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2401, P16 REARI| CHE WS SOl P16 RTR Bl pgpjoy ofaf) golalAl DAY 4 Yu] MSPS} UalE

Sisiof ofplo| 28 o &+ oUSiCHkappa AR=037, P= . . :
0011), HMLH1 SR Re) DElsts 270iZ%jolA] ahatsgr  bisufie AR LS JEAL B2u ddsuA

10, 0| = 240{|(8.8%)0l| A{ hMLH1 e o] AAlo| AMLHT $7 U AEAL e E wE ol 2o =7} Wlsle Ao
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0.675, P<0.0001). hMLH1 S A Xie| ofjglsl= Lio], 2tZ 9 DNAS} 1] w|e)3}5] DNAS FHieh &= gl zb7be) Ajubx)

37|, Lauren 272} o1nlMdo| 4Ct P16 M XL2F hMLH1

SAXI H|Zl8l 2= Helcobacter paylori Ztojodsiope of  (PrimenT o] &3te] FTRBAAMUI(PCRIOR FF F
A Q1

Ao gigich. 2 AEES dAtoz FAA WSS N
Z2: Iot0lA] P16 W WMLHT REXS] BB ABIOEDNA  AY F k()

HEsr 422 &8 o & UAAL, MLHT Rt o gl Tl 3lol] o3t A A Aol 7} FokdA)-GAzLe] B A
Bl FE B = el |22 of

S oy EE AL Lauen ERE MO ASEF g oA dupRs ek AARE QA P
oM VHL, E-cadherin, RB, APC, hMLHI, APC, BRCAl o] 9
Z4A ool e, oigs], P16, MMLHT, TR} ™,(2,3,6-8) $1¢e] A-%ol= PIS5, P16, hMLHI, E-cadherin

FAZ 5o FHelEsrt BaEdct9-13) ol § fAAF
P16 cyclin D-dependent kinase inhibitor®] #3724 <l
A2, cyclin D9} CDK4 (3= CDK68He] A3g o Alstod

M = Rbe] Q14FskE =tol GIS Al7] 9] ANE F4E AAlstE o
& dch AMLHIZ- DNA e+ 442 vl A4 &
AL Feteloll s fHEol =2 oz 9ok Ay A (microsatellite instability)S oF7]3tod QA E2) kA
NN didA #A o o] FolAw, whek A A ol Fojgict. WA Siotoll Al PI63 hMLHI A2
thokdt o7 #Honcogene) o} -k Al 4 AH(tumor sup- el stell tidt A7} o] Fol A3 glont $iqte] o

pressor gene)?| 7] o|4 8l IE et g HH A ddwelehd AAete ARAE WS AR gt
A w3} 8l 414 (epigenetic) H 317} &2 Fof gto] HA¥sE 2 Aol A=A olA PI63F hMLHIT G731 29] |
SIS AAste] Sk BAAA A AL f-4
MelAz: AaH, ASA] AEFTT JIEE 62 Zpe] kol WX = Age A ALY Fag
ol wA MY 97, 150-713 QIA}Ql Helicobacter pylori 7+3o15- 8l $]9te] ofe] J4+
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2002 2936 2003 8U7kA) Aok AEgel
oA ez AUAEE Aol izt ez
Gz 2% Nud wIAl FEW A4 £ ANz
2 10002 ol &ohsich. AYTE Lol A, Fokel =71,
F4e) A8 AE, BHE, Lawen 17, 29 £F, 224
o] X, AZH o AA ml "H AW o]B 94X,
AJCC EFfoll wb2 W 7|, Helicobater pylori 7+3o] 5 Sl

W98 AED vl okl

2) oy x| 5t

Wejol e E2uelo] 3447 shebn Tl 23S 4
um S A FARGE, AR FARE PI6S
P16™* kit (Dako, Dacytomation, Denmark)E A-&19] 3
hMLh1-& BD PharMingen (PharMingen, San Diego, CA) A&
& Agaisieh. 23 £elo] £ 56°C ovenol] 3087 Fol
A stebl& =olal thA] xyleneol] 1084 3 wh-53slo] &
2t} o)X BP0 100%, 90%, 80%, 70% o eh-L-ol)
247 5E4 g w u].;(]nl-oi o] 58 o)A dH A el
0g ShAs] AAG. TEde DN dyshol = 7]o)
o) 84 2ekslo] Qi a;,%% N LEELEECE
Ao 7 2087 39 H(autoclave)S 38t} 4087+
A ol WbX] s} cold PBSE 584 3 AL & QlAl #f
AstE LS JARFNI] A3A 3% AR LT E 5ET
Z 2]} 2L, cold PBSE 554 38 Mo]a=11, blocking serum ©
2 3087 ALellA Ashek. olF WA A PI61: 25,
hMLH1 1 :50)% * g|3}lo] humidified chamberol] go]A]
4°Col] 16A17F ¥k gk}, Cold PBSE MolF o]k &k
(Zymed laboratoris Inc, San Francisco, USA)E 3087} A&
ol| Al ] elglct. HRP-conjugate (labeling antibody)E Al-&-o

e

o,
k.

