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Detection of CDKN2 Deletions and Mutations in Primary Gastric Cancer
Cell Culture and Gastric Cancer Cell Line
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CDKN?2 inhibits cyclin-dependent kinase 4(CDK4) activation by cyclinD, which results in the
cell cycle arrest. Recently, the 9p21 region of human chromosome was reported to be deleted in
various cancer types, which was revealed to contain the CDKN2 gene. The loss of CDKN2 gene
expression, a possible tumor suppressor gene, was analyzed in 20 cancer cell lines, 8 primary cul-
tures of stomach cancers, and 5 primary cultures of laryngeal cancers. The primary cultures were
made from Korean patients. Loss of CDKN2 expression was found in 17(52%) out of 33 kinds
of cancer cells. The loss of CDKN2 expression was explained by the deletion of the CDKN2
gene in 10(59%) from 17 kinds of cancer cells. The loss of CDKN2 expression was obvious
(80%, 4 from 5 cultures) especially in the primary cultures of the laryngeal cancers. The only lar-
yngeal cancer cells which expressed CDKN2 showed about ten-fold less amount of mRNA tran-
scripts than other cancer cells. These results suggested that the loss of CDKN2 gene expression,
mainly due to the CDKN2 deletion, might play a role in the tumorigenesis process.
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Table 1. List and characteristics of the cancer cell lines and primary cultures of cancer cells. Abbreviations,
Sloan-Kettering, Memorial Sloan-Kettering Cancer Institute, New York, USA; Gustave-Raussy,
Gustave-Raussy Cancer Institute, Ville Juis, France; WUMC, College of Medicine, University
of Ulsan; SNU, Seoul National University; YoUMC, College of Medicine, Yonsei University;
YeUMC, College of Medicine, Yeungnam University; YUWMC, Yonsei University Wonju
College of Medicine; Micro, Department of Microbiology; ENT Department of otolaryngologg

HPBALL Peripheral blood  Acute lymphocytic leukemia  Sloan-Kettering  JH Park, YoUMC
SKHepl Liver Adenocarcinoma ATCC HTB 52 JH Park, YoUMC
MDAMB-321 Breast Adenocarcinoma ATCC HTB 26 JH Park, YoUMC
T24 Bladder Transitional cell ATCC HTB 4  JH Park, YoUMC
HeLa Cervix Epitheloid carcinoma ATCC HTB 2 JH Park, YoUMC
B95.8 Peripheral blood  EBV-transformed leukocytes ~ ATCC CRL 1612 JH Park, YoUMC
U-937 Pleural effusion  Histiocytic lymphoma ATCC CRL 1593 JH Park, YoUMC
TCCSUP Bladder Transitional cell carcinoma ATCC HTB 5 JH Park, YoUMC
182 Bladder Transitional cell carcinoma ATCC HTB 1  JH Park, YoUMC
SK-Mel-24 Skin Malignant melanoma ATCC HTB 71 JH Park, YoUMC
Sk-Mel-28 Skin Malignant melanoma ATCC HTB 72 JH Park, YoUMC
IGR3 Skin Malignant melanoma Gustave-Raussy ~ JH Park, YoUMC
Malme3M Skin Malignant melanoma ATCC HTB 64 JH Park, YoUMC
Daudi Lymphoid tissue  Burkitt's lymphoma ATCC CCL 213 JH Park, YoUMC
Raji Lymphoid tissue  Burkitt's lymphoma ATCC CCL 86 JH Park, YoUMC
RT4 Bladder Transitinal cell papiloma ATCC HTB 2  JH Park, YoUMC
MOLT4 Peripheral blood  Acute lymphocytic ATCC CRL 1582 JH Park, YoUMC
SK-BR3 Breast Adenocarcinoma ATCC HTB 30 JH Park, YoUMC
HL-60 Peripheral blood Promyelocytic leukemia ATCC CCL 240 JH Park, YoUMC
ENT1 Larynx Squamous cell carcinoma  WUMC JS Seo, YeUMC ENT
ENT2 Larynx Squamous cell carcinoma  WUMC JS Seo, YeUMC ENT
ENT3 Larynx Squamous cell carcinoma  WUMC JS Seo, YeUMC ENT
ENT4 Larynx Squamous cell carcinoma  WUMC JS Seo, YeUMC ENT
ENT5 Larynx Squamous cell carcinoma  WUMC JS Seo, YeUMC ENT
SNu1 Stomach Squamous cell carcinoma  SNU skkim, YUWMC Micro
LIH Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
KHH Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
WDK Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micto
SHJ Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
PHB Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
KMB Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
s Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
JBH Stomach Squamous cell carcinoma  YoUMC skkim, YUWMC Micro
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B. AHZFE 9 UXufL etMlzeol v

