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— Abstract
P16 Methylation in Squamous Cell Carcinoma of the Oral Cavity.
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The p16 protein is a cyclin dependent kinase inhibitor that inhibits cell cycle progression from G phase to
S phase in cell cycle. Many pl6 gene mutations have been noted in many cancer—cell lines and in some pri-
mary cancers, and alterations of p16 gene function by DNA methylation have been noticed in various kinds
of cancer tissues and cell-lines. There have been a large body of literature has accumulated indicating that
abnormal patterns of DNA methylation (both hypomethylation and hypermethylation) occur in a wide vari-
ety of human neoplasma and that these aberrations of DNA methylation may play an important epigenetic
role in the development and progression of neoplasia. DNA methylation is a part of the inheritable epige-
netic system that influences expression or silencing of genes necessary for normal differentiation and prolif-
eration. Gene activity may be silenced by methylation of up steream regulatory regions. Reactivation is
associated with demethylation.

Although evidence or a high incidence of pl6 alterations in a variety of cell lines and primary tumors has
been reported, that has been contested by other investigators. The precise mechanisms by which abnormal
methylation might contribute to carcinogenesis are still not fully elucidated, but conceivably could involve
the modulation of oncogene and other important regulatory gene expression, in addition to creating areas of
genetic instability, thus predisposing to mutational events causing neoplasia. There have been many vari-
able results of studies of head and neck squamous cell carcinoma(HNSCC). This investigation was studied
on 13 primary HNSCC for pl6 gene status by protein expression in immunohistochemistry, and DNA
genetic/epigenetic analyzed to determine the incidence, the mechanisms, and the potential biological signif-
icance of its inactivation.

As methylation detection method of p16 gene, the methylation specific PCR(MSP) is sensitive and specific
for methylation of any block of CpG sites in a CpG islands using bisulfite-modified DNA. The genom-
ic DNA is modified by treatment with sodium bisulfite, which converts all unmethylated cytosines to
uracil(thymidine). The primers designed for MSP were chosen for regions containing frequent
cytosines (to distinguish unmodified from modified DNA), and CpG péirs near the 5 end of the
primers (to provide maximal discrimination in the PCR between methylated and unmethylated
DNA). The two strands of DNA are no longer complementary after bisulfite treatment, primers can .
be designed for either modified strand. In this study, 13 paraffin embedded block tissues were used,
so the fragment of DNA to be amplified was intentionally small, to allow the assessment of methyla-
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tion pattern in a limited region and to facilitate the application of this technique to samlples. In this
13 primary HNSCC tissues, there was no methylation of pl6 promoter gene (detected by MSP and
automatic sequencing). The pl6 protein-specific immunohistochemical staining was performed on 13
paraffin embedded primary HNSCC tissue samples. Twelve cases among the 13 showed altered
expression of pl6 proteins (negative expression).

In this study, The author suggested that low expression of p16 protein may play an important role in
human HNSCC, and this study suggested that many kinds of genetic mechanisms including DNA methyla-

tion may play the role in carcinogenesis.
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e gt ¥ojzAE HET 6m ARG AZsko
hematoxylin-eosing 4-& Al &+ & ¥ ﬂﬂxﬂﬁ%}%«] Z3
3 f3< B=G. 13389 AYAZYSE 3 1247}
FeA F55 23 HAAELYEE o|9x 18& w23 &
o|3itt.

Microdissection®ll &8 A3Z22& 22 31t
2. o

1) DNAZZ

GAEZS BTN 27t DNAS F2317] 95k
microdissection Ho 2 o 243 AA2AL 25
THFig. 1, 2, 3 & 4). °]& 5} Fatd Tojz2dA 5

N VB RS g
degraded alcoholi A7l & 23S ARAAY. A
¥ 24E 10X dv| A3t 28 gauze HFs = ‘Q*Z:X—‘.Jr 7§
BEAE Fo 30049 digestion buffer (50mM Tris
HCI, pH 8.5, ImM EDTA, 0.5% Tween 20, 400ug
proteinase K)7} €2 1.5m! Eppendorf tubeo] 2o} 55
Tl 24717 Rttt B3 & proteinase K9 84
= gAstyl fsted 97Tl 58 Hdsdn 1 &
phenol/chloroform2.2 DNAE #Zsl9tt 273 L
65C9 0.5% sodium sarcosin®| buffer-saturated phe-
nol& 30044 A8 Yol vortexAlA homogenous
emulsions TFE ¥ 3500gE YA e) stgt 1 & A=
= 7|%3t Eppendorf tubed] &7 & olo| 30049

Fig. 1. Nest of tumor oells infilt rated deep in the stroma(H £,
x100). Arrow indicates boundary of the nest of tumor
cells.

Flg 3. Normal stranﬂed squamous epithelium apart from the
tumor is noted (H-E, x100). Arrow indicates normal
epithelium.
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F ig. 2. The nest of tumor cells is completely d|ssected by
microdissection(H-E, x 100). Arrow indicates boundary of
dissected the nest of tumor cells.