Table 1. Primer sequence and PCR condition for MSP

¥ DNA A Siste] QAR ¥

A 3087 A tpA] MolF ). of 7)o WA etew
P16 DAB, hMLH1+= AECE <33} 1 hematoxylin®. 2 t)
298¢ A

Z9 A At zA e YE oA tzTo s o
P167} hMLh1 257 EoF 2% Hulel] A & of Mo| T2k
HEAE 71F 0.2 slol, 400u)& & Alokoll4] 30% u]5ke]
s odlo] HaIE|H 2407 30% o]ioju] kAo F I
Aoheleh(14) 3 AL ATE RS e BF &
Aoz Ak BEE F o] 28 PR} 27
& Wste] dAFH e AAE AHelsln, Aart LA
A 2 S 2 HIAE DA

=3} oA 222 5 om Hol Al A4 HerE Aol
£ Fglen] DNA F2E EHL
A 27 50 mgg 700 1] HE
24 skt §, $992 871 65ClA
] 71t} 3 4l RNase 248 713t
01:/(]7]1:]— 200/11‘,] E]—Hﬂ)‘(]%(_—]__g_ —% ;247].-5}
1, & isopropanol# &3¢k o}
Al AEE ¥ %‘%@‘,% W23 70% olehg2 H7tal 9
] 2ol 100 «12] DNA rehydration
solutiond- A 7}slo] DNAE &3Al 7Tl 343 DNA &
+ ultraviolet spectrophoto-meter2 2743191t}

0

4) Bisulfite X{2| 2! Methylation specific PCR

(1) Bisulfite &2|: =23} DNAS} 8] WEl3} DNAY} o} &
7] Adg 7FAEF One day MSP Kit (In2gen, Korea)&
Aol bt 2ol WAAZL 500 nge] DNAS 25
T2 100 plol] 2 X 7 419] 3N NaOHE A 7}stedrt. 37°C
T2 1087F vkx] & bisulfite 2 2] & Ys}o] solution I
(In2gen, pH 5.0) 550 112 Q3L S0°Coll 4] 164] 7HE-QF utz] 3
;‘d ;q ML 70% ]BL_Q—

Primer name Primer sequence (5°-3")

Product size (bp) Annealing temperature

Pi16 mF TCACCAGAGGGTGGGGCGGACCGC 176 bp 60.3°C
mR CCGACCCCGAACCGCGACCG
uF TTATTAGAGGGTGGGGTGGATTGT 151 bp 60°C
uR CAACCCCAAACCACAACCATAA

hMLHI mF GACGTTTTATTAGGGTCGCGC 132 bp 55°C
mR CCCTATACCTAATCTATCGTCG
uF TTTTGACGTAGATGTTTTGGGGT 123 bp 60°C
uR ACCACCTCATCATAACTACCCACA .

m = methylation; u = unmethylation; F = forward; R =

TEverse.
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2 AEsts B3RS 33 uksslode. 0.02N NaOH/90%
Etanol 50 u18 YL 4ol 4] SE2F WA 3t & 90% ollgh
2 AH QAR BANe) A4 2el FAS 13)
Hhe-3t & DNAES =53] 7A=AA 3019 TE buffer (10
mM Tris/0.1 mM EDTA, pH 7.5)0l] Yo} at<=A| Zt}. 50°Cel|
A ISEZ A & A D4R 287 QAR F 42N
24 AgHAY —20°Cel BB § Agsle

(2) PCR ZE: A|A¢] 7149, annealing 529} A
Fol =7]E Table 1ol Aelekich. ZH7be] AAlE WA
A7 707} 3ol tiulsho] PI6 AR sk} vlwlel
3} BE 7004 —477}A], hMLHIS wEl3l= —7226)|4)
=702, BlelE 3= —70400 4] — 681741 8] F9jollA] ¥h-S
= YoI|EF AA st FFE 913 PCR £3+eH2 10X
PCR buffer (100 mM Tris-HCI, 500 mM KCI, 15 mM MgCl,)
2.5 21, 200 mM dNTP 0.5 ul, AJ4+A] 7+2} 1 M, %3] DNA
2.0 11, Taq polymerase (Solgent, Korea) 0.5U& 4] & A<
AbEol 10 pl} | % F598 F7Hstv). P16 w479
DNA ZE.2 95°Col| 4 237+ WA 271 % 95°C 202, 60.3°C
(Ple3h =& 60°C (H]=IE3}) 402, 72°CollA] 129 =71
©2 453 WS AT vpxleko 2 72°Col A 387 kel
ot hMLHI A 2}9] DNA ZZ 2 annealing -&%& 55°C
(L3Pt 60°C (IHLIHE shod 29} Fro] ST
Taq polymeraser= P16 {-Taq polymerase (Solgent, Korea)E
L3193, AMLHIE h-Taq polymerase (Solgent, Korea)Z
AHgatgich ol 4] B2 DNAE HAAAA 24 d=
To g o33t

