TU=

A
273429, 7Bt

Abstract

CHT28JX]: Vol. 26, No. 1, 2000

SHO|A| p53 UK FEALL] SOIHOl0f Bt 017

A STUDY ON MUTATIONS OF P53 TUMOR SUPPRESSOR GENE IN ORAL TUMORS

Seong-chai Joo, Sung-woon Pyo*
Phil Private Dental Clinic,
Dept. of Oral & Maxillofacial Surgery, Holy Family Hospital, The Catholic University*

Nowadays, there are a lot of evidence that mutation of the p53 tumor suppressor gene is one of the most common genetic abnormal-
ities in neoplastic progression. In this study, we analyzed 20 specimens of oral tumors(squamous cell carcinoma 14 cases, ameloblas-
toma 3 cases, adenoid cystic carcinoma 2 cases, malignant schwannoma 1 case)using polymerase chain reaction and direct sequencing
which used an automated DNA sequencer and software for detection of mutations. Polymerase chain reactions were performed with 4
sets of primers encompassing exon 5, 6, 7, 8, and direct sequencing method was employed.

The results were as followings.
1. We detected 10 piont mutations out of 20 specimens (50%).

2. The genetic alterations included 7 mis-sense mutations resulting in single amino acid subtitutions, 2 silent mutations, 1 non-sense

mutations encoding a stop codon.

3. Mutations were mostly in exon 7(7 out of 10 mutations, 70%) and involved codons 225, 234, 235, 236, 238, 247.
4. Therse were 4 cases of T—A transversion, 2 cases of C—A transversion, A—G transition, 1 case of C—G, T—G transversion

respectively.

5. We could find out point mutations more conveniently using PCR - Automated Direct Sequencing method.

key words: Oral tumor, p53 gene, Point mutation, Polymerase chain reaction, Automatic direct sequencing method
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312 Qo ol exon 580 saks FREOE WsHHolA
Z(species)7tell 2 BEF R0 &3}, p53 FH 22 wo
S 7] S8 &8 AHEEE FREL Akt de
H(polymerase chain reaction - single strand conformation polymor-
phism)& PCR W0 2 B% 971498 $257 A EA¢
2% #7H(abelling) st 3 A (single-stranded) “3El = polyacry-
lamide gelo]l Al A7) E5te] Wolo] WE Fewisirt 9lS o
ANGEY o] =AHmobility)ol] x}o]7} gitte YTl E o] &3t
S 2AM FHdLE MY A, 22 geldell A A7 s
fjoksl7] moll A oF & AT 2 A5 LolstAl ¥
& AFIA 2ok WAl At o) A7 KA FAFY
Z 2o A PCR¥} AHE3tE 214 9714 Y £ ¥ (automatic direct
sequencing) & 5-3to] L34 0.2 ps3 S oA falAke] Mol
£ AZae 489S A Foloh,

—

19959 19 5E 19954 129714 A
ANA 7 HIANELS D AGES &
O & ZeE 204 & o= 332
| 9} 7o (Table 1).

Table 1. Clinicopathologic Features of Patients

% 23 iﬁﬁi NAZ 2] uj7ba) ojx) Aol w3
a9ith 13 AR 2A 24 8ke] 10mM Tris-HCI(ph 8.0), 0.1M
EDTA(pH 8.0) % 0.5% SDS(sodlum dodecyl sulfate)E 3 3}st
digestion buffer 5ml& ¥ 1 37°Coll A 1A 7 k& A]71 & pro-
teinase K& 10ug/ml =2 Y7 50°C ol A 36A] 7F wH-S-A) Zi T}

0] & PCl(tris-saturated phenol, pH 8.0 /chloroform / isoamyl alco-
hol =25:24: 1) 843 5% ¥ & 412 § 12,0009 4 L4
AL AT AFA S LEdte] T PCl &5 ¥
12000901 A1 23] o WHEatiTh ol FA el e 5ol /10w
L2k 9] 3M sodium acetate 9} 2vl £ 2k2] ethanol- 3 7}sled -20°C
o] 217+ WA 3 £ 120002 A4 ate] AFE o Wtk &
2 DNA - E2 70% ethanol= 13] A2 &+ & vacuum dryer=
Az A]7]13 400uLe] TE buffer(10mM Tris-HCI, 0.IM EDTA, pH
80)E ¥l A&olA 18717 WhA]sto] DNAS 93] L3217
t}. 23] ¥ DNAE ZH 4 7](spectrophoto- meter)E o] &3]
260nme} 280nmel| Al EF L E Z2A 7 v sty L8 g9l
@ ¥ DNAX 2.2 4239l

2) primer2] A

p53 primere] 3H41S Buchman® So] B8 @714 "8 o8
stgiom wol7t &3] Yojube K-kl ¢ 7l exon 5, exon 6,
exon 7, exon 8 915 &4 3t7] fl8 F9] introng ¥ 9Fste]

