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—Abstract-
Study of Sensors Related to DNA Response
Jang—Man Kim
Advisor : In-Youb Chang, MD. Ph.D.

Department of Medicine,
Graduate School of Chosun University

The sensors for the DNA response is divided into two main categories,
DNA injury and DNA repair. This paper shows expressions y—H2AX as the
marker of DNA injury, and H-Ras dependant Ku80 expression for the DNA
repair each. A role for y—H2AX phosphrylation has been studied in DNA
injury and repair, cell cycle checkpoints. In this paper, we examine the y
-H2AX and Ku80 expression on y-ray or H202 treatment induced
cytotoxicity using immunohistochemical and western blot methods. This
paper shows that the expression of the Ras increased the Ku80 level, which
is one of the key enzymes involved in repairing double—stranded DNA
breaks(DSBs) at the sites of nucleus and cytoplasm. After exposing the
cells to y—irradiation or H202 treatment, y—H2AX immnuoreactive nuclear
granules were dramatically increased in the site of DSB in the parenchyme
of nucleus. And it was also found that the expression of y—H2AX was
increased in after treating cytotoxic agent.

Activated H—-Ras expression in human fibroblast cell lines increases the
activity of Ku80 to bind injuried DNA, reduces y—H2AX expression by UV
irradiation, and increases the activity of DSB repair. These results suggest
that the increased y—H2AX expression and the Ku80 expression may play
important role in recognizing and protecting cells against celluar DNA
damage.

Key words : DNA repair, DNA damage, y—H2AX, Ku80, Ras
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0 DNAZEal= =cdiot= XS0l 2ol DNAZ=&O0l M 20 Jtolil XIS,

Z0let DNAEAZ DNA =5 2EUAS0 2ol a8z S5, o
Sol= MEXNSAtZ REEDIIE &L OdLE DNAS =

b ZEOHH MAEEX #2H =2 FHANSS =2d3s AIZIHU, &2

st JMI BHOIE =cHolI)IE &CHRich S, 2000; van Gent &, 2001).

DNA Dl FZ=Jt sHatd )| (nucleic acid base)ll BI=XOl 2 24
E=0l, chromatin2 JI&2l 2= nucleosomeOl & dsHC.
Nucleosome& DONA 147JH2 &DJI2t 80 histone HHE =22 A&
S22 0IFHM RUCH. O0l= DNA ZII=0l =2 histoness 11
7/10 HIRAZBEE 210 A2B, = histone2 22 242 H2A, H2B,
H3, H4Z Ol &l 100kDal! HMSEXE 0IF 1D ULHLugar &, 1997).

—1

2
i

2212 histone2 histone—histonelt histone-DNA Z &0l X E0ot= 32
kA A (globular domain) 12l1) COOH2F NH2-ZH=ol W22 2| (tail
motif)2 PAE 0 UCH & H12 822 nucleosome BHE S 281610 30
|Yst RXE HH &L

O] histone O|& =2 DNAZ nucleosome 20l &=5t0d N &Eot= A 2

>

nm chromatin fiber2 Bt={ &=

m
ru
™,
Ok
i

O, S8 d=stH JIsS sdots A2z AKX LI ULE 53l histone
H2A%t H2AXE MNIZUAIS =& A HEE2 2X0 S 2= ot
= A= SaAld UL

West2t Bonner(1980)0l 2IoH AF2HOI Al histone H2ADF 8IS S AF SHEH A
Z 0|20 E& 20| 45 & 0lcH, Algl H2AXE SE6 2 C-LCH(short



carboxy—terminal)2 21 US0| LA F/CHMannironi S, 1989). 0l&d &
c-&c2 te =

tCH. H2AXE H2A2l =R Ad4d=22=2 ERs=0A ME
S0l et 2-25/.€ XKXIstCHZweidler, 1976; Rogakou &, 1998;
Dobner &, 1991). histone2l H2AX= CtE histonedt Ot&IIXZ e
S= SHEE 2 Te=d, HEXHO2 AMel(Ser 1) Qlatsh, 21A(Lys b)
O OtMIE S SO0l G410l HEECHWU S, 1986). M It DNAZ=AZ 2HH
T, A5l H2AX2l nelofl XIS Melol latstot ZMEHH E y
—H2AXE MAStH EC (Rogakou S, 1998).

