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Abbreviations

Ammonium persulfate

« -naphthoflavone

Benzo[a]pyrene
Anti-7,8-dihydroxy-9,10-epoxy-7,8,9,10-
tetrahydrobenzo[a]pyrene
Cytochrome P450 IA1
Diethylpyrocarbonate

Dimethyl sulfoxide

Dithiothreitol

Dulbecco’s Modified Eagle Medium
Enhance chemiluminesence
Ethylene diaminetetraacetic acid
Ethidium bromide

Fetal bovine serum

Non essential amino acid

Polycyclic aromatic hydrocarbon
Phosphate buffered saline
Polyacrylamide gel electrophoresis
Protein kinase C

Reverse transcription-polymerase chain reaction
Sodium dodecyl sulfate
2,3,7,8-tetrachlorodibenzo-p-dioxin
Trypsin and EDTA

Tetramethyl ethylenediamine

APS

a -NF
Bla]P
BPDE

CYPIAL
DEPC
DMSO
DTT

DMEM

ECL
EDTA
EtBr
FBS
NEAA
PAH
PBS
PAGE
PKC
RT-PCR
SDS
TCDD
T/E
TEMED



T PXHEE

MR CREEEMEBELTHERKT - MBRERFTRAMN
BHEANEZLER T AAREITEAH N AN e LR AR F
Mo da B B BA 2 AR B o B BR F JURT AT 54 3 2L Benzo[a]pyrene (B[a]P)
RIE &S CL-3 Fv A2T Wikt £ R FI A2 Z 69 DNA 45
AP CL3 a2 4529 DNA &4 > W A427 =i hl#
PR EH A DNA s2&4) o A5 RARBMIBRT 14 BlaP Nk )
Lrrgl et KB HM > ol TR Emp B -

4 Bla]P ®#Ee) CL-3 e @ LA Kk > ™ A427 @igd RAIR
15k BoR CL-3 g sy BHATHE X 2] Bla]P 43 E  UEF B8k
AR BB BRGNSt BR LTI ReEEE Gl B
Zp53 &B > B[P REAHCL3 A RSHEmEIHRL

#Z R B ERIE-F A 154845 R FE( RT-PCR )4 #7 p21 mRNA #4435, » 8]
HRPS3 e8s&%kEp2l RREZ 12 p2l RAsiFE G p2l &
ARRRFEONAREF —H  SHTE Lo ki 202l By
By kK e



g miek (flow cytometry) Ko7 fm BB 89 56 - 5%
3] CL-3 mips BlalP A 2% > Gl oy BuatbRERAFESE
WA o £ S BAF & 0 BB S HF BKEHET 0 BT BlalP g4
CL-3 #pn DNA 946 B9 5dv CL-3 @il 5 269 DNA 44
Z AR - LS Be AR T8 p21 8 PCNA 2 ey Z4FH
KB o %o 448 Bla]P AIe55 344 wild-type pS3 AE ey CL-3 4
e A4 G2/Mphase arrest 8 - —FUBF BEE s aiA
AR G gt Bio&d p53 B cyclin Bl € ¥ skmp &k d G2
EAM $ELE - THRERAE GIM #56F cyclin Bl &9 R AKF &%
B 2] w4 cyclin Bl 2B 54 XTld G2 iﬁ/\M #7988~ & cyclin
Bl B#e%sk G2arest g B4 2R p53 & a6 F R %4 cyclin
Bl #9[%#% > B p53 & T p2l G ALE GIM #Hes4Eik ; 75
MDM2 &£ B8 pS3 &K E—2 » THeA p53 #47E 1L MDM2 » X
MDM2 &) #¥#p#] p53 X P4k £ p5S3 R_Ak S Hiap B LGS HE
ARG LR > Bla]P A7k i AR 4m B CL-3 # G2/M phase arrest &
% & p53-independent pathway % H 484k L B T Aris A6y o
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BAEEMEREELERRACEAFRAEZRH I SHHMEE > £
REANTANFHBEATR-EQNITRBHATE > RABELTE
8 —(AE > A&t 1997) - NS EHERBER F4HME -
M AXAREERRER FHHBRNET BB SERENBR
A RS R T HA R AR A8 M o RoF SR B R 8T A
# 1 FERE - AR E LATH R ERIRE T 8RB M Benzo[a]pyrene
(BlaIP) & 1242 & B iiae M CL-3 wminZ 4 % &4 DNA &
(367.63 adducts /10° nucleotides) » % B AW B A427 wmfa Rl & -F R
A DNA $2& 465 & 0.36 adducts / 10® nucleotides) » B 7 kb & £k fm
B 4%.3 B[a]P # cytochrome P450 IAI (CYP IA]) & % 7& M % AhR %48
A CYPIAL R B ARy - 43 CL-3 @i CYPIAI ®9E £ 7%
MR GH A427 tafp o B EF CL-3 4afiex CYPIAI 9 A B AR A E S
AhR REMAEMERBR S CYPIAL > Bt CL-3 @ F 8548
Bla]P-DNA 444 fe52 CL-3 fafnty AhR 28 #4756 CYPIAI &
EMEE A42T tefn F Tid s AH E anti-7,8-dihydroxy-9,10-epoxy-
7,8,9,10-tetra-hydrobenzo[a]pyrene (BPDE) &Y%t /7 # & Ar2 (Chen,



Master Thesis, 1996 ) o K& 5B £ F A IE R 55 24 Bla|P £ fisa g
Errgl ey AR FM o o fTH B B R G -

=~ B PHRBES B[P

LBEFBA-BELGARE TS LY > CHBREE S
BEACHEBRM AT ERBEAELY - ESEBFFIRBLEUWAR
T @R T 0 U Bla]P &9 BB HERBFE LR (Angerer et al,,
1997) -

# i Bla]P #9R¥EFE/LCHBE %695 % (Sundaresan et al,,
1995 ; Flower-Geary et al., 1995 ; Stacey et al., 1998) - B[a]P & #F % X,
#3478 > £+ X B4 G cytochrome P450 IAT B2 % % SR #EIL A AR (-
trans-7,8-dihydrobenzo[a]pyrene » #k# & 4 4k 81L&,  anti-7,8-
dihydroxy-9,10-epoxy-7,8,9,10-tetra-hydrobenzo[a]pyrene (BPDE) #& &,
HEY  CEHABEAEDNA RGLBEARREMN -BREMEPRERMK -
MBS ENEZAEDNA 45dG 2 N2 2 & » W BPDE-N2-dG
DNA &4 -

