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Purpose: The pl6™ gene encodes a specific inhibitor of cell cycle progression. In

recent years, genetic deletion and altered expression of pldmm

showed in many human cancers. So, the pI6™ "
gene. However, there has been a few data for the p16™ "
and hepatoma, So, we investigated the genetic deletion and altered expression of pi6
in gastric cancer, colon cancer and hepatoma cell lines.

INE4A

Materials and methods: The homozygous deletion of pi6

gene were frequently
gene is considered as tumor suppressor

in gastric cancer, colon cancer,
INK4A

was examined by using

PCR and the protein expression of pi6"™""* by using Western biotting in cancer cell lines
established from Korean patients: stomach cancer, colon cancer and hepatoma cell lines, -

Results: Homozygous deletion of p16™

out of 13 cell lines examined. The pl6
These results showed the low frequency of pl
quency of pl™<**
cell lines.

INK4A

INK3A
6

was detected only | stomach cancer cell line
was detected in 3 of 13 cancer cell line.
homozygous deletion and high fre-
expression alteration in stomach cancer, colon cancer and hepatoma

Conclusion: In this study, it may be suggested that the altered pl6™ " expression as

well as pI6™ "
INK4A

mine the mechanism of pl6 gene inactivation are expected.

gene deletion play important role in oncogenesis. Further studies to deter-

INK4A
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A =

2T oo WA A AZ HF 24 71A
o] vzt WpHar HAzE HH9 AX F7]
23 FAAE dHA R oncogene) Ex FoF ¢
# §AAHtumor suppressor gene)ZA] ¥
A afetel(1,2). o) AA2 HE F£7] 24 ¢
A7 o A R B #AT &S A
st glek Fopbgel Aol Ao FARE
AT 2HAAZE AZF7AYE FE3HE
cdk4, cyclinD2} M| 57712 Z8E o Asl pss,
p21, pRB, pl6"***Zo] vlEHo|ch34). o] F
A p16™*= gp21ell FasHe RHREA cdkd
inhibitorg] p16™**A& encodingsl hEdl H
Wl gk v £AEA SIS AR 2F, ey, i
oFe vl E% o] FR/ AlENA HEe] Yol
e 797} goka Baslm gleks~11). pl6™ ™
SR AED B oiF 22 cyclinD-cdks
B4kx)] HAjo) Frtsle] pRB 7158 £4& &
W3 Het p16™ FAALY AEL AE FF
off uje} cha2A vjeht AGAELE, AQ=FE X
ME, Gupel, gyl E 60~80%2) e A
Ef8 2o who) diagte}d Al otHEF
AE 10%0]ste] F& AEgol HEglck(12).
wit AR of AEFAE FHA AL glE
E BFsa pl6™“ mRNAV p16™ A chuje]
o] Yolr}A) = Aol En=gdr]13). 3
3 pl6™* SR} AEs ol Y AEel o] H
AAE Aol & A9l AEe] Habo] FA ¥
g 23t glol o) Xge) ol 4¥ AR
AA E 3 glek(14~16).

A ple™ 4 kg Il W3 B o
F= ple™* 8- A Aol HlZY B A 44
EE, TAZ, 0] £ATY =Y 5 W2
I eh17~19). 2t AFell4 d4 west
A e fgh 2 Bl e pr6™ e
A ALl g A7z gA Fooi2o), dEd
AENE pl6e™ GRAA AEL gl o

el o]4te] gk A 3y vk gek(13). &
pl6™F A Ato] Ao YR tFI feliEielA
sty WlEsl g g Wdezd pre™t fA
A 8 2o el W A7 vAE AR
olv} B+l $-elutel YAZRE £HY MNERE
di4bo g & o AFE of4 njulsi).

olof] B o pollAle Ul U2 HE 77
2 AEF FA A, LY 2=l g MX
3 geg p1é™ fHA AE ALY
pl6™ A g e 2AGeBM 4y GFE U
A sA A p1e™he el dolrmzt ¥}
At

