DNA 4 HAXEE ZF7Z; trypan blue 943 DNA 4 =
45 ol&ste] #EsAT AolgleE AEE Age A+ 0, 1, 5 10 mU
G/GO AAN= Ztzk AESF7F 57+048, 4.9+056, 2.0+0.27, 0.4+0.18 (x 10
cells/mD)o| AL 0, 4, 12, 24 AZPE A X ofste] z}zb 7.740.23, 7.3+0.28,
41%0.29, 2.4+0.21 (x 10" cells/mDoIAtH (1% 1A). ELISA ZHd| <3
DNA #4& dzx2rs 1022 Hel 1, 3,5 10 mU9 G/GO HA¢l 2|3t

7k 7} 144036, 4.7+056, 185+3.24, 44.4+6.37= ZAH =18 1B). MX A}
He rr A7 &Aooz ZytEtgon 5 10 mU G/GOE 24417t A8 e

A9 2 10 mM G5 mU GOE 12, 24 A|ZF AHg Al 94 712 3%
393 . (p<0.05)

2. 6/60F 2ol 2|t ARAZT M Z oA 2| H0. M4
AMEARE A AR E B40a"0 Fe b er FH37] 8 A

CEEW G/GOE AASD MR e Helstel HO0E AU B,

_11_



b
o
=

B =
= 6 - 2.0
N E
g2 $ 3
] w -E
g o m = ol
Mone
G'DI_mL.IFmI}
B __&0
§8
= 2
x40
E =
wE
=5 20
o =
I - — @
Mone 10

Gu:mum.u

a9 1. AR42] A3 AAXE G/GO AX F AE AH H DNA £, A% AAx
AR42J0l 24X 7-&Qt G/GOE = AAAY A 10 mM G/S5 mU GOE A A%
T AXEXE AFstAthA. trypan blue G4 H AFE). 244 3HE<E A X & DNA #4d& =
A3ATHB). A7+ Fe HdrRToAE BASAT. None= olF-AE HEshA &2
o C giEee] ¥)Eke] p<0.05
DNA fragmentation (Enrichment factor) = Q.D(405-490)nm

0.D 490nm

E 1. G/GOA = ¥ AR42] AlE wj<gd Y H0; %.

G/GO% % (mU/ml) f;;:i H0, Z’Zi']l\g
None 0.859£005 | 7.31% 1.59
1 2.84+1.12 30.1745.02
5 17.11£2.1 64.038.1
10 32.08:161 | 115.16+7.31

=¥ G/GOE 12, 2

AA e AR F AR wjge S FEkol wiA]l o] HO 8 SA 5
Atk HoOp F(EM) g+

FreAE EAS
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3. G/G0 ®2| F MIEDA SHoio] G

AR42]9 G/GOE A1 A A3 & o] W3laS western
blotj &2  #Fastdch A TWlEs|E Al caspase-3° 9%
Poly(ADP-ribose) polymerase[PARP]¢] 3] HEE 2ol gl 124 7HEE
PARP7} 85 kDa2 welg& elstivh( 1y 2A). AZuAE f2d o, %
7] @A EAdo] Frhgtal 4l ps3 wjo] 1241%F G/GOE A A g

F v o] FUHEHe Selatgln AELLAE oAshi bel-2 wulake] 2
A

L

>
kel
Ly
>~
>
(M

123
it

HJ

s gy 2B). 28E=2 10 mM G5 mU GO Ao <3

AR42] A ZAPEA] MEDIAE FEEE gttt

A | e i gy | +115kDa
— AT + BSkDa

B — - piﬂ

- « bel-2

0 4 12 24 (h)

a9 2. G/GO AR F AX3A #&H ¥l W3
Axol G/GOE AP AA F AExAbe] AxE 4l PARP whule] &3 (A)s}
bel-2, p53¢] &4 W3H(B)E western blotH o2 =49t}

4. 6/60 HE|0f 2fEF ME U] Ku THYo] &}

Ku70/80 @& 4% DNA olFude 914, B 7|58 Faddctta
del A Qomed qEAME, AZIAE 2HE 7)eS T AR d4dd
b webd AE W Ku 9o a2
o Aol s AT A 2 AE uAE 5T oz oA G/GO

2 =W, ARPE AAE 5 AZ O S dA ek, =3 AlEA

_13_
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Me
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ol
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19
=z
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=
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=5
)
S
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o
ol
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2
i
off
i
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)
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Lo
=2
ox
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X
el
N
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=
o
aV)
=
rlo
12
)
ol\
N
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i
2
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=
rlo
ll
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o
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Q‘L
rir