Pt. Age/sex Site TNM stage Diff. Alcohol/Smoking Type
1 62/M Mn. mucosa T4NoMx Well +/+ SCC
2 72/M Mx. sinus T4NoMx Well +/+ SCC
3 49/F Tongue T2NoMx Well -/- SCC
4 68/F Mn. mucosa T4NoMx Well -/~ SCC
5 52/F Tongue T4N2cMx Well +/+ ScC
6 52/M Maxilla T4NoMx Less +/+ SCC
7 85/M Maxilla T4NoMx Less +/+ SCC
8 49/M Maxilla T4NoMx Less +/+ SCC
9 64/M Maxilla TAN2Mx Well +/+ SCC
10 52/M Maxilla T4NoMx Less +/+ SCC
11 39/F Tongue T2NoMx Well -/~ SCC
12 42/M Tongue T4NoMO Well +/+ SCC
13 56/F Mn. mucosa T2NoMx Well -/~ SCC
14 66/M Tongue T4AN1Mx Mod +/+ sce
15 32/M Submn. gland +/- ACC
16 23/F Maxilla +/+ ACC
17 12/M Mn. Ameloblastoma  (Plexiform)

18 9/M Mn. Amelobastoma (Plexiform)
19 43/M Mn. Ameloblastoma (Plexiform)
20 16/F Mn. symphisis Malignant Schwannoma

Mn: mandibleMx; maxilla SCC: squamous cell carcinoma Submn: submandible ACC: adenoid cystic carcinoma
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Table 2. p53 Oligonucleotide Primers Used for PCR Amplification

TEELM p53 AR FRHALe] S2iH0/of et

o

Exon

Primer sequence 5" to 3’

PCR product size(bp)

5

sense TTCCTCTTCCTGCAGTACTC
antisense GCAAATTTCCTTCCACTCGG
sense  ACCATGAGCGCTGCTCAGAT
antisense AGTTGCAAACCAGACCTCAG
sense GTGTTGTCTCCTAGGTTGGC
antisense CAAGTGGCTCCTGACCTGGA
sense CCTATCCTGAGTAGTGGTAA
antisense CCAAGACTTAGTACCTGAAG

325

236

139

330

Fig. 1. Photographs showing PCR products electrophoressed in 2%
agarose gel.
M @ Size marker.
Lane 1-3, 325bp PCR products encompassing exon 5, Lane 4-
6, 236bp exon 6,
Lane 7-10, 139bp, exon 7, Lane 11-13, 330BP, exon 8.

Table 3. Result of Molecular Analysis

20bp Z7] 2 primer 445 3283 (Bioneer®)ol A A 2Hal 31 o
™ 22 primere] ¢ 714 2 (sequence) - o}z s} 7 th(Table 2)

3) =3ra 4 A4 vk-3( Polymerase Chain Reaction )

9] A #2138 DNA 500ng, dNTP 200uM, primer 10pmol,
Tag(Perkin-Elmer US.A)=3% a4 05U, Tag &4 Buffer 5ul,
MgC2 15mM3t SR AA W59 S0ul= st3ith &
Frah Ay v AL 9C 1087 g A (denaturation)$-
94°C 1% denature, 65°C 1% annealing, 72°C(exon 7, 82 58CC) 1%
extension 74§ Z 353] WHE-319 0 = annealingS 1027+
ST PCR AHE 2 2% agarose gelol] A 80 B-E 9] Ao & 0%
AN EE st I A7)+ 7h7 325, 236, 139,
330bp ©] A 2 (Fig. 1) Gene clean kit(Bioart®)S- ©]&-3te] A A3}
Atk

) AE3 A4 9714 4E E4 W (Automated Direct sequencing)
A A 81 PCRAMHZ < Sanger(dideoxy sequencing)-& 223t 2
© Dye Terminator Sequencing Reaction Kit® (Perkin-Elmer)S- ©]
£35to] o3} 7o WA H Tk £ 3 PCR A= lug, antisense
primer 2pmol, terminator premix(dye-labeled dideoxy nucle- otides

Case No. Diagnosis codon( exon ) nucleotide change amino-acid substitution
1 SceC 234(7) TAC — AAC (T:A) Tyr — Asn
3 SCC 273(8) CGT — AGT (C:A) Arg — Ser
5 Sce 247(7) AAC — GAC (A:G) Asn — Asp
6 SceC 238(7) TGT — TGA (T:A) Cys — stop codon
7 SCC 146(5) TGG — AGG (T:A) Trp — Arg
9 SCC 140(5) ACC — ACA (C:A) Thr (silent mutation)
14 SCC 235(7) AAC — GAG (A:G, C:GQ) Asn — Glu
236(7) TAC — GAC (T:GQ) Tyr — Asp
20 MS 225(7) GTT — GTA (T:A) Val (silent mutation)
SCC: squamous cell carcinoma Tyr: Tyrosine Arg: Arginine
MS: malignant schwannoma Trp: Tryptophan Ser: Serine
Asn: Asparagine Glu: Glutamic acid Val: Valine
Asp: Aspartic acid Cys: Cysteine Thr: Threonine