(3) SZ5! DNA &9011} &5: PCR AF-E2 2% agarose gel
o] 4] A 7] E8] 3, ethidium bromide® ¢349&}o] UV-tran-
silluminatorel] 4] &Q13F ¥ Zat2o]l= AAZIE &l
o} vl e} wjgk JAE = S wEs) SR, vlud
3t w9} e} w7} o] FAE AL v e} ujnt P

tATE g FHoz gl
5 47Nl 2

DNA #1410} 5.2 shelels] $isto] w28t o ulsl<3is
DNAS] PCR 49| 47149 S £42geh WA 359
A58 QIAEX II gel elution system (Qiagen, Hilden, Ger-
many)e.2 A 7199 24 Applied Bio-
systems 3100A automatic sequencer2} BigDye terminator cycle
sequencing kit (PE Applied Biosystems, Warrinton, United
Kingdom)E- o] &3}4c}. Z&Z% DNA 30 ng, BigDye termi-
nator RR mix (PE Applied Biosystems) 1.5 xl, Z}ZFe] AJukx|
(primer) 2.5 pmol, F55& 40l & 10plE ghErh vhE2
dimethylsulfixide S A}-8-8}o] 96°Col| 4] 202, 96°Coll A 10,
50°Col| 4] 5%, 60°Col|lA] 432-2] = o & 253] Hh-2-A| 1}

6) EH 24

7y AR b Wk A o) wel3) Ao} B4
< kappa AIFE o] 8¢ X EE AAHG e, 74 A
o] o3} Aok $1¢te] ofe] el A At Y] AnA
£ Chi-square test Tt Fisher’s exact testS- o]-8-3}of 7143}
At g volol] that oA TA] 2 unpaired ttestE o]-E3}o]
AR P gtol 005 olstel A EAHLE $94o]
e Aoz BAsklen, EAAeE FHEAvietn o)z
oiet EAsH Aol ol=lshod SASE o] elglel.

Z 1}
1) iMEQ aal gy

o A 1009 3 AR 659, oAk 35l 9T, 3
o

T AW 8+484Ich AICC Lol w2 Wy EzE |
71 30 (30%), 117] 268(26%), II17] 29%(29%), IV7] 157

(15%)019ch A EH 25 At 604](6%), A2l 841(8%),
-T2 206l](20%), Aeksh 176)(17%), HH48l|(48%), 2
2 16(1%)3.2.] " ZA A o)zt 6078 (60%)oll 4] A
I 407 (0% A= gl F3E HEE Rt 179
(17%), S83ket 375 (37%), A3 467 (46%)°] R 2

Lauren B2+ u|utd 319 (31%), A3 407 40%), €
4 297 (29%)01 et 2 F ETHEE IHAEYE 88
ol|(88%), AHAYE 54I(5%), ASANEZLE TA(7%)% 2
™, Foke] YAEEE FEF 6290(62%), A 3041(30%),
7175 8odl(8%) AL, FEIE F 0] 6401](64%)N A AL
360ll(36%) N A = al3ich. 3 A o] 1011(10%)ell A A
3L 9044](90%) N A= glolem, 4178 I’ o] 60¢1(60%)91] A
919 3 4099)(40%)ol A = A e}, Helicobacter pylorid] 7+<3
2 274127%)NA AR 73](73%)N A= $19 tHTable 2).

2) P16 2 hMLHI1Q| M9 XX 515t A4 24119} MSP
At

PI6 ALY thalA by AAL 5246)(52%)00 A AU
1, P16 AR wlE 3 19601(19%)0ll 4 2% 9 o (Fig.
1). P16 A7} e 3tH 1900 F 186)(94.7%) A P16
A e iy LA o] dlem Wi E PI6 A%t
7} vlwl = g8 81o)] Z 479(58%)NA PI6 Az} whwl
A o] uk&d = 9 vh(Table 3, Fig. 2). o] & P16 §-71A}F2] chuiA
W £Ao] PI6 AR wE kel o] QlG-E HolF
thkappa Al$=0.317, P=0.0011). hAMLH] §-AA}2] ghulA]
HHE £ A2 3500(35%)ll Al AL, AMLHT f73172] ol
3h= 279027%) AN A 2= vk hMLHI F7 247} o2l 3}
5l 274 & 2403)(88.8%)oA] AMLHI ¢ A}2] vl uks]
&Alo] giglom vl & AMLHI 3R 27} v)vl|El 35 734)
% 6201(84.9%)ll 4 hMLHI F-A7e) whuiZo] whel x| 9]
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Table 2. Correlation of promoter methylation status and clinico-pathological factor in gastric carcinoma

