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Mutations of p53 Tumor Suppressor Gene in Human Lung Cancer Cell Lines
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Background: Recent advancement of molecular genetics has revealed that malignant transforma-
tion of a cell may be a complex multistep process and this process is grouped, in general, into two
distinct categories, activation of protooncogenes and inactivation of tumor suppressor genes. This
study was focused on the mutation of p53 tumor suppressor gene, because p53 gene mutation is now
generally accepted to be one of the most frequent genetic changes in a variety of human cancers.
Although lung cancer is one of the common cancers in Korea, the genetic change in the carcinogenesis
process is not yet known clearly. To investigate the role of p53 gene mutation in lung cancer, we
examined the mutations of exon 4-8 of the p53 gene in humna lung cancer cell lines, because most of
the mutations of p53 gene have been reported to develop in exon 4-8.

Methed: Genomic DNA was obtained by the digestion of proteinase K and the extraction by
phenol-chloroform-ethanol method from two human pulmonary adenocarcinoma cell lines, PC-9 and
PC-14, and one human small cell lung cancer cell line, H69. To detect the mutations of exon 4~8 of
the p53 gene, polymerase chain reaction single-strand conformation polymorphism (PCR-SSCP)
analysis was performed with the DNA extracted from the cells.

Results: The mutation of p53 gene was present in all three cell lines tested. In PC-8, PC-14 and H69,
the altered mobility was detected in exon 7, 7 and 5, respectively.

Conclusion: These results suggest that p53 gene mutation plays an important role in certain steps
of the carcinogenesis of human non-small cell and small cell lung cancer.
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suppressor gene) &] v| A3tz 3 A FEH), 28d
2|2 wobrtAol glo] FUddA At G 3
off wla} Fofod Al fAxte] g4 s ko) myt
o4 B7iu3 Bgez QA=A ser, FfAdA
FARL vl fAle] <4 (deletion) o] -
o} (mutation) 5-2] 92122 #hAlg o] ¥ha| Fcf>~),

Zofolal fHz2 dAAA Lay 422 Rb
FA=e, p53 FARY, WT F4402, DEC 4
292l Krev-1 241971 oledl, o1F A4 pb3
A qleg ﬁ*"ﬂfé}% oA szl ubsled, p53 Hiof
AA} AFEL o A Ale] wolet @ g5l
AAZE Al Z2 JAAZR A 5 Sz, A= F

ol 9o} ci-Eo] glollA] wole] EA7} &]lx]e],
p! 3% 2k} Woliz & 17ke) ohirAel 7 F 23
gL stz U+ 5°o*°—llﬂ AR A=z 9
e}S10-18),

220 o] 28] gA|Zbe] EA FARE NF 554
7} 4 9+ PCR¥ 3 A5 o] (point mutation) 9} 7
< v|AE FAA WolE T3 oulsla A A HE
& 4 9l + single-strand conformation polymor-
phism (SSCP) +4o] 74slo] o] & ayi& HEF
PCR-SSCP #44-& AH8-3lgd Udol] BAslL U+
FAAES] HolE vl chAzhl s &4 4+
3}7“ 5]04;}.19.20)

H g felfetoll A £3] B she Fe stz 3
2 BAUES} Zoeled olalo] 275 E gtolu} ot
ubaoll glof BxlAE8HE 242 ofA] of 8}3] g 5] 4]
E3txn A& AAoch ¥ ATl pb3 FAlY W

oo} Hgtzlel AAE AFdnz Ag) AG A2FE
thibe.2 p53 RS T elst AF wAse 4o
o2 ok# Al exon 4-8 %] Wolej g PCR-SSCP
Heog st
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et of gy
1. MjESF

2 Ao E 2259 A7 3 A pulmonary
adenocarcinoma) Al£5<] PC-9%} PC-14 2#jx 1%
59 Agk 24 299 (small cell lung cancer) 4] 23
ql H69E ti4te 2 dlgl&dl ol Al RPMI-1640
v =] (Gibco, USA) el 55°CollA 3042k AA g 10%

fetal bovine serum (Gibco), 100 U/ml2] penicillinz}
100 #g/mle] streptomycine] H7FE wioFe] <ol 4
37°C, 5% CO, X-2t7] (incubator) oA . vl oF3}d =],

