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pl6-hypermethylation $2 &,35 &5 ~ £ 3]
BEEmE ~Ek ) A RVE S BEg
ACRRE B AL - /e EZL
BB P AREERZE LA FEERER
EEHRARERAT  BFXEHKHZLEE
£z 4M (p>0.05) - plé-hypermethylation
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Abstract
Background / Aims :

Hypermethylation in the promoter
region of pl6 gene was suspected to be
involved in the tumorigenesis of colorectal
cancers, although the clinical and biologic
significance remains obscure.

Material and Methods :

We collected 84 T3NoMo stage
primary colorectal cancers that were
curatively resected. The clinicopathologic
data were reviewed. The
plo-hypermethylation was determined by
methylation-specitfic  polymerase  chain
reaction. The p53 overexpression was
detected by immunocytochemistry. The point
mutations in 12 and 13 codons of K-ras gene
were screened by restriction enzyme analysis.
Loss of heterozygosity of DCC (Deleted in
Colorectal Cancer) gene was examined by
polymerase chain reaction using primers of
DCC (18q21) microsatellite marker. The
DNA replication error was examined using 7
microsatellite markers at distinct
chromosomal loci.

Results :

The pl6-hypermethylation, regarded as
an indication of pl6 inactivation, was evident
in 24 (28.6%) of the tumors. No correlation
was observed between pl6-hypermethylation
and vartous clinicopathologic factors
including age, sex, tumor location, tumor size,
growth pattern, tumeor differentiation, mucin
production, vascular and/or lymphatic
invasion, lymphocyte infiltration within the
tumor, and serum level of carcinoembryonic
antigen (p>0.05). There was no association
between pl6-hypermethylation and K-ras
gene mutation, p33 overexpression, and loss
of heterozygosity of DCC gene (p>0.03).
However, pl6-hypermethylation was
significantly associated with DNA replication
error (p=0.01). Survival analysis revealed a
significant  survival  disadvantage of
pl6-hypermethylation than



non-p16-hypermethylation tumors

(p=0.0001).
Conclusions :

This study indicated that
pl6-hypermethylation plays a role in the
carcinogenesis of a subset of colorectal
cancers; and the presence of plé
hypermethylation predicts shorter survival in
T3NoMo stage colorectal cancers.

Key words : pl6 » pl6INK4a ~ MTSI ~
CDKN2A -~ methylation -~ colorectal
cancers » methylation-specific PCR
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ple A E R4 % MTS-1 (major tumor
suppressor 1) INK4a (inhibitor of
cyclin-dependent kinase 4a) + 4 & CDKN2A
(cyclin-dependent kinase inhibitor 2A) » H &
BAEFAApBA T Gl HaEELk
B [Liggettetal. 1998] - E AL R A -
ple A R4y 9P21 A et ={8&A T
{exons) » LAl ekt ads 156 @
BrAEk B FE#H A 158kd- p16 %éﬁ?
#t CDK4 (cyclin-dependent kinase 4)
CDKS6 &4 B mfp#] cyclinD &945H - ﬁ‘TJ
i 4m B A HA45 7 4 G1 85 [Kamb et al. 1994,
Serrano et al. 1993] - cyelin D ) £ B shie £
iyl CDKs #9446 M —EEHL
cyclin D-CDK complex » ##§ pRB & & &%
i ] (phosphorylatlon) BE#ER E2F
FOBRUREAFF el T EZANHE
R &) # 4k (transcription) * ?f"“ﬂ;—?%ﬁﬁ@.dﬁﬂ
12 & ATEL Y [Sherr CJ, 19937 - plé
BE—EEMS %E—ﬁ#ﬂ’%lﬁ*ﬁ%ﬁk&ﬁi
M ﬁﬁ:i%—%i%b%ilﬂﬂﬁﬁﬂmfiﬁmﬂﬁ
WAL Gl 2SS ZRR - ¥ pl6
B % K o A B dm A SEL A B AT B B3
ik ReSumpriBEHAE &
rERBEWAL -

i i@ B & F fi ﬂ*}'J 3 (homozygous
deletion) & %5 % # (point mutation) &1
AadgmEsshis mFYLLANFS
AFEG BN ER i’?ﬂl-‘*)?fﬁéﬁﬁ’iﬂ%th 85
stk e plé KBTS s — {844
# M54 7516 [Kamb et al. 1994, Nobori
et al. 1994, Spruck et al. 1994, Cairns et al.
1995, Hussusian et al. 1994, Okamoto et al.
1994, Caldas et al. 1994, Wau et al. 1996,
Igak1 etal 1995]- 2k » liif-ﬁﬁé’]ﬂ?%ﬁ'li