P16 methylation RMLH] methylation
P value P value
Negative Positive Negative Positive
Sex
Female 28 7 0.129 23 12 0.753
Male 53 12 50 15
Age' 62.7+115 60.4+14 0.458 60.9+12.9 658482 0.029
Size*
<5 cm 13 3 0.819 16 0 0.005
>5 cm 68 16 57 27
WHO classification
Well differentiated 15 2 0.669 12 5 0.813
Moderate differentiated 30 7 26 11
Poorly differentiated 36 10 35 11
Lauren’s classification
Intestinal 32 8 0.09 19 21 0.011
Diffuse 22 9 24 7
Mixed 27 2 22 7
AJCC
1 27 3 0.382 21 9 0.812
I 21 5 20 6
I 21 8 20 9
v 12 3 12 3
Histology
Tubular 72 16 0.218 64 24 0.858
Mucinous 5 0 3 2
Signet ring cell 4 3
Location of tumor
Atrum 52 10 0.344 42 10 0.125
Body 24 6 26 4
Cardia 5 3 5
EGC 12 2 0.129 11 3 0.753
AGC 69 17 62 24
Tumor invasion
Mucosa 5 1 0.785 4 2 03128
Submocosa 1 7 7 1
Muscularis propria 18 2 12 8
Subserosa 14 3 14 3
Serosa exposure 36 12 36 12
Peritoneal invasion 1 0 0 1
Lymph node meta
Abscent 36 4 0.061 29 11 0.926
Present 45 15 44 16
Lymphatic invasion
Absent 30 6 0.629 26 10 0.532

Present 51 13 47 17
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Table 2. Continued

Vein invasion*
Absent
Present

Neural invasion
Absent
Present

H. pylori
Absent
Present

72

32

49

62
19

18

0.682

0.835

0.09

64

29

44

54
19

26

1
16

19

0.279

0.926

0.718

P value = chi-square; * = Fisher’s exact test; T- unpaired t-test; EGC = early gastric carcinoma; AGC = advanced gastric carcinoma.
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Fig. 1. Immunohistochemical analysis of hMLH1 (A, B) and P16 (C, D) expression in gastric carcinoma. (X200) (A) Tumor cells in
glandular portion had abundant hMLH1 expression. (B) The neoplastic nuclei were shown absence of detectable hMLHI1 expression in
contrast to its abundance in surrounding normal glandular tissue (arrow). (C) Tumor cells in glandular portion had abundant P16 expression.
(D) The neoplastic nuclei were shown absence of detectable P16 expressionin in contrast to its abundance in surrounding normal glandular
tissue (arrow).
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Table 3. Frequency of P16 protein loss in gastric carcinoma with
P16 hypermethylation

Table 4. Frequency of AMLHI protein loss in gastric carcinoma
with AMLHI hypermethylation

P16 Immunostaining

P16 Methylation Total
+ —

Positive 1 18 (94.7%) 19

Negative 47 (58%) 34 81

Total 48 52 100

(kappa coefficient=0.317, P=0.0011)

Negative
U M U M Control

A T22 T3 T2 T8  T46
UM UM UM

200 bp
100 bp —» F& L
hMLH1
B T27 T30 T35 T61 T69 Negative

UM UMUMU M U M Control

Fig. 2. Methylation analysis of AMLHI and P16 promoter region
in gastric carcinoma. U = unmethylated PCR products; M = methy-
lated PCR products; Negative control = normal serum.

th(Table 4, Fig. 2) o] 3+ AMLHI AR chuld wksl
aAo] hMLHI §7A}2] WEl 3t9) A dto] 5§ HofF
(kappa A]5=0.675, P <0.0001).

BlE 2FellAel sl" s hMLHLS 75 4ol (4%)el
A bAERgl o o] F 3oflollA] FubE ¢z ] wE st
e, P162] 75 106(10%)oll A s}l om o] F
Bofloll A FHbEl hz=A e wi=shyt skt

w3k wl"3tE DNA PCR A4HE 9] 7149 & £4¢ 2
T CpG F-91¢] Aol 242 wslA] gkgkovt wiuel}=
DNA PCR Abzoll A& BF Aolnl oz Walg 58 e
T U CHFig. 3, 4).