Fig. 4. Normal ep|thel|um is completely dissected by
microdissection (H-E, x100). Arrow indicates dissected
normal epithelium.



chloroform isoamylalcoholS H7Fel vortex@ & 412
T dA] 3500g2 YAEE s, of S 33 ¥HEE)
ot 2 & AEAE A tubed] &7 F 1/10 volumed]
3M sodium acetate$}t 2X volume2] 100% ethanol2 3
7hete] 2AAGA 412 F -70°Cel 1413 B8t DNA
£ A4 ANAY. 2 ¥ 3500g8 58 9AEY & ¥ A4S
AL g1 AAEE 70% cold ethanolZ A4 & A
A2 glgled DNAE AAAI71 DNA pellets 371
AZAZ 3 Ed SRTE LA AT

223 DNA9 <%= photometer® 260nm$} 280nm
o] oA F2E ¢l o] 29 v} 260/2807} 1.8
3%] DNAZ AIE2 AHSIE L ¢t o] F4] ol3il 72
%)= phenol/chloroform#%-& thA| a3t}

o|@A F%3% DNAY 1% agarose geldl 27]% %53
DNAE &el&tsitt.

2) DNA modification

504EY & 1ug DNAE HF5% 0.2M9 NaOH%
Aoz 37TM 1087 A2lsted DNAE HAAIZY. 1
% urea/sodium bisulfiteZ DNAZ ##AF)7] 9319
50ml2] Falcon tubed] 7.5g9] urea(analytical grade,
BDH)E ¥1 97]9 10ml¥] FF5E A7tsted vortexst
WA EHT} 7)o AeA 7.6g9] sodium metabisul-
fite(Sigma)Z& ¥ FHTE 20mI7HA F7HA71HA
vortexdtd Zo|HA 49 pHE 10M NaOHZ 5.02
2 2489} o]gA e urea/sodium bisulfite-8-4 7}
hydroquinone® ¥4 A|Zl DNAY HAFs=rt 42
5.36M, 3.44M 2 0.5mMSIEE DNA £9 22.24,
urea/sodium bisulfite 2084 2 10mM2] 21418 hydro-
quinone £ 1244 st 1 ¥ £3 &2
0.5ml®] Ploymerase Chain Reaction(PCR) tubeoll %
2 9o 10042} mineral oilE #7F 3 55ToIA 168,
olojA]  95¢ClA 30 FF3HT o] AAE 203 WHE
Tk o]Eg #Ao] B¢ modified DNAE Wizard
DNA purification resin(Promega)22 A ¥ thA|
NaOH(final concentration 0.3M) & 4A-&eA 523t A
2] ¥ ethanol® FAAA BT FHTE =R

3) Polymerase Chain Reaction(PCR) Amplification

PCR ¥-& 948 primers AHE9 pl6+329] pro-
moter/exon 1 #9115 YHE FLTE MAT A& A
L.

CytosineS A 8A17]A] ¢t 37 pl6 promoter?$
ZZ2 p16-W primer set(sense: 5 —3" TCACCA-
GAGGG TGGGGCGGACCGC

antisense: 5 —3 CGACCCCGGGCCGCGGCCGTGG)

T2 HBMEAS0IA P16™ FEX2| Methylationof thst 37

2 A}8399 2, methylated cytosine® FE37l 93
primer sett pl6-M(sense: 5 —3" TTATTA-
GAGGGTGGGGCGGATCGC antisense: 5 —3’
GACCC CGAACCGCGACCGTAA)E, unmethylated
cytosines 7'E317] 93 primer set= pl6-Ulsense:
5 —3 TTATTAGACGGGTGGGGTGGA TTGT anti-
sense: 5’ —3" CAACCCCAAACCACAACCATAA)E A}
43890}, Wee 2049 #1222 1x PCR bufferdl
dNTP 2tz 250mM., 22| primer 10pM, DNA/modi-
fied DNA 50ng, 1.25mM MgCl2, Taq polymerase 0.5
UES Yol vhg A w212 95T 52 vHe ¥
95ToA 302, 65TolA 30%, 72CA 30% AT
o o] 2L 3638 WwHEEAT 1 F 72TA bE A%
T k& 2439 o]ZA ¥HSAIA & PCR AHES
1% agarose geloll A719E38td Z47te] bp(150-151)8
gl skt

(Abbreviation : T : Thymidine, A : Adenine, C :
Cytosine, G : Guanine)