AYe] ALEE HAXEL 10% SEiolgH, 5
YA 100 unit/ml, 2E F Enle]Al 100 mg/mlo]
3% minimal essential medium(MEM) ®}x]&
AH8-8t 7Sem’e] W FEE2FNA 5% CO,
37ce 2R o2 syt :

C. 2MZFE 9 YXuiY fMEZ HE
genomic DNAE 2|

Z dAEEL IX1W0HEY F§ A48
genomic DNAE E-2|at¥ct. B2lvhgd& 7)¢3)
H 4 ugE AXE sl 2mle) PBSE
13] M3 & ¥ 2mlo] PBSe]| 2 He 3} o7
o] £31¢+% <) [10mM Tris(pH 7.6), 10mM EDTA
(PH 80), S0mM NaCl, 0.2% sodium dodecyl
sulfate(SDS), proteinase K(200pg/ml)]-2 3 7}3}
% &3] 15mlo] SHA & F Fgujgr]eA
2TE 16413 1812k T 7HE A 2 guf s}
vt 59 phenol:chloroform:isoamylalcohol
[PCL(25:24:1, vV)]€ 713l 2 E¥% ¥ 93
¥ A5 4E H3c) o] & chloroform:isoamylal-
cohol(24:1, viv)Z 23] A3t ¥ U3 e
AE o] 0.1 £ 2] 3M NaCls} 30mle] isopro-
pylalcohol& 3 7}31%t} 4 2& DNAV 44 o
7HA FE=A Aol Fo7t &) 34 frel 8o
E DNAE Zo Jid. Aol DNAE 70%
ethanol2 M ¥ &te] AL AAsT AxE ¥
600p19] Tris-EDTA(TE, pH8.0) &g 7}sto]
DNA~} §3]€ uj71%] 4To B33

AEAF DNAR O] o3 g8 AL YA
¥XE9 79+ QlAamp Tissue kit(Qiagen Inc.,
Chatsworth, Ca)& A}-§ 3} genomic DNAE &
B th hEFE] 714EE 1x10°9) A EE 2004
9] PBSY| FFAlA 1.7ml vl FLIAFAA ¢
£t}. Proteinasae K £ 94& 713l & 8§ %

70T A 1087 LAsth. 210p9] isopro-

pylalcohol 2 7138le] & AUt} QlAamp spin
columng&- 2ml collection tubeo] ¥ 31 1 9]¢ A}7]
g gz de EFAE e F4L ¢
I 6,000xg2 157 933 tubed] o3}l
AASGT. DNAZF 2#sle] & QlAamp
spin columndl| AE3= ¢ g RNAS] A AE
A3t AWLHE & 500p1 ¥ s}alo] 23] A H 3t
Rt 6,000xgE 283 U33lY QlAamp spin
columno] FEsHE AWSHE AL A AZ Y.
QlAamp spin columng 1.7ml 0] 3] A Y ol

W3 200p18] FHFE M F 6,000xgR 18
7+ f1315}e] DNAE QlAamp spin column©. 2 &
B &334

D. PCRE 93t DNAS| &32|

IE R 2] DNAYE 2.3]8] PCRuS-o A3
A& 7HA 2 Y& 4 Ut PCRE $3 DNA9
¥ 2] bead-beating®} {2 AH-§-31% . Imm= 7]
9] glass bead& FFHo] Hol s ALL3)
Ach C2EAPTTF o GAXEL FAHS
& HEE F335te] 100pe] PBSY EEAA
L7ml v ZFLIJANH@] ¥ 7o} 100pe]
glass bead & 713t 3 100p19] PCIE 718 ¥ 183
bead-beaterE Z 3% t}. 16,000xgE 687 ¢
3t A2 4S5 A ethanol A3t DNAE
b8 R

E. YRRz, StMxFE U xjulel
AMZEHE mRNA £2)

Z} AMEZHE mRNA9 ¥+ Pharmacia®)
QuickPrep Micro mRNA Purification Kit& A}-§ 3}
o &t 1 44 L Jlestd gL ¢
o} 2x10° W] 1x10°¢] M ¥ E 1.7mi v] %3
Al Y @oll ¥ 0.4ml9] extraction buffer® 7}l
AME7F LA AHHEE F HolFud.
0.8ml¢} elution bufferg& /1% F I Qo]
th. o] AejolA 1§ o A|zto] AAEH &
&3 genomic DNA7L Wo] $&5o] U4Fd of
HEE FEZ HAHG ANAFA O A2
oz}

1) FECEA: MTFEFEH 1mlo] olig(dT)
cellulose Z+2}S sl HEZE B 43
& oligo(dT)-cellulose A W& 7hste) & HojF
At 16,000x gl A 1027 Y33t AL

 AARE.