ro
fUE
Hl
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OlLId 2 X =& (Double-strand break: DSB)= Jt& A28 2HE =
ciot= DNAZ=4 SEl = GtLIOICH H&8t DSBE MEXZEAIZ RE &
HLEHRich &, 2000), && =2 |SANE S 43 Al =

HAMI HOIE =eHotI|IE &tCHvan Gent S, 2001). IR SSHE| Ut
= DNA 013 JtY == (double strands break repair :DSBR)2 ZAl2 AS
S Z&(homologous recombination: HR)It HIASH LHZE
(non—homologous end joining: NHEJ)2l 2JtX = ZEE JtXI2 UL},
NHEJ= ZIIti Z(sequence)0ll ZtAHIQI0l ZHEA LEHS MZBEAI= &S
-2 &4 JlZ(homology-independent mechanism)@l BtH, HR2 &=4&
T %S SE2A DNAREOZ PH 28s 2 E SAGHH &S DNA =+
=(DSBR)2 #=&&tCt(Khanna 2t Jackson SP, 2001;van Gent &, 2001)
Olgt D& XN SR 0IZTHKXNAH, MAUAUZ 2 & DNA =0 Al
ME0 2ol ZXE0 4o A0l =00k 2t SCHD'Amours 2F
Jackson, 2002). zl2 MRE11/RAD50/NBS1= & X (MRN complex)= DSB



Il WEN Hsote dA=2 =g =0 Otllct, ChsS0l Z2dot= DNA
F==E CH(Petrini - 2t
Stracker, 2003; Van Den Bosch S, 2003; Uziel S, 2003). &£ DSBOil 2
ol o M3 BtEot= WM& S2 otLiJ H2AX2l Welol U= CHEel ol

Aropoll, elatstE H2AX0 2ol Edtl= =& S(foci)0l DSBEA0A

DSBsJt &AL ™, ZS=6tH  kinaselll HIEE = AMSMEEEZ
(kinase—based signaling pathway)Jt 24350 DNAS T2t MEZFI|H
A& (cell-cycle checkpoint) A0Sl Z3DF Ol XA  &CHRouse 2t
Jackson, 2002; Zhou2t Elledge, 2000). =R 2=

B

phosphatidylinositol-3 kinase-like family of kinase (PIKK)Q!OI, = A&t 4
JHCl PIKK family RCIE0l =42l DNAGIA JI&8H AISEL0| 20{8HCH
H2AX Ql&tgtE= ataxia  telangiectasia  mutated  (ATM),  ataxia
telangiectasia related(Rad 3; ATR), ATM related kinase(ATX), DNA
dependant protein kinase (DNA-PK) S2| ATMEEH (| Q/EX oz UM
stCt(Hammond &, 2003; Huang S, 2003; Foray S, 2003). S3dl ATM
O] Z2EEDH SN S = (genomic instability syndrome)2l &2l
ataxia—telangiectasiadt Z2&HoltH &0, AZHL, HAZE, AL W0l

248, A S SAZ2 LIEFWA & CHShiloh, 2003).

~

us Ku701F Ku80(E£ = Ku8)2 2 Led&l 701 80kDall S JHel ctu
oAz P2HE 0IE0IZHZ DNAN ZEot= =& Ml (heterodimeric DNA

binding complex)2 Z=MStCHUJin2t Weaver,1997). 0| E&tdl= |l 2=
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H-Ras S&AIF 4850 ek NIH3T3ME=S| HAIEHESH 0l SOt
1518l 0l =(Sklar, 1988), &XI7 REF & = OtAIE 2}
EEZ2EESLAME(Lingdt Endlich, 1989; Mckenna &, 1990; Hermens
2t Bentvelzen, 1992; Pirollo &, 1993), AI&2l Ras-S&ME L&Al
DLD-1 Z2ENSLANIE, HT1080E=R=SME S(Miler S, 1993;
Bernhard &, 2000)0IAl THXt ECIEIRULCEH Rasll EHFE St LAA
Metdol Brotd, RasZdEEE HNELLEM ZAIHHEE =2 =

UL E =0 RasOl CHst antisense vector &= RasOl OIst & HE

o
]
rir
>
°
bl
0o
u]us

Hl

i

SETYUAIFH, Ras 2dEE AHMAIZLEZMN ZAIHPHEE =€ =
AqCD B0 EACHRussell S, 1999; Rait &, 2000). 0l S ALSHA
Ras 4= MotAIZIH ZAIHBIZEE SIHAIZ = UL SAXL U