3) P16 W hMLHI ST 59 HEI2i0 2l A 2|5t
SIRteLo] oiEky

kol

Pl6 $AA9] sRE LA Aol B Aol vz
A ghol AP oL EAA FI4S 819l or (P=0.061),
3 9] oWk el AAE ov] gl ARl

hMLHI Immunostaining

hMLH1 Methylation Total
+ p—

Positive 3 24 (88.8%) 27

Negative 62 (84.9%) 11 73

Total 65 35 100

(kappa coefficient=0.675, P <0.0001)

At hMLHI A7) w"l3tE volrp B 7 -5-(P=
0.029, unpaired t-test), %2 =77} 5 cm o] ARl 7 -$-(P=
0.005, Fisher’s exact test), Lauren ¥-F23= #lalol 7%
(P=0.011, Chi-square test)ol] o] ¥rA}gdc}(Table 2). PI6
FRAALE hMLHIT §- AR w|elsl 2% Helicobacter pylori
7 AR et dBAgol gldel

| =

DNA dlel3l+= CpG dinucleotide £-9) 2] cytosine®] 5° -
9ol methyl-transferase7} Zr-8-3}od 5-methylcytosine ©. 2 |
sl Ao s oledlEl DNAo| methyl-binding protein
(MBP)#} corepressor -2} 9 ¥|AE 2ol el 2} A(histone
deacetylase, HDAC)Z. A4 whid ZAgA7} ZAdsiH
DNAS EdAL e 3l&Eo] HolAditsln A3
(chromatin structure)&- U] % k&5 o] A A7} Yofubx] Rl
Al ¥t}.(15,16) TEEF methylcytosineS A4 & grolu] =317}
Yoju} thymine o 2 =o]  EdH ol & op7[% = el
o] A o] FAFAAFAAANA dofhd FHAY 75 &
Ag FE of7|8l3,9,17) AAE KA AL EdwlolE of
718ko] opAFoFg WhAJAI 71 (3,18)

MSPE 71E8] W Eo} RIZEE7} o} 0.1%9] #IE 3 s
AAE = 3 432 DNAE AE3lo] & Hes} of HE
A F o] B o AAE o2 e A
Folatth5) et B dFollAE PCR FEA] AlEA|
(primer)@} 28 (template) S ¢ A 7]=d] Z 2.3} annealing
259 MgCLo| Fxol mll-§- 717k A] wh-g-sh 3l ). medtk of
T Ao dE3ls 7HA] & ¢ glo] v 5ol uh&-& e}

T 7%} gol o]9 A o] ot

HEE9] B4 23 oA CpGrl 453t 22 A} (promo-
tenE 71 AR 2459471 A" stE o] A ot of
A ZokzA A= uAAA AR mlEl3bo] kA
E Zo| A, fuet, AR SollA s gich(7,19)

AR ofd] A w3yl Bass e
RMLH] ®€3t= 8~53%% cloksiAl Hawi glow,
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A

CGGGLGGLGGEE.

CUGGCGGCGGGb

ot 1

A B
CGCGCGTTCGTCGTTCGT

CGCGCGTTCGTCGTTCGT

LA A A

(13,14,20) Leung S(10)% 2ol A hMLHI W& 3}2] 90%
7b chel A Wk A4 T} pEo] QlS-& Hatslglon 99
HlgrE z=A oA hMLHIS| w|€3}7} AR A gko}
RMLH19] w€ghrt gobe] whAwA & Ful7lol| 2h8-3
Ao g FAsg vk 28 Endoh 5(21)2 F2F o4 H]
d3lr} gk of] 5 71% 9 B4 2304 "3t o
B x7)o) A&t m Fasiglon, 7 322 H4F
T A3 2A oA R WAk Hsrste] iMLHI ©]
el 37}t ofwl ghAlof| A ZHEslEA & obF] =gt H 1
gorm o B a7yt ey Ao g A7 B ol
A= 1000]) & 279)27%)N A hMLHIS W€ 371 VEelyto
™ o] F 240]|(88.8%)0l A hMLHI Tk W AAlo] L}e}
U hMLHIS) HE 37} kel A kMLHI 73248 75 4
Adol] AeE & & 4 ek w3k of] E3ellA nidE
ZA9 hMLHIS) wE3lr} opesiA Bansa 9)d,
(13,23) Waki 5(23)2 AollA] vdE =29 24%NA,
Endoh S(21)2 40% o]dollA wE3E Kuslglesd £
ATl A= 4d|@%)ol| A wE3tr} whAlslgi). oleldt &}
ol thE AUAE o] &3 A4 W] AolUdA YT
9] xpo]AR] o = gle}). gt B ol FollA] sl 3br} whAySh

rrGGG’”‘GGIGGGG

CGJCCGGCGGGG

Fig. 3. Sequencing of histogram of
the PCR products of methylated (A)
and unmethylated (B) PI16. Cytosines
at all CpGs within the methylated
DNA PCR product are retained
whereas all cytosines were converted
T to thymines within the unmethylated
DNA PCR product.