Tyr: Tyrosine
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Fig. 2. Case No. 1, exon 7, codon 234(GTA—GTT: TAC—AAC) Tyr—  Fig.3.Case No. 3, exon 8, codon 273(ACG—ACT: CGT—AGT) Arg—
Asn Ser

Fig. 4 Case No. 5, exon 7, codon 247(GTT—GTC: AAC—GAC) Asn— Fig. 5. Case No. 6, exon 7, codon 238(ACA—TCA: TGT—TGA) Cys—
Asp Stop codon

Fig. 6. Case No. 7, exon 5, codon 146(CCA—CCT: TGG—AGG) Trp— Fig. 7. Case No. 9, exon 5, codon 140(GGT—TGT: ACC—ACA)
Arg Thr(silent mutation)

LG T8 A ] i 181 . 5 ' |
Fig. 8. Case No. 14, exon 7, codon 235(GTT—CTC: AAG—GAG) Asn
—Glu (Silent Mutation)
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G, A, T, C, Taq polymerase, dNTP) 8ul$} <7< bulE &3Hsle] A
A F 7} 20ul7} = A & ek Thermal cyclerE 96C = o E A 71
F 96°C 10%, 50C 5%, 60C 449 27102 25¢cycle WH3-A17] 32
SA] ACAA FA S Th whgAbEol 80ule] FF4=9} 100ul€]
phenol : H20 : chloroform (68 : 18 : 14)& % 1 vortexing 33
12,0009l A A4l sked ofef 5o 718 S& Al AT
THA] 100ul¢] phenol : H2O : chloroform &-8-8- Y 37 vortexing st
T 12,0009l A AAlEE 8t S FEAE A tubel] &7
t}. o 7] ¢ 2M sodium acetate 15ul€} 100% ethanol 300ulS- 3 715}
o] & A3 Ao 12,0005 1557+ dA el ste] A=<
23 WA 70% ethanol= Al H 3 5 F7] 5ol A TR
Acrylamide, bisacrylamide, Urea, TEMEDE ©]-&-3}o] 4.85% acry-
lamide sequencing gel-& 2=t} 5ul deionized formamide<} 1ul
50mM EDTA &89l 4ulg A FH| gk whgAbEo H7hste] =
o]31 0T A 27 7F G/ A7 5 D5l SA] B HANH
£ FAA A o] 2ulE v 4] 3k sequencing geloll loading
3191 2 1 Automatic Sequensor 377@(Perkin-Elmer Co. USA)E ©]
&3fo] Q714 B

. i 2o

23718k W ol 9] sle] pb3 §-2#+2] exon 5, 6, 7, 84l & F8l=
2 =23 4 91901 PCR AHE9] A7|= 7hz}t 325, 236,

A7) M E B M 98t &)= Fig. 2004
o} Zro] A Atk 2071 9] AA 871, 1071 (s AA A 374
Edo] B M EAHolE B 2w exon 794 771, exon 5

A} 140% 771(50%) 971 €] 1 ol E Bl
malignant schwannoma 1] ol A & % &1 o](silent mutation)&
Ze 4 91912y ameloblastomas} adenoic cystic carcinomac] A
T Ed¥olE AT F Atk A EdRolF TeldAM = &4
1 o] (mis-sense mutation)o]] ¢] 3k ofm) = ake] X3S 71A gon,
18] o M= E-<14) ¥ o] (non-sense mutation)sl] ]2} stop codon-S
gAdstdom 28 oM opn|iete] WstE XA &= A

T R AR R BA st WA XSS A AAHoE
WA gl 9lo] 109 & AFA 8t 9loH 5 A& go] 7Hg vt
< TYTY sl 2, A 20037 AEE ] S A9 §
AR JAAFTYOZ FAH 55, vholg X~ e, G2, A4
g &3 o] FEIAR FE3 Sle AR 4EA o
A AESA Q] S A9 Wel Aol tisA dA A7t
Gats] Zggel] . Gitao] Fojsls FA A = £
-4 2} (on- cogene) 2} = FA A -7 2H(tumor suppressor gene)7t
ATt