A Whaole cell extract

— m— — — =Kug0
T —— e | + VU7
Mone 1 5 10 Ly
EE0
—-———-| = Hugl
| —— — —| L Ku70

0 4 12 24 (h)

B Cytoplasm Nucleus
_— e D e o — | L 3 Ku 80
|-ra.‘.-'—n----——— |4Hum

Mone 1 5 10 None 1 5§ 10 (mU)
GIGO G/GO

c Cytoplasm Mucleus

e — — - = | = Ku 80

— e ——— . . |« KU TO

0 4 12 24 0 4 12 24(h)

a9 3. G/GO AR & AXE Y Ku @H¢ H3},

AR42J9 G/GOE 1247 %9, 1, 5, 10 mU) AAsAY 10 mM G/S5 mU GOZ 0,
4,12, 24N 7ot Ax & A4 AE U Ku 99A) 2 Axd Az ol 9% 3 Ku

o] F(B, C)& western blot 2.2 A3} th
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5. G600 ME|M 2IFt HEAE F5 Al Eu 993} caspase-3%
o] &HAH

G/GOl 9J& 3 W Kuol #4 A0S 1Hat7] $lal caspase-3 A4
(z-DEVD-fmk, Calbiochem, San Diego, CA, USA)E A X3} G/GOo
o3k Ku w¥leo] Wsts wEeqivy. A3 23 caspase-3 A4l A2l 9
sto] 3 Ul Ku welo] a7t AAlES st vh(y 4A). =3

5k A FEAME
% caspase-3 JAA AHA o st FoHom FoA=s AS FAFATH

A Cytoplasm Mucleus

— ey iy T == == | 4 Ku B0

B 120 0 eantral

ET @ caspasse ¥ inhibitor
E a0
a 60 .
5 L:E
3 90 : %
L

JL N NN

Mone 3 5 (ml)
GEGE0

% 4. Caspase-3 GAA] AAZR T G/GO g3 Ku ¥ #s D Az Ald,
AR42J°l G/GOE 12417+ AHAG F Axd, AEF o] A Ku 9o &Fs
western blotH o2 ZFAHSIATHA). 2427 T G/GO AHXT F AXAIE AHAE
MTT ®4)E5 =439 HB). caspase-3 JAA(z-DEVD-fmk)i= 5uM X2 443t
Ao A&ttt None=thx++, Control=10 mM G/5 mU GOE 12417+ A g3 &,
Caspase 3 inhibitor= Caspase-3 &} AA A A & G/GO A o+

*thE el BlEke] p<0.05.
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6. Eu DNA-—end T =5 3
Ku @9 A2 8 Yo A 75538 DNA 5 duloz o d48 1|
913l E= Ku DNA-end 2% & & Ad 4
AR42] A2 el Ku-DNA 23 & Ay Ay, A4 AEa(Wild) =
pcDNA control vector FAAE A Aoz 2 A3kl A ET9 Ku-DNA
ol

2% T G/GOE 1243t A Al 9]ste] Ku DNA-end 29 A E o
Ku ©ule] Aol Zags #Fsd. DNA Zg #&c] A7A"E Ku

dominant-negative mutant FHAZ FA A Axde] A9, Ku
DNA-end A% T2 A% AX7 pcDNA control vectorg YAIH o=
e dggt MEge] ¥lsted Ku DNA-end AF Fo] #a¥o Ku
dominant-negative mutant A2 #& W= HL Ku DNA-end 2%

ol HAES 4 AATHIY 5).

= T MM

Hu
‘ *i - a9 5. G/GO°l 9§ Ku DNA-end Z%
s W3 AR42] AE G/GOAE F Ku
DNA-end 2% 55 A X E4Ho=z F
Zatdnh. Wild= A4 AR42]  AES,
pcDNA= pcDNA control vectorE & 23k
A7+, Ku D/N= Ku dominant-negative
mutant FAAE FAAEAZ T, None=

.h G/GOE AAA e # G/GO= 10 mM
Ty G/5 mU GOZ 12417k A A3 .

f&f&ﬁ&

Wiild pcDMA  Ku DN
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7. 6/60 M=2| F HEFEHE MdEzLS52] MEAE Ha

