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CHAN Q) 4 - A2t XIZE R MEFol CaSkig EH“O =t ool wE MEMEINE ZHYSH] XFH
AIIH 4)2t %@ﬂ(ﬂl 9%!) HZE H319ch YA ZALE 6 MV MEIIETIE 0|84 2 Gyol MRS ZAISI
1, omf MBEE 3 Gy/min OIUCH X5 FAT|et "WHI| ME ZZio| LAMZAL F AIZH Zolof| w2} total
RNAS —’F—%‘%H northem blot analysisg A5 cunel wél a2 HESIGCH £ SAMZAL T AlZE Z o
2t NZE Loy FHZASHE 0|83l HEZFI] EEE EAMFICH
I SAREAL 1 AIZE FOl XX FAT| HET| Mz RFolM ACjo] wo| BEEQICE J8{H 0jF 6
AR XX B4A7| HENAME X&Hoz welol Z7iet gHH, HaTloMs MAL Waio] ZLss dus
2Holct gAlMoll ofst MEZEFTIC| #ste XH ZAI(ofM Al Aol w2l GO-GIolM S, G2-M 7|29| 0|5
0] o gtts| Aofwtot.
A B icjun 2 SAMIZAL T MEMeEol W2 MEZ ZAlol =E3 Y e Aot
HAZ0 : cun, ME ME def, CaSki, MEFV| 2%
AAS zAsto] AE A9 2Ao) Toldeh"? w4l
M £ olgt cyjun®] WEE zAs = 71F0l gk dTollA] Halla
han £V kinase 41491 12-O-tetradecanoylphorbol 13-acetate
WA HEHQ DNA &4 f QAZ AE7} oglA) (TPA) \} H7 & Ar83le] protein kinase BA-S AA1819S

PAA AZE A, A Al el o} 8k
A ggror} Wb AlF 7} Q141El & tyrosine kinase, protein
kinase C (PKC), Raf-1 kinase, mitogen activated protein kinase
(MAPK) -2 o] o]x} AebEdEo] 431 oA 5o
274 fAAe AAE 245 ") g 27
$RAALES) AR AAARZ gkl ofg) AR
cytokine £9] Wlofl Mojzie}” Fd FAA cjund: g
MXLOIZ]—-‘:—o]L} g, WA, 72]30 etoposide, ara-C, cispla-

in 22 Setanial 5o Aol ofaf wasE 2/ hEG
ﬁx}i&i QAHAYE Y cjung] AEL jun EE fos]
leucine 7]7koll EA1H Az ARLoll 2@ jun+jun homodimer
1} fos+jun heterodimer & 3JAdslo] HAAQIA} activator pro-
tein-1 (AP-1)¢] FAIAJFo] %|m AP-12- DNA promoter ele-
ment (5"TGAC/GTCA3)of] Zsl] oiv] AdAelA} cytokine2]
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o] o] A A4S WHsle] PKC &4 7IAS Ha
sl9iek. Datta £%8 TPASL dFAF3}ekA| N-acetyl-L-cysteine
(NAC)E o]&-38l odFol|A] reactive oxygen intermediates (ROI)
9} PKCE B3t cyun W8 71AS FAI R, ESF Chae
=92 tyrosine kinase A\ A|Q] herbimycino] wWhAMAlel <]k
cjun?] WG gF oz A Il tyrosine QIAFSH
o #94< Huslgich @9 Sherman £ HL60 A Eo
A A2 & cycloheximideZ HheRE FHAS A AlBkE
] c-jun RNAS] vb7t7|7} AAlel-S B2 cjun RNASY i
Alell dekE X B oAl o3t FAAH 770l
EAgetn Baslg o), R 248 PKC &4 AAH
Agle] F 24 M2 WolEel
,zﬂ_i,i_g] /Hz]- /K]-F,]]oﬂ u}é ul-/\]./;qu-% ohxl-g ;‘(}0].‘1:_- szH
AAEY FE oA d2cda deA Qe dil whE
Az £E 2 Boll A|Eol|A] HAAZA o] FH, complete
medium 2t} liquid holding mediumol|A], |2 Z4}7] Hcl
= By dele] AEoA FARAAEY F80] FIks
ok? olelgt Fatell el AEY Aol AIE oA