TUSYAM ps3 SYOIR FHAN Soitiolof Tt o7

THRAAE A sl 1 AEE UeRiH dA res, ¢
ZF RAAE FAS A A 2
- A2 T4 2GS 28 7T
ATHI. 8 ok AH(Anti-oncogene) £ E2]¢= &
FARE AR el Qo] 92 (negative regu-
lator) <48 3of S A Bk FeiA e, 5l
A FAAY] gdMelE AR Y VT A ZHsty
oo W& AEE T2 Y AJAS AR s 7ol A o
231 & (malignant transformation) ©. 2 Qs ftt . 3t} AR 7HA]
M g 48 29 f-AAEE p53, Rb-1 (retinoblastoma
gene)o] Slth WeEtold| £E 9] Ro-1& HEE a7l FoFolA)
FAARA A8 130140 ZA3HE & B9 RoAFAA} B
T 2845 o] wha sttty aked Knudson “two hit theory” £ A
ATEFA T, pb3> 1979\ of] A H s o] A k= Ik A
A Simian virus 40(SV 40) Ath T 2} (large T antigen) =} 2 g+l
F (host protein) ©. 2 WA oW, o A oA I
Ho} FPHAAE 2O HAYe) ps3e Mol S
ety Boke Aletal oy ps3e i d o wlolS vl
Wi o] Mol 4hEo] A7 Aol a7t itk Abdo] B
AT, B3 2C AN BAHH =AM AT AIS HolA
2 o HE| g Hol= 0CANE 238 24 L opr|s &
of RIZgh ps3ulE A2 Foked ph3e AR A&dh=
FA AR W R T,
pS3 B3} /1AL B /AR EHE 5 Y AA R vhol
g2 x7bo] ph3 AR f3tEE 7-9-¢])th Abelson murine
leukemia virus(Ab-MuLV) - trans formed pre-B cell3} Friend
leukemic cell line2 p53& A A 314 e AWHA A EFZA vt
olg 2 7o) pb3 frAAtel fretE o] 1L 7ol G Ab-
MuLV A £9] A L12, Moloney v}o] & A ZZ}o] pb32] A A
inrone]] f-3H=lo} fAAE B84 Al7)=d A mRNAZE @
& ¥ o] pb3 il A o] ZZH A &t). Friend leukemia A 3ol
A ol B & Zzko] 4 A introno] fohEl o] F-2 p53 AHE S
BEA 7| g v HEE Fefo] pSdk WA E L YTk
o)At 5L o]y A7} S35 leukemic cell lined A Z&
SHAl UEb Ao of A 71A] Q17ke] (it Sl M e B H
AR S ps3 FAAte] EgA o] ErhE 71 o E pi3 4
7+e] A4l (deletion) 2 A v & (rearrangement)©] ¢l ¢} HL-60
promyelocytic leukemic cell line 21 7+e] M ZFol|A 3 WA=
P53 Tl A sk S AS2A FAA 170 ) skt
A E AL pB3o] AAA AEAFe] Tt A S Ad e
EpTes, QA 7] 0B A Tl F 7] A S Aol o
p53¢] 7150l B8/ s} Hrh p53o] A& A SV-40 MM £
o ol s

Bpo] g 2

Uolo My

oM w7E ps3 T d e H A Adgelet
AR 7 e, deut o] Tl A 9] FeFolA F
o o3 we == A T d-Y(large T antigen)}
of &l 2d= =, 449 ps3e] gl 23
02 @ dd 53E A0 e A HgE
p53-2 Adenovirus®] Elb %= EBVS] EBNA &} 2}

18 fo

lo
BN R rlo e

m
rlo .

o o
By o

1E o ofh
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4
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T AL E AAZI G U WA 7|4 S 24 H43 ps3o] =84
st 5= 7P RIE 71d-S A EAw o] o] ol v & A Fell &
FARo|7} p53 Al Ate] g Aol HFE o WA= A
S g AR oY Ledde FHA AAo AAH st AL
2 wholEol x| 7 g tpee, W Sk(transversion), A $H(transition), 2
2 (delet- ion), A+ (insertion), - ©] &(frame-shift)ol] £] 8} A T}
g 2 ?l(mis-sense), & 1 4] (non-sense)t o] 7} TRk F ol 4] L
25 Uk p53 FAAE 17 A TeH(17p13.1)l &) 3}
2 oH F4A A 7](genomic size)= 20kbo] ™ 117] 2] exonS
2 7450 9l3® AWA noncoding exon 10kb?)] introne] <]
&l 1074 9] exont o= F-H £2]F o] Iu. p53 Ak 26kb
©] MRNAE 4] aF=t] mRNAS] A7 A9 & w43 HH 2
7l €] AUG codono] $l&5 Eof F=u] wio] p53 vl 2 o] v
gh Aol Bl F=of T o] pb3> A WA AUG codong o] 8-}
o] p530] PAJ = H 5 -ende] Aol B o] Foll ofsf AW
A AUG7F 24 =W FHA AUGZE ZALel| o] &FTh. Q17ke]
P53 frA k= Aol 27) 9] promotorsel] of sl A of WAl =t
P1& WA exone 5 o] YA3t7 P2= AWA intron 5 &
QA SHeE, p53 Tl A o] M x o] Y-S T e 7S U
3 2t