M 3 Wi
n MEF U MEF HI2

Aol 483 JAXFEE AY AEFE 45
(SNU-1, SNU-5, SNU-16, MKN-45), tharel A¥E
Z 42 (SNU-C1, SNU-C2A, SNU-C4, SNU-C5) 2
gl3 M HEZE 53 (SNU-182, SNU-387, SNU-
308, SNU-449, SNU-475)5.4] YEo] 2|gsiaz
HE) g5 MEKN-45E AxEbd oA Bohg
gk 299 AEFE GFAEF YA B
gtob AHgatgloh21,22). p16™™ $AA HE 9
o Aol ok UiRToEE A4 A9 #
Z g YEPo} AFREG AEFQ Hela A
EZE Ao, 24 dRFeRe U
A E3] MCF-7 M XF8 Ag4sl3ich23).

AEZ ke 75 em’ Z2|ufoFE7](Coming,
Coming, NY, USA)ell ul 524 10% $wo}
#) 2 (Gibco BRL, Grand Island, NY, USA)3} 100
1U/mi2) penicillin, 50 pg/mle] gentamicine] 237}
5 RPMI 1640(Gibco BRL) w}#& Arg3}g]em
5% CO7} $5% 37°C & gu7icla wiekst
st

2) HEY MIE W RIH0IAM DNA 27

et 7 MEFE PARE B3 mM
NaCl, 27 mM KCl 43 mM NaHPO,, 14 mM
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KH,PO)2 2 23] A& etdch 4 FakAaE 2.5%
EYqoz Helshd X7} Hola g gl
F 10% S-elob o] Eghsl MAZ RgA7]
2 SEL AR AEAE A Q)
A gHe g 23 AAsl e} Trs-EDTA $3
£N(TE 389, 50 mM Trs-HClL, pH 8.0, 10
mM EDTA)2.Z A|ZE R84 & AER G
I ml} 10 ml2] S2--494(10 mM Tris-HCI pH 8.0,
0.1 M EDTA, 20 pg/ml pancreatic RNase, 0.5%
SDS)& A7l 37°Cell 1417 A elslsd}. Pro-
teinase K&NE 100 pg/mle] =HEF Hrle %
50°C rzollA 3417 B9 wiEAlZg. Sk
phenol: chlorofortn: isoamylalcohol(25 : 24 : 1)3 A7}
sto] 4 & 42olld 5000xgE 1587 AL
ot e ENFH {7 EulFS Felde 8
AFe At o] HAF 23] WMEY 5 DNAS
o)) 3 M sodium acetate 8-H-& 1/10 Hul 2 Hs)
Bl 4°Coll Hidxlo] Q= 2.54] -39 olet&g
o] DNAE FHAHAF| 2 70% gh&2 At
Az=A3ch TE $F84% 37lsled DNAYE &
3l FT W7 4°ColjAl BPg ¥ £ 3=
7218 260 nmIpgellA FFEE FF, F st
Ayl A&slch(Blin Y Stafford, 1976). <A
HxFdog ALY JEZIEE A7 izl A4
Aol g 2 g 20 mg #Higgle] &
ol ATl B ¥ Ficoll-Hypaquer} Eof
A= Algatell FAskgich 2000 pm 2.2 158
2+ ARl YEZFEG S4BT 1500 rpm
o2 587 UM Agsch2e).

3) E&t 54 AY gHS(Polymerase Chain Reac-
tion, PCR)

p16™* §A AL exon29) PH F7| D pri-
merg A|Zstglew primers] Q714 9L ch-g3F
7he}(25).
5" primer: 5’-GGAAATTGGAAACTGGAAGC-Y
3' primer: 5"-CTGCCCATCATCATCATGACCTG-3'