A — 18 E B RBHBL L EE-F 446 Bla]P > @ & 4 radical cation »



v e %% DNA #4 deoxy-guanosine z N7 gz ey & > M DNA 42
44 - DNA s34 AR E BER W T A tafis DNA 15 F 65 £ W35 4%
(Ben van et al., 1997) » B st DNA 2442 4 8 7T AR JE fa B, 9 3 9M R
W ARBEIL ~ BEAE R R DNA B2 R &R (Beachetal,
1992) - & DNA &9 eH R e BA AR B ERLEAED
Ay AR B -

AR BEEZRG LR S E - Weyand etal, (1986) 24 Bla]P
HEBEALZRAETN > o8t > SRR SATR ¥ 48T LUR 2]
Quinone %84 B[a]P X% » 5|4 B[a]P-1,6-quinone ~ B[a]P-3,6-quinone
& B[a]P-6,12-quinone ° M At BEAX #t Bla]P 3% R LLATBAR A bk o B
SE AT F R LA A SRR AR S Bk CL-3 Fo A42T RIRH B E T FIREH
BlalP Frik 2tk B 1R FHHa B B > [ 8L EM b fal
BEAAEEGZ S -

R Y:E LUELEC) R R

Jocelyn et al., (1998) i B %4 cisplatin #v UV-radiation & ¥
normal human fibroblasts (NHFs) » 4= g 38 #8 & 28 & G2/M arrest > B %533,
pS53 & B € 28 G2/M arrest - # LA pS53 anti-sense oligonucleotides & #p



#] NHFs % p53 &3, » &34 cisplatin #v UV-radiation & 3£ - % #, G2/M
arrest 5 B3 655 H B bR pS3 R EHE L9135 E G2/M arrest &
B4 EEERERFAeBERRFHRIEZE - AA A% Gl arrest
WEMT » F EMREE - Bebdnf A E TS %F@ie pS3 a8
RR o R AR R BB -

Magali et al., (1998) A -t#: K F] 49 4a itk » colon adenocarcinoma
HCT ~ LoVo ~ LS174T - Breast adenocarcinoma CALS1 ~ MCF7 ~ T47D -
skin fibroblasts in secondary culture NDF » £ ¥ 7 T47D & p53 %
mutant type » H £ ¢4 4a B ki34 & wild-type pS3 ; £ & 7—radiation R3E

24 hEEz g BRmEBRYEE LY 0 £ ¥4 wild-type p53 #)4a
Jarkdg e A Gl & G2arrest #9157 » B FE R pS3 HRENELHE AW
A% & mutant p53 & TATD faf > & y-radiation & 32 24 /| NB52 4 5
B baf & 24 G2phasearrest B AL THR L > 12 p53 R FH S
B ¥ mk B, o & yradiation K IE 2 14 4 A wild-type p53 ¢t » &
b BB B E R pS3 RaWL R AM-aF mutant p53 # ke
ArEZE G2 arrest 42K FH5H p53 Haeyim 0 HLAHARLER
Fik R E L Gl fo G2 arrest » f44 wild-type p53 X fafutk 4
ERAL > MASH mutant p53 WA ERRFHRIEXS  RIGE
A G2 arrest #93 % o X Bunzetal, (1998) #F% %3 » 4% wild type
p33 dytmhE > & y-radiation Fv Nocodazole R IFémfin > KB €A G2



arrest #9150 B BFEE 3, pS3 Fv p2l AR B HE IR % pS3 Fop2] %
&4 G2 arrest #9454 > BA>< wild type 49 pS3 Fv p21 & %1 G2 arrest
BB A o

Cyrus et al., (1997) L Benzo[a]pyrene (B[a]P) & 25 % mutant-type
p33 = swiss 3T3 fibroblasts - #$#.4mpe & F Gl arrest &9 HFHHEAL > F
B pS3 ZAeRFE RS XL ADR ##p# & a-naphthoflavon
F 0 4a B0 3 A Bla]P 2 CYP IAL #3848 45 AhR > 2844 A 2A B[a]P
BRI R mipAH Glarrest 893 % > 5 44 Bla]P & 2 p53 -/-
knockout mice’ % 3, 4m fi B BB £ A Gl arrest 8937, % - 12 4 R 8 B[a]P
AT By Gl arrest IR dy pS3 K G ATREE -

ARl @ AR REFHRIZAE L NapBIELERRE
(Patricia et al., 1998) » 4% wild-type p53 % I 44 4o B & 5k B H- 49 5 3%
%o &% s%mipii £ Gl s5#(Natalia et al., 1996) > {2 p53 & & F —
&S PiafBE4F L 0 12 p53 A€ 481 G2 arrest ; 47 mutant-type
pS3 AR AR EMREZYS > AL Gl % G2 arrest » %
F—XEFEEDPS3 HE65 % (Munnaetal., 1995) -



W tmERRLEERS

1. 3= Gl arrest 9% &

P53 A—HirEERE  FEBEIINERFHNGEEZL  €FF
tafig pS3 kG ey (Kastanet al, 1991 Fritsche et al,, 1993 ; Richard
etal, 1998) » B fappt keyFil - S8 ARENEE4L S
L5 im B GU/S #1> R & d p53 & G #&REL p2/THI K
B (Andreietal, 1999) - # p21 Zae#hlepBing Gl HEANS #
At % &4 cyclin-dependent kinase (Cdk) » 4o Cdk2 ~ Cdk3 ~ Cdk4 Fa Cdk6
kinase » Mg émfiF b Gl Bim & A A S #5 (Charlesetal, 1994 ;
1996 ; Fainaetal., 1996 ; Shunsuke et al., 1997) -

2. AI G2 arrest B9k E

HERRE TR EAREMEEZE €44 G2 arrest IR %
(Atsushiet al,, 1998; Ruthetal, 1998): H p53 & & € 2 #1383 G2 arrest