2. DNA &8

1x108 A £ & STE (150 mM tris, 1 mM EDTA,
pH 7.2) 1.9mlel| $2]17] ¥ 20% sodium dodecyl
sulfate (SDS) 100 p15 7}sle] &8sta 4-golA] <
1587 WAlste] A 2L Laislg el Proteinase K
(Sigma, USA)E 100 ¢g/ml 557} =A A7lsked 37°
CollAl 12417} 5 4R3I shl A& £ 80417 51§
2] phenolg 7}8led 5874 74sbA] £t AR sled 4
Z4-g 33t of A4E ol Fe] choloroform:
isoamyl alcohol (49 )& Yz 587 73 2838 H
AMst] AZolg Hejo] AL AAs AL AH
g AbZollof] 1/10 £82] 2 M sodium acetate (pH 5.
5)% 7hsted E£@skxm §3e) isopropanolg 7hshed
DNAE @47 349 DNAE #A 75% eth-
anolz AAMstn 287 A= ¥ TE (Tris 10mM, 1
mM EDTA, pH 7.2) £alo] o}4] fahslgich #2219
DNAE: 2335 A4S ALE3dled 260 nme} 280 nmoi A1
23 F3=v](A260/A280)7}) 1.8 ojAlS 3Halgt
Ag sy,

;\&Jl

3. PCR-SSCP

PCR-SSCP #4"-2 Orita o] ®3} 3befie202
z2F H¥std AEatgddl, ¥-218 genomic DNAZ
p53 A =kel exon 4ollA] 87129 %d°-& Gene Amp
Kit (Perkin-Elmer Cetus, USA)E A&t FEA]17
o}, £ Ao PCRE 93l 4144 exon 4-8717] 9]
primerg} oligonucleotide sequence& Table 1ol 7|&
8tgich®, PCR uh3-& #13ted 100nge] DNAe] 1 pg
2] DMSO, 4%%¢< dATP, dGTP, dCTP, dTTP &%
ol 4 p1(200 M),
0.5U ¢ Taq polymerase (Perkin Elmer Cetus,
USA), 10X PCR 4kg-¢t5-&<% (50 mM KC], 1. 25 mM
MgCl,, 0. 2 mg/ml, 10 mM Tris, pH 8, 4)2} 0. 1.Ci2
[32P]-dCTP (3,000 Ci/nmol, Amersham, UK) & ¢
2 FH4E 50 pl7h HEE Mol & 412 5 PCR
Z uhgotel FUwkAlE $3ted mineral oilS & %
L

F%3h 95°ColA 587 AAA sigieh PCR gk

7} exonel] =g primer 20 pmol,

wo  frt
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Table 1. The Oligonucleotide Primers Used to Amplify the Exons of the p53 Gene in Polymerase Chain Reaction

exon Location PCR Upstream Downstream
product(bp)

exon 4 3-125 293 ATCTACAGTCCCCCTTGCCGG CAACTGACCGTGCAAGTTCA

exon 5  12-201 325 TTCCTCTTCCTGCAGTACTC GCAAATTTCCTTCCACTCGG

exon 6 179-224 236 ACCATGAGCGCTGCTCAGAT AGTTGCAAACCAGACCTCAG

exon 7 225-261 139 GTGTTGTCTCCTAGGTTGGC CAAGTGGCTCCTGACCTGGA

exon 8 262-331 330 CCTATCCTGAGTAGTGGTAA CCAAGACTTAGTACCTGAAG

A7 Qe A719% £F gl 255 A
A 871 st gelsbg AF71z dASeS 3M
filter papar& ©|-gsto] gel§ gelgho g8 ¥2jde
gel Az7\0l 4] 2417}k &9t A=A ZA o, Xray L& 7}
Aeo] Aan Az geld @3 —~70°Col| A ok 2447k
#}718kA}7] % (autoradiography) & & % AE¥A7]
2 gAsle] A sz o] DNAS} vlasled 47]9F
o) %4 3l (electrophoretic mobility shift) 2 A3}
o},

4 =

Ak s A A 239 PC-9% PC-14 nela A &

. Azsiet Azl HE9E 4o ps3 §4AF exon
Exon 7 Exon 5 480 W@ 47 WolE PCR-SSCPZ ¥A3lsich
F‘lg 1. RCR-SSCP analysxs for exon 5 and 7 of the p53 PC-99} PC-140) A= exon 4,5, 6 3 804, H69e A4

gene which showed the altered mobility in = - . v
human pulmonary adenocarcinoma cells, PC-9 € exon4, 6,7 8olldv welt BAAA Wk

and PC-14 and human small cell lung cancer (data not shown), =28l PC-98} PC-14% exon 74}
cells, H69. Arrows indicate the mobility shifted A H69:= exon 5914 A7 5A4 o] 5H 37} B4E o]

bands. o] odedo] At Wol 7t 9go] A= eH(Fig. 1).