4) DNA Autosequencing

PCR 3429 d7]14d £4& ABI 310 autose-
quencer(Perkin Elmer, U.S.A)E o434t} W&
Bigdye termonator 7)'"# .2 A Z3Ake] instructiond]
93l AgPsAtt. & ¢4 FAE PCR 2424 20-30ng/
M, primer 1 pmol/HZ $EE 23 F 2049 PCR ¥
<& Agstgtt. wke 2142 DDW 6.84, reaction
mixture 84, PCR AH& 24 (30ng/w), primer 3.24%E
zyzk Zgslo] 96 ol 15% e & 96TA 10%,
50Tl 5%, 60°CelA 484 9] vhe-& 253 vhE &
<& akx|dt}. o] PCR 422 thA]l 7228 Eppendorf
tubeoll DNA 2049t BESFTF 80U < ¥ ¥ o]d o
Al 3M9) sodium acetate 104 25049 100%
ethanol® 2 4]o] A-&o)A 587 WA T thA] 429
A 3500g2 1087 gAEesid 454 Heln A
DNAZ 2#t} 1 % template suppression reagent 25
UE 4o} 387 vortexd F 96TolA 387 At
I % vtz g8 38 YAtk oA NP AgE
autosequencer] setup tubedl] ¥ol 714 A& At

5) pl69 W zAserA Al
ZANZANY pl6EES A sk pledAd s
o] &% Wz glety FME AlPaty] sta] sEpA £

od Al
(= Bl |

o) ZZ o)A Gime] HHS
%

o
gheo] gatet i st & degraded
alcohol® A7) F W94 peroxidased AHetatr] 9
st 3% #Ast F48AE methanold] 410 AdA
308 R &&dcrt. 2 F phosphate buffered
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saline(PBS, pH 7.4)2 FAstLZ, U] v] So|4 AES
BA)317] Slete] B4 goat serumel] 2A& A4 30
B2 RSk oAl PBSE 383 33 A ¥ I9E
wZA1717] 98t 10mM9] citrate buffere] 22 Y
microwave ovenollA 1587 £ & A 2olM MAf3s] 2
3l ¥ PBSZ 33 FAFIE L, pledtd GdZFEA
(Santacruz, U.S.A)E 1: 10022 3|45l A4 2
AZb Beslsict. tha] PBSE 33 FA5k91L, biotin-
labeled antimouse immune goat serum¥} A-&oA 30
T R o] & thA] 33 PBSE A3 & peroxi-
dase labeled streptavidin®} A-2olA 308 ¥HgA71 &
PBSZ «Al8t¢ 1, diaminobenzidineo 2 Aat%
2 $4 & hematoxylin-eosin® 2 t2Q4E Alg)s}
1 FeEu7dos BAsAt pleel] AT E A
E-ou} dof] Ao} dalatg 1ol Aoz st
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Fig. 5. The DNA extrated from paraffin blocks show smear
pattern (ethidium bromide).

Fig. 6. Unmodified DNA was amplified by p15-w primer
pairs (ethidium bromide). MW:100 bp marker
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agarose gel A71%9 %40l smear patterns EF=H o]
© X3 formalind 1€ Ao|n £ stAH Eejzd
AZA iAo 7] 8Ad 2320l HEHUI] W
DNA7} 274 (fragmentation) d 2221 oA tHFig. 5).
a8y o]fd BHE DNAEE 300bpelstel DNAES
PCREZ Z-&3h= dl& ol o] §h.

2. urea/sodium bisulfiteX2|=l DNAS| ==

DNA$| nucleotide% methylation® cytosineS s}
7] Y8te] DNAE urea/sodium bisulfite2 3+8uH-g-AlA
methylation® cytosineZ} methylation®*] 22 cyto-
sine®| uracil® W= 222 methylationd 952
¢ & lon oA M@ DNAE PCRE FE¥o
uracil2 ¥4 cytosine PCRAMEIA thymidinel 2
A8tE AL & 4 vk PCRZZ0| #%0|& primer set¥
unmodified DNAE %Z38l= pl6-W, CpG island9]
cytosine®l methylation® DNAE Eo|xog ZE& 4
UEZ AZE primer pl6-M, CpG islandel methyla-
tiono] <tE DNAS FZE ¢ IUEE AFH pl6-U
primers Al E7E 224 AH&stt}. urea/sodium
bisulfite2.2 A2lskA] ¥ DNAS PCRE 93 pl6-W
primerZ bp7t 1509] FEAHEC] #9159 o pl6-M
# p16-Uell 93 PCRE FZA4HE0] FAHA Yol pl6-
M#} pl6-U primerE°] urea/sodium bisulfite 2@
DNAE Solatdl $E5S &stHict. @A urea/sodi-
um bisulfite® AgJA1Z] DNAE pl6-W primerZ+< %
Zakgo] ISR gt HgxA ol F4229] DNA
25 plo-MEx F$E5A| %2 ¥ pl6-U primer® &
151 bpe] FF4HE0| EAHUR(Fig. 6, 7). o2 d5
T 7Y HPAELEY EA pl6 FAAY pro-
moter#$ 2] methylationel ¢1& pl6 WA A stet AHA
o] F& ALl & Aot

=%
=
=2
=)

Fig. 7. DNA arplified by p16-U, p16-M, and p16-W.
1.2.3:unmodified DNA. 4,5.6:normal DNA, unmethylated.
7.8.9:tumor DNA, methylated. 1.4,7:p16-U 2,5.8:p16-M
3.6.9:p16-W .