- 223 -



0

e

JE

LEHNE SF Aol 2 cyunel La

AEF7)9) ole] Uoluy] A MEs} £ FEE Y
T 9= A7HE 713E Br} o] ZHA|5) o) ARANH LA
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ALY Ago] AT AR Aol Wl e olg of
7 B3 w9k A2 2kokr) kA A of] o) 3t A EHA Zg8.0.

9] FAAe] whe-e AR s, el AR
27| gAlel Bofate cyund] WA AE] A% Aol
weh vohEe FEY F ok ey dilel g O a7
© A FA7 AEE dldez Az A Al
g cjune] LE o] Aol Hard wh givk weha B
Ae AE A% Ad 5 A5H S48 o) A
ol Aol ot cjunel W g Yotz WAz
A F AEFT BEE B4R o]5e] 4% BAIE Yo}
23z &gt

1. MIZE BHQF 3 HIARMZEAL

AEFEE $8 vk Aoy g wlEs =& gkl
A %73%‘*%‘011*1 F#E CaSki A)E(ATCC CRL 155002 A9
S taellA Eelsle] Agslgich A7 100 mm wHOE A
Al(Nunc, Denmark)ol] 55°Col|lA] 3027 Bg-Astel 10% Su)
o} X (Fetal bovine serum) (Gibco, USA) 2} 100 uwml peni-
cilline-streptomycin (Gibco, USA)S 3233l RPMI 1640(Gibco,
USA) #l7) 10 ml g 5x10°709] AFE7} SolrteEele] 5%
CO,, 37C 2719 AEufd7lolA wiakslSich wjokAl =t 3
2~3 4 ol A2 iR E ZolFm A wjd it Aol
we} a3loll X AETE AFsto] AATHE AAslek
ujokg-7]9) wjRE AAZ ©hL, phosphate buffered saline
(PBS)o.2 w8719 mleel] £olQE AEE 23] AXsln
typsin & A lsto] HAAEZ = ]S trypan blue E
A% 2] b= A A ZHHE hemocytometerol] A A& ‘0193‘4 s
AR zZAE A2olA 6 MV 437147 Siemens, USA) =
S8te] Tkz=AR X7 AXF AAH Hx F5A
o S1X3lA &AL, 10 cm FA|9] olZPA-E ATrFHA]
el Eedgol bRk S MRS slgick. 2AATS 9
A A XEelA b Ed ALEE 13 BdzAw
ol 2 Gy o9, ojuf] AgkEE Bt 3 Gy o|9ich

2. Northern blot analysis

_.4

Northern blot-g $]3F RNAS] =32 a4z & 15, 30,
458, 1, 15, 2, 3, 6 A7l siek. wiAE ik AlF %

2~3Y vich ZolFda 53 AR I3, 8UA) 10% ¢
BHo] Eoldle AMEE AR ZolEiek cyjun W9 4
A 2T 24 A7 B FEA A A wiek ¥ 10% 9
B Arklol | A Fol RNAZ STk,
HzFog WALARA AZMESH AlES AL kx|
Jun 89l TheAdE ERlsly| flEl o Fol kEsiAl
HF7] <ol a2 Yol F Ty T WA ZA A2
2ol F o) 5 Tk total RNAS] F&-2 b
HzA F Az Azl wjekgrloA iAE AA £
PBSE £7]9 ulhg AXsl3l RNAzol B (Tel-Test, USA)
£ A&slo] guanidine isothiocyanate F:& o2 AAJslgic}.
EREA7E o] &3] RNAE B3t ¥ 20 1g®) RNAE 12
% agarosefformaldehyde gel (Amresco, USA) Welj4] RA7]dE
£ AAse] RARGA-E o] gslo] nylon membrane (Hy-
bond-N+, Amersham, USA) ol Ao]s}sict. 50% formamide
7} 393 Hybrisol 1 (Oncor, USA) g0 2 45CAA] 4 A
ZHE}} prehybridizationdt & P-labeled c-DNA probe® 12~
16 A)7HE<QF hybridizationsl9ic}. SSPE, 0.1% SDS folo =
membrane & A & cjung] W FEE Phosphor imager
(Biorad, USA)E E-Asl51, 72 membraneollA] GAPDHe] ut
g S48l RNA loadmg 9] zol& AFslct A
33] ubE ’\]53"]- k. 2 o] ALH cyund] probes
EcoR1 of] o3} Acks 11kb o)t