&9 & % - Steven et al., (1999) #5438, p53 € Hir ey G2 arrest » 7T 4E
A4 pS3 4| cyclin Bl #9 #7546 - M %1% cyclin Bl s9 &R RATH
#% - 12 Winters et al., (1998) 23, & K B &4 y-radiation RIZZFH p53
A Ez Afasmpe HI299 fr & 4 89 G2 arrest & 48 dyH#p#] Cde2 # cyclin
Bl #98hdit » mittmib ik d G2 A M HPrE 8 (Zoeetal,
1999) o f2422% p53 Fup2l YR BARLBEARFHREZE » M
E £ 0y G2 arrest > iE fdm i & K15 L T AE A & & 7 /b — & protein kinase
Chkl1 » 8481t ey Chkl & dpH L sk LB & Cdc25 #9zh4E (Pauleetal,
19945 1997) » RA X o B AL fEH) Cdc2S ik Cde2 xahEAL » M
fmpg ik G2 MEAM - f i B L4 G2 # o f pS3 #o p2l
- REdymBairAT A 4 ) G2/M arrest » 7 BA4& & Chk1-Cde25C-Cdc2 @
ARSI RIBHE

t

o



%~ MEHMH

CHBRFEEZNTEMASETRIE  MEBEFFIEF XU
Bla]P #9BEMH& A% > A BaP A—#HARFH » LEHRSE
Y& % DNA @A DNA $#44 - XM EEREB LI AR H9
HES it —E BN AlEmBET ~ A RIFLE - &
AR BT - TREINARER > A& 4 F wild-type p53 %
By & B MR CL-3 tafn > fo X BTG A427 mfe > ERARFY
BlalP &32% > CL-3 taf @ 2 4 %84 DNA $2&4y - @ A427 tafs
ARG ELSEH DNA 444 > B CL-3 wmiped L4 ki A427 4
ARG LA K AR mkeim e eGERE  BAERRGE
REAR > REAEL o fBEAGILE ATHIE ?

T X RAREmGEEFeEeF sk SROG@BSEER
LU fu B AT AR 6 TAE - Rtmib A AR FMIET 5 B4 p53 AR
EE o BeRAirebemBingit KERS TeMems BlalP &
WA AR R R R B L R B E G2
Fil &9 B 1% 7
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B HHRT

—~ HHARSL

Dulbecco’s Modified Eagle Medium (DMEM) » Fetal bovine serum
(FBS) » penicillin streptomycin > sodium pyruvate > non-essential amino acids
(NEAA) » trypsin B & % B Life Technology /2 8]  fmfiish mpg B 744
Nunc /> 3] » Benzo[a]pyrene (B[a]P) ©+ B B % B Sigma /X 3] ° dimethyl
sulfoxide (DMSO) 8 8 & B E. Merck 28] -

2. RNA EHRgishib

TRIzol Kit , RNasin ## & % B Life Technology /& - DNase,
MgCl, » isopropanol © DEPC (Diethyl pyrocarbonate) > DL- Dithiothreitol

11



(DTT) # & £ 8 Sigma /3 - SDS » EDTA » NaOH+ NaOAc >
Tris-base B B 4& B E. Merck »- 8] °

3. BAWIER

Bio Rad protein assay kit 8 & Bio Rad /3] - Protein standard
(bovine serum albumin) & & % B Sigma 23] -

4. RT-PCR

SuperScriptTM II RNase H Reverse Transcriptase »  100mM dNTP »
primer 5% 8 £ B Life Technology /» &) -Oligo primer - 100 bp Ladder »
DyNAzymeTM Il DNA polymerase 84 8 % Bl Bio-Labs /) 8] - TaKaRa Ex
TaqgTM g% A B A TaKaRa Shuzo 23] -



5. Western blot

SDS » Tris > polyacrylamide » glycine > glycerol » EDTA 8 & &
E. Merck />3] ° APS (Ammonium persulfate) © PVDF membrane -
ECL+plus (Enhance chemiluminesence) #% B 3t Bl Amersham Pharmacia
Biotech /3] - Coomassie blue > 2-mercaptoethanol > bromophenol blue >
TEMED(N,N,N',N',-tetramethylenediamine) > Tween-20 g8 £ B Sigma
/&) Acetic acid, methanol % g & #6283 - p53 — kg p53
(DO-7)8% & /1% DAKO 23] - p21 —k g% WAFI(Ab-D)iE A £ B
Oncogene 2\ 5] « MDM2 — =k 418 MDM2(SMP14) » cyclin Bl — =k 8
cyclin B1(H-433) » PCNA — k4138 PCNA(PC10)#% 4 £ B Santa Cruze
-8) o X-ray film 8% B B & Fujil /3] - Protein maker:RAINBOW RPN
800(3% B Amersham LIFE SCIENCE)

=~ MRE T RRIIEE

& AR ta etk CL-3 ik th 6 K B IR FHE 0 B 67 5 B8
EHR  BHEAREAAREHS% - CL-3 tafbk £ & 7 lung
adenocarcinoma cell line » #0427 & 2 E 8 B 7 epithelial-like cell - %
B BT fm BE bk A427 fm B R] & & £ Bl American type culture collection



(ATCC) #84F - CL-3 51 A427 mBe#k3g el 4% 10 % Fetal bovine serum
(FBS) » 0.22 % sodium bicarbonate > 0.03 % L-glutamine © 1 mM sodium
pyruvate > 100 mM non-essential amino acid (NEAA) Fv 0.03 %
penicillin/streptomycin (100 U/ml) 2 DMEM medium 2% » 5 5 %8
37 °C CO,EBmssHhiE Nk -

= WmRBREGSs

HARERH TRE @b > RFHAN 3T CRsd » FHBERAR
BRI ESA 37 CIARZICE T 2 800 pm B 5 4
& Bk b#Ek s X4% 10%FBS 2 DMEM sehisekz - 3k
Fikm AT AT o AR MR BB (trypsin /EDTA)E 22 »
AR Btafn > 22 800 rpm &0 10 48 & LH & wAsFE 10 %FBS
& 10%DMSO z DMEM 3#4%% » BRI ZEHH BB iFR
Réafig BEHHBSF w8 - XE5F 1x10° 8= SR A cryotﬁbe
oo H-20 CokAs 4-5 NBEHE B E-80 Cokss 8-10 /oF - BB E
RERE PREAF -