MW:100/25bp marker: ethidium bromide.
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Fig. 9. p16 was expressed mainly in the cells of basal layer
(ABC, x200). Arrow indicates p16 positive basal cells.
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Fig. 11. p16 was expressed in both nuclei and cytoplasm of

the invasive squamous cell carcinoma(ABC, x 200). Arrow
indicates p16 positive cells.

e ||
Abbreviation :
H-E : Hematoxylin-Eosin
ABC : Avidin-Biotin Peroxidase Complex
@ )

Fig. 12. Electropherogram of unmodified (a) and modified
(b) DNA by bisulfite. The GCCCG has been changed into
GTTTG by the conversion of unmethylated C to T.
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3. DNA Sequencing®il 2/8t methylationtel

Electropherogram” #4243 F4z4 ZFoA
cytosine(C)el thymidine(T)2.2 ®3td Ho| HAHS
t}, o)2]3 W3b= CpG island®) C¥ ohJg} CpG island
ol9el Cx BF W3l cytosine®] methylation® ]
%as 9 atH(Fig. 12).

4. p162) Bl EHBE ol

A 5% HEZAAEAAMY pl6 BEE F2 7AZF
o) AEEgo] S A XA ZZHUT, Fe] A
I ZY ARFEATAME BEEAT EE2d4S Sy
o AEA YoM 25 EZHAH(Fig. 8, 9).

1329 2 A g g 1EHdAMT Ay 2F
Ba (Fig. 10, 11) 2 99 12494 25 S4l69ke
2ol pl6e FEAS HHMTAE LAY FHSE
o2 Jehygtt

s ale o

V. a2z

OBt

AAA FFLAel et olalzA AZS] F43 &
of gk /1M B34 A Ak dZ4E T
8 o] FoZitt. Be fHAFo| AFHUAY g B
F5F9 A7)} FollA HEE = ph3 FEAA A= &
o] AR Ao gigt £L2 digtn & 5 YgF. 9
2t TEAA FAARe] G¥el g3 AT 2 adenomatous
polyposis coli(tAPC), Wilm's tumor(WT1) & neu-
rofibromatosis typel (NF1) +342 53 22 4 94
A7 QA g B F2d 98-S Irkn g A Sl
o xAo] EAo| wEt HeAHQ JAE Holes R
251 . p53, Rb(retinoblastoma), pl16™, APC
A4 FAAE2] wlA Wol(germline mutation)
A s BAEe AT AR SR T CA
ol AHbA 9k (sporadic cancer)ol 1o
222l A4 o] (somatic mutation)7}
He 4ot oldd & £ fFAAES 44
A AL, AEF7124, DNAY &4 57, X 27 &8
71 (apoptosis) & ThFet 9&-¢ e dAE S 434
43 HE=E zkm AE, oA A glo] fHAr 4
S7te] dg ot AFE AAEQA AxY FA {AH
AR £x4& zAE /A2 Kinzler £
Vogelstein 5ol &J3te] FA= = gatekeeper 4219}
caretaker- A 9] FZ Ao W 7ido] &2 A7)
I UATR® | Gatekeeper FAARE FA 2 Aot
A APC A2t &) tid A7} o] Fojx 1 glon
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APC fARte] W3l AxZa #3e) oS zdsin
olfl Aol A&H oz AN T4 A 7] &4
Z A3 FF TA7IH] &S HAFHP, o]
= Ao|7t Aot caretaker AN T EAl AHA
o2 FHojdle & FEdly] Bode FEH SR caretak-
er Azt Wol7} & FAA £3] gatekeeper FAA
9 713 ARE e FEA HolE YT AY=E
o ¢ RS 4o F e 7IAE AXEe F
T A0 47A gdon, oA =24 W7oz QA A
WA AL dAE FHzL oyt A4 AEoA T ¢l
o ol2lgh oF IS dAA g g olal=
2 AETY] A8 A7 WHOEA AL v g dTR
o AT e dAlE sk, 538 2719 ¢ AR
o Wel AETH A4S g Hstaz ste Ao
2, 4 dAe AP S AEsh 2719 HA A & 2y
AEwo gk x5 A& ZH szt Foot

o dTHe AR ple™ FEAA FAe ¢
dhAef Fojdhz 7102 Rb £UA faatel A#sof
A xF719] G1719 Agate] A2 F1 9 4o
#Ago g o B gtk FP . ple™ FTEY
A FRAE A4 9p210] HAsH 16kd (kilodalton)
EAFE 2= cyclin kinase inhibitor2 CDK4(cyclin
dependent kinase”$} CDKoell Ags*® o]y 282
AIEF719 Gl S7129 ol A ol Fojate] 9ol
AW Rb 494 F+A4 999 cyclin-D-depen-
dent phosphorylation® AAgez AMEF7|9] o3&
AAlete Q&S b, oY F FUYIA FHAR] ple™
2 DNA9 W3} (methylation)oll <& Azt v 24
st Hof FhrdAIgol FdE Tty Bausnglom®®
F42 222 (promoter) 28] CpG x4 dojuke
e 8k (hypermethylation) 7} ple™* #4219 715&
AA|3le] Foko] WAShT o} DNA wEste)l f3x}
Ho| i)kl ATLRA pb3 FUHIA FHA IS A4
€ B9, pb3 §317e) WEstE CpG AA7F AA] ol A
Hole] = HHAIE S (mutational hot spots)-& @3] A
Fasln ok, old 5 -methyleytosinedd g ofw]x
$Hdeamination) 7} AUA HBE K22t Wele] F8
RA 7lHoz JAgsty, {AA ¥lolst B7HR] god
cytosine©| thymidine2 2 ¥3lslA EvHC to T transi-
tion).