o
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3. ME=J| 24

AR 24 3 b7k 0, 1, 3,5, 7, 9 A7kl AEE wlR

AlA 3leaisict AE e A iAE ARG o
PBSE 28] wik&7]e] wigE Alsta uypsin X2l E skl
o 10% ¥4l Eole AR mypsin & EEAHA
3 FU AIEES PBSE Alele] 70% cold ethanol® 143}
Ar}. Propidium iodide (Sigma, USA)Z 37°Coll4] 30 7+ <3
At & fillerZ A¥E o)) (aggregates)Z AAT 2% F-A)
EAZEH (flow cytometry) (facsc calibur, Becton Dickinson,

USAYS o8l AEFIY) RES RAs A9 Hge
33 WHE Ak AEFAE A W wisae
ANOVAHl o2 EA] 2431t &, AlZF71(GO0G1;S;G2M)
& SHHTE st WAAERA 9 AZE Foll 74 FI1E A
TE WK %E SEUTE sto] W] Holg A
sH9ict.

olN I3 N{
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1. H=E d33M

AEre) 7 d el wheh 2k Sigmoid & b
ElliedlFig 1), 84 AE7E AeHor F7kste A7l
PE Al 489S ATHZAVE, I HEE vein
e Al 98 HAYVIE Aelsich 49A] AlE= o 0%
X3} = (confluency) & Hlom, 6Uxlols AL 95% o]Ake]
EIEF HYrk 95% olde] XIEoAE AEgvt Al
solvhs A2 AlxEol AR FHMA Ay diiees A
Zk .

2. cjun?| 43

WAdZA A cjun DAL W= HEL(COE 7]
o2 39ick AFHFAT] AFEedAe ALAzA 15E
HE| wdo] Foleby] Alasto] 1 AZE Fofl FHoie] Ldl
H3chFg. 2). H¥7] AZAME 1558 35 o] v}
37] AFste] A 1 A7E Foll Ao whale] wAEGY
(Fig. 3). 22ivk Ao A& Hel 1 AZF 35 6 Al &
7t e HH ok AIE AR el weEt 23tk F, A
A FA7] AZAE 6 A7 74 AEH oz o]
7kt vhH, W) AZlA= =2y Eoke o Ax
taeslo] 7he ke Bovh 2R mFoll ol cjun L
7FstAl 9§k, AFAFAYIL HEH7] ZFelA s

gol Z7ksigick
3. MEFJI9 BZ

HzgollA F71 AEe] Lxe A7 dell wet A=
vl &, GOl 7l AsHFA71elA 489%, 7

tlo ot N

N g oy x

o

H

14 r —e—mean

cell number (x10°)
o

Fig. 1. Growth curve of CaSki cells according to the elapse
of days.
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oA 49.7% olQd.om, S 7|3= 7kt 353%, 332%, G2-M 7]
77t 133%, 17.1% olgieh. ol H¥7] FelelAE A%
24719 v R A AT FHo] doluAur
oleh TiBol AW Foz A% AGH EAel loss) ol
Qohhz Zem AZRL. T WANEA F AEF
o Wisk= A Aeloll Wl RolE Belek By et A
G427 AToNA A7 7Tl Wk GO-GlellA S, G-
M 7)ze] olo] T F4dl A= owFg 4, 5). 9 A7
Fo AEZFREC] WBEe AFHZYINA EANL
2 o RolE B orkp=00463), FYANAE felek

