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Enhanced Sensitivity and Long-Term G2/M Arrest in Adriamycin-treated
DNA-PK-null Cells are Unrelated to DNA Repair Defects
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Abstract

While the DNA-protein kinase (DNA-PK) complex, comprised of DNA-PKcs and Ku80, is primary involved in the
repair of DNA double-strand breaks, it is also believed to participate in additional cellular processes. Here, treatment
of embryo fibroblasts (MEFs) derived from either wild-type (Wt) or DNA-PKcs-null (DNA-PKcs”") mice with various
stress inducing agents revealed that adriamycin was markedly more cytotoxic for Ku80”'MEFs and led to their
long-term accumulation in the G,/M phase. This differential response was not due to differences in DNA repair,
since adrimycin-triggered DNA damage was repaired with comparable efficiency in both Wt and Ku80” MEFs, but
was associated with differences in the expression of important cell cycle regulatory genes. Our results support the
notion that Ku80-mediated cytoprotection and Gy/M-progression are not only dependent on the cell's DNA repair
but also may reflect Ku80's influence on additional cellular processes such as gene expression.

Key words — DNA-protein kinase, Ku80, adriamycin, DNA repair

M 2 ). o] # & W o] ARE MIE AJEY ZrlERE A2
o F7AA F4, £33 Be ARAA F o e
Az & o] vebdoHl]

=3 Jﬂl % 2EY 2 dAE TRHEE IS =% Nucleic acido] A8&A& do7]E cisplatin, 5-hy-
= olof thA3}7] Yt vhso] AAHEH o]E “cellular droxymethyluracil, thymine glycol 183 8-oxyguanine
stress response” 21 gk}, o] 2{ & WA= A S AL A, o} 2o EAEL nucleic acid®} 2330 24 adductE
FAA T O D AE T QS WE 52 TRF H A3 single-strand breaks (SSB)E fZ-gHch[15] Aksk
2 geo] DNA &4 Z, double-strand breaks (DSB)

sl 7) = shoH{12]. Adriamycinel ©] 3] DSB7} 62k
12 3E317] & d2d DNA £ 9 o] DNA-depen-

*To whom all correspondence should be addressed
Tel : 82-51-890-6727, Fax: 82-51-894-4500
E-mail : phyhanj@ijnc.inje.ac kr

2o o
o

Vol. 13. No. 3 (2003. 6) / 241



qs

ot

dent protein kinase (DNA-PK) complex”} Z3}8lo] 38
717 0] dojdr}. DNA-PK complex= 465 kDa Serine/
threonine Kinase catalytic subunit (DNA-PKcs)9} DNA
End-Binding Ku70/Ku80 heterodimer?] 2342 o]Fof
Z Stk o] Tl e ¥ 4559 DSB &40 257 E DNA
g &3}V HaiA A axEoth DNAY &4%
F-(ell, base-excision repair, nucleotide excision repair,
recombinational repair, direct restitution)ol] w2} 54 &
&gol A8sto 3E7)AS vehlie Eavt 2 €A
ATH18]. o] & FollA DSB &ejo] DNA 3“0*—8— %Z“P
&4l A gREE AEE APER 7HA o
18,20].
=] B&ste 71dEe] &
734”»}& DSB+ non-homologous-end
joining (NHE]) g =HoH2). NHE] AAY F2 +4
oA DNA-PKcse}l Ku70/80 heterodimer® T HTH3,
21]. NHEJ& Ku70/80 £3 4|7} DNA Zato] Agale
DNA-PKcs$} 37 DNAQ 3| Eo] #ojdh= o2 wid
S g A2k o) IY FAISL VD) HH7
279 Sol4 $14 Alzgel Bejgth DNATK 384
A3 27k olF WHR A UAE AT YTk AT
DNA-PKcs knock-out 28] 32 Ku knock-out 4 FHE o] &
& 49l NHE] 340l 49 0|59 715 the e
2 #25JH17]. Ku knockout A #FollA A F o] 2o,
w4l A wahdatel w2 ATH61719). ol @
o] & Ku80v ELHEE telomeric 7-ZFo]4 DNA-PKcs
9 #do] gl&E HAFn1316] 18l2 ERKF=4 Ku
T telomere #A71%5& 7A€ A2 FSHUG8] o
EW ixﬂhagl A 3} 2?/1—’ o= "0‘511011*%9] =3 %
soll i3l
3 A7t BAY Aol 4w, DNA 35 Wﬂr A
2371 wgtel dzaAd daiMe obF was) 4aA
A %J&"% 83 AHY FAEH AZTFTI9e] BA
| i d7e A }7} 7%«] stk mebs 2 A3l
A= DNA 353 gds 9 71%& gotr ] Hs
DNA-PKcs-null mice 1;‘ Ku80-null miceZ¥8 Hadi=
MEF (mouse embryo fibroblasts) A XFE o] &34 o,
HAZFA €4 12 B Selsl 4233 vay
=Yz 48T ofd X &4 4 A Folg)

r_{

c

&

242 / AmRREIA

+ %<4 - Dang Van Cuong - Z4utg] - A& - g A

& u Ku80™/* (WO)MEFs g M| EZc] A Rt Kus0”™ &
WAZF7 U8 AEEHEHE EPOH 53] adriamycin
@A EAG 2olE HATh Ku80/ MEFs 2} 4l £ 34|
adriamycing 2} 2] 3hd DNA-PKcs” e} 4| £2 1.t} DSB
38 )50l A% ZasAdtt E3 adriamycing A g
3 Ku80” MEFs A £3:0]l | Go/M phase7} ZA 7t A A =]
ok olate] A2 RE Kus0e Go/M Al71E 2430
ZM DSB 3 E7|He #oid Aoz Atz d