CECGCCTTCETCETTCL

W
I

Fig. 4. Sequencing of histogram of
the PCR products of methylated (A)
and unmethylated (B) AMLHI.
Cytosines at all CpGs within the
methylated DNA PCR product are

TGTGTGTTTGTVGTTL j’E retained whereas all cytosines were

IR N

converted to thymines within the
unmetnylated DNA PCR product. -

H|E 23 o] F 3dlol]A] FHbE rzA o wd sy} gl
] o]+ Toyota S(11)0] B 118t Type A w&l3} Z =3}
w2 WE3d 75 95, A4 2HH} g Hlee HY
32 Rolx AAlu] 3} Al(intestinal metaplasia)o] 191 7] ol
e 75 3 % Ao FHAT B AT E 49 BF
654 o] 4ol 2|oll A A5 3ol Iodeh.
AEZ7| =24 %1%1}01 PI169) wjeldl= 22~653%E ¢}
oFstAl B3 gl o, vlelstr} Pl6 ehul A 44w A
g Fdo] &S Hastdch(13,14.24) £ A+FellAE 100
o] F 194)(19%)eN A VR vl A Vel ow HiE
3H=l 19¢]] Z 18¢1)(94.7%)0l A P16 hi A ubed A o] vieL
W, hMLH1 523249} vb7tA 2 Pl6 5442 vd st
Aol A] PI6 FAALS] 75 Lo AL TS E T A
vk AMLHI 573219k = @) Pl6 vig 317t dojd 10049
H G 23] F 8oflol| A FuHE gzz] 9] wedtr A
gon, 7 2% YJAZA 11.5%, Yol 422%2)

w| &3} whAk o2 Kol PI6 W€ st} oFA) A A3
ol F83 4¢3 gt ek

£ Aol A 5(12)9) B} vlzel A AMLHI {32}
ol A= wle3}sl 276l F 3ellell A, Pl6 7 Atell A= ™



I 21 AAUM P16 L AMLHT REXICI MIES 235

3HE 1999 F 1of|ol| 4] o] WHSAEH, 2 o] FEE
SRR 284 3pol] Bofshs 53 CoG B917F UL,05) &
AR BEAsE CpG 599 widatg e}t Aol glo
w,(26) W€l 3}5l DNAS) vdjel3lE] DNAY) &8t &
Z7}+2] hemimethylationo] W&l 3ty ok =z o)A glalz
W of787] ufFelvh(12) B Aol A X Fig 2¢F 2
o| ol|&l3l¥l DNAS} v]wl€3}5 DNAVL FE&3l3ioH, o
F-2-9] wle3tH ool 4 v]ulel3ls] DNAZL 2ol 9lo] o]

+ DNA FZ3PollA A== DNAE %7 ufiol
=28 xﬂﬂgqt;}

R fARe o] WEHA k2 d F PI6E
65.4%, h(MLHIS- 31.4%° 4 #W €7} veh}A] o}l -4

Ao B2 E7} A 02 DNA w3}l ,1011 EI PR
Aol obd g & o glor Sk W7 AL FEr] 4
MA = FAASIQI o8 HA i/,‘:l(loss of heterozygo-
sity), Eodm o)(mutation) SE &7 oI Lx|o] Ao} }zlL}.

B AT E g oy B227)¢ 28 hMLH]
A #}e) ol elg}o} S,L]OI-_Q] ole] QA s olat & 1),

o+l 77|, Lauren EF2h= WA 3 A4 o] gigich v
w2l 7ol ulsl “ﬂ%_'&}ﬂ W AYgE o] 7L vhol 7} wkok

o1}, voli thil @ £44) gulglt dlE AR} oh)
o, xstol] wpE Tholdsle] JRE w5 9e A
7). ok 9] = 7)), Lauren 3¢} 72 9lxpe}o] Aba ot
AZ Hol B e Zol $F ol §3 AT Tolod P oll¥
Al e ol §8 5 5l A2 Arbest 44 4

Z(30)2 Lauren -5 & A3 A w37} to] vt}
on, 7 S8 7“"011*1 5 AEgo] i Haslgl

o

& ol P16 A4S] oS ek ofF) U4
1A} EAITA 07 §9% AL glgl o) 2
17} AT 7350l Tro] HhA¥sl it 2L =7 -.4°L
oz ‘41*]7“—1 7‘&“—.‘ A A& (EMR)o] Fol
= olg] &5 Bekslsd 2% Zo) &
Sroleh et EUX,% Aol 5= SA A3y
%’—ZEFJ}, BE 3@ s AH 259
T k. webAl Pi6 fAAke] wid s T
st obE Ak W d} dAste] WA
éZﬂEJ HeFe fksled shie] Axr 2
_] oz z;tgh;],
(33)2 99 dAFZ A Helzcobactor pyloriE
A &3k ¥ P16 AR Wdsbr £48E E3slgl
= 01?01]/(1 3] Fag FEAAel Helicobacter pylori
7} P16 8) RMLHI S-A71e] B34 8o n XL sk oF
obBA sdout F fAA 2= o] goinh.

