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2 % g

I. Al &
b AE FUdo 4 FATH A7
T, d57de] 54 2 384y

A AE FYL MAIFeE AFH DA HE9 ztolE
AeA Bolxm gloy, SEUHdE T 29 stz
U A GReA gAAZ £ Fold, FHE 3L
ZFA o)tk HZHQA AFE stk dFHoZ o7 E
FT ol Hlsle dE7 I3 EFT TYLE 4HA U,
AT EA fAge AL 2 gl T4 FAx g 9 ¢
Ay 7]AEe] WA, od wEt FAA N5 AR W
7t Y A7 APHT = W, A= FY
et e FHE E8 AAYHLER ol 7123 A+
Al HEL = AAolt}, ol & AFAEL
U A JHg B AEY FAE AFdE B HYdA
SEvet A=Y 29 J1A I B2 FATY #IE
9y, A T4 JeH 4, FFHE FAA A8
Lo =20l Hag Az dint.

MTS1/CDKN2 +dxH= @A 9p219] fA8l= FHAZA,
AE FAd BAsle cdkddH Ao EA3E x| st=
gz ol p16S WrEE SAXo|th, plé-cdk2E T A=
Rb+ ¥ 2 O] phosphorylation® A3YFLoZH, HXZTEE9 Gl
phaseol 4] S phase29] o] & Y=t}. = MTS1/CDKN2



A AF°] homozygous deletion®] ¢, %Y, F&F,
ZAF, AZL, dA2E T GHEFA Bo] Hi Hu
Roem, A, U, THY T AEUdME B
i 9ttt Azo % MIS1/CDKN2 -2 21e] ®o)d
st T Baol e, Buyg gl wet 52%
ol A 0% 7kA FA=pe] Wolrt Ha Ha ok, vt
Az otol = oj= AL o] MTS1/CDKN2 & =te] wo) 7}
SRk, dAAQd Hol AE AX9 Aol e A #F
3t T, o]= MTS1/CDKN2 fA =7t 2lx=¢te] whetaiAof
#ostes A A5 2 A L399 dB #AE #EF Y
d% #H AAREAM] 7 E @sta, FE ol o] &F
AR 72 HE oFo Uiz J1E x5} HEe

A Zghe},

I11. |30 8 2 HY

Fe2 HEd T4 2FA AL 2FdA 199 DNAE
ZFZsla, ol ol&3ld FY 5ol FAHAAE PCRE
NPt R JS & F, AL 2F3} 2o paired
PCR analysisE Al#3}i, tbA] PR & A3 & H I3k
A F4H8 43 A7 F PCR-SSCPE A 33k}, PCR-
SSCPA} mobility shift 7} 9+ 9l Sequencing <
APt ALY dr] F2 e WslE gotdy, U
1A #o st gRE £, I AF5E 29
43l dF Azt T /teA3 & < g

(D % 53 A= @A Y28 429 4F,
Y 2P AY RES A2 194 79 2454 2
gelste] AT & 36 9 BANN 242 S



(2) DNA & 3% 288 248y 248
2} 38} Phenol/chloroform &% & o) &35l 1 E %}
DNAE FE3l 1, =3 DNA= Spectrophotometer &
o] &3l FE TEE SAHANS.
(3) Paired PCR anaysis 75]/‘8* ZA3 2o 2o EZR}
DNAE MTS19] exon 2 B82S PCRE A5t Homozygous

deletiondqd H-& screenlngﬁ]-_’ homozygous deletion©]
No™ multiplex PCR & 3l &Q3lr}.

(4) PCR-SSCP analysis: MTS1 gene exon 2 °l ths}d

pllmel‘?‘ o] F4 ZFO DNA £ PCR= ZEZ S AZ

L, Rsa ]l AF EL2E 23S A ¥, 6%
Polyacrylamide gelol A A7) 953} Autoradiogram =
435131},

(5) Direct sequencing: PCR-SSCPol 4] mobility shift 7}
#ZA ¥ o9} Retinoblastoma gene ¢] alteration ©] =
Z9ko] MTS1 gene 2] exon 2 & PCR&}4] dideoxy chain
termination WH o g 7] AEE AAIAT.

(6) 9AA3 B29: MIS1/CDEN2 A xle] Woj7l &+Ad
2o} AR G G YAAFRE v A Fr.