(2) MZHEHA: High salt bufferE 1ml 7}s}
16000 x gl A 1023t Y31 4P 4L A3}
€ AlFFAAE 53 WEAA SR 1mle] Low
salt buffer& 1ml 7}8}e3 13] A 3§ £ Fyde
AAsAST FHFEE 03mr Low salt buffero]
# A A microspin columnd] #H7}eta =
1.7ml v] ZFU A F ol W3 16,000 x gol] A 5%
T 933 1.7ml v FLIAA G wA]
2 &9 A A3t t}A] Low salt bufferZ 7}3}
o A ste HA g 23] B

() S#ETHA|: Microspin columne] £o] gl&=
mRNAE §2&37] 98t nlg 65Cd 713}
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Fig. 1. PCR amplification of CDKN2 genomic
DNA of the peripheral blood lymphocytes from 5
healthy persons. The genomic DNAs of Epstein-
Barr virus-transformed Tol(T) and B95.8(B) cells
were used as positive and negative controls, respec-
tively. The (-) lane contains no template DNA in
the PCR mixture. The amplified CDKN2 DNA
(167bp) was indicated by the arrow. The M lane
contains pBR322 DNA digested with Hinfl, 1631,
517, 504, 396, 344, 298, 221, 220, 154, 75bps
from top to bottom).

2345

<4—a-actin

Fig. 3. Reverse-transcriptase-PCR amplification
of a-actin mRNA from normal peripheral blood lym-
phocytes. The PCR products of the a-actin mRNA
are indicated by an arrow.

I 09 elution buffer& 0.2ml 7}3}<d 16000 X goi]
A 527 93831 o] FHL 13 HEFo
A dolglE mRNAE £2&39gd. Eaw
mRNAE= 2 Ay AHE3A] @2 ASoe
10p1¢] glycogen8- 3} 40p12} potassium acetate &
71 ¥ 1mle] ethanol® 7}sle] & Mol %
-70c) B@stgct.

F. CDKN29| $£3xle| HezAlE 98t
DNA PCR

CDKN2 fA2}e] genomic DNAW &a] &
& ¢7] $189 sequence tagged sites-polymerase
chain reaction(STS-PCR)-2- 4 A) &} CDKN2¢] &
&£ RE ZAEAT. 4HE PCRAES U
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Fig. 2. Reverse-transcriptase-PCR amplification
of CDKN2 mRNA from normal peropheral blood
lymphocytes. The PCR products of the CDKN2
mRNA are indicated by an arrow.

c

M12345

252 bp
103 bp

Fig. 4. Sall digestion pattern of the reverse-tran-
scriptase-PCR products from CDKN2 mRNA of
normal peripheral blood lymphocytes. The digested
DNA fragments and their sizes are indicated by ar-
TOws.

Bl @v 49 CDKN27l d¢g Aoz BH
Bttt AF8% primere] §71AMEL oL
o PCREZZL 94T 18, 60T 18 72T 189)
4§ 303 yrE-3 o

5'-GGAAATTGGAAACTGGAAGC-3'
5'-CTGCCCATCATCATCATGACCTG-3'

G. CDKNZ.‘%I WHEHZTAIE 9% RT-PCR

CDKN2#-A 2} 2] mRNA transcriptsE 4 & &}7)
3t = CDKN2¢] A 3 exonol| 4] 3'Z:of $]x]5}
£ sequenceE A S RT-PCRE A 334t
mRNAS} 287 2 HA=AE HF57) 93
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Fig. 5. Reverse-transcriptase-PCR amplification of CDKN2 mRNA from malignant cell lines. The a-actin
mRNA served as a control(468bp, upper bands), The PCR product from CDKN2 mRNA (355 bp, upper bands)
was not found in 13(54%) cell lines out of 24 cell lines, Lane 25 is a cancer cell which dose not express
CDKN?2 as a negative control. M lane is a bacteriophage ® X174 DNA digested with Haelll(1353, 1078, 872,
603, 310, 281, 271, 234, 194, 118, ans 72bps from top to bottom).

A E c-actinfr W2 H7|MLE HEL2 RT-
PCRE 2| 333t} o] A}& % CDKN2 ¥ a-ac-
tin primere] H7]A & oh&F 2.