%3733 p53 Tl A2 39371 &) o] iAtO ® o] Folxl QT
9 2 Gl-phase 5ot Al AU o] %2 5 7 %7] Sphasecl] A S
B So7HA MR EA =2 20 B a7 Adste] S st
w DNA9] EAR R 9o Adtale] A AFel xK(transcription factor)=
A Z-G-ghr}e, A4S pb3nte] ol 9143t ol E > Al X
ol YA S, pb3 Tl g o] e & W A0 4 4
A= mdm-2, GADD 45, waf-1/ Cip-1 S0 2 o328 TATA-box
£ zH= promotor2 4 2 HEH = FAREE A pb3e TATA 2%
T (TBP) o U} th2 ZAF 8913 A et TATAZ A==
Azpe] B Al gk 3 Rbe| promotore] ¢4 sk
CGAAGTGA cis-acting 2.2~ 2H-g-5to] Ro frd2ke] & & o7l
SHop, 4748 pb3 Tl A 2 A 3271 G1 719 A] S phase= %13}
gto] A 27F Bdae AL g Al 29 I AKapoptosis) S F
Wtk 11 7142 ps3o] Ml2F7] Tl Al wal-l/ p2ls A
@93t Al7l=dl 29 3he wal-l/p2le Gl-phasecl] A -8+
CDK2 kinase &4d-2 A5t Al EZ7} Gl phasedl| 4] S phaseZ <]
28-S A ET ps3 S A o] XY FA4L ofvt &A4H
DNAZ} 3] 5 o) 7b4] cell cycles A 817] i izol ™ Al 9] 3]
o] o]Fo] AA] & 7% cell death 7170-& &3k A7 €
Tp. 4 g3 ps3 Tl A& wkt7) 7t 6~208 A LR wf- AL
m Hol ¥ p53 T A ok E o] wizky|7F 6A T AEE A%
= FENEZWAAM 2 FEE SAETh o £ ¥o| p53
G AL & JAE e = So] FAEA G mbA
p53<] FAH-S YWty o T FEA x| g Fo] ZAAEA
AREE o, Ty ofE o 9o FF M= @A 7HA] 71

A

[e]
g
o] s AA = AT A p53e] HLHL Kol Ak 3l

v}

50

RAek, ool A ps3o] whakd 5]E7 2ol p53e]
Helihe-g el R0l B, &
71 A7) BRo) M ps3el Tt RS FAR e
I EEA UM = A pd3el o g A 7t = A
ERStTEo, whaka] ok Satbe] dA ol A pb3el] th gt dHA
& Bl 27) Qv A2 FH2A] §43 5
g 2= 9lth. Hollsteins-2- 2805 9] p53 E¢iMo)| & =
A3} 98%7} codon 110-307(exon 4-9)] FAZFH o7 Ry ditt
H 738} 2 m® E3] codon 238-248 §-$]9l| hot spotS o] F&
O 2 BV oy A g wht zfo] 7} vk A A Q)
nj=eo] AL exon 7, 4E o] 79 exon 5, 8, 32| 73 exon 4
A F2 dojubs Zor HIHY Y. £ AFoMe
exon 5014 exon 8 714 A s 08 AAe] A7 W
ate] wF7AE 102 9] o]l A exon 5 (codon 140, 146)l] 271,
exon 7 (codon 225, 234, 235, 236, 238, 247)ol 771, exon 8%
(codon 273)]l L7l 7} @A o] exon 79 HE2A 02 EX 31 9]
o #EY 7 AN vF9 759 FAE T ps3 =W
ool 97] AT PYE W vlFe) B T R FAR el
63%ol A1 G—T 1 SH(transversion)o] 913 JE-o] 7% 50%9] 4] G
oA Z EHtransition)o] A FTHY Y. GoT M3 o] F

Q3 AR Z85t= Yol A 71 Ed A oloj guj 9
= 2= A 91 benzo- pyreneo] G—T M-S do 7ty &#A
Ao FAF ol 3lo] p53e] G—T WHEto] o] whekEA o
93t Aolgls FEL 7hasiu. 2 A gl A= T-A HElo] 4

= o
b}, C—A 8k 22], A~G 713+ 28, C—G A 1
o, T-G W3 1897 F913 A8 o] = GoT WS B

&

YAE labellingst 3 T4 (single-stranded) 73 €l 2 polyacrylamide
geloll A 77195t Holo mE Felwstzt s W 719
£ 9] o]F Aol AFo](mobility shift)7} it Y& o] L3 Ao
24 7 59 9719) £73% ol A 28 9] o) 54 Aol 2
23191 37, Kiyonori 52 6371 9] 9F%-ol| A1 184 £](285%) &1
o] WS 0n Adel BN BTN SAMo S BT

ato] 20719] FFT THH O E 871(40%), 108 (50%)
19}, 1471 9] A5z eFell Al 771(50%) 9#| (64%) ]
DA F YA, FAV FALAEE AHEEHA
FAA MEE GolapA 4
oA elgsh= 479l

o] g AL 53] LAk

do,
2
it
r2 ofo
29
O

i_.
0.
4> ol
1o
2
off
X
Mo re S
o«
R
2~
- N
of
offl
o

B o] 7]3£2] PCRSSCP % Gel ol A FF 2 & st @714 &
AR Y O S A3 AESHOE Al
AF7HAY A7+ FE ST LR & A2EA
Malignant Schwannomas} 7+& SZ| AL G4z} Hol S 1
o] F913, Ameloblastomadi 4= 8] & o] & BASA £ o