14



W~ i FHERERMTT assay)

REF k45 # Plumb et al., (1989) » Fémip €0 MTT K#m A4
BERONESR WEFLESETAENERE Y » #AHBEEXRNT
Fhrom B B a5 F > THLHE R Hapmey 5k -

B 2X10° EmpesEf 24 well gy hm > BN 5%CO, #5937 C
Wik Pk 24 1 F 0 URERE S Bla]P RIELaie 24
A5 R ERE BlalP 233k 0 24 MIT (Smg/ml) 238 KK 3%
%4 ¥ M ERB% > /w1 mlDMSO 5% formazen » F Ao 125
| ul Sorensin’s glycine buffer (0.1M glycine plus » 0.1 M NaCl » pH 10.5) »
k& 570 nm Bl BB K - A DMSO # survival rate % 100% -
% survival rate=(0.D of test group—O.D. of blank) / (O.D. of DMSO
control group—O.D. of Blank)x 100 % - Bl gt % of survival rate 14 &
o RIRRR @ R E R K

E A ) RN g

#1X10° By 100 mm 3km & 24 854 0 WA H R

15



R BlalP 28 kR IE 24 \eE4s > 54 BlalP 2R
o A PBS ik =k 0 ARG e Bla]P o 5k Bla]P f4e g
BEER KABREBN@IBIR2X10 HEwepiEz 10 /8 60 mm 3%
Hm Pt 2B RGBT M A e E H > 2 log phase 3t
B e BB 3 A AR ¢4 05 A (doubling time) » 3Z Bp A 3% da B — 1B 4e BB
P E B BE e

7 > RNA ERfeshit

1. RNA EH

H# 1x10° t8 4R 10 cm® 48 24 /N i4% > BRI i 0 5
taJE T & o N 1 ml TRIzol » R ERRME 10 588 LE K= fE - #F
40 B8 %2 K AR4E m A 200 1] g4 (chloroform)iZ-4-34 4 » 34 12,000 rpm
o 15 S4B EFER 0 BAwAS00 pl isopropanol A ERRME 15
e BB RNA > 245324 12,000 rpm 3.0 15 4% E EF®&R
HRBAD LTS Yol ER A ENEE - BECYT RNA gy > &
#50 pl DEPC-H20 - E#i k&4 TRI zol reagent (Life Technology,
USA) Al ey E 2 5 BRiAT

16



2. RNA #1t

w50 pul DEPC-H,O #5 RNA » e 10 ¢1100 mM MgCl,/IM
DTT » 0.1 g1RNasin (25-50 U) » 0.1 g1DNase I (6.94 mg/ml) > 40 p1
DEPC H,0 # 37C R f& 15 48 sA %4 % #x44 DNA » 24 SmMEDTA -
750 mM sodium acetate ~ 0.1 % SDS, &t DNase I 8§ R JE - 2L
phenol/chloroform 284 m7% & » 12,000 rpm 8. 15 484 R EFR
e 500 g lisopropanol 7 ZE & R ME 15 448 LA RNA» 24 12,000 rpm
Mo 15 SEEB EFR RIS % BHAF RGOSR 24hBCY
F RNA s 50 p1DEPCH20 + » A # RT-PCR 247 7T % 2
denature agarose gel # & 18 S & 28 STRNA & & 54 » MsE{% RNA &
B H o BURINE SRR RNA £ 260 nm Fv 280 nm & &M > H
A260/A280 th B 1.7 ] 1.9 2 R - RNA s R E AT ey A X3t H -
RNA (g /ml)=A260X40 X #HEA -

4 pZIWAFI/CIPI-z, RT-PCR %_ﬁ

B S5 ugRNA 45 pmole/ 1 oligo dT % primer » # 72 ‘C R & 10
748 0 4E oligo dT #4-2] RNA #AR L > BioA 4 ul R#GkEEFRIE

17



buffer 22 pl 0.1MDTT,1 gl 10mM dNTP mix £ 42°C T4 H 2
w581% 0 Bl ul R#RekE2 % (reverse transcriptase) » ££ 42°C T 1%
Fi 50 5484 A cDNA A # PCR %-#f F -PCR R JE#& 4 F *cDNA1 p
1> 0.5mMdNTP»5 g1 PCR reaction buffer » 2.5 U Taq polymerase >
0.5mM primer > ( p21"* sense: 5'-GCGACTGTG-ATG-

CGCTAATG3' ; p21™"* antisense: S’ AGAAGATCAGCC-GGCGTTTG3")
(Clasenetal., 1998)  H4a R a4 SO b EAPCR $2294 C 1 4
54 °C 1 44°72°C 1 p8FRBHEMFER 30cycles KK T2
CRIE6 né8RIEFTAFZ PCR E 42 2 % agarose gel 4T & sk ¥ »
3t 24 ethidium bromide % &, 3|3§ - |

A~ BORERREZEXH

$F1X10° EbmpafER 10 cm® 48 24 /614 > B RIEZ il - %
a0 v A 1ml &2 X cold lysis buffer (200 mM NaCl ~ 0.4 %
NP-40 ~ 0.4 % Sodium deoxycholate ~ 0.2 % SDS ~ 100 mM Tris-HC1 pH
8.0) E# 94 Czx drybath R JE 25 4-4%- 24 12,000 rpm & 20 45-4% -
REFRAGEZATZRASH @ FEBABRBAREFLRSALEHZE
& & renature °

18



% & & & 2L Bio-Rad Protein Assay Kit #7 » BRI R F kil 4o

F : #]A alkaline copper-phenol 3 #|Fv tyrosine/tryptophan K &S AL,
EEZ g A A595nm BEHR M - B E G HAZEL bovine
serum albumin (BSA) ArRIMF R E SRR EAS T EEGHWRE -
MR AESHBES £ mA 1 ml X 1:4 ##F 4 Bio-Rad Protein Assay
Reagent &4 4 ARG AEBRERK 595 0m B HERHKME -
EREEEREGAFIRAGERBREGS AR LR R GG R
bt EREGEORE -