cs coci .25.5 75115 2 3 6h

Cejun

GAPDH

Fig. 2. Expression of cjun in exponential growth phase.
Northern blot analysis of total cellular RNA levels was
performed in CaSki cells after treatment with 2 Gy of ioniz-
ing radiation. Hybridization was performed using a Zp.
labeled cjun or GAPDH DNA probe. There were three
nonirradiated control groups; ¢s (serum activation), co (room
temperature during irradiation), ci (inside the CO, incubator
during irradiation).

cs co ci

s

25 575 115 2 3 6h

C-jun

GAPDH

Fig. 3. Expression of c-jun in stationary phase. Northern blot
analysis of total cellular RNA levels was performed in CaSki
cells after treatment with 2 Gy of Jonizing radiation.
Hybridization was performed using a “Plabeled cjun or
GAPDH DNA probe. There were three nonirradiated control
groups; cs (serum activation), co (room temperature during

irradiation), ci (inside the CO; incubator during irradiation).
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Fig. 4. Cell cycle distribution in exponential growth phase.

Cell cycle distribution was analyzed using flow cytometry
according to time course after 2 Gy irradiation.
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Fig 5. Cell cycle distribution in stationary phase. Cell cycle
distribution was analyzed using flow cytometry according to
time course after 2 Gy irradiation.

2ol & JERHA] §EgttHp=0.5161).
o U HE

WAdZA T A7k A, aeln AeFEl
cjun I kel xol7t Hwl=v] Sherman £72 A
HL-60 Wi Ao} AG-1522 B4 AfolAlZolA 20 Gy
A%, 14.3 Gy/min®] AeFgollA] WA ZA 3 3 A7k 3
o] W 24 A7 Foll VAFFoEY WES Busg]
o, WA, 5, 10, 20, 50 Gy)oll W& 3 AlZF 39 w
A3t AAste] Az Sl wiel AH o Fokse Uy
e Wl = A whE wgl oRe] Uit
ATl 10 Gy e 20 Gyo] Azelld AHFES 143
Gy/min of|4] 0.67 Gy/minS. 2 FF-& o Zvlg g B
ol o A%E AN Wk Manome TV A 4

§ A

(%]

AAEZAEANA 20 Gy, 143 Gymin?] WAHZA ¥ 3 4]

Zroll M) wrale Holm 24 A7 Foll JAFFoE Eo}
o2& YAH B okgg B weiglr). Hallahan 57 A%

S$ZA|E RIT3 9 STSAR-59|4] 20 Gyo] Wb zA zb7t
1 A7k 3 AI7F Zoft ol g AFslix 3 A7F o
BollAE o ol A& whe] Fyhe Holx gkt w
3193t} Prasad £0¢ 244B A2l YTl T A
025~2 Gy) ol 2& cjun W&ol 3k AFellA 05 Gy,
1.17 Gymin®] AR ZA 3 1 A7kl 3 o] w4l
B ol% A7k Aol whzh AR ghslel 12 A7 £ AR
FFoz9 W g Huslglon, ofz] wWAIEK0.25,
05, 075, 1, 2 Gy)ollA] 1 A7t Fo] wid2 05 Gyolla] o)
o Wl e Ry slgick & Collart §'0& A4 Alfol
AZE, HEHAE, FAZE S5, FHALLLANA] 50 Gy,
15 Gy/min®] HMAAAZA ¥ 2 A|7hl] B9l whd opdke] ot
okAdo] AIE9 7197t FAH oA 7Y AoE A7
slgdek. AEA wEd ATEE TN B uw A4l
o3t cjung] WFEL A7k, A=, AFE Y Aol vl
kgt Whe-g ®olvk a#u cjund w7l 025~50 Gyl
A 24 & R o)) 27) wdslod, 1~3 A7kl oy
9] kg Holw o] A7k Aol wiel A} Zawo] 1
2~24 A7t Fol| ZIAFFE LR dolAn], 3 A=EH A
Hekgoll) Z7hE wag Bl 0 B dFes A
FAZA79} DY) AE BFA AR 24 F 1 AT
ol Hule wEg A F glglont, o|F WA 2A ¥
6 AZ7AA ) Azhell mHE WL AFHZA7) AZNAE
A&H o Z7tEl fteg, HYy| AXoAs AX 24
o} 7he oz yeh) XolE He)h ol A% Al
off w2 A i3t AEZ Hbs Zol ojm RRojA
cjuno] ToJ¥tg AAsE Aot