P FAE GAA 51 ol Sol BT giv
GOzt Fohualel U@ fAA] WMol A7k H T BT

S wA o gk ko] Hojol| thek EAAY = A
7b ghbs] e s gla B ATl A e 5k 207100 A p53
G4 21¢] axon 5, 6, 7, 82] 3 g -
I 2Fst A 97IME BAReE BAEY e 22 4
£5 Itk

1207 9] F45 84 108914 FAAe] A EdRoE &
stttk

Az Bolol] oal ofm| it X3S Kol T 9] 29
(missense)H o] 9} 28 2] ] E(silent)w o], A A codong THE
© 1819 £<14](nonsense) ©] 7} A A Th.

o] = 2= 2 exon 7(108] 3 74, 70%)o] A1 w4 5451 ch

T—A ¥ $to] 48], CoA ¥ 8 A-G  ghko] 7h7t 28 1o mT

N

w

4.
—G, GG W # 217} 19 Gk
5 3L ANASATHE Y 910G 2AYS 3 F
Aulo] £ f474] Wol S TS golshl BAT £ Atk
s

1. Kenneth DS, Martha EL, Leonard SI, et al.: Frequent p53 Mutations
in Head and Neck Cancer. Cancer Research 52: 5997-6000, 1992.

2. Jonathan CI, Alan B.: Oncogenes in Head and Neck Cancer.
Laryngoscope 103: 42-53, 1993.

3. Dong MS, Jhingook K, Jae YR, Jason H, Jack AR, Waun KH, Walter
NH: Activation of p53 Gene Expressing in Premalignant Lesions dur-
ing Head and Neck Tumorigenesis. Cancer Research 54: 321-326,
1994.

4. A9, AAF A o Al A 53T A BE f
ras 21 ool 09 p53 gl AR Ake] dwel 3 17p hEFH A
A&, 7tEYe o i =54, 47: 1613- 1626, 1994,

5. 29Y, #4481 A A A4AY B 2F ZHdA d4A UY
FAR AEH Krasd 299l 7HEY U oty =77, 46
547-558, 1993.

6. Karin N, Roger S, Gans G, Bjorn Z, Goran R: p53 Expression and
Cell Proliferation in Squamous Cell Carcinoma of the Head and
Neck. Cancer 75: 87-93, 1995.

7. Matthias Nees: Expression of Mutated p53 Occurs in Tumor-distant
Epithelia of Head and Neck Cancer Patients: A Possible Molecular
Basis for the Development of Multiple Tumors. Cancer Research 53:
4189- 4196, 1993.

8. Finley CA, Hinds PW, Levine AJ: The p53 proto-oncogene can act as
a suppressor of transformation. Cell 57: 1083, 1989.

9. Eliyahu D, Michalovitz D, Eliyahu S, Pinhasi-Kimiho O, Oren M:
Wild type p53 can inhibit oncogene mediated focus formation. Proc
Natl Acad Sci USA. 86: 8763, 1989.

10. Lane DP, Crawford L: T antigen is bound to a host protein in SV 40
transformed cells. Nature 278: 261, 1979.

11. Linzer DIH, Levine Al: Characterization of a 54 K-dalton cellular SV
40 tumor antigen present in SV 40 transformed cells and uninfected
embryonal carcinoma cells. Cell 17: 43, 1979.

12. Sarnow P, Ho YSH, Williams J, Levine AJ: Adenovirus E1b-58 Kd
tumor antigen and SV 40 large tumor antigen are physically associ-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

TUSYAM ps3 SYOIR FHAN Soitiolof Tt o7

ated with the same 54-Kd cellular protein in transformed cells. Cell
28: 387, 1982.

Montenarh M, Quaiser A: Two different protein-protein interactions
in oligomeric complexes of SV40 large T antigen with the cellular
oncoprotein p53. Oncogene 4: 379, 1989.

Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC, Jessup
JM, et al.: Chromosomal 17 deletions and p53 mutations in colorec-
tal carcinomas. Science 244: 217, 1989.

Matlashewski GJ, Tuck S, Pim D, Lamb P, Schneider J, Crawford LV:
Primary structure polymorphism at amino acid residue 72 of human
p53. Mol Cell Biol 7: 961, 1987.

Carbone D, Chiba I, Mitsudomi T: Polymorphism at codon 213 with-
in the p53 gene. Oncogene 6: 1691, 1991,

Pennica D, Goeddel DV, Hayflick JS, Reich NC, Anderson CW,
Levine AJ: The ammino acid sequence of murine p53 determined
from a cDNA clone. Virology 134: 77, 1984.