o] & cytosineoll & o}u|=8}7} o] F)XHA cytosine
o] thymidineC.2 Wl Ao g wEsld CpG Y7t
FA2L A Holg F IAREE HolFE 7Aoo 2 QA
st M pb3 T Al FAe] A WA (point
mutation) 2.2 cytosine®] thymidine2 2 | &te]& Hol
7b 74 WIfE] dojus 71H el digh Aol €. Myoh

r
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dnen $2& Y AEF HCT116€ tido2 3 4%
oA ple™ At diEsrt FdEAe] Aol &
HA ZAE AAsIR e Y FAPTAA | S0l
E%0](frameshift mutation)7} 31 o & & W3}
ut 9loj % o whAlo] FHET m Bt Mychanen
5ol 9J3ld HCT116 M EF+ tF MEF7E 3842
2 g5 Iegsld ple™ dy fdAE 23 e
Herman 59| Ba9e® AolstA fA4 314 CpG ¢
Aol 50%%to] g3l o] &S WolHA 2vEst
(demethylation)3he WY& o]-&3sld ple™ Fx2t9
CpG A9 MEszt 444 715 949 Z7dAdE
S8t

dubd o DNAA E7]9] 54 F971 vigstd
(methylated) A& &3] & & i, DNAEA A o]
9} Zo] MEH T oA e FHFEY BHE
ZAFIGEA T FAPEE 98 71/ gFeQezy
E] Woidly] 913t Sol3t A5 2 olaH 1 S

pl6™iE A FHxke] Hold] that A2 Hussain®
Harris®e 49 EAAYEEA Aotzat Ao v
olg} A Aol kol WMo} Heo] Apo]7} I3-E B3I
o, AAole] 33%7F FAAtAA T2 KA Hdele-
tion or insertion) Feigel vlal widWel= 5%%o) &
A B2 H7te Fefolz YR 95%7F A Blo](point
mutation) Felgt Ruddm, o5 ko] Bz AEIH
A8tzaL A ple™ SR o] dol g EeA of
wjAso]e] ggrcte FAz gt ot g e ¥l
FES Bo] wethe A AA.

ple™Eat A7 AR e AFE A 7159 )
#4352 2gsle 7|42 fAxte Hold A alter-
native transcript)’u} & CpG #4219 Wesst 714
23 43S 4= Ao delA glon, El-Naggar 5
Wo SRR AYPHTdFE gt 72 1189 A2Fe
4679 QA oF Al A thg3 2e AEE FEI
o A, pl6 RAAS A Hole & FAl| FE o
3t 71”o] oblth. /), pl6 F4AF exon 19 WE s}
pl6 A} ¥ 71% 38 (silencing)e FEE 710t} Al
A, pl6 FA2e] v Bt FAR AR ELFT 27
ugy) oF fx)9 8 Aot} viA, pleFHAtY W3l
d4A, welsty o3da e #AVE gl =@
El-Nagger %2 o2 HaXdl|A, pl6 fzte] Wl
o3 Zoko] AESA W3l Ao ¢Fo FHd wg o
23 FAY GPAZYFN AR T AHY o]
Bahdalge AN Aale] wet A Ate] F
o} W7} gol thokgt A4S HolE Aoz} st
0|29 Ao B DNAHe|Y pl6 fizte] 544
S AEZF 114 5 28, FEF & 84 468 F 9HzE A

394

T2t HEMELECIM P16™ REALL] Methylationol] th2h 47

A A o9 9EL Bysgy HEs "yl A
43%°14 Ho|H pl6 19| HAl(transcription)7} ¢
A" Z9F 348 5 exon 1 HE3} 54% A = o]
b= Ao|atA exon 294 e WE3} 7Y T4 F 4
A ple ©lAo] AEEo] 7153 98E FPTE BEF
of exon 2 WEEE 2714 HaldS Bttt A
A A7) o By o g CpG X9 rEsz g &
Azrel vjgAslo)] g AFE T o HY € AAR
A xZd gg @397 BuEdem, Huschtscha &%
& fukekolA ple™ fAAte WEsZ g {14 7]
o JdAz FHLY AT F42 Eudin,
Kashiwabara 5 #9] 8| A4 £ $219] szt Lo
221 g o] &% p16/CDKN2 F42te] vid s} Adeie} pl6
3} Rb fAzte] dld g3zte] AaaAd tig a7
A pl6/CDKN2 F3zte] vEsl= g3} 5o HEL
AAuH2 (MS-PCR ; methylation specific polymerase
chain reaction) % o] 43t} 297 9] Yubg v A2 &
Ae] ARz oA 34%0A p16 FHAte] WEEE Ha
tgen, pl6d Rb F+A vl 58 Wogz4 35}
A -G o] &ata] 820 o] YubA] wlAM EY $ix}e] gjet
A 2A o)A 66% EAllA pl6 DA o HE S
AP, T3 pl6 FAAS WEste A4, WA d
ozt b= AV &S Bt