— % 35 # promoter region =z 5 CpG
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#£ % (transcriptional inactivation) &) 5 —
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JAEF E#E [Counts et al. 1995, Bird et al.
1992, Merlo et al. 1995, Gonzalez-Zulueta et
al. 1995, Herman et al. 1995]- sk A 8 A B 7%
g ’ﬁ%’:é’]ﬁﬁ'?ﬁ'“ R B RE iR Z plo
%E[% 4 homozygous deletion [Kamb et al.
1994, Okamoto et al. 1994, Herman et al.
1995] - A - pl6 KB ERR R LMK
*&Kﬂ%ﬁﬂ%%éﬂﬁ%?%ﬁ‘ﬁi& o 33 sLET R
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plé B &£ E1Le) A ”Iﬁﬁ;ﬁ # i+ B AT
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R R AL e b4 £ B & K [Caims -
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RA (CEA) A FAARDE L TR

ot LA E aﬁz & 48 B (p>0.05) -
p16 hypermethylatlon FE Kras KR %E
S p3BELRR -DCCERZLOHARA
S E LA & RANB (0>0.05) > %K »
#1145 3. pl6-hypermethylation #p 87 85 s
DNA replication error # B  (P=0.0l,
two-tailed Fisher exact test) -

£ pl6-hypermethylation 2 B 4 #4%

@K RE (P=0.0001): 5 $'ﬁ£${£
pl6-hypermethylation
non-plé-hypermethylation = §& & 4 % ﬁ%
25%s 72% (B 6.2)
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plé-typermethylation  non-plé-hypermethylation _
(v=24) (=60 Fvalue
Age
(meant 5D0 625+ 102 61.8¢ 8.0 NS
Gender
male 13 32 NS
female Ll 28
Tumeor location
proximal 14 39 N5
distal 10 21
Tumar size
< 5¢m 21 47 NS
& 3cm 3 11
Growth pattern
polypeid 9 n NS
ulceralive 15 EX)
Tumor Differentiation
Well & 17
Moderate 16 39 NS
Poor 2 4
Mucin Production
+ 2 4 KNS
- 23 36

E
pl6-hypermethylation nen-pl o-hypermethylation
. _ P value
(n=24) {n=60)
Yascular A ymphatic Invasion
+ 17 37 NS
_ 7 ekl
Lymphocyte Infiltration
+ 12 34 NS
- 12 15
CEA (ng/mL)
<3 1 37
3.3~10 9 17 M5
=10 4 ]
K-ras mutation
- 8 27 NS
— i6 33
pS3-averexpression
+ 14 31 NS
- 13 29
LOH of DCC
informative (n=52)
+ =23 7 16 NS
- (0=29) 7 22
DNA replication error
+ 13 14 0.1
— 11 46
Abbreviations : NS : not significant ; LOH : loss of
heterozygosity
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Survival in Menths

B.2 @50 # 2 TINoMo s K A 35
# v4 Kaplan-Meier 7 i& \#Fr?—i’%a%;‘ikﬁt .
ple XE:BE PRI (A) 2mEtLple &
HikBEFEAL M) 258 AEGEES
weaE & £ (P=0.0001, log-rank test) -



B.1 M MSP #hFitRim ARBEABES
SB(TIRAEEZERRBHEBEEN)
ple A EBE 5| A BN - PCR e ATA
R — 43 T BAR TR pI6 KB
z 3| F ik a0 MA AT R plo K
2 5| FRlesBM) - 5 808K plo A HiB
¥ AR mm OB A plo AH
BE P ALEE - £ EKFE 100-bp
Z iR oplo A RBE P ACHERER
;;éi"ssfflbﬁﬁé_iz PCR Z44 % # 150-bp
= -op °