CDKN2: 5'- CCCGCTTTCGTAGTTTTCAT-3'
5- TTATTTGAGCTTTGGTTCTG-3'

a-actin:  5'- CACAGAGCCTCGCCTTTG-3'
5'- TGGATAGCAACGTACATG-3'

RT-PCR& reverse transcriptaseZ A}-§ §F cDNA
o] g4} cDNAE AL§ & PCRY F QA=
o] Al g3t

(1) <DNA2| 24: ¥2]¥ Z mRNAE A}-§3}
of zt A8 50ule AN GEe 2Ho
cDNAE §4d35}4t}y. 10mM dNTP 2.5pl, 5uj<]
first strand +Z<) 10pl, 100mM DTT, 10pmol/pi
%% 9] random hexamer 1.5pl, 20002} Mo-MLV
reverse transcriptase 1ul, mRNA-§ ¢ 10p13} DEPC
ZHF 20p8 £l 37CAA 1225 o)
Fs R

(2) PCR: ¥4 ¥ cDNAE A-€39 mRNAS)
2g7 2 59 EA+ G3PDH &2 a-actin prim-
erE A83l1 CDKN2¢] o R CDKN2
primer& A}&3le #FA3A. 4 PCRE F
s0ple] BFHo 2 WwEE AlPstArt. cDNAE
10pl 4 A} 8} 31 Perkin-Elmer CetusA}2] 104}
g E & 5p, 2mM dNTP 5pl, 2} primer 1p14],
Taq DNA polymerase 0.25 pl, ¥ FFFFF 27.
75018 A3 8- AL M 18, 55T
1%, 72T 13#-9] 9h&-& 303 A Y&

H. RT-PCRAHE 2] restriction fragment length

polymorphism(RFLP) 4]

RT-PCRAME & 1 37|18 £3}o CDKN2¢) &
HH5FE BAY 5 YU RFLP £ o 2 o] &
A glE . AFdFELE 355bp2] RT-PCR
AHE & 252bps} 103bpe] F @ o2 HYAY]
= Sall-g A}&-8Hsich.

g o

Hatolel WEgo Bz DNAE A2
CDKN2 DNA PCR

2 A YA A}-8% DNA PCRE %% CDKN2
primer®] F7I1M A& HFE7] Astd A
dx¥Y YILT DNAE FYog A48}d
PCRE A3t} 2 Ha} o 4sE 167bp 2
7]12] CDKN2 genomic DNA @ H#Ho] 22X g & #
2% 4 At (Fig. 1).

Hatele] YA AZT mRNAR AISH
CDKN2 RT-PCR

B AyeoA AL % RT-PCRE $3 CDKN2
9 c-actin primer] ¥7|XEE& HZF 317 931
AgAe Tx¥ JxFHEY R
mRNAE A}-4&}o] cDNAE HA 51 o8 78
o2 A48l PCRE A3t 1 A o4
&} += 355bp ¥ 500bp 7] e] CDKN2 ¥ a-actin@]
mRNA transcripts7} 4@ gL BAYE F AN
(Fig. 2 2 Fig. 3). 38 CDKN2¢] RT-PCRAIE &
Sall ASEAE Adsled 252bpe} 103bpe] F
gHo 2 UHolAH e #EsAT (Fig. 4).
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678 9101112 M

Fig. 6. Reverse-transcriptase-PCR  amplification
of CDKN2 mRNA from stomach cancer cell line
(SNU1, lane 1) and primary cultures of stomach
cancer cells (lanes 4 to 11). The ac-actin mRNA
served as a control (468bp, upper bands). The PCR
product from CDKN2 mRNA (355bp, lower bands)
was not found in 4(50%) out of 8 primary cultures
of stomach cancer cells. Malignant cell lines (lanes
2, 3, and 12) which do not express CDKN2 mRNA
were shown as vegative controls. M, bacteriophage
® X174 DNA digested with Haelll (1353, 1078,
872, 603, 310, 281, 271, 234, 194, 118, and 72bps
from top to bottom).