E A3E ple™ FU4AA izt vids 49X E e
oz CpG AXY wE cytosine & 3R 2H
Clark £27} Herman $%°] %%& vd3} o] 3¢5
& A4uhe-(MS-PCR) & o] 43t 2 PCRiMS& AT

primere A2 p16 FAAY exon 1 #HE FE3E
Z 3o Meske cytosine® DNAQ <FEA 2ol g
o e WEslya] ¥ cytosined FEaFATE T
2 gFdAE urea/sodium bisulfite® AdtA &

DNAY PCRe¥FgIXE pl6faxtel A7 primerd
pl6-WE 2Z3 A3} 150bpe] $EAES AT + 3
Ack(132 M),

Urea/sodium bisulfite2 *2]¥ DNAA pl6-W
primerdl] &3 ZZdE 19121 exon 19] HE3}E 27
98 pl6-M primerdME FEd= 1At pl6-U
primerell &g ZZ2 138 AlolA 151bpe] FZ4HE<]
ATh FAA G7] ME Bl 23 FleA 138 He
oA cytosine©|] urea/sodium bisulfitecll &Jste] thymi-
dine22 X¥}IA-&L 93ste plefFHa X749
Hegs wAE & glo} El-Naggar 540] Bug F45
o 8z} @ M ZFoA 9] HEd 43%9] Euhs zbo|7t
At AEe Mgz B A7drMe g xojxdd
0] &3l9 1 El-Naggar 5& X223 3 AEFE o] &8

zko) 7} 9ich. 71e} F A719] Ao = Kashiwabara 5
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o) B Mol A A Hok 2AdA 34%9) WEsE B
atgm, st EojzA g o 43 w2z sletgd Ay
A 66%2 BAlolM ple @A FZA3}Hlow expres-
sion)E ¥ Huslgc} B Ao ple Bz 3le
A dabe 1385 122004 (92%) 4w Ko pl6
Tl 7)ol dto] WAL

pl69] A s AT WA Bl glon o)
g A3 714 pl6 promotert$19) methylation ©]
oo e A Hsld g Aoz Azksn ofd T
Me B2 d77t dastelg A

V.2 B
pl6< cyclin dependent kinaseE dA|gro 2 M EF7)
£ Alojdl] & 4 I plee] TEo| Zadd AX
F77F A=A ol MEFA 0] Frhslo] dAFdo g
g 4 9lth pled] EEgAs o AT WAE F
2 o] AR exonFH 9 oo #HE AFolB pro-
moter5-912] methylationd] & d3e =& AAojc}
429 promotert-9}2] methylation transcription
factord] 71%& A7) W&o FAAAE FAo] o
A€k,

TretA 2 dpelAe 1389 AW HHAZYES O
oz setd T2 M microdissection?] B o2
DNAE #%3}3 pl16 promoters$19] methylation A€
£ urea/sodium bisulfiteZ 328} methylation-spe-
cific PCR7Ii o2 #astgon], PCRAHEE DNA
autosequencerZ A7|ME & #4351 methylation o &
E STt ot T4 B A EoA plee] EEAR
& "Wz ggagaor #adad promotertH 9
methylation® 39} pl6% &7 AE A7l tf29
ZA7g A

1. Urea/sodium bisulfite® 2|® HAta} Fokzzl o]
DNA¥ pl6-U primerZ $EH 2 p16-My} pl6-
W primer2¢ $Z54 gt

2. 77 RHAZEE 138 AP e pl6-MezE FEHA
2% pl6-URTE FEE o] promoterdHe CpG
island®l|l methylation®] H#] &&& ¢ 4 AU}

3. PCR 4H&¢] DNA €71M<¥ ¢ autosequencer® 2l
gt vl DNA €719) EE cytosine®] thymidinel 2 X
2=lo] methylations Ao 24 E 4= ot

4. p169 VxR QMM 122 A)9j3t 1289
A EF &4 weE B ple & Astel 7 A
AELE ST BAHE Ao e A& L+ U

172

ol e AAE T, 7 HHYANELZA pl6
promoter®] methylation& #AHA] &kou, pled
HAZA e galoz FYM TN pl6d TEHAE
gttt o2 A plee] A & 24
g BEdo] 3lon ofd A 71HL pl6 pro-
moter 92} methylation ©]9]o] & A7 H3ld] o
g Ze R AAEY old gaE B A7t ZaslE
2 A4t

X7

[=}

Ho
rok

1. Fearon ER, Vogelstein B : A genetic model for colorectatu-
morigenesis. Cell 61 :759, 1990.

2. Weinberg RA @ Tumor suppressor genes. Science 254 :
1138, 1991.

3. Nowell PC : Clonal evolution of tumor cell populations.
Science 194 : 23, 1976.

4. Sidransky D, Frost P, Von Eschenbach A, et al. : Clonal
origin of bladder cancer. New Engl. J. Med. 326 : 737,
1992.

5. Sidransky D. Mikkelsen T, Schwechheimer K, et al. :
Clonal expansion of p53 mutant cells is associated with
brain tumour progression. Nature 355 : 846, 1992.