AFollH H2)8k DNASH 108]9] PCR buffer

(500 mM KCi, 100 mM Tris-HCI, pH 8.4, 15 mM
MgCl, 0.01% gelatin), 0.2 mM dNTP, primer, 2
unit Taq polymerase(Promega, Madison, WI, USA),
5% dimethylsulfoxideE 412 & 4}<=¢}] mineral oil
£ )k o] AREE thermal cyclerel] Wi, 3
) F7]E 04°Cel|l A 3R, 72°CelA] 18, 38°Coi| 4]
B AlSEE & 94°Col|A] 1, 58°CollA} 14, 72°C
odlA 12 =R o7 355715 AWYete] prs™
FAAE ZEAR B0l B ¥ 7 A Bl
mineral oil®} &-2F2] chloroformg W32 15&7 =
HlE F 94 E8 s PCR 45 & 2alagl
th. PCR AHEE 1.5% agarose gelol] A7) Eam
(100V, 40%) 0.5 ug/ml ethidium bromide® < A&}
o] PCR SH4ES T8 cH26).

4) B2 MIZOIM & iy Ha

R WobE AZE A7k QuABFUez
2%) AT ALE FHE ¥ 5 A o AN
Sioh 1527 YA Relete] AE AL BE F
0.1% NP-400) H7}E 20 pe] a4 gh&all1o
mM HEPES pH 79, 10 mM KCIl, 0.1 mM EDTA,
0.1 mM EGTA, 1 mM dithiothreitol, 0.5 mM PMSF,
1 pg/ml aprotinin, 1 pg/ml leupeptin)-g& Yo H.-4
AlF| dEFell 1087 FXe) ek aukz|z
1527 4 48 F 4°CollA] 1087 YA Eelsied
FAEE A%t w4 243420 mM HEPES
pH 7.9, 04 M KCl, 1 mM EDTA, 1 mM EGTA,
1 mM dithiothreitol, 1 mM PMSF, 1 ug/ml apro-
tinin, 1 pg/ml leupeptin) 20 & Yo B.84)7] X

Sl 1587 AAsideh oA =ulriz 15
2742 F CoIA 1087 YA Belsho] Qe
AEHE ds 70°CoH Baslgcirl A3 E A e
ol A whe HEol ALech27). A
2 484 <dHul(Sigma, St. Louis, MO, USA)S
EFNeZ ste] Bradfordd 22 Hukslo] A}
&8+ vh28).

5) Western blotting

Aeksl &) chul FZol 50 pgg 10~20% con-
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tinuous gradient SDS- polyacrylamide gelol]A] 125
VE 11087 A7 %3¢}t Geld transfer buf-
fer2 ©oig]l 24l nitrocellulose membrane(Micron
Separation Inc, MA, USA)ell 2253 100 V& 50
£-7F transfers}$dt}. ¢] membrane S 5% =X 28
2} 0.1% tween-200) X%% Tris 2+8H(TBST;
25 mM Tris, pH 76, 192 mM NaCl, 0.1%
Tween-20)el] Yol BRell4] 1417 F3b EEo]
S A blockingstd ). 3% $EH dHrle] &F
¥ TBSTol| 10 ug/ml®] vh-g-29] &2 p16™
#l-A|(Calbiochem, La Jolla, CA, USA)S HH7lslx
nitrocellulose membrane-2- g3 4°CellA] ¢34 &
¢t £50|F ¥ TBSTE 33 7PHA s+l vin
1054 38 AEsl9dc)k Nitrocellulose membrane

_1234'5678

369 bp =
246 bp =
123 bp =

INKAA
6

Fig. 1. Homozygous deletion to the p!

£ horse-radish peroxidaser} 2%z £v)9 §-u}
42 1gG &HA|(Sigma)yE 27tel 2] 43 SHef
3 Ao A gAIZE gE-3A17] F TBSTE 1587}
13], s+ 33 A4slgct. ECL kit(Amersham,
Chalfont, England)& Al&%le] X-A HE(Amer-
sham)ol] 20552 ZHFAI R H29).