X
CH(Bernhard S, 1996; Bernhard S, 1998). [I2tAl Ras CTHEHADF BEAL

CH
=2 ABOIME 0248 DNA 481 ¥ 420 20icts 2RE =
ol At X ol

2
S00 HE HatE 021, H-Ras2 243l 2 otFEHSAXS

(downstream target genes) = Ku802 & I y—-H2AX2| HSIE XAt



LAEE % Y

2 Al ol2= HHYMIEZE=E NIH3T3MI XE,RasS transfection(& & HEH) Al

H F=AIZI NIH3T3-clone 7AIX, WI-38MIXE, Mo59JAIE, Mo59KAIXE,

IMROOMIE S, SEXA2 =822 R FJE, Olett ratel HAXE,
8F2F 54 EF LEXA S= 22 AFE0IRULH
HIZHI 20 DNA &g

NI 28 2 DNA XMl HEO CHolAd 2tol M=ot G313t 2Ch
((American Type Culture Collection) 2 10% fetal bovine serum (FBS),
100 wunits of penicillin/ml 2 100 &microg of streptomycin/ml 2
upplemenst EMEM(Earle’s minimum essential medium)tl £ &S Xl Al ALY,

ts Bl 2H2 2= 371 25, 5%014t3t BHA/95%AAE [ A

2

Ct. dominant positive V12-H-Rasll RZX&= E&2 J|=8HCH22). A H
Ku80 cONAE= Ku80 oligo primerE 0l& RT-PCROI 2o SA ALY
(6" -ATGGCGTGGTCGGTAAATAAGGC-3"

5'-CTATATCATGTCCAGTAAATCA-3'). PIND&= Invitrogen22 EZ3MCt
(Carlsbad, CA).OIMIBIE =Ac2lZ2a A2 TriReagent (Sigma)22 =Z2IoHA
manufacturer’s instructionsOl et RNAEasy (Qiagen)Z82=2 F ML
Hybridization2 Cy5& HXI8t oncogenic H-Ras expressing cells?t Cy3=2
H X8 control transfected samples2 oncogenic H-Ras expressing cells
£ AEBSIALE. Scanning® GenePix 4000A scanner (Axon Instruments,

Inc., Foster City, CA)E 0|23dt1, Axon GenePix image softwareit

PathwayAssist (Ariadne Genomics, Rockville, MD). S 0|20l gas A
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H
00
10
ng
=)

— = o M — =E o ™ o o
(probe)E Z Ut &M 3.0 silkE 0IE5tH | =, BAXE MM 2
ZHUO HNYS S0%FEE ZAANACHLAED). £ HAHISEHE ol

paraformaldehyde2 2 4TUH A 24A12F D&t XS 30% sucroselt &
& phosphate buffered saline(PBS)UHIA E A1 S0 HE XX &4
£ X430t 10-15 m SHZ &k =ct0l=0 2FHAIRLCH PBSZ = Xt
d MESHH LHEAHEZS HAHGHLD, 0.3% Triton X-1000] &= PBSE &=
OlA 1AI2E 1% bovine serum albumin(BSA)Jt &R & PBSE A20AM |

tRALH M 1gHMleE

ol

A2t 2828 BEEAIY HIS0E  BE2s 2N

anti-Ku80(1:100 in PBS, Santa Cruz Biotechnology, USA)2 anti-y

—H2AX(Upstate, 1:100 in PBS, Lake Placid, NY, USA)E 4TCOIAM 24A[2t

BISAIZLH PBSZ =Xtdl AMIFg = 2x & XHel Alexa Fluor 488 £=
o

568(Molecular Probe, USA)E 1:2002 2 3|A5IH A20AN 1AI2 SoF Bt

SAIZL 0ls842 & 72 1A &HE A0AM &I SEU sLot
Xelotll, £ & RS 2X SME BSAIH 2EoIUL. HEXZL=Z= XM



NEZE cover slipRIOA BHZAIZI TS, methanol2 10& = DnAsH L
S PBSZ £=Xtdl MEGIH &0 DEMS HHAIZ = 2O FAH grodn}