6. Sidransky D, Tokino T, Hamilton SR, et al. :
Identification of ras oncogene mutations if the stool of
patients with curablecolorectal tumors. Science 256 @ 102,
1992

7. Sidransky D, Von Eschenbach A, Tsai YC, et al. :
Identification of pb3 gene mutations in bladder cancers -
and urine samples. Science 252 : 706, 1991,

8. Mao L, Hruban RH, Bpyle JO, et al. : Detection of onco-
gene mutations in sputum precedes diagnosis of lung can-
cer. Cancer Res 54 : 1634, 1994

9. Mao L. Lee DJ, Tockman MS, et al. : Microsatellite alter-
ations as clonal markers in the detection of human cancer.
Proc Natl Acad Sci USA 91 : 9871, 1994.

10. Nowell PC, Hungerford DA : A minute chromosome in
human chronic granulocytic leukemia. Science 132 : 1497,
1960.

11. Rowley GD : A new consistent chromosomal abnormality
in chronic myelogenous leukemia identifid by quinacrine
fluo-rescence and giemsa staining. Nature 243 : 290, 1973.

12. Serrano M, Hannon GJ, Beach D : A new regulatory motif
in cell-cycle control causing specific inhibition of cyclin
D/cdk4. Nature 366 : 704, 1993,

13. Serrano M, Gomez-Lahoz E, Depinho RA, et al. :
Inhibition of Ras-induced proliferation and cellular trans-
formation by p16 INK4. Science 267 : 249, 1995.

14. Liggett WH, Sewell Da, Rocco J, et al. : p16 and p168 are
potent growth suppressors of head and neck squamous
carcinoma cell in vitro. Cancer Res 56 : 4119, 1996.

15.J, Kim @ Molecular biolgical mechanism of oral cancer.
Oncology of oral cancer : KAOMS p6, 1997.

16. Nobori, T, Miura K. Wu DJ, et al. : Deletions of the
cyclin-dependent kinase-4 inhibitor gene muitiple human
cancers. Nature 368 : 753, 1994.

17. Van der Riet P, Nawroz H, Hruban RH. et al. Frequent
loss of chromosome 9p21-22 early in head and neck cancer
progression. Cancer Res 54 : 1156, 1994

18. Xu L. Sgroi D, Sterner CJ, et al. : Mutational analysis of



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.
31.
32.
33.
34.

35.

36.

CDKN2(MTS1/P16ink4) in breast carcinomas. Cancer Res
54 1 5262, 1994,

Raymond A, Breut R : pl6 proteins from melanoma-prone
families deficient in binding to CDK4. Oncogene 11 : 1173,
1995.

Kay PH. Jacobsen PF, Taylor J, et al. © The significance of
DNA methylation in cancer. Advances in Anatomic
Pathology 2 : 353, 1995.

Caldas C, Hahn SA, Da costa IT, et al. : Frequent somatic
mutations and homozygous deletion of the p16(MSTI)
gene in pancreatic adenocarcinoma. Nat Genet 8 @ 27,
1994,

Mori T, Miura K, Acki T, et al. : Frequent somatic muta-
tions of the MSTI/CDK4(multiple tumour suppressor/
cyclin dependent kinase 4 inhibitor)gene in esophageal cell
carcinoma. Cancer Res 54 : 3396, 1994.

Okamoto A, Demetrick DJ, Spillare EA, et al. : Mutations
and altered expression of pl6INK4 in human cancer. Proc
Natl Acad Sci USA 91 : 11045, 1994,

Cairns P, Mao L, Merlo A, et al. : Rates of pl6(MTS1)
mutations in primary tumour with 9p loss. Science 265 -
415, 1994.

Jen J, Harper JW, Bigner SH, et al. : Deletion of p16 and
p15 genes in brain tumours. Cancer Res 54 : 6353, 1994.
Herman JG, Merlo A, Mao L. et al. : Inactivation of the
CDK2/p16/MTS1 gene is frequently associated with aber-
rant DNA methylation in all common human cancers.
Cancer Res 55 :4525, 1995.

Gonzalez-Zulueta M, Bender CM, Yang AS, et al. :
Methylation of the 5 -CpG island of the p16/CDK2 tumour
suppressor gene in normal and transformed human tissues
correlates with gene silencing. Cancer Res 55 : 4531, 1995.
Merlo A, Herman JG, Mao I, et al.: 5 ~island methylation
is associated with transcriptional silencing of the tumor
suppressor p16/CDK2/MTS1 in human cancer. Nat Med 1
: 686, 1995.