F2| o
1) leh, Chzrer U 2kl MZZENAM p16™*
FEA AE

A, iAot W 7 A EF ) DNAE H3t
T, B33 542 260 mIAA A FEE A3
of 2PZAN &y5l HH2 =70F PCRE A

gene in the stomach cancer, colon cancer, hepatoma cell line DNAs. Genomic

DNA extracted from the cell lines were subjected to PCR analysis using primers for pI6™* exon 2 as described
in materials and methods. (A} Stomach cancer cell lines. Lane 1, 123 bp ladder marker; lane 2, Hela; lane
3, MCF-7; lane 4, SNU-1; lane 5, SNU-5; lane 6, SNU-16; lane 7, MKN-45; lane 8, lymphocyte (B) Colon
cancer cell lines. Lanie 1, 123 bp ladder marker; lane 2, Hela; lane 3, MCF-7; lane 4, SNU-C1; lane 5, SNU-C2A;
lane 6, SNU-C4; lane 7, SNU-CS5; lane 8, Imphocyte (C) Hepatoma cell lines, Lane 1, 100 bp ladder marker;
lane 2, lymphocyte; lane 3, MCF-7; lane 4, SNU-182; lane 5, SNU-387; lane 6, SNU-398; lane 7, SNU-449;

lane 8, SNU-475.
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By 2+ Ao A dzFog AY
Aelel wtx ¥ FHEAA gl DNASH
HeLa A|Z5-9] DNAS A&3t92, o4 2T
S% MCE7 M¥%¢ DNAZ A8ssich PCR
£ AN F 2 AEE ArdEeie] B 2

16kd — &

Fig. 2. Expression of p16™*** prtoein in HeLa and MCF-7
cell lines. Nucleus extract from Hel.a and MCF-7
cell cultures were analysed by Western blotting.
Lane 1, HeLa, 4 pg; lane 2, HeLa, 8 ug; lane 3,
HeLa, 16 lig; tane 4, Hela, 32 |ig; lane 5, HeLa,
64 ug; lane 6, MCF-7, 32 pg; lane 7, MCF-7, 64 g.

TNK4A

Fig. 3. Expression of pl6 prtoein in the stomach can-
cer, colon cancer, hepatoma cell line; Nucleus
extract from stomach cancer, colon cancer, hepa-
toma cell cultures were analysed by Western
blotting with anti-plémx‘M antibody as described
in materials and methods. (A) Stomach cancer cell
lines. Lane 1, HeLa; lane 2, MCF.7; lane 3,
SNU-1; lane 4, SNU-5; lane 5, SNU-16; lane 6,
MKN-45 (B} Colon cancer cell lines. Lane I,

~ HeLa; lane 2, MCF-7; lane 3, SNU-C1; lane 4,
SNU-C2A,; lane 5, SNU-C4; lane 6, SNU-C5 (C)
Hepatoma cell lines. Lane 1, Hela; lane 2,
MCF-7; lane 3, SNU-182; lane 4, SNU-387; lane
5, SNU-398; lane 6, SNU-449; lane 7, SNU-475.

T e M EZeA SNU-1, SNU-5, MKN-450i1 A
= 167 bp2] PCR Ab-5o| FAE|g] ot} SNU-169
A dl4E= 2719 PCR 48] AAEA &
gheh. Akl HIESESl SNUCI, SNU-C2A, SNU-C4,
SNU-C5¢} 7+¢} A<l SNU-182, SNU-387,
SNU-398, SNU-449, SNU-4750]|4] =% 167bpe]

PCR A& g + 3UUcHFig. 1.

2) p16™K chey g8 XA}

Hela HXFE o]gslo] ple™** chalg) &
= 93 Hed iy 45 TEEAC 4
lane™] £ HeLa A X5 ) i3 4 yg, 8 ng, 16 g,
32 ug, 64 ugAd 714k F Western blotting 2 A g8 &k
A3}t 16 pgol4ollA 16 kDaol] M= 527)9)
band & T o U2, MCF-7 Al EF ¥ o
< 32 ug, 64 pg 75k 7 -FollE bandz} AL E |
%3k cHFig. 2).