LEFEY K1 MSP a9 RER
# pl6-hypermethylation #) 3T # 28.6%%
T3NoMo R BRHMHABABE FRER - X
BB L & AT &) M R L OfE M
pl6-hypermethylation £ 7 & 10 £ 40%&7 R
VR KB A B P 4R, [Liggett et al. 1998,
Gonzalez-Zulueta et al. 1995, Herman et al.
1995]« & gk & A 3 F plo-hypermethylation
ZhHBAEEHZAEEREARERK
K - X 8% H % ¥ ple-hypermethylation 2
b4 & series PRAAAEERIIA KT
EEHEALAEAAFEFFR - RE
mapping % B 42 DNA 2 methylation regions
£ A F 348 Southern hybridization &7
EoRBEZEAHMA DNA 45 —EE
.2 methylated CpG sites 8% » 118 & 754
methylation-sensilive restriction enzyme Fff
tr #F [Merlo et al. 1995, Herman et al.
1995] « Southern blot &) #% T st ¥ CpG
islands 2z %£{@ methylation Jk f& f#f —3%1& -
MANLERH - P RELRENTES
# [Issa et al. 1994] - & - Southern blot
BBRBETFBELIBRE (BEE Sug
) #9&a-F8 DNA ~ HR e SR A&
£ (AFHBAR P HRF LA LZ
methylation 8§ 7 £ AR 2() - AR AR
%] methylation-specific restriction enzyme Ff
& 118 {1 B 2 CpG island &5 methylation 1§
R, (R4 JE restriction enzyme A7AEIEHZ
DNA i & 89 F ALk & A & ik 384%) - 3 5t
— 46 18 18] methylation ¢ B 808k &5 & 5 B &
#t B methylation-sensitive enzymes #» PCR
[Gonzalez-Zulueta et al. 1995] - f& %
DNA 12 JR4) 8 # & & 2 % ° methylated
genomic DNA & 2 R FRH B K 0% >
ttE DNA % B 572 25 ) 7 SULFS 2R &) primer

1 KZmAE PCR R R - 3% DNA A
BETHAAMERER - AALE i
F ik Southern blot 48 F] » B A E5E1A
BB mBsEEmE s E2 CpG island &
methylation JkiL - HF » AZLERIET
unmethylated DNA s H B RHIBEEF 5B R
2 BB A2 ki 2 DNA # PCR
Bk H Rk B g A BHME (fase
positive) # & « M E AL LEF AT
& 4 B -+ % 4o J£ B % imprinted genes
[Tremblay et al. 1995, Razin et al. 1991,
Stoger et al. 1993] &, X -
chromosome-inactivated genes [Singer-sam
et al. 1990] 8% » ey iZ b 1] H F AR ¥
BmAR P - AR SHLHEH R
methylation & sb#& 75 75 5 48 5 R84y
ERIME - Af > B F EZHBIEAENR
$#HE 3 B K & %) 8 & H genomic DNA 7
M A % & (incomplete restriction) #p 2
genomic DNA 2 #H184 B ¥ R4 V84
methylation > sh78 6R BE 4 43 pL 48 F 7L B 45 &
T AR EHF LR P oW
3% A R 65318 B F &AL (hypermethylation)
# & # ¥ genomic DNA F ff 2 X
methylated alleles b4l E B F —fH R
F > €4 methylation &) 5 # & REFFT
5% - &1 1996 & » Herman F A 4 —
# % 5 PCR ¥ % # R £ B MSP
(methylation-specific PCR) » £ #g Heig 447
CpG islands &) ¥ %1tk & [Herman et al
1996] « MSP &) & 3% & methylated Fv
unmethylated genomic DNA & £ bisulfite &
2:i8% X DNA F#EF B A £ PCR
BEEMEMEEZIFEELEERE M
# 3% 3t Lk £ & %) methylated DNA #¢
unmethylated DNA #3345 2k3] F » RI{B 44
2 PCR z{@dmE 44— DNA « iL4w
Herman % A2 K3 Ar8a-R e MSP 2 ¥ 1L
LART 2 % B 0 methylation &) ik & 4F
ik % - MSP A& & (sensitivity) &g
#2 %tk Southern blot #4F4& % - B 4L » MSP
{218 B E DNA K+ b3k
gz TR - AF 0 MSP e
g pi 4 CpG islands ko F RALARE - M3k
B RSIBE EPTRR BB P H BB
oy P A AL AL o SbFEF LT LR H EHE
CpG island b2 F & ACHk 58 pL 2 4% ~ Bik
H#EshayaAr o 3 pl6e B ME » Herman
% A 3% % Bp{& methylation fv unmethylation
{48 8-bp th £ %8 » FFAEM MSP &7k
{38 4 & [Herman et al. 1996] = 3 5 » MSP
IR Lt ERABESRF LAY
A (false positive) 15 » B ML
£ LA BT 2 PCR # ik 4 {8 #) genomic DNA #
HAvidfEam gk e -