4 & DNA Thermal Cycler (Perkin-Elmer, USA)& i &

AH4-dtgd v, denaturation 94°CellA], annealing&

62°Coll 4, extension® 72°Cell 4l 7zt 18744 35 atolo. cheiA| g whelm, 7 wiAle] 2§ oA
cycleg & ¥ extensiono] FH3EE T2°ColA 787 Ao FAF mE TAAA A FlaAol ToE
o 3-& A1Zek o18A oA PCR AHE4) mineral  FEE 3 Y&l B T HAZE Ao E 5
oils AA% H SSCP 42 s1ich PCRAFE 145 3 A7olA 2839 AAsiged, 474 134
0.1%¢) SDS%} 10mMe] EDTA7 L3 449] s1%  F%4A ATl & 443 (chromosome) 17p 13,
43} 5 uge] Dye 4¢ E34 7 5Coll4l 587 7k 1 JdellAl SAShe p 53 Fa4be] wolo} alabel she
43l ice bathol ¥tk 6% nondenaturing polya- Aol 71 E3HA HAsE FAA WolF shiz e
crylamide gel 1,000 volto] 4 20%7} prerun|z) 5 Rt 59, o)2)&k p53 F3AE o] #3127} codedted
lanew} 2.5 u14 ¥35}3 1,000 voltol A < 347k St AAbshe p33 ¥ do] DNA spolzj29 dFql
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Simian virus 40 (SV 40)¢] large tumor (T) &4 A
el s A 2 ARG, p53 FAAE ASele
24 (dominant) 2 2 #&3& HAAE A7tse
U A p53 FAA AR A2} A ] 4 Stell
Sl oz YAARHE AL dAtw, p53 KA
=}o] wieol s} WAsled p53 vl A o] AJAbE]A] 9bA ¥
ol¥l gl Ao} Aalsld oto.2 §AA o] 5l A$7t
Baslo] dA p53 AR FEIA ARl 3
sﬂ a;‘_l&ﬂ).

AAAE| A 9] p53 F-AA 715 of A3 F
==& goteort DNA A #AAF F44 AALE Ao
apod A E9) Hodat A JA s AR YFeo
Zz=l3 glch, o|#d sldel o3l Mercers®&
G17] F71%-5 §7] Aol 2@ 3l DNA polymerase
8¢ cofactor® =83l proliferating-cell nuclear
antigen (PCNA)S A8l HAgvin 3o
Milners-292 G17}9)] cdc2 kinaseoll 2j3le] $E=+&
p53 chui 2l o] ql4islyl PCNA #4-& A53le A2
G171044 S71& fredle] AZ2F7E 23Pctn 22
dgich Yooz A2 ps3 whiAe] Frke A2
9] apoptosis® =3l oz AT P
ohe Laoh e,

wheba] o]2j gk p53 A Rloll Wol 7l wAlsl M2
FAldA 7150l Fol-g sl M LE YA gs]
Aoz F%8x 9lch, 23l p53 AR ¥4
2 #Ag3l7) wlfe] 7)1 5ol 2452 E 5 alleles] 2%
ol 7} Pojrtol sk, pb3 FrAAS Hold HAHF
ol E}ele & alleles] 447 Joiz] allele®] Fdwol
2 yhsjgcpsa0 a2l v ps3 R A HelF 80%+ 1
g7 g AEdoln vniAE 4 9719 &4l
v} 4kQlal frameshift Wojoleh, AEQuelF %%+
ojul Al X 32 4ulale missense B ojo]w viv]
A 10%+ AA codong wHER 7} splicingel| o] 4-& 7}
A2 ¥ intron 49 ¢} Hel2 A7tslxn 9iet, whebA 9
7] ool glo] p53 FA A HeolF 70%E ofvl Al 1A
alo] o} gl AL akErh, 23| o]ebzo] p53 #A
Aol Hols} A7]o] pb3 Rl o] AJAbE|A] ) el
5 ko] Yalslw AEF7lo] A vl do
PAAGE A Aoz A,