Table 1. pl6™<“* expression in stomach cancer, colon
cancer and hepatoma cell lines

Cell lines pl6™“gene pl16™**Protein

Control Hela + +
MCEF-7 - -

Lymphocyte -+ ND*

Stomach cancer SNU-1
SNU-5 + -
SNU-16 - -
MKN45

+
+

SNU-C1
SNU-CZA
SNU-C4
SNU-C5

Colon cancer

o+ o+ o4
|

SNU182

SNU-387
SNU-398
SNU-449
SNU-475

Hepatoma

+ o+ o+ 4
|

*not done
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e AEFEANA QL o e 358 3
w3k 3 Zh7h 50 ugd 3 #to] Western blotting &
Alggslgieh. 919k A|EFE SNU-1, SNU-5, SNU-
169141 = 16 kDa®] bandE 43 4 glglon
MEN-45¢]| 4 = 2 intensity S zhe band7} L}e}
shel. oAt AEFF SNU-Clall AT 16 kDa2)
bandZ FAE 5 Uil 2 olgfel] SNU-C2A,
SNU-C4, SNU-C5ell 4= band7} Vel R} ekghd)
7¥QY A ZEFF SNU-18201 48t 16 kDaol] 3}3)
= bandE #RIF & UL} 2 o) el SNU-
387, SNU-398, SNU-449, SNU-4759ll4% band7}
vebtA] ek gkth(Fig. 3, Table 1).

] A

GAEFoNA 9p219 T8 Al o] A
Hit o] Litoll A& §HAL pr6™ hung
gkt Ao g Aol wha) oAl fAAs
A pl6™* g a}e] gl thal WAle] 2o}z
o B pI6™Y fHAL HEe] B AEE
ddez stef p16™ chuol] Bet 175} gt
shAl Aeg¥) 3 Qiek e ekt 2ol pre™
Ko p53, Koras, DCC 5 g WA 7)Aol o]
e o E §4R7 ol4e] F2 vshle elid,
Sigtolu} ighat o] AlFelldE wlZH HA
M g dde 3 AF Al oA ol
mlsteh(30~32). 3 $elvbel R EE o
2 AAEFE o] 88 b A %> AAo]
th2s). el AL F7)d) A8y faAE
FHAZRE i o] WEHolw, FAa)
Aol el grivlE v wblel] o]4to)
Aok ol gt ch-& ohik A wHyoll ot
&+ gk gt pre™ §AA Ae) giA
U g wED Yoty YAESS didtes
g pl6™ " chaf wkel o) = AL qh Al TR oll 4]
pl6™M A chulel od et odgel] F)E <) 2Aolc).

£ TR Selud Sz $39 9
o, oA W Y MERE ooz pre™™
FAR B AYA AEo] YA 2AEI §)

slo] F4F A4 A qH3S APk g Al
EFQ] SNU-16ol| A& PCR AbEo] 725z 9
of pie"™ §AA Ato] ST, 2 ol
o2 ti4h A EFol A ol4E] % 167 bpe) PCR
Abge] AEEle] p16™ AR AEEL 10%
o)sK1/13)EZ A vElsiel. o) oiP-Ee) ¢ha)

o] 4 p]ém"m oAz} AL=go] 50~70%0) o]
Eobe Bt vzd o 4] G2 Hegol
eh(11,12). 22 $igholl A 9wl JAaix|sl o)
A Ao} p16™* SR Y Ak A
Eo] Y Wxg doluhl= &9 Hagte
AR sl AE RACH33,34). = oAkl A
pl6™ G o] WS A gAtE KA
th, 7qholl A p16™ GAAL Hol Y2 wiER
dolwets HuotE dAshe Zelek11,35). 1
il B Pl A4 primerys pl6™* §A
Zb exon28] YA FAZTolA 7 Tro] A
£ Bhojula gl A, o)A e] pr6™H
FAZE BT XY Fv glemz 2l 4
20 ¥& 7% 45 A" 4 glel(12). =
g tBE2] pre™ Azt AEe] homozysous
deletione.® Yoldclm <ejax] A9t hetero-
zygous deletion7}®] AE3el HAEEL ]S =
A UEhg FE 31 Ro)ck36).