AR TP o HF1EBR MSP T A X4
% CpG-rich region WALk e —FER
B g8~ BA R M (specificy ayF ik -



43— 81 & Gonzalez-Zulueta % A Bp4F
BREFHABRBaf g Tie R
plé-hypermethylation # i, %
[Gonzalez-Zulueta et al. 1995] - #£ @& -

Herman £ AP ¥ A B HE L AIBHMA
EATIEE F RIS [Merlo et al. 1995,
Herman et al. 1995] - & —{B &} % BE 41 4 4k
—RKRERAT BB EHMEND £
MEREIABAHESE - £iEHE - LR
ARETRBEHEEY APERFR
plo-hypermethylation #F & « & + £
24 X B3R 47 B ple-hypermethylation 2 X B
EHRE (62.5%) f£#47 MSP %4 H R
pl6-hypermethylation #v pl6-unmethylation
BoMPCR A - MR FZBERF = ¢

(1) £ &/ % ¥ » plé-hypermethylation
MR R A FE S T4 (heterozygous) > BF 2
R EENE EH (hemizygous) T M
(2 EXBRZBEELATAMGTREN
EHE A YABLEH AL BN
Bk P 1 3, pl6-hypermethylation & th 4 4
LR Bt A R 75 5 [Liggett et al.
1998, Herman et al. 1995] R B A THEL T
BET LG ER  KRELTHERAZIER
Fif 4 i % B0 BE 7K p16-hypermethylation i —
BT AHRAGE RN [Spruck et al
1994, Cairns et al. 1994, Okamoto et al.
1994] - Hgk » A THMBEELGF » H19T
#E 38 2 4t #3154k B pl6-hypermethylation &9
f8 7 4T e MRS A - BRIR A AT MSP 14
A - FFT L AL EFHA
RT-PCR - ICC » £t & Western blot & 7 7% %
% oplo BEGHRBREA - KAREF®
pl6 # B #1 2= hypermethylation #! 8 s §
TRAMKEME— S LY - B AR
MEeBAERXBABREZ pl6 AB AR

wHERXAW

H AT A2 1335 RERY a9 K AF
ABEAERL Y B R RER- & 2 4
[Aaltonen et al. 1994, Tonov et al. 1993,
Thibodeau et al. 1993, Kim et al. 1994] = #&
M o AR P RN E R
plé-hypermethylation 8§ 3% $t RER 4 ff » =]
A& 1% 3k pl6-hypermethylation 5% B5p 4 5 &
FEERIBMBMARE  LAXRSERT A
AFoR | HMGBRLETH (1) KA
pl6-hypermethylation % 8 epigenetic &9 %
b AARELHIFRARGRBREZ
HFEATHEE - AR+ 2 B
plé-hypermethylation R5:% 69 715 # £ T 4
ERE RGBS ARR®AAE A 2
CRCs &9 £ % T & % R F ; (2)
pl6-hypermethylation = #& 88+ B4 sLiE 4
bz AmBp A RaiE L4484 de novo
methylation [Ahuja et al. 1997, Lengaur et al.
1997] - B st > LA iR F AT AERE 2 — ok

=
H#
&
T
i)

# E F (cofactors) H % F A H ey LT
A& & i A 32 88 B pl6-hypermethylation 2 i
R AW LR BAR RN (3) R A
% ¥ & pl6-hypermethylation = fEB $ 8 &
e r M B&HSTELERERESH 5
(univariate analysis) > B4k * B T 23 4a
84 plo-hypermethylation &85 A i & & -
RAGE—FREL S HROIRMSER
4 (multivariate analysis) - # &% LA 4 >
M #* T3NoMo (Dukes' B2) #7 CRCs z.:45
—HAH $%H A [Mortel et al. 1995} - &
L 3 HE ¥ T3NoMo # CRC 5% B 2 34 1%
MR R VR4S o B R e A ey aE
AMEREGERMELEE N - Ao T4
HERMRRAGRZYE > BT 5 W
pl6-hypermethylation €443 5 *TiTMm &
AEBRRTEEHRAAHER -
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