Hollstein M, Sidransky D, Vogelstein B, et al. : p53 muta-
tions in human cancer. Science 253 : 49, 1991.

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

Ponder B : Cancer, Gene losses in human tumours.
Nature 335 : 400, 1988.

Kinzler KW, Vogelstein B : Gatekeepers and caretakers.
Nature 386 : 761, 1997.

Kinzler KW, Vogelstein B : Lessons from hereditary col-
orectal cancer. Cell 87 : 159, 1996.

Levy DB, Smith KJ, Beazer-Barclay Y. et al. :
Inactivation of both APC alleles if human and mouse
tumors. Cancer Res 54 : 5933, 1994.

Jen J, Powell SM, Papadopoulos N, et al. : Molecular
determinants of dysplasia in colorectal lesions. Cancer Res
54 : 5523, 1994,

Luongo C, Moser AR, Gledhills, et al. @ Loss of APC in
intestinal adenoma from Min mice. Cancer Res 54 : 5947,

Hzped 2k

299 % 330-716

S A9 ARE 4 7-1

S2gisty A\ ghoet prelelw o) ghetpal

%A 9

#3 Hael 20004 018 1
22

AR =E

[e]}
=
o]}

9
0004 02 28¥

37

39.
40.

41.

42.

43.

45

46.

47.

48.

49.

50.

51.

52.

83.

72 HHHZEAZ0M P16™ 7EXIe| Methylationolf i3t H7

1994

. Sharr CJ : Cancer cell cycles. Science 274 : 1672, 1996.
38.

Kamb A, Gruis NA, Weaver-Feldhaus J, et al. : A cell
cycle regulator potentially involved in genesis of tumor
types. Science 264 : 436, 1994.

Issa JPJ, Baylin SB : Epigenetics and human disease. Nat
Med 2 : 281, 1996.

Greenblatt MS, Bennett WP, Hollstein M, et al. :
Mutations in the pb3 tumor suppressor gene : Clues to
cancer etiology and molecular pathogenesis. Cancer Res 54
: 4855, 1994,

Ehrlich M, Zhang XY, Inamdar NM : Spontaneous deami-
nation of cytosine and 5-methylcytosine residues with
cytosine residues. Mutat Res 238 : 277, 1990.

Mychanen SK, Baylin SB, Herman JG @ Hypermethyl-
ation can selectively silence individual p16/ink4A alleles in
neoplasia. Cancer Res 58 @ 591, 1998.

Hussain SP, Harris CC : Molecular epidermiology of
human cancer : Contribution of mutation spectra studies
of tumor suppressor genes. Cancer Res 58 @ 4023, 1998.

. El-Naggar AK, Clayman G, Lee JJ, et al. : Methylation, a

major mechanism of p16/CDKN2 gene inactivation in head
and neck squamous carcinoma. Ameri J Pathol 151 :
1767, 1997.

. Larsen GJ : pl6/INK4A : A gene with a dual capacity to

encode unrelated proteins that inhibit cell cycle progres-
sion. Oncogene 12 : 2041, 1996.

Campbell IG, Beynon G, Davis M, et al. : LOH and muta-
tion analysis of CDKNZ2 in huma ovarian cancers. Int J
Cancer 63 @ 22, 1995,

Koniya A, Suzuki H, Aida S, et al. : Mutational analysis
of CDKN2(CDK4I/MTS1) gene in tissue and cell lines of
human prostate cancer. Jpn J Cancer Res 86 : 622, 1995.
Nagatake M, Osada H, Kondo M, et al. : Aberrant hyper-
methylation at the bel-2 locus at 18g21 in human lung
cancers. Cancer Res 56 : 1886, 1996.

Thoraval D, Asakawa J-1, Wimmer K. et al. :
Demethylation of repetitive DNA sequences in neuroblas-
toma. Genes chromosomes cancer 17 : 234, 1996.
Huschtscha LI, Noble JR, Neumann AA, et al. : Loss of
pl6/INK4 expression by methylation is a ssociated with
life span extension of huma mammary epithelial cells.
Cancer Res 58 : 3508, 1998.

Kashiwabara K, Oyama T. Sano T, et al. : Correlation
between methylation status of the p16/CKDN2 gene and
the expression of pl6 and Rb proteins in primary non-
small cell lung cancer. Int J Cancer 79 : 215, 1998.

Clark SJ, Harrison J, Paul CL, et al. : High sensitivity
mapping of methylated cytosines. Nucleic Acid Research
22 12990, 1994.

Herman JG, Graff JR, My h nen S, et al. : Methylation-
specific PCR : A novel PCR assay for methylation status of
CpG islands. Proc Natl Acad Sci USA 93 : 9821, 1996.

Reprint requests

Gin-Won Kang

Dept. of OMFS, College of Dentistry. Dankook Univ.
7-1. Shinbu-Dong, Chonan, Chungnam, 330-716, Korea

Tel. 82-417-550-1991

Fax. 82-417-551-8988

Paper received 19 January 2000
Paper accepted 28 February 2000

173