M

HletE HAS ciyst REo AMZEAM
CDKN2¢2| &#

Z 24% 9] o8] YHFEEA CDKN27} 28
5)&=A & RT-PCRE #As}ct 2t A¥XEZR
H mRNAS] #2871 & HAE=A & a-acting] @
#Hg 53l RT-PCRE B39 th 24F 2 A
X ENAM BF c-acting] LHE AR 5 A
o0 o]Z2] mRNAE A&3le CDKN2 RT-
PCRE A 319} & 13F(54%) 9] G E A
CDKN29] & o] 450l &S ¢ F Ut
(Fig. 5). CDKN2¢] ¥d AT E B olF &5
o} ¥£¢1 ENT24) £3= v}-9- o}t CDKN29] ¥
£ Bgrc} (lane 8, Fig. 5). thH-¥ 9] 79 a-actin
o] W@ o] LOKN29| B# 3} H)=3tAY B 7
3l o) J82 Y M X 3= a-actinH ) CDKN2¢]
o] v g 2 + AN (lane 19,
Fig. 5).

2t MZo| A CDKN22| &
AFAEF 157 R ALY AYAE 87)

123 456 78 91011 1213 14 1516 1718 1920 2122 2324 25 2627 2829 30

167 bp
CDKN2 >

Fig. 7. PCR amplification of CDKN2 genomic DNA from malignant cell lines. The amplified CDKN2
DNAs are indicated by an arrow. M, bacteriophage ® X174 DNA digested with Haelll(1353, 1078, 872, 603,
310, 281, 271, 234, 194, 118, and 72bps from top to bottom). Lanes 1 and M are overlapped. Faint CDKN2
band of lane 1 is just below the 194bp DNA of the DNA size marker.

Dral Dde | Sal |Hincli  Ddel Nhe |
[ 355 bp CDKN2 RT-PCR product
5 100 150 20 20 300 0 bp
| 1 1 | ! l | |

Fig. 8. Restriction map of the 355bp CDKN2 RT-PCR product. Sall digestion cleaves the DNA into 2 frag-
ment of 252bp and 103bp in sizes.
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Table 2. Summary of the expression(RT-PCR) and presence(DNA-PCR) of the CDKN2 gene in cancer cell
lines(HPBALL to HL-60) and primary cultures(ENT1 to JBH) of cancer cells

Cancer Cells RT-PCR DNA-PCR Interpretation

HPBALL + + Normal CDKNZ2 expression
SKHepl - + Error in transcription
MDA-MB-231 - - CDKN?2 deletion

T24 + + Error in transcription

Hela + + Normal CDKN2 expression
B95.8 - - CDKN2 deletion

U-937 + + Normal CDKN2 expression
TCCSUP + + Normal CDKN2 expression
182 + + Normal CDKN2 expression
SK-Mel-24 - - CDKN?2 deletion
SK-Mel-28 + + Normal CDKN2 expression
IGR3 + + Normal CDKN2 expression
Malme3M - + Error in transcription
Daudi - - CDKN?2 deletion

Raji - - CDKN2 deletion

RT4 - + Error in transcription
MOLT4 - - CDKN2 deletion

SK-BR3 + + Normal CDKN2 expression
HL-60 + + Normal CDKN2 expression
ENT1 - + Error in transcription
ENT2 + + Normal CDKN2 expression
ENT3 - + Error in transcription
ENT4 - - CDKN2 deletion

ENT5 - - CDKN?2 deletion

LIH - - CDKNZ2 deletion

SNU1 + + Normal CDKN2 expression
KHH - - CDKN?2 deletion

WDK - + Error in transcription

SHJ + + Normal CDKN2 expression
PHB + + Normal CDKN2 expression
KMB + + Normal CDKN2 expression
1S + + Nommal CDKN2 expression
JBH - + Error in transcription

€ o2 CDKN2¢| 2dg a3t ¢
A EF SNULJ| A= CDKN27} 239 33y
T AR 224, 8719 A G AYAHME
FA A= 470(50%) 4] CDKN27} 2@ 5] &
sttt (Fig. 6). o13-& $83549 3 3339 GAHE
EF 17% (52%)9 4] CDKN2¢] 2do] dojriA]
%SS4 F AU

CDKN29o| #io|4t gtMZollA] CDKN2

DNA PCR

CDKN2¢| %do] dojutA] & ol {8 &o}
H7] 913te] CDKN2 23 9] o|ido] le GAX
R Ldo] APY dAX RFAAM CDKN2fd
Zte] EAE PCRE #A3IFT) F 33%9 oA
EF 10530%)1 4 CDKN2f-H=te] &8 @
2T + % (Fig. 7). 15 BFE CDKN2¢)
Bgo] dojuA ¢S S Z RT-PCRe| 239}
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gx 8} 28, CDKN29] g@ o] Yojr}x]
%L e 8% dMEEL EF CDKN2H
AAE 7HN 3 QA AHH o2 CDKN29 2
o] dojubA] FL 17F9 YAXE F 10F
(59%)°1 4] CDKN2 Z&02 o] A%y + 9l
At (& 2).