> ZazEBFEE 5 (Western Blot)

50 g B G he A 1/2 B 3 x sample buffer £ 94°C F 4k FA

5 s R G - R ER G452t 10 % polyacrylamide gel #4T
p53 ~ p21 ~ MDM2 ~ cyclin B1 ~ PCNA & & &k 4 R 284 » 38 NC
membrane P45 45 24 transfer buffer ;8% 64 38 4 & > & 1A transfer buffer
/&7 NC membrane %4 BB 45 L BAKAE L —RHENRIEL
B & &2 4% T NC membrane & & [54% » B\ transfer tank 2L 25 V #4T
20 N2 R G 8E > K548 NC membrane BRE > A4S S %R A 45
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dr#y TBS buffer(4- 0.1 % Tween 20)F » EREBEBIEE 2 N 65 -
447 8|32 lm A pS3 (500 X)) (Santa Cruz, USA) sk, p21WAF1/CIP1 (200 X)
(Oncogene Research Products) sk, MDM2 (500 X)) (Santa cruz , USA) -~
cyclin B1 (200 X)) (Santa cruz , USA) s, PCNA (500 X )(Santa cruz , USA)
— R T BRI S0 548 > KRB LS 5 %R RS ey TBS buffer(-4- 0.1
% Tween 20)F R =R » BR 5 X BB FmERE AR
anti-mouse IgG (1000 X) (anti-mouse monoclone p53 ~p21~MDM2-PCNA)
2, anti-rabbit IgG (2000 X) (anti-rabbit polyclone cyclin B1) » % & K & 30
o4k EARERARS® > RN ECLplus K& 5 448 - B X
76 R 8 %4 0 & Densitometer 4~#7 (V. Krutovskikh et al., 1994) -

+ ~ Flow cytometry (Lee et al., 1997)

B O1X10° By 10cm® & 24 5k B RIPZ tafl
SHRE 0-1-2-4-8-12-24 oM piTF » 524 1 xPBS #
e —R1% > B4 trypsin-EDTA solution 47 trypsinize 74 ° #v
ANEeH FBS &3 R& L HER > Eif%ld T >4 4 °C 800pm #
S5 psE R EFER B X PBS hwmk KA Iml70% B
HENAC 2018 > 244 C 800rpm 2w 5 4548 £ E#F
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& ALl X PBS %k > el X PBS500ml f£AuA 0.5ml(1
mg/ml) RNase A Z B R EZEV 30 4548 LmwA 0.5ml &5 (150 ul/ml)
propidium iodide » % B R B&Z-» 30 44% - 2L BECTON Dickoson #
AT I8 A dm B 3T AR T 4 A K F) e B SELH o 3 45 IR T
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— « B[a]P ¥ CL-3 fu A427 fmjotkZ ta oM i

B TR ARE Bk CL-3 B A427 & BlalP £3E% » AR5 €%
ta B E Ak m B E M R KR MTITassay Fik > 43 1.0 pM Fo
100 uM ®AERERE S BlalP AR S CL-3 8 A427 &
itk 24 N H o USM AR T BB EN o £ R4 Tablel Af
T mi e FERMAE 90% Utk o Bk Bla]P R ¢¥% CL-3 &
AQ27 ki g 4 it 0 Bp4E A SAK 10.0pM % BlalP AR
2T Rtk kb AR e A 4 o Bk R RE L 1.0 Fo 10.0
UM #fE BlalP BEETER -

=~ Bla]P # CL-3 fv A427 mBe A RZ ¥

B ToMmi %% BlalP REAMEAZ DNA SELF 5%
mp sy A K 0 R CL-3 #1 A427 w3 A& Bla]P 24 /8%
24 R#HARAS BlalP 2 ¥R HR SERAEALR > NETEEE
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4 EBEHRG - Rw Fig 1l s dHBagMmTUAER CL-3 #
A427 tmppdkz tmhe 2 H# 4 K856 doubling time »CL-3 &mfe A 24.71
NBE 0 A42T tmpi By 21.52 eF 0 42 CL-3 s Bla]lP RIE 2% A
4m B &9 doubling time & 2 % -

B4 A42T tmBp Bl 1.0 uM K& 100 uM &) BlalP &
Ho mia i REREFTHERRE » 24 CL-3 émﬁ@i%’rzéﬁ%’ﬁédma
B 100 pM = Bl[a]P R 24 8F4% > 4§ CL-3 mfatkidi g S
Rih 0 Himpo S sy Birdimey 23.3% 0 CL-3 w4t k& EHE T2
o RERE LRSS Fig 1 AT - |

B E&R T4 BlalP ¥ A427 8 CL-3 Hfffa B 7R € % K o i
#FH o e gdpd CL-3 w4t &k > B TaA Bla]P €3l4 CL-3 4@
B 5 DNA &t4:4% M - Ramet et al. (1995) 45 A427 42X
Bla]P &3 24 /|\E54% 0 53 A427 tafney BPDE-DNA 4244694
£1#4 0.1 adducts/lOS nucleotides » H sbigR] A427 misey A KR %
2| Bla]P REHBE - LSRR DNA 434 % > THM DNA 4
Ehey >R mEHEE dRAFARZ Fig 1 & REF4 A427 el
THEER ™ CL-3 wmiosy4d RAIBABEN 2405 - Bstden CL-3
WM eH &2 EY DNA 8N & T ta i £ KR ERIE - DNA
BEEEBEAMN - AT REZAARENA CL-3 Mz CYPIAL
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R 4 ¢ Bla]P ey #7E/LmA A& DNA-adduct » fa CL-3 #afLéy

CYPIAl 4R BEARE Ad427 tafp BAEE - 27T fE X A427 wafo i
Bla]P X#ts BPDE > #%# DNA @ & 4 BPDE- DNA & & 4658
# CL-3 tmpe 4335 > mE R Rtk BlalP s HA B8R
A o

CL-3 tafinst Bla]lP RE 2% & E4 S E6) DNA &4
4 E KRB HH o Bkttt —Fxmini BlalP R¥E2% > A
JEtmpp a3k & K7