pI6™* S AR EAeEly FFHo g
pl6™ A chul wly §R} AE Fr =8 AA
of F230Z Western blottingS o] &a}o] o4t
GAEFESL pl6"* chud wby okabg = Ay
Ack g HEFE Fold diggd QEF
SNU-C1Z} 7Hel AEZel SNU-1820] 41k okl
HEZH v)L8 intensityE Roly band7} 7S
Holck g g AEFY MKN-456]1 4 3= oA
thzFel] vl3l 1/40]5}2] density & Hoj& band7}
HEE RS 2 29 MEFAAE ghio] &E
A gt o) HATE 3l A MEFAA
= AT 1A, iz AEFAAE 4575 )
Folld, 4 AEFME 5FF 1FdAg
16" ghuo] wralslo], A o4 AMEF 135
F 350X pl6™ " wiwo] WSl 2L}

FP%
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SN 2T vl Fre] e} wlHEg AL
13%% 232, A% 135% 13 E oy 2
2 o]4el el ©]& PCR Al¥ A3} pre™™
FARL AL wixr) dgiel Hell vl B oof
chafl wby olgteo] 44| £& HEE dojdE
Hol gk AgAgholvt wha<h, A ZELE v
& de AERAAE pI6™H fAA AES
2 HER YepdlE S7eka ple" "t i
H olgo] A el 497 B3 v 3
t}(35,37,38). ¥k oA AEFoNA pi6™H
Al AEe JehdA gghed) chae] ke of
AL F& NEE UEd s vl dKck13).
¢]49] PCR A3}9 Western blotting ZI& W
% PCR 4-8o] 725A) & SNU-162 p1e™
chil s &% okgt:, ol pI6™ §AA A
$=of] gt Ziolc}. PCRol| 218 §A A FEo]
A iz v AEE F ot MESF F
ol Al thakeh HEFQ SNU-C13t 7HF AIEFY
SNU-182+= ©hefe] =33t vlsh FEE 73t
Al Zzx|o] g ael) o] o] gigle}. uiml $]
o} H)EZF¢] SNU-1, SNU-5, MKN-45¢} wiAet
M EZZ9Q] SNU-C2A, SNU-C4, SNU-C5 g 7+t 4
EZ0) §NU-387, SNU-398, SNU-445, SNU-475%
PCRol| 23t §-74t FFo] A Holxdor} wi)
o] &5 A Yol o1FS pI6™M FAR} AHE o
2)¢] v} & 7)Ao 2lel ghd ade] olate) ey
sigdeks Azhsde}, p16™ $AA g4 7
# o g = promotor region?] $-Ax} wolu}, CpG
B4o] F)ele s hypermethylation), u]78-43 Q1 A
A Aol whAl Seo) g F Slvh39). Az
pIe™™ FA A Azo] oA pl6™t ghuy i
& o]4ol glo] TAEE= AES, #H9 At
el W ARl Adgtell4] CpG Ko e}t
50~90% ol4ol & WEE #AHcts Eavt
glel CpG vi™ e ple™* §A12 B84 el
299 1o g A7Ea Jck35,37,40,41).

B Ad A Sl #2588 rid 9
<, et 9 B MEFNA p16™ RAA
£ 4 xR JAEH o, ghite] vy

TN

= NE
[+

il

o] gtE|7vt A2 ofo] WAE = AT Wl v
ekt o) ZAite A%k, A<t 3t TR
oA p16™t chull uke o)4to] g g Al
Arghch, et YR 2ol s pre™ M A
7 A 2N rA T wiwe] o
o] ltlm slod o} o] In vitro adaptation¥}7 ofl.A]
ks WEY shsAel AAIER 9ol X3
GAEFE oz 8 A7 Fisoler &
Aoltt. mwat o 47| FFAAY p16™H &
A BgA3 7)del wdt W dvh Hast
el Az

! =

deh WAd 2 eke E AReNA

pl6™4 o A2} Az} &) ple™ A clul ui) 2)

ol4te] Toi¥ Ao Ay ¢to g =L
o] 43t A7} apEle]of sl gtzANA L 9
A9E A5 d=chy p16™™ gene inactivation

FA g d7r Hedcln A7,

g 3 g 8§
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