I ¥

AAEE= FAMESG 21714 HoA Aol
Holy o7)d& 2 E3HA &= 44, 79
23 & 47 FEde AL F7F R FoA
A4 e AstEe] £ o T FAIXES &
AL GAE7 @R AEFA 0] AR &=
A& 37 dEelgr] uope AMEARY @
B0 2 ool & Rolth. :xUFAA ¢l
Ao B A FHH GFT 43 ¥
2 3t go] XY 7 E AAEHEH
1976\ Peter Nowello] A X7} Wo)E 714 #
AF oz BAAEA Hu A7 H38d
3 FAE ol dHAe FHAH R0l el A
THo| gou dBE YA FEAAY o)
& FHsted 233, FAFLE oF fAR
9] Wol7t g FESEAE WA %3
Aok 2y, A2 g0 Wol7k dold FF ¢
o] gl Frlkste FAAEC] HAHUL ©]
E Tl AXF7 #dzte fFAAE) £
gE o] gl WA o] YL F= A4
EF7t &AH o WYHEE 2H3e £
A5 HXF7)7t 71438 o DNA 78 &
Fete FAAS0 TRHEAR.

H g0 MEF7|A BF A7/ 823 2
PHAN AYHoz A¥ JF L FHE =
Aste o 9 FHAE] WAL ek GA
FoA Wols} #AHE BYF ®o] ATH
A Ao] ps3o|th. FFHQ ps3E ZE HE
o] gulg Tt v ARAHA ALY FHE
A g ®yt olz} DNA &4 A9 o] & B3
FE AZE AIAA XY ¢F ¥3E 94
gt} &, p5S3u e DNAYL 48 BAY A ¥
7t =38 o gAsEEY g3 g2 AvtA
ARE 1 7%E FR%e AeE ¢3A U
(1) ps3a¥le AEFVY Fad qAGH
p219] 2 F7HA71H (i) p21d YL cyclinE
¢} CDK2¢] ZAEE B3fidt HAXF7|F S

phase2 9] & WHYLZHN MEF]E ar-
restE S =80} #9 (i) p212 DNAE Ao @
&} proliferating cell nuclear antigen(PCNA)3} 2
¥t} PCNAS}H DNA polymerase 6] A& A
Ao 2N S phaseF o] MEF7] amrestE =
Fo (2) £ ps53 Dol ¥4 apop-
tosis7} §- %% o] endonuclease ¥4d 3}, chromatin
fragmentation Y condensation]] o]o] A EA}E
o2 v (3) ¥4 ps3o] {432 7%l
Gadd(growth-arrest-and-DNA-damage-  inducible)4S
gule] Aako] Z718la (i) GadddsE= PCNASEH
A3 o= A PCNAE replication complex 2 ¥-E]
dol¥E d8E o2 MEFT] amest® f
Z . (i)E § Gadd453= excision repairg 7
A7l o719 £ PCNAY} 288 7HsAd o] 9l

£ Rez 4A4E D Yo

$8 o FYulo]H2EL p539] 71FE 9
AFAY ps3SRAAPLEN FF AHE
FE3lE Rog 4#A U 4§ £9, pS3¢
wl o] 2] %} apoptosis®) - X+= Epstein-Barr virus€]
late membrane protein 1(LMP1)o]l 2]§F Bcl-2¢]
upregulationol] €]3}e] <] A= o] EBVY| transfor-
mationof] 71§33kl QlEo] &BA A £
human papilloma virus(HPV)£] E6¢H -2 p53& v}
I A P22 WPHED 2Z G Hke] Ao FY
L€ FE Ao gA Y. o] x p53fHrA
o] wolgl FPwAuel @A BItAE
o2 FYe FYEL YFLE B2 dF7T o
FojA Fop.

p53& DNA&A oY 3t § o) ol o3 &
A5l AEF7] FLFAGN p21& T3t
o NEFIE 2HS}E 7% E 743 Jes
2 AXFNY & sagus € 4+ dh AE
F718 @33ste FE FAHALAEES A8HA
cycling 3} Zt cyclingo] 23t CDKE 4 o
2 ZAGYEZAN HEF7] Ao o] g
T AEE vYste] NEY YA FAL 2 &
S £3lo AAHQA AEY HFE 7H5EHA
3la1 glth. CDKEL Ztze] d@sie Hold
cyclingo] 9loj CDK-cyclinE-§ae] Aefof]
CDK7} 8435 o] BEfAs AZAFE F
AANZIH. vk ¢ CDKS} cyclin®] Z§E L
e g Ee] o AEAFE FAL Ae
tl o] EHY RHe) HellA 71&7 p21ojt}”
» ¥ oo ¢hE 2d9YF CDK4%} cy-
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clinDe] ZE-E Wajste ZAe] CDKN2E:= 16
kDa= 7| 9] @4 (p16)o) t}®.