jokAIES] AATANA BTl dPdFFlimited nut
rient supply) olv} A o] A& (density-inhibition)ol] 28l =
2 4 glon, dAgdE AEAEHHA Holzp ek
Z, dokgol AlGEE A ARl o) Aol AR
BAE FAego] AlE RAIEAE FGFFHe] Fukol
e YAz wAs HFYro B AL FAFHo|
glor, = AGAEE QdTFE ASHlFolr FHY7loA
= contact inhibition wjiol]l GO-1 7]ol] Y& A|EEo] urh
o AEAA delel b A oY AlESEE
ol tigk A7 ol AEE Jdgdol E viok(unfed
culture) oA 53 7] wE FAAE gt Aol o
BEolch ™Y Azl A4 ol 2~39 v ez Ay
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Ad iR E A2 ZolFodet. welbd AAEe] fx3 HY
71 contact inhibitiono] ¢l QFAIENA AokgFo] F¥Es}
At WH e Aghel] o7t Aolch o] g Fako] A4
ollA Z7]d| plateaus 2]+ 71 & o] G+ cell loss & =
b Aotk g4Hon HHATIgke] A4S ATEA
AHeell loss factor)7} 70% ojAro® R ux|m 9w, whela
AE] A Aol Faod eglog AR Y}’ B o
TollA AL CaSki = AT Lo R, AEF7|S] W
the AlE Sl o FY] At fAEE Ao B
At FAET} 22 AZoNA GakgFel A glo] A
ujeE A ] Algtell sl frE H¥vle AEELS FH
A Ak 3 FoE vy F vk &, wiekgvol dgt
3 Eol WA A FA 1), Al 1 Fell fofl A
ol g (A 2 B, 2z wiAl W e FH 3 H)
Bolth? AREL F7] BAL A% AE 354 WA S
AAsI PBSE 281 AlH-& 7] wliEol wiAloll w A Al
Ert ofsbAl wietol] 2ol QW AlEE AAER FAsiA £
oAl AT BAEA AeA ZAVM FYrU AE
F718] EXolle & Ho|7t gl Ao Helch aeh} W
ARdzA & a3 el Al At wel RNAE a3, £
71RA4E 3ol7] widoll dkFFat wHe] FHE ALH
A9 QAT FTEAN HAo] At HEYr|7ke
AolE & 4+ St

A Axet T4 AXY A4 Az & 714"
S ATk T BNz 3 A FA3 AZY 2E
$EAoz ALl o8] §E ofel AR} cytokine
Soll <J3) Uolukvd, Ho] WALo] GI AEoNH DNA &
A& fEde T AvAdt gedl Halladhan 502
cuns) AARA g AAA dIo2 ARAZ] domi
nant negative(delta 9Y5 o[ 23t odtol|A] HhARAIZA ¥ Gl
718 Holuks AE ulge] 4a% AT AZY AEF B
Aslol GIS Holeh AlE AEo)] gt coune] AEE #=
ek £ dAFollAE A& o ZI1E cjuns) WS
o AgA FAA WAL zA F GO-GL Z]oll4] S, G-
M 7129 F28 o]5-& Blrk 2t FYIlelAE cjun
o] Yr|Hoelglom, AEFT|9] WtE X5H FA]7)
vl melA olFact. F, Aol AAE FolAE o
Jjun WEE AgHA o9t}