A2 ph3 FA e 11709] exon. 2 FAls o 9la.
o] exon 28] 5 Yxh-E F8 codedled 393709 ofw]

ke 2 F49 p53 T Ag AAadte, o] o
ol A9 p53 A olu| At wid-g Hlmsud
olrliAl vige] =2 ¥ES|o] 9lE domain VI
9l=dl] ©]3 domain II-V 93 92-& exon 49) 4 exon 87}
A8l dgo] Fxslo] Ugol WHATH, o1FA oy
FAtololl nx2 HEHD oy dYo] EAldlx e
AL o) Godo] 75H Sl oS T FH A&
AN Qe Aol=, AAE P53 fAzle] wel: F
2 exon 4-8 2o AF Ao 7 "Wkl 9l Ao) ¥
et
Nigro%'93 Takahashis'®$- s-& 284 o8
F579 ooll4] p53 FAAe wol= FE exon 5-8 At
olojA b dcha Bmslg.ew, Mitsudomis®®
7749 vl &AE H g A 25F 570 (74%) o A p&3 #
AR el wol7} #AA= e, o2idt Are EdWl
+ codon 35-298¢] ¥2=]o] glgledl o #-2E exon
4-8o} SetslE ¥-91 2 exon 47} 9%, exon 57} 23%,
exon 6°] 16%, exon 70} 16%, exon 8] 25%2}x H.
zagich oleld ARE 2AR & dTolAe 39
A s AZEE Ao 2 p53 +AAE exon 404
exon 8717 8] Wol& A3 el AAEo] A vt
2 ol=lntx] PC92} PC-140) 41 2] p53 F4:2k2] el
v 2aEA gotch 4Azsd AE5e HE9 AN
P53 $47te] mRNAZ} 44 ol ulshe] ZHadigich
£ 137} Qled®, £ ATl A7)1954 exon 5
o 83 o] 57} FA=Egh
2 g Fos+ PCR-SSCP #dg Alg3d+d,

PCR-SSCP #8-¢ &4 DNA#RE: Addoz dizgk &
Z A7 o #A# dojxd DNAE vl#A4 (nondenatura-
tion) Aefoll4] 7145 sl FAA wlolE HE3
£ 371H ] uhg ol o] wiyl2 A 7|gFA] DNA
o] o]%-& DNAS| 27, gel ¥%, A7|FEA o]&¥F
5, A FEFA 7 291 o)9jol] F7] Aol ks
o] A3l SRt AR F=(conformation) ol
WEst A7) #7954 DNAY o]g45of wWslr}
A7tk BA-E o] £38led DNA %47 o4& HAEde
o g $AXF 179 7|71 washe A3 2L v
Ag ol x vy & A7k culsta HH3A A
2% 4 A& etk & A7 Ad ez Y
o 39 AEF mFolA pb3 FAle] welst Tk
&, olE p53 AR wo]s} siokel wekabA st
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A7 958 AlAShe 27402t Ahasich ol ]
29 215¢ FUT 9 ok TR FARY 54l
whe} L E-goll zhe]7} 9w olfrot p53 FAAle] Welst
AZA4A, Aol H el 35l vl Fgole ke 2
27} ggok o] AE A3 st F o g o
ok Bt} ke

2 o}

ST 7 BAFAEe A A ke o
WA $4E AHE AN Bl walzow, o
SR EER DS EBERLBE DEEEEE
W45t FEEA Sigich & dFE ps3 FodelAl
Sl theted AFagEul, ok p53 FAY B
ol WA WA FoolA] FAAF A BUAD
F52] golAl Welsh #U5 QU7 Wgolch, e
el vl £8 elvt $AFALA wab]
He obd $Eeaie, £ AFolAE ek Aol glo]
p53 A AL AFHRA At AGALTE o)
402 p53 FAAF Wol7t FL v ST st 9

o2 ¢}l exon 4-8ol i A A WHolE A7
c}.
Uy AL A4k A ZF) PC99F PC-14 zl:

Aled £ A 2ok A 23] H69E oAt o 2 proteinase
Kol 2] & 4 3}9} phenol-chloroform-ethanol W& o 2
genomic DNAE F&3l9ich, %3 DNAE p53 &
AAE exon 4-8.4 o) ol g primerE A}&3lo
3lo] 7+ exonell
hg DNAE Z%4]7 3 single strand conformation
polymorphism (SSCP) 9}l o2 A7) 353} 27144}
7V 5 st AU F 4 o) 5 EE WAtsled ol & o
T3k ek

Ha Abgk sl Akl EFe] PCY9F PC-140 A =
exon 7ol|, A} LA 249k A 39l H690l 4+ exon
50|41 A7|d5A oz syl Hatsie] o] oo p53
Tz} Hol 7t Ago] 1A= Aeh,

ZE dAe g sl 3FH A AdAEE =
Foll4l pb3 A e} wol7} ghalsl AL p53 FFAd A
frAzte} wo|7h vladE ol AAZ A Lo FQ
g AL 5t Y& AAEtE 270 R e Ed,

polymerase chain reaction (PCR)-%-

#dAte 2

2 e FlEH 44 4T AL F
AFule BEE o] FolZS.

HES
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