2ol Kamb3 & G4 9p215 9] E5H#
A7 e dMEENAM FEHo UL ¢
7A38}le] o] & multiple tumor suppressor(MTS)2} 11
Pt on MISHAAE AXF7|9 23
o] 31}¢l CDKN2E wtEt= §Azle 5Y&
A e] g3 AP . p219] cyclinE<} CDK2¢] A 3§
£ B33t AXF7)9 amestE F =3 WY
o] CDKN2¥& CDK4¢} cyclinDe] 232 gl
SN HMEF7)9 arest® =t} Kambs ol
9] 8}9 astrocytomal 82%, WHL 33%, &
2 60%, glioma: 71%, WHH L 25%, YL
25%, melanomat- 58%, osteosarcomat: 60%, d A
42 29%, R A AF4L 56% A4} CDKN27} A&
Hol 8¢ pusigew tdg 2 neu-
roblastomai= CDKN2¢} A<&3e] d#Ao] ¥g
€ RAFP. 23, o]g9 ATt =
ol A ®ol BAstE Ao} 7T Aol
B8 Bue ges g4YARAAd 7HsA ol
¥ CDKN2oj| #3}of ol8 % & o= 3
t dTe 997t A& Ao A4

E AFNME 48 OGS FY] AXEF
ERY olyzt #2¢ AUYME % FFUAX
9] A YMEES A} o2 CDKN2/-H A}
9] mRNAZ 3 % DNAS &g ZAgoEH
olE ¢to] WM HEAH o R vl MYl
2 8.

B dgdAMe F71A FF <9 CDKN2 primer
ZHEE 83T s mRNA 2E S B
7] 1% primer2H 02 A o= Z GAHEZHE
mRNAE E2]§ o JHALE 53t} cDNAE
FA 8L o] cDNAE ALg5le] PCRE A 83l
H AH83 AT E OE primer= 2 CDKN2+
Az HAES B 9% Ao2ZA 4 AR
genomic DNAE F8 02 A3l PCRES A3
=t AHE SR o] & primer2HE 9] H7)A
4 4537 93ske P42 < CDKN2E 713
RNoZ A7 e e JA4Qe] T2 YX oA
mRNA ¥ DNAE 32 3l9 RT-PCR ¥ DNA-
PCRE A 8% A3 RT-PCRE] A¢+= o dHE=
355bpe] PCRAME©] #FEHQUTh 355bpe] RT-
PCRAES A& F Qe HAP AVELE
#7] #9131 355 bpe] CDKN2 g7]Ax|Ee] A%
s FARYE L& A (Fig 8) Sallo] A

T Aoz yuso] olg Al43te] RT-PCRAME
E& #9849}t DNA-PCRY 4= dAHE
167bp2] PCRAME o] @#AHZ oY v F A7)
3ol o] B MY 4 Q= HAG AFALE
A ®3th

o8 gMEE]A 2] CDKN2e] mRNAH A=
RT-PCRZ @&t 4 GAEZEANA
mRNAE #3232 mRNA9 ¥)7} 2= &R
€ ¥¢7] 98t MEU BAYH o2 EAJE
TZ2FAAQ) e-acting] EHL RT-PCRE #F
3t th. a-acting] RT-PCRAFE 0] 2538 7 %9
3ste] CDKN2¢] RT-PCRE A 33gict.
33%9] YAMATEF 52%] olEE 17EqA
CDKN27} ¥ HX 38 ¢ 5 U Az
YU BEUE o|E RolX = ggtoy o
A EBVS} @€ M EXFEQ BIS.8, Daudi, ¥
RajiEo A= 25 CDKN29¢] wdlo] x| ¢t
o5 ol BF CDKN2{AALe] A& 7]<ls}
ok BBV = CDKN29] A9 dA@4d)
Bl o B d771 AgEoloF ¥ Ao
t}.
E3 o|EF SFL 1AM YG EFUAEE
A] olF 4%(80%)%14] CDKN27} L= 93k
t}. Northern hybridizationg A]3)3}lojo} 83
ZAF}E €& 5 YRR 7 CDKN2¢] wio] #3
¥ 1£9] JAHIE 2 mRNA AT/} e
MY @ AAIZTFRCG 10%0]3t2 A o) %
gttt} o] F£599] A4 CDKN29] 2@ o)y
o] ¥ A v § L WAL /1A M54
£ AJARRICh