SOt ZAIGHATH MBS0l Ett cover slipS =2l =2t0l=0 SO A

E HAFEZHME NE 2 ZHEE2S STEFAESE0IZ(FVI00 &
FV1000. Olympus, Japan)E AtS0t0] 2 Z3GHALH.
CZ= 488 nm ItEL, 568nm WES 220 AFEGHRULCE  Flow View
Softwave program (olympis, Japan)2 AtE3dt0 ZE 3XUIH Jaoz I

Zget = ZFH0 MEotl 2ot ALt.

r

Western blotting

NEZES PBSZ #AIE = 2F5H(20 mM Hepes, PH 7.4, 2 mM EGTA,
50 mM-glycerol phosphate, 1% triton X-100, 10% glycerol, 1 mM
dithiothreitol (DTT), 1 mM phenylmethylsulfonyl fluoride (PMSF), 10
mg/ml leupeptin, 10 ug/ml aprotinin, 1 mM Na3VO4, 5 mM NaF)LH Ol Al
3022 WM OkO0IA SoiAlIZCH SHEE =& &= Bio—Rad dye—binding
microassay (Bio—Rad, Hercules, CA, USA)E O0I&5t0d =SEMCL. 10%
SOS polyacrylamide gels&t0lAd 2t lane™ 20ugll SHEHAO] MIIESRULCH.
HeH A 2 Hybon ECL membranesOll blottinget = anti-Ku80, anti—y—H2AX
a-tubulin(Santa Cruz Biotech, CA, USA), H-Ras antibodies(BD
Biosciences, San Diego, CA)E 0l8dl blotting #Ct. enhanced

chemiluminescence detect system(iNtRON, Biotech., Seoul, Korea)S Ol

23t Dblotted proteinsS O L.
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v 1 ot

1. y—H2AX2l DNA OI&JI=t& t(double strand breaks)0ll CHSt PHS

ha

DNA 0| EJI= & ct(double strand breaks DSBs)0fl Ciet 3 WUE2 B

& N E3=8 Sot

rir

O otlts HiadsLeAES (hon-homologous end
joining : NHEJ)1t Ct2 otll= A= Z & (homologous recombination

HR)OICt (Khanna®t Jackson, 2001).

DNAZ& BtSO0ll Chel H2AX2l A& =2 two-dimentional gel analysis 2
S 0|28 8= ol HAMH0 === MEUHM =501 H2AX2 Qlakst
Of HMEES YA CZ M LHXID|l AIESIA =0, DSBs =20l y—Ql Ak
2 H2AXDF LtEtd 2 2105t CHRogakou &, 1998). £ y-H2AXH CHEt
SHE 0|88t HIXXNssSFMS LAt 2, DSBsE ScHM
chromatinOl Al H2AXDOF Tz olatet &2 oA =0 (Rogakou S,
1999), 01 #x& S(nuclear foci)Olet) S XA EIUCEH H2AX Q1A
o &8 M SECZ Qlof y-H2AX =H S DSBs= HE 1112
(Sedelnikova &, 2002), y—-H2AXE HMgl= 212 DSBsE

=gt ez MzEHL Y. = 280MHME el =of

w|u

for

0z
00
9'j
x
0 E_P_

O 2ol =0 OHE A2 AR S8 |8 SAHME0 st



SIRNAZ H2I8t MESHA S 24-48A12+ DIXl y-H2AX E=EE0| X5
D, BISUAT ABHH UEHLHE S DA & UQUCH 01248 y-H2AX
A &AL =27 BSO A y-H2AXS)

o
TT
¢ st R gSe HAACtY Al=

-

DSBsOl Bt=26tH  LIEILIE  H2AXS| QlitsteE 282 X=201 2ofst
DSBs(Rogakou S, 1998; 1999; Paull &, 2000), DNA =2Xl(Ward®?t Chen
; 2001; Furuta S, 2003), MIIZAFZE Sl =DJ|EtH (Rogakou S, 2000), HIA At
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4ol HHE SEME Sl DNA =72 ST AZICH 8302 DNAS
= =0l DNA-PKOI 2o =72 DNADL Rel&ld ™ 28 S A 7 (holoenzyme
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1,2002; Sawada &, 2003).
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Fig. 1. Expression of Ku80. A. Expression of Ku80 in NIH3T3 cells after y
—irradiation. Expression of Ku80 is increased after y—irradiation in NIH3T3
cells and numerous Ku80—-immunopositive granules in the damaged cellular
nucleus revealed 30min and 3h(arrows). According to this data, Ku80
analysis may be used for DSB sensor or DSB repair marker. Upper panel:
Immunofluorescence, lower panel: Western blot assay. B. Expressional
changes of Ku80 according to passage(aging) in WI-38 cells. The Ku80
expression of 24p was lower than the young(6p) passage. Immunoreactivity
of Ku80—positive cells in the 24p was markedly diminished bothe nucleus
and cytoplasm, compared to 6p in upper panel(Immunofluorescence).