V. a1 dx

Paired PCR & A]383+ 359 %5 homozygous deletion &
#& & 5 d= d= UAC. PCR-SSCPE Ay A3,
mobility shift 7} A€ 44 Fo)A direct sequeningS
AP A3}, 1o o)A E Codon 100 Y=o GAT-TAT(Asp-
Tyr)Z mis—sense mutation®] Y™, 14d0lA= Codon
97 9219 GAC F €9 A&o] & HUY. YrA
2ol A= mutationo] WAE X &gk}, PCR-SSCP2
2538 74ekEled Rb gene? WolE AT 4 QYUY



109 E Direct sequencing 3R Y somatic mutation &

AT 7 AU, MTIS1 F AR}l o]go] HHE 24= Rb
FAZRI] Holm WA HIUW dojy, A AFAAE,
571" zpoldo] flTh. ool A o] 2 EQlel A 9
MTS1 FAx}e] WolEs 2/35(5.7%) & E3}A] & Wgjo]n,
Homozygous deletion & YEN}R] &gt HZ .
methylationoll €)%+ MTS1 inactivation 7] Aol gt F7}
A7-7F Yo¥ Aoz Al Hr.

V., A7/ ate §848

T o] A= Fxpe] FF X F oA MTS1/CDEN2 &3 =+
Holx= FZ intragenic mutationo|R oy, 2 W=7} 4433
g FFEo|on, oo ddd A4 AR & g
Rb-fAx}Fe] Wol7t 62.5% R Aol vt &gk 7] A
A Aolges TAXE &7] o] AT Rb FHAHY Wol7t
AAE oAM= AAFR= ZAA 9, Rb-F3 A ol
ALo] ES F UE 7154 T2 1Y ool o=
AWZyE) 8, T methylationo] 9% p16 DAL v A7}
Ba 3 = AL 18sHH, intragenic mutation ©]2]9]
MTS1/CDKNZ f+3 7ol v|gA4 3t 71xo] & F™HZE Qs
7V S nddldgor & Aolg. AARANE HITY FHR
g JAT YPeE2E FHAV E F Qe FAAIH, FA
methylation 59 epigenetic ¥W3to] thgk A ¥bh{o] AL
Hd 7hsAdol o AT
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Summary
[. Project Title

Molecular Genetic Study of Human Esophagcal Cancer

- Genetic Alterations of MTS1/CDKNZ in [Esophageal
Cancer

[T. Objective and Importance of the Project

Objectives of this study was;

1. To investigate the incidence of MTS1/CDKNZ gene
mutation 1n esophageal cancer

2. To study the characteristics and patterns of
MTS1/CDKN2 gene mutation in esophageal cancer

3. To find the correlation between MTS1/CDKNZ gene
mutation and clinical data

[II. Scope and Contents of the Project

Materials; 36 resected esophageal cancer specimens and
paired normal specimens
Methods; 1. Sampling of the specimen
2. Extraction of the DNA



paired PCR analysis
PCR-SSCP

Direct sequencing

Dy O s W

. Clinical data review

[V. Results and Proposal for Applications

There was no homozygous deletion of MIS1/CDKNZ gene in
35 paired PCR analysis, which was frequent event in
cancer cell lines. On screening of exon 2 of MTS1/CDKN2
by PCR-SSCP, 4 cases out of 36 specimens showed
mobility shift. We detected one mis—sense mutation at
codon 100 which changed TAT(Tyr) from GAT(Asp) and
another one base deletion at codon 97 which showed GAO
from GAC. But there were no intragenic mutations in the
other two cases. MTS1/CDKN2 gene alterations were not
detected in all 12 cases which did not show Rb gene
alterations. Clinical data of the patients which tumor
showed MTS1/CDKN2 gene alterations did not shows
clinical tumor progression than without gene alteration
cases. Therefore the MTS1/CDKN2 gene mutations were
infrequent events and do not appear to play a major
role in the group of patients examined. Recently there
were many trials of gene therapy with pb3 gene in other
cancers. Our data suggested that MTS1/CDKN2 gene in
esophageal cancers can not be a good candidate for gene
therapy and more study for contribution of methylation
in MTS1/CDKN2 gene for inactivation of pl6 should be
done before application of gene therapy of MTS1/CDKN2.
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1 3 A &