A7 AAE AR42]J91 pcDNA3, EE Ku70, Ku80 rhard wE
(overexpression vector), Ku D/N(Ku dominant-negative) mutant %A=
AAH o R FH AFAA G/GO AA e og AzAE Ao} DNA #4&
Hlaste] Ku @] A AE 5& #EsHth 10 mM Glucose/Glucose
oxidaseE 3, 5 mU == 24A13F A3 5 Al Abd3} DNA £4 J=5
Z}7} trypan blue @43 DNA #4d Z4& o]&ste] ##sinh 0, 3, 5
mU GOE A#stas w, 44 AMEWildwe] A2 = 247 12.0£0.71,
7.85+0.73, 4.87+0.38 ©]13l pcDNA - 13.0+0.32, 8.5+0.44, 5.1+0.28°] %1
. Ku70& #HI3EAZ 2 12.2+0.37, 9.4+0.44, 6.4+0.37, Ku80& =}'&3 Al
71 & 12.6%0.18, 10.8+0.6, 7.1£0.4 ©]i2 Ku D/N& TNz 2 22

A B
16 N :
"y _Inere Bcoamy o smu e | [ene B cosmu
& R &5
b 5gh
C : EE.
H] ® =
= EG
= =£,
= Sul
ol u
- '::S. ‘ =
§ 8§ 3 S

2% 6§44 9248 ATTEY AEAEH} DNA £,
AR42J° G/GOE 24A1F A=A & =¥ AX AHE A E(trypan blue %) DNA &4
2 ZASAY. A2e G BB TF AL HA,

DNA fragmentation (Enrichment factor) = 0.D(405-490)nm

Lo

OH

O.D 490nm
Wild= A2 A¥ET, pcDNA= pcDNAES & 2 A 3} ’\]Z_] +, Ku 70'/80'=Ku 70, 80 vty
W B (overexpression vector)= ﬁéé‘xd@’\]ﬂ a1, Ku D/N= Ku dominant-negative mutant

fraAE FAABAD 2, None=G/GOE xﬁls}xl %e &, GO 3, 5 mU= 77 3, 5
mU®| G/GOE 24713k A3 .
"zl k] p<0.05, “dlZwtel kel p<0.01
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11.9£0.91, 6.3+0.69, 35+0.55(x 10" cells/ml)o]AthH(28 7A). ELISA Z=A 9|
°]3 DNA 4 AEfE dE2vS 1.022 Hol A4 AXs & pcDNA o
Ku70, Ku80 181 Ku D/NE #ZdAZl 7o 3 mUS G/GO AHAg 7
-, 4.7£0.08, 5.2+0.06, 2.9+003, 2.9£0.13, 6.5+0.05= YEIGH(ZH 7B). °]7
g A3E T Ku70/80 @S Aok BN A SA4E SN B A
AET AFAPE 2 AExTAZE JAFER S Ku D/N mutant § 73 #}ol]
o3 Ku w9 248 AT 4 G/GOl 93 MxAE, AXEIAZE F9
Aoz F7HE S IR A tHp<0.05). webA, Ku dilo] &4 AtA=E f&

1ol AE AE do R 7eds & AL 3 Wl Ku

].
duje] P2 1@ DNA 27 7159 Ad7t Axmse] gow A4

8. G600 2|BF ME L] Eu ©Ho] $14&, 2af s

G/GO Aol o3k Ku ©ule] 94 3 &3 Wsts ##stry] flsto] 7
7} pulse ¥ pulse-chasey &2 #&stct 4843 10 mM G5 mU GO
& 4, 12417F AAFAE W Ku @9 FA ol G/GOE HAsHA] & ol
Hlgto] Frbetan(id 7A) Ku @¥le] Fal= F7ehs #Est At (s 7B).
aM ¥ 39 ARE Fdl G/GO AA sl AA AME W Ku @99
Foll = Wb AT, AEZA W Ku w@9le] S7h @ ) Ku ©¥e] F
3 fravh Ao ST aHE2 G/GO A 9ste] Kue 3
SAlell F7kElol Al A ] Ku w¥le] <Fell= Wshrp giAw
T Ku & G/GO°l ¢fste] Zafse= A& & 5 A

)

o
oX,
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A - = —— | Ky 80

—— - . |<KuTO
0 4 12 4  1%(h)
Control GIGO{mU)
. 2@ [ contral =9 G/GO - 200/ contral 1 GiGO
# 150 # 150 -
g 100 ' ":' 100 —-—§
x
E 50 E 50 %
0 0
0 12 (h) 0 4 12(h)
e
B - = N WMctud
- eew me= e |+ W TO
0 4 12 4 12h)
~ Centrel  GIGO{mU)
S [ ] &
= ED Em
é 40 im'
e B
0 0l
0 12 (h) 0 11{hp

a9 6. G/GO°l & AE U Ku @8 FAd7 £, A4 HAAxE AR42J] 10mM
G/5mU GOE A7 A=A & S labeld Ku @S Wx7 A A7|d5S Ea)o
selatdtt. pulse A9 A$ G/GOE AAat7] whAE 4AzF H9 [SPI7F Hobd
methionine, cystinec] 1= WA= wj s & A3 o] 918} 3L(A) pulse-chase A& 4
Al B $9 M2 wigd F G/GOE A AHASITHB). 0 A1, G/GOE A A
SHA eF2 AlEZH(HEH)Y Ku 9o 27 WAL 7158 100% = 3to] Zh2te] WAl 715