Lower panel: Western blot assay. Scale bar=50um

Fig. 2.Increased expression Ku proteinins in the rat testicular varicocele,
which obtained from Dr. HY Moon(Chosun university, Medical School). At
the postoperative 4 weeks, the spermatogenic cells of the varicocele group
are showed increased immunolabeling with Ku80 antibody, not Ku/0. A.

Immunofluorescence, B.Western blot assay

Fig. 3. Expression of y—H2AX in the Mo59J and Mo59K cells : Response to
Bleomycin treatment. A. Mo59J cells were isolated from human
glioblastoma, and lack DNA—-dependent protein kinase activity . Expression
of y-H2AX was markedly increased during 3-24h after bleomycin
treatment, and then slowly decreased. B. Mo59K cells were isolated from

human glioblastoma, and express normal level of DNA—dependent protein



Kinase activity. Expression of y—H2AX was slightly increased during 3-12h
after bleomycin treatment, and at the time of 24h, decreased to nearly
normal level. Comparing with the expression of y—H2AX, Mo59J has a little
DNA doble strands break(DSB) repair activity. C. Protein expression of y
-H2AX.  Western blot assay revealed the same results of

immunofluorescence(A,B)

Fig. 4. Expression of y—H2AX in the IMR90 cells : Response to bleomycin
treatment. A—B. Expression of y—H2AX was highest at the time of 12h and
24h, after that the expression started to slightly diminish in both
immunohistochemistry and protein assay. C. Confocal images of y—H2AX
expression were 3—dimentionally reconstructed with software program(FV
1000, Olympus, Japan), so the density and numbers of reactive cells are
clearly defined. So y—-H2AX staining(A,C) and y—-H2AX protein analysis(B)

may be useful method to detect double strand breaks.

Fig. 5. y—H2AX expression in the colon of old rat and varicocele model. A.y
—H2AX expression of old rat(114wks) was increased in the Olett
rat(arrows). B.y—H2AX expression in the testis of old rat. y—H2AX
expression of old rat(54wks) was higher than young(8wks) in seminiferous
tubular cells. C. Also increased y—H2AX protein level was detected in
western blot assay. D. Increased y—H2AX expression in the rat testicular
varicocele. y—H2AX expression of seminiferous tubule was increased in
the testicular varicocele model which obtained from Dr. HY Moon(Chosun
university, Medical School). At the postoperative 3 weeks, the positive cells

shown are sprmatids and spermatocytes(arrows).



Fig. 6. Ku80 activation by oncogenic ras. A. Ras conveying oncogenic
signal was transfected into NIH3T3 (NIH3T3-clone 7-Ras). Western blot
analysis revealed that the treatment of NIH3T3—-clone 7—Ras with 1TuM and 5
MM ponasterone A resulted in an increase in the expressions of Ku80 and
Ras in a dose—dependent manner. B. Expression of Ku80 is increased in
NIH3T3 cells transfected with oncogenic Ras (NIH3T3 clone 7) compared
to NIH3T3. This data shows the oncogenic Ras—dependent increase in the
DNA repair activity of Ku80. C. y—H2AX protein expression increase in the
H202 and Ultraviolet(UV) treated NIH3T3 cell line. Dose-dependant
increase of y—H2AX protein expression was observed in H202 treated
NIH3T3 cell line(upper panel). y—H2AX protein expression was increased in
the NIH3T3 cell line after UV-irradiation(middle panel). C, y—H2AX protein
expression was also compared the effect of UV-irradiation in the NIH3T3
cell and Ras—transfected NIH3T3-clone7 cell. This western blot data shows
the oncogenic Ras—dependent increase in the DNA repair activity(Ku) and

decrease in the double strand breaks in the NIH3T3—clone7 cell line .
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