Harris N, Brill E, Shohat O, Prokocimer M, Wolf D, Arain N, Rotter
V: The molecular basis for heterogeneity of the human p53 protein.
Mol Cell Biol 6: 4650, 1986.
AR, S5, 283, A8 FAR Tl A ps3 EF oA §
A 2Fe] ¥ o), 3lo] <l x|, 38: 258, 1995.

WA 5 FAT B LA A pb3e] HHF G
2 318k 2 2 AT, gHo]<lx]. 38: 407, 1995.

Shiio Y, Yamamoto T, Yamaguchi N: Negative regulation of Rb
expression by the p53 gene product. Proc Natl Acad Sci USA 89:
5206, 1992.

Unger T, Mietz JA, Scheffner M, Yee CL, Howley PM: Functional
domains of wild type p53 and mutant p53 proteins involved in tran-
scriptional regulation, transdominant inhibition, and transformation
suppression. Mol Cell Biol 13: 5186, 1993.

Funk WD, Pak DT, Karas RH, Wright WE, Shay JW: A transcription-
ally active DNA-binding site for human p53 protein complexes. Mol
Cell Biol 12: 2866, 1992.

O’ Rourke RW, Miller CW, Kato GJ, Simon KJ, Chen DL, et al.: A
potential trans- criptional activation element in the p53 protein.
Oncogene 5: 1829, 1990.

Raycroft L, Wu H, Lozano G: Transcriptional activation by wild type
but not transforming mutants of the p53 antioncogene. Science 249:
1049, 1990.

Buchman VL, Chumakov PM, Ninkina NN, Samarina OP, Georgiev
GP: A variation in the structure of the protein-coding regions of the
human p53 gene. Gene 70: 245, 1988.

Miller C, Mohandas T, Wolf D, Prokocimer M, Rotter V, Koeffler HP:
p53 mutations in human lung tumors. Cancer Res. 52: 1695, 1992.
Sakai E, Tsachida N: Most common squamous cell carcinoma in the
oral cavity contain mutated p53 tumor suppressor genes. Oncogene
7. 927, 1992.

Weinberg RA: Tumor suppressor gene. Science 254: 1138, 1991.
Weinberg RA: Cellular oncogenes and multistep carcinogenesis.
Science 222: 771, 1983.

Hollstein M, Sidransky D, Vogelstein B, Harris CC: p53 mutations in
human cancers. Science 253: 49, 1991.

Levine AJ, Momand J, Finlay CA: The p53 tumor suppressor gene.
Nature 351: 453, 1991.

Mercer WE, Shields MT, Amin M, et al.: Negative growth regulation
in a gliobla- stoma tumor cell line that conditionally expresses
human wild type p53. Proc Natl Acad Sci USA 87: 6166, 1990.
EL-Naggar AK, Lai S, Luna MA, Zhou XD, Batsakis JG: Sequential
p53 Mutation Analysis of Pre-invasive and Invasive Head and Neck
Squamous Carcinoma. Int J. Cancer 64: 196, 1995.

Katsuragi K, Chiba W, Matsubar Y et al.: A Sensitive and High-
Resolution Method for the Detection of Mutations in the p53 Gene
Using Fluorescence-Based PCR-SSCP. Biomedical Research 16: 273,
1995.

Soussi T, Caron De Fromentel C, May P: Structural aspects of the
p53 protein in relation to Oncogene evolution. Oncogene 4: 945,
1990.

Ginsberg D, Michalovitz D, Dorit Oren M: Induction of growth

d oz

pal

i

51



CH722JA]: Vol 26, No. 1, 2000

38.

39.

40.

41.

42.

43.

44,

45,

46.

YR

48.

49.

50.

51

52.

52

arrest by a temperature-sensitive p53 mutant is correlated with
increased localization and decreased stability of the protein. Mol
Cell Biol 11: 582, 1991.

Martinez J, Georgoff |, Martinez J, Levine AJ: Cellular localization
and cell cycle regulation by a temperature-sensitive p53 protein.
Gene Dev. 5: 151, 1991.

Wolf D, Rotter V: Inactivation of p53 gene expression by an inser-
tion of Moloney murine leukemia viral-like DNA sequence. Mol Cell
Biol 4: 1402, 1984.

Wolf D, Admon S, Oren M, Rotter V: Abelson murine leukemia virus
transformed cells that lack p53 protein synthesis express aberrant
p53 mRNA species. Mol. Cell Biol 4: 552, 1983.

Munroe DG, Peacock JW: Inactivation of the cellular p53 gene is a
common feature of Friend erythro-leukemia: Relation to dominant
transforming alleles. Mol Cell Biol 10: 3307, 1990.

Wolf D, Rotter V: Major deletion in the gene encoding the p53
expression in HL-60 cells. Proc Natl Acad Sci USA 82: 790, 1985.
Kelman Z, Prokocimer M, Peller S, et al.: Rearrangements in the p53
gene in Philadelphia chromosome positive chronic myelogenous
leukemia. Blood 74: 2318, 1989.