Fs FAZ e dizatel vlske] p<0.05.
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v, a2 #

Zeo A &Aikael o)kl A AAEe] AlEILA
7b o] RuEglenY v H3d #45 e 3 49 A, 3
2o MEALS 37 caspase-1 o] &7 3} o]
BaH ek ol @ AFES Fatel @A Lel g A AMES AE

Db FE WG] Wy Age] Bolge & o glom Byitael o
A
o

=l; al U4 3t
Elg=

Ku707 Ku80 @2 DNA o]suAd &4S Q1A skl 1 F9jo A st
% DNA-dependent protein kinase(DNA PK)E &Asir|glo =z £43F

DNA 23 7348 sfAech % Ky e DNA PK9 regulatory subunit©.
ZAe 7% 9o AARE £4" DNA B 758 St d84 3
o Kug0 wwo] Ag¥ Ku80-null(Ku80) AH =¥ 7]€% fibroblast
AEe] AL FAsFLE FEEE AX & e ZEAol A Al
Bt ol £4¥ DNAZ %7, A¥Ado] fE=dch' g
73L& DNA &4 F=st=d 27 3+ =

S 4, 18A17F ABFE ol B9, Ku ©@o] DNAS Agsts &40
7betm 6023t slde Fal AdFeiAl W Ku-DNA Adt#e] #Zashs
BT o] d 975 BaaR 1% DNA 4 Al DNA 27 ol
el Ku70/80¢] &l F2

B AFelME A SANEEIS RS QS A Badew

]
oX,
2
B>
o K

—
o
AL
e
Bﬂ
et
il
AN
oy L

EEHAEANE, DNA £4)S F539S 9 caspase-3° 93lo] 23] 5 =
Poly(ADP-ribose) polymerase[PARP]7} &8l ¥ S &2t ar, A|EA A%

-
]l pb3o] EAJShE AL M EILAR Al FAaE = bel-2 ©o] FAaeE w3

stol G/GOol elste] fEsl: AEAEA AEXIA EF GFES B}
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ool Ku ©he] wshs v A, A AZ of Ku @] 2 Hg
ol gl Wk, AEA W) Ku ©e] Z7} ‘3—4, s Ul Ku70/80 e FA4%

it
N
r2
Mo
1%
L
lo
f
-,
i
rot
i

7, G/GOell 9lstel Ku-DNA 4A3F Fo] A
S galatgtt oo AE Fa G/GOol 9lste]l AR42J9] Al EILAL7L
fr=d w8 ) Ku ©le] &t Kuzk DNASH Agshs @4 i

#&EeAY. Ku7/0 =& Ku’0 #FHdAxE A9 #FdHeAY Ku

dominant-negative mutant F+dAS F 2 AEAA HE W Ku @] o
S 913 A3, Ku @¥o] MY iAE s AlE AE gwoz 283s

BT, ol = G/GO AA o ofste] AAH = g E AR42] AE

A58 A%, 8 W Ku wje] izt AXaAbe] A90% 488 5 A

il

011

Caspase= 3 dgH el AT ArF el e dEe s
o] Zgoxg FAFPo] i HLIAFH A FEILALS A 71t} Caspases
71 ] aspartic acid BeS BolFe WIS ELAEA HEAA 71E
gl o 2 poly(ADP-ribose) polymerase (PARP), DNA-dependent protein
kinase(DNA-PK) o] Ath™ 2 o= &Aatno] oJste] 4 AA

Zo] AZuAVE Fx9 ) Ku @l e] zHhe] tidt 71dS 89+3]7] ¢
3 caspase-3 A AZE A& caspase-3 A AES HAAAE T G/GO
AR AL S W Ku @ie] ez A= AZAPEE dAgS #des

o
ol
:(u)L_',

th 2k G/GOl 93 ME U Ku ©¥e] WM3}lE western blotting
AHEekE W HAA AE W Ku @ o] w®WstA @gkew pulse,
pulse-chase WHS &ste] Ku @9le] o] F7hstal Ku @9 e #a)7t
S/HE S #ESAY. o] AHE Fotol G/GO AAR AFELAE =2 o
24 ste A caspaseol €dto] 3 of Ku ©@leo] g on| gt
< caspase’} A stE o] I YE AFEEHo @¥l T3 Ves @@=
BP9t g7 ForE Aol o)d Ku @] #3)7} caspase-3°] 2léte] wj7)
dobe Hats ke G/GOool dste] AZ AL f= A A s

ro

B
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9] caspase°] 93] & U Ku ©@¥o] Halg o=z DNA £ B 7]
Aol AMEIAE dojueldt FS5HH