R

MEZF U M=ol
2 APYME mice 2§ Wt, DNA-PKcs-null (DNA-
PKcs”) 9} Ku80-null (Ku80”") mice -2 4| £F2 Dr. Lee
(Indiana university, USA)ZHE A Fwo} AR&3 AT
AFuds el 10% fetal bovine serumo] EFHH
Dulbecco’s modified essential medium (DMEM; Gibco
BRL, Gaithersburg, MD, USA) sl 483} 5% COE &8
81 37CE FA&3 o vl T 3Yrtc} 0.05% trypsin-
0.02% EDTAZ Rt X5 wojujil £ T refeed-
ing sted Aldjujek spAX APl A

MTT assayE AtEst adriamycin® MZF 4% AX|
OJ_l- Alo-l

Wt, DNA-PKes”” 222] 1 Ku80/™ mice 4 MZFE0|
th§ adriamycin, mitomycin 121 cisplatin®] A E=4
S 24317 Ykl MIT assay s A A8t MTT assay
g olgstd Axe BAEHS AU AEEL %
well plateol] 1x10* cells/well ©] =4 200u% EF35}o
24X 7 wiokatsd) 2z welld) Aoke sx¥E s &
37, 5% CO, Incubatoro] Al 72417t uj ksl Stock
MTT 10p¢ (05 g/L)& H7beta 4417 o v gho& HC
0.04 mol/L7} &% isopropanol 1004 H7}ste] O/N
shao

570nmol) A microplate reader® o] &3t FHF
AR, 43 Q,*ﬂ]EJJr(Growth inhibitory effect (%) =
(27 4 FAT - AEAY T FRE) / hE7e §
FE) X100 + 0}04 death ratio(%)% WER A th

m\m
N\



DNA-PK-null MEZ9] adriamycin H2]dl &8 G/M M EF7] W3l

HxxF7| FxZY

AEF719] Go/Gi, S 2H T Gy/M phase 4L flow
cytometric analysis 243tk M E trypsing A&
3lo] 96-well plateZ 58] #2]3 t}-& PBSE 39l A 23}

T 70% ethanol®Z 1A HT}E 7)o RNaseE 37}t
4Tol A 4A17F vi &3 H ). Propidium iodide (Boehringer
Mannheim, Germany)2.2 @4 3t ¥ FACScan flow

cytometerg o83t =435}
2 I

Stress Aol 23t ME=Y =20}

DNA-PKcs” 9} Ku80/'MEFs $#j 4| ZF9] M EE43}
o5 ZA}st7) $18te] stress °FAIQl adriamycin, mito-
mycin-C 718} 1 cisplating §¢ &} o} Fig. 1.
AEY &Fo e SHEARE HoFy ok ZE 4Y
& 96-well cluster platesE ©]83ta] A Fof & 2447+
H, Aol = HEE crystal violet2 43} hemacy-
tometerZ 243t} E3| adriamycing A &35S
Wio] Hlahed Kud0” MEFs fr2fl AEFo} A EEA a7}
A A FFEHA

stress F

DNA-PKcs” 9 Ku80” MEFsoll adriamycin X2|A|
Go/M arreste §Xl

DNA-PKcs” MEFs -8 4| 3¢l adriamycin %] 2] 31
G:/M phased] E¥ &= Wt A Fd] vls] Autyg o2 10%

A% £& F3S deiid. 53, 1847 et ge o
365%2 714 whor, o|F 7ady] AFea 3042
A% & ARsrzon 38atgch et Kus” MEFs

FAMMEF A A e adriamycing 2|3 § Gy/M phase’}
F7Vet7) AAste) 18X AAE e | 7MY wken
36A12F A § 7hA] 73] A& H AHFig. 2). o] W
3} adriamycin 150 nM (Fig. 3A)7 300 nM (Fig. 3B)
N RE 2L S HAT.

DNA-PKcs” 2 Ku80""MEFsoll adriamycin X2|A|
S-phase2| w3}
Adriamycing 150 nM 2]3t9 S of Wt X 59 S-

phaset 6417 A3 $- thad F7hskdoH, 12417 B3 e

120
100 —— Wild type
—a— DNA-PKcs”
—a— Kug0”
g
©
2
c
3
7]
B
o
0 r T T .
0 1 2 3 4 5
Adriamycin (ug/ml)
120
100
g 801 4
3 4
s 60 1
3
A
g 40 | —o— Wild type
—=— DNA-PKcs”
20 —a— Ku80”/
0 T Y T T
0 2 4 6 8 10
Mitomycin-C (uM)
120
100 —— Wild type
—=— DNA-PKes”"
g 80 . —a— Kug0/
3
€ 60 -
2
8 40
20
0

0 50 100 150 200
Cisplatin (uM)

Fig. 1. Cytotoxic influence of various stresses on Wt,
DNA-PKes”™ or Ku80” MEFs.
Cells were seeded in 96 well plates (for adriamycin,
mitomycin, cisplatin) as described in the Materials and
Methods section. Data represent the mean + SEM of at
least three independent experiments.
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Fig. 2. Influence of MEFs on cell cycle distribution after expourse to adriamycin.
MEFs population that either expressed Wt, DNA- PKes”™ or Ku80""MEFs were exposed to 150 nM (A) or 300 nM (B) of
adrlamycm FACS analysis performed at the times indicated there after. The apoptotic population appearing after in
Ku80” MEFs following adriamycin is indiacted in the 6 h time point.
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Fig. 3. S-phase analysis of Wt, DNA-PKcs”™ or Ku80”" MEFs populations at various times of recovery following for 36
h incubation period with 150 nM (A) or 300 nM (B} of adriamycin.
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