Szekely L, Selivanaova G, Magnusson KP, Klein G, Wiman KG:
EBNA-5 an Epstein-Barr virus encoded nuclear antigen binds to the
retinoblastoma and p53 proteins. Proc Natl Acad Sci USA 90: 5455,
1993.

Crook T, Tidy JA, Vousden KH : Degradation of p53 can be targeted
by HPV E6 sequence distance from those required for p53 binding
and transactivation. Cell 67: 547, 1991.

Scheffner M, Werness BA, Huibregtse JM, Levine AJ, Howley PM:
The E6 oncoprotein encoded by human papillomavirus types 16
and 18 promotes the degradation of p53. Cell 63: 1129, 1990.
Vogelstein B, Kinzler KW: p53 function and dysfunction. Cell 70:
523, 1992.

Harris CC: The p53 tumor suppressor gene: At the crossroads of
molecular carcinogenesis, molecular epidemiology and cancer risk
assessment. Science 262: 5142, 1993.

Lamb P, Crawford L: Characterization of the human p53 gene. Mol
Cell Biol 6: 1379, 1986.

Soussi T, De Fromental CC, Mechali M, May P, Kress M: Cloning
and characterization of a cDNA from Xenopus laevis coding for a
protein homologous to human and murine p53. Oncogene 1: 71.
1987.

Reisman D, Greenberg M, Rotter V: Human p53 oncogene contains
one promoter upstream of exon 1 and a second stronger promoter
within intron 1. Proc Natl Acad Sci USA 85: 5146, 1988.

Shaulky G, Goldfinger N, Peled A, Rotter V: Involvement of wild

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

type p53 protein in the cell cycle requires nuclear localization. Cell
Growth Differ. 2: 661, 1991.

Shaulsky G, Goldfinger N, Ben-Zeev A, Rotter V: Nuclear accumula-
tion of p53 protein is mediated by several nuclear localization sig-
nals and plays a role in tumorigenesis. Mol Cell Biol 10: 6565, 1990.
Dang CV, Lee WMF : Nuclear and nucleolar targetting sequences of
c-erb, c-myc, N-myc, p53, HSP 70 and HIV tat proteins. J. Biol
Chem 264: 18019, 1989.

Shaulsky G. Goldfinger N, Tosky MS, Levine AJ: Nuclear localization
is essential for the activity of p53 protein. Oncogene 6: 2055, 1991.
Momand J, Zambetti GP, Olson D, George D, Levine Al: The mdm-2
oncogene product forms a complex with the P53 protein and
inhibits p53-mediated transactivation. Cell 69: 1237, 1992.

Mack DH, Vartikar J, Pipas JM, Laimins L: Specific repression of
TATA-mediated but not inhibitor-mediated transcription by wild
type p53. Nature 363: 282, 1993.

Kastan MB, Zhan Q, EI-Deily WS, Carrier F, et al.: A mammalian cell
cycle checkpoint pathway utilizing p53 and GADD 45 is defective in
ataxia telangiectasia. Cell 71: 587, 1992.

El-Deily WS, Tokino T, Velculescu VE, Levy DB, Kinzler KW,
Vogelstein B: WAF1, a potential mediator of p53 tumor suppression.
Cell 75: 817, 1993.

Wade-Harper J, Adami G., Wei N, Keyomarsi K, Elledge SJ: The p21
CDK-interacting protein Cip 1 is a potent inhibitor of G1 cyclin-
dependent kinase. Cell 75: 805, 1993.

Xiong Y, Hannon GJ Zhang H, Casso D, Kobayashi R, Beach D: p21
is a universal inhibitor of cyclin kinase. Nature 366: 701, 1993.
Rotter V: p53, a transformation-related cellular encoded protein can
be used as a biochemical marker for the detection of primary
mouse tumor cells. Proc Natl Acad Sci USA 80: 1613, 1983.
Rodrigues NR, Rowan A, Smith ME, et al.: p53 mutations in colorec-
tal cancer. Proc Natl Acad SCi USA 87: 7555, 1990.

A&, L8F 7 UHAZGFAA p53e) Fd B EdAHo)
of g A+ ALt =EH, 1995.

Moll UM, Riou G, Levine AJ: Two distinct mechanisms alter p53 in
breast cancer: mutations and nuclear exclusion. Proc Natl Acad Sci
USA 89: 7262, 1992.

Rotter V, Witte ON, Coffman RB, Altimore D, et al: Abelson murine
leukemia virus induced tumors elicit antibodies against a host cell
protein p50. J. Virol. 36: 547, 1980.

Schlichtholz B. Legros Y, Gillet D, et al.: The immune response to
p53 in breast cancer patients is directed against immunodominant
epitopes unrelated to mutational hot spots. Cancer Res. 52: 6380,
1992.