AZAH o2 G/GO HAo 2lsle] MAE= A AL7F AR42] AXY
DNAE 441717 o] DNA £ Ku70/80°l <& &5y, st &4
A7 AlE W B EW caspase-37F A 3HH o] Ku70/80 WS 23k
DNA 43 Ax 347 fFeds & Adoh wepx EAdhknel st
A AAE =44 DNA B @il Ku703 Ku80 wo] 7
of Wojrjdow z2Age Aow Hyzhe

olf

o]
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v.d £

dANAEE FRYE A AAxe AxAL 71 R we] A A4 DNA
Eo- dalel Ku70/80 wule]l odto] ujst A=A AR42] Y AAAE
Glucose/Glucose oxidaseE A #|sle] T3 £ A5 AU

1. A AAME AR42J° Glucose/Glucose oxidase(G/GO)E =] 2] & o 2 A
HiFell f Ha008] A/do]l S7FERAAL ofell whe} Al EAFE o] F =¥ v

2. G/GO A Ao 9olst] A EILAL A E w@ulel  poly[ADP-ribose] poly-—
merase’t w3 E W, p53e] &4 F7}, Bel-2 @ie] EIlE #H#Est] G/GO
A2 ejste] G AMEL] ANEIAVL FEHS

3. AEZuAE =g uf, AA AE W Ku ©9e ¥ wgte] §1%la,
3 W Ku70/80 @ie] 3} o] 543 ZaHATH

4. Caspase-3 AAA= G/GO 9Jste] fFrxe AEd Y Ku @9
st AEALE Al ST

oj’del A& Hol G/GOR <fste] Hrpgh @Adatart A el A
W caspase-37F @A 3FE o] Ku70/80 @& skl DNA &43 AlxE a1
A rEES g AT wEkd @Akl o HA AdAxe] £
Al DNA 5 &uldl Ku703} Ku80 wulo] 7% MAxe] Wolrjdow =

)
£ Aoz AzAr

-I}i
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Oxidative streszss, DHNA repair proteins and Apoptosis in

ARAZ] Cells

Ji Yeon Song
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(Directed by Professor Hyeyoung Kim)

Cell death linked to oxidative DNA damage has been implicated in acute
pancreatitis. During DNA damage, DNA repair proteins, Ku70 and Ku&0,
prevent cell death but severe DNA damage beyond the capacity of the
DNA repair proteins triggers necrosis or apoptosis. This study aims to
investigate the role of Ku70 and Ku80 on apoptotic cell death, induced by
oxidative stress in pancreatic acinar AR42] cells. We examined Ku
expression(by western blotting), cell viability(by cell counting and MTT
positive cells) and apoptosis( by DNA fragmentation and poly[ADP-ribose]
polymerase cleavage, expression changes of pb3 and Bcl-2) of the cells
treated with or without hydrogen peroxide(H>02), which is continuously
generated by glucose oxidase(GO) acting on [-D-glucose, G/GO, and also
in the absence or presence of caspase-3 inhibitor. G/GO induced slight
changes in cytoplasmic Ku70 and Ku80, but drastic decrease in nuclear
Ku70 and Ku80 time- and concentration-dependently. Ku70 and Ku80
expression in whole cell extracts were not changed. G/GO-induced
alterations in Ku expression were inhibited, in part, by caspase-3 inhibitor.
G/GO-induced apoptosis, which was in parallel with loss of nuclear Ku70
and Ku&0, in wild-type cells and the cells transfected with the control
pcDNA3 vector. G/GO did not induce apoptosis in the cells transfected
with either Ku70 or Ku80 expression gene, but increased apoptosis in
those transfected with Ku dominant-negative mutant. Conclusively, nuclear
loss of Ku70 and Ku80 may cause the loss of defense against oxidative
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DNA damage and thus, underlie the mechanism of apoptosis in pancreatic
acinar cells after oxidative stress.

Keywords—Reactive  oxygen species, Ku70/80 proteins, Apoptosis,
Pancreatic acinar AR42] cells
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