W 8F o YA AGANEF 45(50%)]
G A oA CDKN27} 23 == gttt CDKN
29] WaojAe FE CDKN2&AHAFe] AL
71038 ez 4R glv). CDKN29) ¢ o]
ol BEY ¥ 17F9 GHAXEF 10F(59%)°
4] CDKN2®-Azle] &g A& 4 g
Slot X 9] 7S = CDKN2¢l Wdolate] @3
B % 459 AAXEEF 2F(50%)N A FFUA
¥9 9= CDKN29 @go|io] #&IAH F
4739 M EEF 25(50%)°1 4] CDKN2¢] F&
o] #&Fo] HwrH oz of 50% o] 49| H$-of
A] CDKN2#-Azte] d&o 2 Q18] CDKN29
ddo] dojuA] F&E ¢ F AN 2,
B AdYelAM A% primer7} CDKN24-7H 2}
A GG E BT RAE £ Q& primers o}
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ez B 449 primer7l ALY & gl 99
o] DNA A<¢% & Ao Z A3y ¢MxE
o4 CDKN2¢] d&g2 HAZE o]BiYg &
Ao g AyztErh ol #3ld & CDKN2g] B E
99L& 248 £ U Y primer2HES
ALg3todof ¥ Aolrc}. %% Southern blot hy-
bridization& Al ¥Ya}d BT} J&§ FEAHE
A F A& Aol

d&o] HA koA CDKN29) d¥o] 5
] % A% CDKN29| promoterd Hof ol
°] e FHE 44¥ + A& AW CDKN
2/-Ae] Wol2 At HAAQ primerE A}
43 RT-PCREZE= 1 LHARE AAY F 8
£ A7 4§ Aol HAe] 32+ northemn
hybridization©. 2 %% 4 A& HolH Fatel
7 9= CDKN29] exonE € FZEY = Q& prim-
erZ ¥ g AHE-3te] PCRE A sln o] & E2Y
3] 1 P71 EE AP 2N CDKN29| ©
°olg ¢ F & Ao}

Caims%-o] @29 o]z|§ CDKN2¢] ®ol&
g =g Aoz g#A UM F, #Hg
(nonsmall cell carcinoma), ¥}3 $}(transitional cell
carcinoma), l¢t(clear cell carcinoma), 7 %-<
(squamous cell carcinoma), R 3§ ¢(glioma) *
75%9 GHXE dJ o2 CDKN29| HolE =
A3t 23} 5702] missense Wel9} 27]¢] non-
sense¥lo] & A3} o]Eel ¢3tHE mis-
sense ¥ 0] F 47]& 1400 A ZEH X ] 436 A
97)¢] G A transition®) 2 U}wi A st 529
A AEYX e 172814 ¥g7]9] G A transitiono]
9lom 27)2] nonsenset o} = WHF¢t § ool A
50M 5 3E0] CGA TGA(Arg stop) .2, 7%
o} g oo 2] 25H A A E o] GAG TAG(Glu stop)
o 29 ¥olojgit}. o]y WHo|FoR HEH
£ nonsense ¥o)x= 2.7% Ao BgL 23
&t

4 8

B AT e o8 GAESF 205 R @54
A Bald gAXe AAEIAEE 13FE o
Ao AXF Z2FRAR O FHAFH
Y Ao Mzt E= CDKN2g) 2@ 9 d&e
ZA e Bt o A9 & 3359 X EF
175(52%)°) A1 CDKN2¢] W@ o] dojub=] gt

o} E£§ F 105:(30%)) 4] CDKN29] A&o] #
A== o] CDKN29| @¥o] dojr}x] @&
L 17F:F A= 59%¢] AFHE= vzt o
£ gdol 3lo] CDKN29] d& R g¥o]do]
¢ Fade GAsE Aotk o F South-
em hybridization ¥ northern hybridization-& &%+
E Ao 89 9 CDKN2ZEAEY 4 3
CDKN2 {24z} ¥el& 17| 918 A7 IMEEY
9] Aol FMP=" CDKN29) &7 Hd &
F Hc e AAE dE + AR HeE 4
"ol =% AU ¥ (preneoplastic  lesion)ol] A
CDKN2¢| H& W LHo| A4S ZAFLEZRN &
o 29 AYrHsAd-E vig A ddE =&
L & F U AOE Hgd.

T

B ATE 199UE B JATAR-BID
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