=~ B[a]P % CL-3 #v A427 Bz p53 F» p21 B2 %%

BERECERTEEARFHGEEY - €F4% p33 B EMH%RK
(Kastan et al., 1991 ; Fritsche et al., 1993) > p53 & HHiE B > &
e BlAGE pS3 RO B k@B RIGENRE EH p53 &
G &M BN EEIEA GI/S &£ G2/M 58 - Ui LIEM s
B EATHEMAIER » RAEGBBEFMEALTEHRE (Levine et al, 1991;
Lane et al., 1992)
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A Bla]lP B CL-3 #v A427 Wtkéafs 24 /[ 524% > Bigsmip
WF o XERAZGUEF L2k (Western blot) 44 p53 & & &
HH% BlalP HE MBS - & %4 Fig 2 FAix » A427 wafigfe 10 uM
BlalP £ 12 24 #5244 > A427 tafpth p53 B & B XA FERM Ao
t93, % (Fig. 2) - Caamano et al., (1991)48 8] A427 iR % pS3 &Ea €
%3, ; Rametetal. (1995) £X Bla]P K32 A427 taf 24 0544 o Slia
B Rk B 6K ER pS3 RAMAR > ERERERALTRE BlaP ¥
1£4 1-5% &% » Hik Bla]P £ R &34 A427 mix p53 &
B G B R AT LS RAE - Bk BlalP AT A7 i
EREHE AL pS3 Bk THEE A7 ik R3HE
it B[a]P % BPDE - M DNA 4% BHbR €% p53 Ak
FRERmEReFEE R Fig ) @ CL-3 4 10 uM Bla]P
RIE 24 Pz th 0 A pS3 RA#ETEHFERHES Fig 2) At
CL-3 @mpe s &4 Bla]P K#H R BPDE mis DNA &&4) - &
Western blot #3875 % Bla]P £z CL-3 @miey p53 a4 E
th A427 Sl % 0 mmfEsmiiz pS3 AR A wildtype - 42 CL-
3 gty p33 Za4resk BlalP B EmMAEERAR  THRALBZ
p53 #& BlalP R¥ 2 1% & # post-translation &=k - & p53 84K G
& MR pS3 BEAREHM
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ARG 4 wild-type p53 R B ey CL-3 s > 4& Bla]P REE 2
e F A RFLORARER > BpS3 ZFaRr#FEME AR - &
3 CL-3 4mjp4e Bla]P BRIz > Th&H Gl % G2 arrest BHWH4
P53 2] 4w B 3B HRAE b L 48 dh #AREAL p2/THTP KR S g p21 &
GARERIR > gl ampBEgiTAE e cyclin dependent kinase
(CDK) =& » izt £ G1/S 58 BB EEERF SR
47 DNA 48 (Harper et al., 1993; El-Deiry et al., 1993)» 2k fa Munna et
al., (1995) e AZRS 4B ta it 7 5530, > G2/M arrest 7R 48 1 p53 £ #4%
&1t p21 m3F¥E G2/M arrest »

% T TH# BlalP #5#2 p53 AT 3% p2/"7" ¢ mRNA
23, H#IL RT-PCR R ok p2]™FVCPL oy mRNA 89 %3 - C4o
Bla]P RIE A427 ety pS3 ZAAS LR AKSENER - & RT-
PCR #44 R4885 p2 1™ mRNA %Ak ¥ Bla]P EEER
WEmu g (Fig.3) B&FHPE A427 wimik® BlalP % #%#EF
%5 pS3 B G 6 RAREEEL p2 PP mRNA g 5 K CL-
3 tmfpte 10uM & BlalP REX T iAKREMmisL > &
p2IMAFCP RNA €% % (Fig. 3) - Bsbit B[a]P &3 CL-3 @i
®LE p53 H G MM 0 M EAL p2] TP mRNA g9k B, -

@ £ 87k (western blot) 247 p2l & & RRZ L& RE T A427
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B e 100 uM &y Bla]P £ IF 24 ekt 0 £ p2l ZEGEARA
BHREM B m > PR tmin A R 3 R AL (Figl) e Kmife CL-3 b &
100 uM ¢4 BlalP RFE2TF > #ARMeyaiotatt &£ p21 &4 K
p2l HGARF > KA GEIRGBER - RMERBE D pS53 g+
foey p21 "I mRNA #3848 k¥ KF pS3 BRam KRB
2 p2l WA ESEGE R HER R TREA XY > MK P21 Zak
P53 HEHMEARR—3K o p2l & EE&—F cyclin dependent kinase
inhibitor > @ ¥ #l4a i BERG AT > B CL-3 @iney £ kR Bla]P @
HIpd o THRAZLEH p5S3 BEEL p21 T a > MfimEiEbs Gl
#k G2 #1-

H tbiE —F 24 flow cytometry 573 RfEsm i £ R 32 Bla]P 1% >

AR )RR oY e R B HR L -

w ~ B[a]P & CL-3 v A7 ta B B

40 100 M &y Bla]P £ ¥ CL-3 tafa&Emi 4 & 22804
i A427 BRI A e4Eak A & o B CL-3 @mipdy pS3 Baf#HBay
B 12 p2l ZEAEFH ey E - Bl 1.0 fv 100 pM =
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Bla]P &3¢ CL-3 $1 A427 Wkt > &£ 0-1-2~4-8+12~24 /)
B dm BT 0 AL flow cytometry 18R o B AT % ? &R
4o Fig5 A » 24 10.0 pM 892 Bla]P BRI 2% A427 4 jtd o
AL 24 NERZ 5 HRAE BlalP AEzm—4# & Gl S-
Fo G2IM BIAFRAHAELE -

Kt CL-3 X > £ 100uM & Bla]P £ 2 CL-3 4m
Mok 4% R BlalP ikt - £ Gl MAKVBMGEL - 2 S M
o G2/M MBI A 2% - 4 BlalP AE2iefaty S Hba il & v
B 428 GUM 340 s BoR & A B 5o (Fig 6) o