fn r>4-‘

fo

Hm}‘do‘z’é»m}iﬂr
L)

o K
:1°§9‘F-‘—4

o
olN fob 3o, o2
= ok

i
m\m ruS. e

rlo

R U= A T S JR [T - TR )
Y0,
o\n ru{o JE.,

u\i

| =

oA ol A P16 B KMLHI $-AZ} el ol|eldhi= u|otE
Zz-li‘:]— otZ zzol|A o] WAl o] 5 SR} B
A 3kel wWAg o] 9lSo] HAF| o] o] Fo] %2
whael] Fo] o Ao 2 A7) P16 SRS WP
9kl oyl A A olxle} ATAlo] 3104 o},
hMLH] G-A 7S] wedsl= Lo, opgz_4 7], Lauren H.&
9} Adto] 9 SE o 4 9o, ¢ 5%3 Zgle) B3t
ol @7} o] Fol Atk 9JoF habe) ol S5k X] Zol

p =
Z % 9 Aoz Az

b ot
oo I
mlo X

REFERENCES

1. Tahara E. Molecular mechanism of stomach carcinogenesis. J
Cancer Res Clin Oncol 1993;119:265-272.

2. Baylin SB, Herman GJ, Graff IR, Vertigo PM, Issa JP.
Alteration in DNA methylation: a fundamental aspect neplasia.
Adv Cancer Res 1998;72:141-196.

3. Jones PA, Laird PW. Cancer epigenetics comes age. Nature
Genet 1999;21:163-167.

4. Fommer M, Mcdonald LE, Millar DS, et al. A genomic
sequencing protocol that yields a positive display of 5-
methylcytosine residues in individual DNA strands. Proc Natl
Acad Sci USA 1992;89:1827-1831.

5. Herman JG, Graff JR, Myohanen S, Nelkin BD, Baylin SB.
Metylation specific PCR: a novel PCR assay for methylation
status of CpG islands. Proc Natl Acad Sci USA 1996;93:9821-
9826.

6. Gonzalz-Zulueta M, Bender CM, Yang AS, et al. Methylation
of the 5’ CpG island of the P/6/CDKN2 tumor suppressor
gene in normal and transformed human tissues correlated with
gene silencing. Cancer Res 1995;55:4531-4535.

7. Graff JR, Hermann JG, Lapidus RG, et al. E-cadherin expre-
ssion is silenced by DNA hypermethylation in human and
prostate carcinomas. Cancer Res 1995;55:5195-5199.

8. Baylin SB, Herman GJ. DNA hypermethylation in tumorige-
nesis: epigenetics joins genetics. Trends Genet 2000;16:168-
174.

9. Lee YY, Kang SH, Seo JY. Alteration of pl6INK4a and
pISINK4b genes in gastric carcinomas. Cancer 1997;80:1889-
1896.

10. Leung SY, Yuen ST, Chung LP, Chu KM, Chan AS, Ho JC.
hMLHI promoter methylation and AMLHI expression in
sporadic gastric carcinomas with high-frequency microsatellites
instability. Cancer Res 1999;59:159-164.

11. Toyota M, Ahuja N, Ohe-Toyota M, Hermann JG, Baylin SB,
Issa JPJ. CpG island methylator phenotype in colorectal
cancer. Proc Natl Acad Sci USA 1999:96:8681-8686.



[HEIAABISIK - M5 3 M 45 2005

12.

13.

14.

15.

16.

17.

18.

19.

20.

Shim YH, Kang GH, Ro JY. Correlation of pl6 hyper-
methylation with P16 protein loss in sporadic gastric carcino-
mas. Lab Invest 2000;80:689-695.

Leung WX, Yu J, Ender KW, et al. Concurrent hypermethy-
lation of multiple tumor-related genes in gastric carcinoma and
adjacent normal tissue. Am Cancer Soc 2001;91:2294-2301.
Kim HK, Kim YH, Kim SE, Kim NG, Noh SH, Kim HG.
Concerted promotor hypermethylation of AMLHI, pl6™*,
and E-cadherin in gastric carcinomas with microsatellite insta-
bility. J Pahtol 2003;200:23-31.

Nan X, Ng HH, Tohnson CA, et al. Transcriptional repression
by the methyl- CpG-binding protein MeCP2 involves histone
deacetylase complex. Nature 1998;393:386-389.