Axe) A4 el v WAL s Aol AEH
2 AL 59 o)z Awsojght? HMEZ4
Al AZellA AEFT] o]Fe] AAlE AER slolF

4% A & gk W B ABA o4%F F s,

N o

e

o

o

kb
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7| 4ekE FASIL S Gl 719] AE7 PLD 3%
Z2 BolE & Holehz Aol WA 24 el
AEF7) olFe AAE & A ok T o)
DNA7} €48 WiokE ] AlEF7] RsiE 217] 9138k check
point 7} #AI3tE|o] AEFVIY AAE Goledl HA
pS3 9]EA Gl AAE p53 Wdell ozl 23 p21 3 gadd
(growth arrest and DNA damage)45 hufiAol| olsle] Yoju}
], G2 AR MPF (mitosis promotion facton)® L3 cde2-
cyclin B 23}aie] <l4rs} #pAe] Ao}, elongation factor-1
8 (EE-1 delta) Walo] 27}, 18|10 cyclin B wtele) 744 &
ol 71918k w5 whAAlel ofgk DNA E4e] Gl Ex
G2 checkpoint & E3l H|TF7] AAE LoF|Ant, Foke]
v A7 AbA, ok, ARk F% W o o o
HollA theFsh ol uAFHES U AES P} A
Foll oigk ubgoll ddkE mXe o7 fRARG gl
uldo]] ZQ3slc). Abate SV fos-jun heterodimer £] DNAo]|
gk AgHe fos &} juno] Zk3L §li= DNA 73 B9 cy-
steine 21719 A3k Aol ol zAHcky B s,
Price 5772 2] A& AbelollA Gl AR|oll 523 gaddd59}
gadd153, 712]3L glucose-regulated protein 78 (GRP 78) mRNA
7 ZhEe WESIE Heb B AT ASHZA
B AEolA 22 o uARAL cjund] AAQIARG
cytokine of} tigh HAA =4 7|Ael JFgFE A F g,
wak whAb Aol o3l i gaddds Wk obel HE T AlE
oflA) AiEel A4ata Aol o3l FEd F7HHQ] gaddds
Z ol AEFY] AA e Q& v)E 5 Urk

AZ2) Az Aol whE A4S BEIHA AE-o Aol
B A wbgell Fojate ofE] AR Y] Xl
719084, cjunE. olell Frojdtek B odfollA] g A
AZATAA AEH O F7HE cyune] BT HY7lollA
ol9] A Zraw WAAzRA Fo AE FA9 =4

FHo] gle AoE Kk

Mo

I'_

e

=il
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—— Abstract

Expression of c-jun by X-ray According to
Cell Growth State in CaSki Cell Line

Seong Sun Jang, M.D., Woo Yoon Park, M.D.

Department of Therapeutic Radiolo Gy, College of Medicine, Chungbuk National University, Cheongju, Korea

Purpose : The expression pattern of c-jun by ionizing radiation according to cell growth state (ex-
ponential growth phase vs. stationary phase) and its relationship with cell cycle redistribution were
investigated.

Materials and Methods : The exponential growth phase (day 4) and stationary phase (day 9) cells
were determined from cell growth curve according to the elapse of days in CaSki. The cells were
iradiated using 6 MV X-ray with a dose of 2 Gy at a fixed dose rate of 3 Gy/min. Northern blot
analysis was performed with total cellular RNA and cell cycle distribution was analyzed using flow
cytometry according to time-course after irradiation.

Results : The maximum expression of c-jun occurred 1 hour after irradiation in both exponential grow-
th and stationary phase cells. After then c-jun expression was elevated upto 6 hours in exponential
growth phase cells, but the level decreased in stationary phase cells. Movements of cells from GO-G1
to S, G2-M phase after irradiation were higher in exponential growth phase than stationary phase.
Conclusion : c-jun may be involved in the regulation of cellular proliferation according to the growth
states after irradiation.

Key Words : cjun, Cell growth state, CaSki, Cell cycle distribution
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