#ARREHAEE 10.0 M Bla]P & CL-3 4mffe 24 /o544 Gl #
BB R RIE M miR g A £ E(Fig6) » 1248 Bla]P R 2% 44 CL-
3 ity p53 B GO RRAMBE RS A B HEL2)  RIVEER
& B ERLE CL-3 fmfpfE kR 100 M B[a]lP B2 > p53 #3%
Bm¥E AR € Gl arreste Cyrus et al. (1997) % 38,4 i 24 B[a]P
BRI g44 Gl arrest 893,% - 1248 AhR [AE7#| a-naphthoflavon ¥p
%] ABR #9435 > B BlalP R > Q@R &4 Glarest 893H % -
%48 BlalP &IF A% mutantp53 z 3T3 lafs s, pS3-- Z I GRZ
BuFmip > BlE3lie Glareste Bt 3T3 tmpdy Gl arrest KA L&
& p53 Wiz ey (p53 independent) - 3K 4o CL-3 @l F 44 AhR

28



( Chang, master thesis, 1998 ) » & Bla]P &3z CL-3 i p53 & &
HARAREN min5HFig2) 2% Gl MORRGEA £EHNA
% o BB RET BlalP FHEMRAE CL-3 e pS3 ZaRELR >
%P ki s fm s Gl arrest

CL-3 tmfey S s5#f4e 100 uMB[a]P RE2F » S et
1B IPRBATHENER (BRRY 65.7T%%E 152%) 2 4
'J‘Hn*‘f‘%i'li’%&l (74%) > TTRAE 24 585 £ S S XO9HEE
WMHBEAMEINSE > BT DNA AR FMAERIEGRE
ﬁg%iwagéﬁﬁIEMHMAwwa%?%%EINA%&%
MELAT 2L

£ G2+M £ - 10 uM & Bla]P €424 G2+M #E 1 2tk
Bidesim (BERE 35% HEHE 649%) {24 2 #14 I E G2HM
BB BRI R E (T72.7-724%) Wi 8 /NBFIA 7 X B 46 AR -
Leeetal (1995) MR %A miEéd DNA HE&F Y4 Gl > apst
BG4 GUM MRIR i B 7@ % %44 DNA X524 DNA
Ty R mMEARBEY TEE -

BEARBAXAR FHRIE G > €18 e oA LA G2M
#1 > 2% wild-type p53 & mutant type p53 A B tytmie k€4 £ > A
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4% wild-type p53 ARz taft » BAREWHRIZHEITAE L6 G2M
arrest & & & pS3 B AATHE o TR S 4 A wild-type p53 &9 & i
Be CL-3 #mff- 48 Bla]P RIZ2 1% P7 & 4 49 G2/M arrest ;£ F4& & p53
FamFEEIAABZT @GR -

- Cl-3mpz ARk abtamBiTHESAL

e CL-3 s HERZ 10.0uM = BlalP £ 0-24 8%
Z M HAitmpBERAN &S 0 &3 pS3 AL T p21 ~-MDM2 & a
A5 4o B, 3B 2R T 69 B Ao bm BB B B R 09 A8 B - CL-3 @mfe 2l 10.0 uM
2z Bla]P BRI 5B L0112 4~8-1224 BB mBILT
BEREEG > AEKF E2% (Westernblot) ¥ EEA S -
F4o Fig. 7 From °» 83 pS3 G 24 B[a]P EEX T 24 21
%K AL - B bR AT E &£ 64 G2+M phase arrest » 1 p53 &
AR ENN  BEAREFRECRRNFHREANE L4 G2 arrest
ik B A AFm P2 p53 & p2l 2 FiRe@£4 (Dengetal,
1995 5 Brugarolas et al., 1995 ; Waldman et al., 1995 ; Jeremy et al.,
1997) » M A iE48 G2 arrest A e4k% pS53 R p2l ZHadyFaT » #
B 4m B 48 by 7E /b —#& protein kinase Chk1 - &8¢ 1tey Chkl &%y
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Cde25C t9%& a FuirbB L oshre > m¥pdl Cdc25C 1f 4m A 18 B
diEA M HirEey Cde2 &k k88510 B Cde2 .k Ehfe > mifE
tmfaieab e G2 # -

o Bunzetal (1998) # R G ARFMREZH €4 G2M
phase arrest ¥ 4oty % > B pS3 & p2l & & €12i# G2+M phase
arrest 3o > M-aF wild-type p53 gene #4ah G2/M phase arrest 3% fuo
REdpS3 BaOARMMHEA  ERAERERIAA - 4
wild-type p53 #H R ey 4% MaE CL-3 s » 227 BlalP 4 €%
G2+M phase arrest 893.% » B p53 Ha kB TFE RS2 HE G2+M
phase arrest (Fig.7) » # p53 BB H4kE1L p2IWAFI/CIPI X B
e Ep2l ZFEXAERSEE MM - 4o Fig 8 AR - p2l B G
ARE AR pS3 BHENR LM ARABEYIUY CEREBTEH
wild-type p53 & & Z & CL-3 g > pS3 Hait R4 8& Bla]P
# &y G2+M phase arrest o

%90 MDM2 R GehRAF & 0 & BlalP RIEehmibie 24 ) oF
e 8 4L > 2o Fig. 9 Aisc - MDM2 & G 858168 p53 R G ey xR MF
BB @4 MDM2 & —#%%JE8% & (Cahilly-Snyder et al., 1987) »
EP3 HEAREFRBKGERETAMDM2 R Eaeh%kH - X MDM2 %
BeRERR G EENH pS3 &5 He( Momahd etal., 1992; Olineret al.,
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1993; Chenetal, 1994; Michael etal., 1997; Ygaletal,, 1997; AR Hall
etal, 1997) » ig{@& RET7 & B A CL-3 e pS3 & a T A
MDM2 & &a#pHl L ohte » Mm@ AR FHRIEIHL  BEPATE
% G arrest $ G2 arrest &9 K o

240 p2l % & & £ proliferating-cell nuclear antigen (PCNA) & &
#mipk] PCNA #zhss (Rongetal, 1994 ; Reneetal, 1998)» PCNA
Ztap DNA #ATH A BeEka » X PCNA ¢k B4 Fig. 11 £
R0 Ak 4 NHZARFRAR 24 BalP AE 8 LE2ig
PCNA &34 ABREH ey % 2k PONA 6 R B4 a5 #0156 -
{2 p2l ZAMRRBERMRK  FLETRS B H PCNA 4%
o BLS $H AR R R o X Willian et al,, (1999)% DNA 4
AL EIIPHIET > pS3 ZEMERTH LeBBHEAM H -