Robertson KD, Tokochi T, Wade PA, Jones PL, Wolfe AP.
DNMTI1 forms a complex with Rb, E2F] HDACI represses
transcription from E2F-responsive promoters. Nat Genet 2000;
25:338-342.

Bevilacqua RA, Simpson AJ. Methylation of the AMLHI pro-
motor but no #/MLH! mutations in sporadic gastric carcinomas
with high-level microsatellite instability. Int ] Cancer 2000;87:
200-203.

Laird PW, Jackson GL, Frazeli A, et al. Suppression of intes-
tinal neoplasia by DNA hypomethylation. Cell 1995;81:197-
205.

Herman JG, Merio A, Mao L, et al. Inactivation of the
CDKN2/PI6/MTSI1 gene is frequently associated with aberrant
DNA methylation in all common human cancer. Cancer Res
1995;55:4525-4530.

Nakajima T, Akiyama Y, Arai T, et al. Age-realted hyper-
methylation of the AMLH! promotor in gastric cancers. Int J

21.

22.

23.

24,

25.

26.

27.

28.

Cancer 2001;94:208-211.

Endoh H, Tamura G, Ajioka Y, Watanabe H, Motoyama T.
Frequent hypermet-hylation of AMLHI gene promotor in
differentiated-type tumors of the stomach with the gastric
foveolar phenotype. Am J Pathol 2000;157:717-722.

Kang GH, Shim YH, Jung HY, Kim WH, Ro JY, Rhyu MG.
CpG island methylation in premalignant stages of gstric
carcinoma. Cancer Res 2001;61:2847-2851.

Waki T, Tamura G, Tsuchiya, Sato K, Nishizuka S, Motoyama
T. Promoter methylation status of E-Cadherin, hMLH1, and
pl6 genes in nonneoplastic gastric epithelia. Am ] Pathol
2003;161:399-403.

Oue N, Oshimo Y, Nakayama H, et al. DNA methylation of
multiple genes in gastric carcinoma: association with histologic
type and CpG island methylator phenotype. Cancer Sci
2003;94:901-905.

Song SH, Jong HS, Choi HH, et al. Methylation of specific
CpG sites in the promoter region could significantly down-
regulate P16 (INK4a) expression in gastric adenocarcinoma.
Int J Cancer 2000;87:236-240.

Hsieh CL. Dependence of transcriptional repression on CpG
methylation density. Mol Cell Biol 1994;14:5487-5494.
Kim HC, Roh SA, Yook JH, et al. Microsatellite instability
and promoter methylation of AMLHI in sporadic gastric
cancer. ] Kor gastric Cancer Assoc 2003;3:50-53.

Kim JB, Kwon OJ, Oh ST, Yang HK. Results of surgery on
6589 gastric cancer patients and immunochemosurgery as the
best treatment of the advanced gastric cancer. Ann Surg
1992;216:269-279.



J Korean Gastric Cancer Assoc Vol. 5, No. 4, 2005

= Abstract =
Methylation of P16 and hMLH1 in Gastric Carcinoma

Gi Young Sung, M.D., Kyung Hwa Chun, M.D., Jin Jo Kim, M.D., Hyung Min Chin, M.D., Wook Kim, M.D., Cho
Hyun Park, M.D., Seung Man Park, M.D., Keun Woo Lim, M.D., Woo Bae Park, M.D., Seung Nam Kim, M.D.
and Hae Myung Jeon, M.D.

Department of Surgery, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: We investigated the impacts of the methylation states of the P16 and the hMLHT genes on pathogenesis
and genetic expression of stomach cancer and their relationships with Helicobater pylori infection, and with other
clinico-pathologic factors. '

Material and Methods: In our study, to detect protein expression and methylation status of the P16 and the hMLH1
genes in 100 advanced gastric adenocarcinomas, used immunohistochemical staining and methylation-specific PCR
(MSP) and direct automatic genetic sequencing analysis.

Results: Methylation of the P16 gene was observed in 19 out of 100 cases (19%) and in the 18 of those cases
(94.7%) loss of protein expression was seen. We were sble to show that loss of P16 gene expression was related
to methylation of the P16 gene (kappa coefficient=0.317, P=0.0011). Methylation of the hMLHT gene was observed
in 27 cases (27%), and in 24 cases of those 27 cases (88.8%), loss of protein expression was seen, which suggested
that loss of protein expression in the hMLH? gene is related to methylation of hMLH? gene (kappa coefficient=0.675,
P <0.0001). Also methylation of the hMLHT gene was related to age, size of the mass, and Lauren's classification.
Conclusion: We found that methylation of DNA plays an important role in inactivation of the P16 and the hMLH1
genes. The methylation of the hAMLHT genes is significantly related to age, size of the mass, and Lauren's classification.
(J Korean Gastric Cancer Assoc 2005;5:228-237)
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