B4e cyclin Bl %A%sfti8 Y G2+M phase 853 % & (Randall et
al., 1994 ; Peietal., 1998 ; Jonathan et al., 1999) ; Steven et al. (1999) %ﬁ"
B, G2 arrest 954 L 4&d pS3 K G cyclin Bl s ;s A
A TEPES 10.0 pM Bla]P R ¥ 2 CL-3 4mff * #8F A G2+M phase
arrest > ATLAE— 180 cyclinBl Zauy £ - & £ 4 Fig. 10 5% >
& 10.0 M B[a]P £# =z CL-3 %4 > cyclin Bl #9& 83 & 4 54
P4 4&3 - @ G2+Mphase 8§ R A 4 [ EER GG > 24 8 /)

32



BE12 40 XF % - B85F cyclin Bl a9 % /b$ G2 arrest M -F4 — 2k © A
W p53 &Gty RB A 24 P2 R IEIZ A %16 ; Winters et al., (1998) 4
B, fisrz pS3 AR ey Afampe HI1299 » & y-radiation Fr ¥ k4 G2
arrest A & d 4= A G Hpdl Cde2 91 cyclin Bl 985 884L » Wfd ta b &
Ed G2 MEAM B o B b n Bla]P BRIP4 AR E CL-3 4afurr
Wz R EEI ST AE pS3 KA LM G2/ M arrest > T Rt R G
BH#HS# cyclin Bl 3% sy 4 fg G2/M arrest -

B &R T 40 > Bla]P sk 4F wild-type p53 2 & % A

tafn CL-3 2 4= iB 89 & A& G2/M arrest #9383, % » % 4& & p53-independent
pathway -
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Table 1. Cytotoxicity of Benzo[a]pyrene in CL-3 and A427 cell lines by MTT assay.

Cell line BialP (uM) Survival (%)
CL-3
0 100
1.0 97.954+2.3
10.0 96.85+7.54
A427
0 , 100
1.0 94.95+2.51
10.0 101.8443.15

Survival % =(The absorbance of treatment of sample - the absorbance of medium)/
(the absorbance of DMSO control - the absorbance of medium) X100
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Fig.1. Effect of B[a]P on cell growth of human lung adenocarcinoma
CL-3 and A427 cell lines during five days.
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Fig. 2. Western blot of p53 protein expression of CL-3 and A427 cells
after treatment with different concentrations of B[a]P for 24
hours.
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Fig.3. RT-PCR of p21 mRNA expression in A427 and CL-3 cells
after B[a]P treatment 24 hour .
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Fig.4. Western blot of p21 protein expression in A427 and CL-3
cells after B[a]P treatment for 24 hours.
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Fig.5. Comparison of cell cycle phase distribution of A427 cells treated with or
without B[a]P. A427 cells were grown in 60mm dish in presence (10 ¢ M) or

absence of B[a]P (0 « M) for indicated time course. Cell cycle phase was

analyzed by flow cytometry after propidium iodide staining.
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Fig.5-1. Comparison of cell cycle phases distribution of A427 cells treated with or without
Bla]P. Cells were grown in 60 mm dish in presence (1-10uM) or absence of B[a]P
for the indicated time. Cell cycle phase distribution was analyzed by flow cytometry
after propidium iodide staining.
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Fig.6. Comparison of cell cycle phase distribution of CL-3 cells treated with or
without B[a]P. CL-3 cells were grown in 60 mm dish in presence (10 © M)
or absence of B[a]P ( 0 M) for indicated time course. Cell cycle phase

was analyzed by flow cytometry after propidium iodide staining.
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Fig.6-1. Comparison of cell cycle phases distribution of CL-3 cells treated with or without
Bfa]P. CL-3 cells were grown in 60 mm dish in presence (1-10uM) or absence of
Bfa]P for the indicated time. Cell cycle phase distribution was analyzed by flow
cytometry after propidium iodide staining.
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Fig.7. Western blot of p53 protein expression in CL-3 cell line
after 10uM B[a]P treatment for indicated times.
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Fig.8. Western blot of p21 protein expression in CL-3 cell line after
10uM BJa]P treatment for indicated times.
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Fig.9. Western blot MDM2 protein expression in CL-3 cell line after
10uM B[a]P treatment for indicated times.
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Fig.10. Western blot of Cyclin B1 protein expression in CL-3 cell line after
10uM BJa]P treatment for indicated times.
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Fig.11. Western blot of PCNA protein expression in CL-3 cell line after
10uM BJa]P treatment for indicated times.
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Benzo[a]pyrene (B[a]P) is a well known carcinogenic polycyclic
aromatic hydrocarbons which are widely distributed in airborne
particulate. Our previous studies have indicated that high DNA adduct
levels were found mn lung adenocarcinoma CL-3 cells induced by B[a]P
compared with that of lung adenocarcinoma A427 cells. In order to
understand why different human lung cancer cells have different DNA
damages induced by B[a]P, the cell cycle and different proteins involved
in the cell cycle control, such as p53, p21, MDM2, and eyclin B1 were
evaluated by flow cytometry and Western blot, respectively. The flow
cytometry data indicated that G2/M arrest was observed in CL-3 cells
treated by 10 uM BJa]P, whereas the proportion of S phase cell was
decreased. However, the G1 phase of CL-3 cells were not changed after
treatment of B[a]P. On the other hands, the cell cycle of A427 cells was
not changed when the cells were treated with 1 pM or 10 uM of B[a]P. In
Western blot analysis, we found that similar p53 protein expressions
during 1 - 4 hr were revealed in CL-3 cells treated by B[a]P. The G2/M
peak was observed in the period. This result suggested that p53 was not
mmvolved in G2/M arrest of CL-3 cells treated by 10 uM B[a]P. In the
period, p21 protein was almost not detected by Western blot, However,
cyclin B1 protein levels were consistent with the change of G2/M arrest.
From the above data, we conclude that the human adenocarcinoma CL-3
cells treated with 10 pM B[a]P have G2/M arrest which was independent
with p53 pathway.
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