AE g AAHoZ o Al F4a3 9 F9
SIUZ gA 3 9oy, WA= A4 Fxle 51
TG GG FTYLEM MAZQY xS HA ot Y
Z9] shjoltt, Axge 27] WA JEo gEE9
F2E7} 3710 XN EE AlFEHA HY o] BY &, YAR
A8 2 gdawye AYsdr HFA X8 A L¢3, J7F
AE717v0] 2 13 w|Qd o F 7} Y FAFo|t(]).
AEete ZATgHOoZ HPA G Agor IA Yol
A, AP L 98 ZAMY S5, 4dx 2L JAVL
gJon AMote Barrett AES #AI A= Ao Ho
ATt (2). Barrett A= AE3FHA YJHE 97 =
A Ax9 HP ML o]FA PFFH I}
SRt AoR A AYy HA REr go2=2 A%
olgAo] & A$ HATIH F= o] gFo =z Ho
Rod, mIFolyg F3 FolAdE EF Aoy FYoAE
Barrett 2]X=7} E3}x] @o} 9] A xS
HYGu o] ), Axg LA Ao ZE oF
717 733 QA3 F3H9| ztolo] Q% o] Wz L2
FTHY ze] Fo] AMAEHIL oy, HE EX FATF
AT7F 43s] FPHo] HEYAME o FF/H FHA
Hol7} W& ¢t}. Epidermal growth factor &3
F22 c-myc A2 FF(3), hst-13} int-27H A2
A FE (1), T9 IdHAHA Helgt, 17p 4 A 9
BEAA (5), pd3 TFAA A2 W FAEd) (6),
RB Azl HEAA (7), APC/MCC A2} £-¢] 9]

AEA A AA(8) L MIS1/CDEN2 fH =} ¥o](9,10)

Solt},



o] ¥ MIS1/CDKN2 &=} ®olol distels pl6 T A o]
AXEE dFAY 24 AARA LHAADA (1) B2
T GEolM A7 HA e FRAR T x4
At Aol oA Az Wol7t BjEtn 3 2 E0
Zbzh BrE A3 glok. MTS1/CDKNZ faxte) Hojx 2
Azl A7 A7t e gloy, A7 dide
A8ty zpo] o s o w4 WEr}t thEA B1 H1
ow, Rbdwde] nig/dstel J5 HebHoz WHolE
B o+ v = Bak QUr). ofe HEYAdM A8
AL oYX FHoz 4o WY HE9 H o
FAzLe] Wol7l dAETdE Buk 2 YElda 9},

olo] B dFoME SElue}l Axg Z3F A 9]
MTS1/CDKN2 A x}e] ol M= E #&s}l3, MITS1/CDKN2
ALY Wo)7} AEghe] Wet 7]AHe o= HAE
7l ste7E vdsta, MYgd AXAA F2 YeElds
homozygous deletion®] oj= H%E YEl}H, intragenic
mutation®] WE+E= o]jx Aol 1 Wo| &9
ol gleA & 3 ATk, oL Rb ALY
o] o] WAL X ¢k ool A MIS1/CDKN2 A =}2]
HolE o= AL o] &30, 43 BEHA FA29
HolE Ho|&A TA3GOH, J43HA A&,
MTS1/CDKN2 & x}2] ®ol7} UAd oo A9 ¢te] )
Azl dHAAdo] slEA A k. o WyHoez
Azt 27 P4 oA DNAE F2314, PCRE
MIS1/CDEN2 32} &8 $F3to A 273 F%

Z A% paired PCRE A1 335} A homozygous deletion
o B-9] screeningS 3T, o]Ato] WAE™ multiplex
PCR o] Southern blot ¥4 o2 #23sla gt 281
MTS1/CDKNZ2 A x}9] exon2 H¥& primer & YHEo]A
PCRE APt & A3 A% asr 2 433 F PCR-SSCP
E A3l mobility shift JHE #HZAJT}, Mobility
shift7} Sl o9} Rb 3 x}9] Wo|7} AR gk
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direct sequencingS A]3 s} intragenic mutation2]
3ol 1 GAFL ‘:‘4161-11}- Sequencing< )<
2 HEAslo] MIS1/CDENZ A 2ol Wol7t JAAE
G dE vt Y AE5E E45%eH,

I #AAE Lol By, H 9l IS
ol St A5G LA Tl ¥y
1€ 9= +¢} vl st EAsATt.

2
A9t ¢
A

(O Me o £ 12 Jo 2
2 for X rlo 2 mlm

N



A2 & U 7lend 3%

HT BEA 483 A9 b ne AR E
e A3yt ¢35 o). Epidermal growth factor
T3 FAAY cmyc AR FZ(3), hst-17} int-
2 AR FA FEF (4), T EHAA WHolgt, 17p
FAA o] HELA (5), pb3 FTYAA A2 U9
HEdHo] (6), RB AR REAA (7), APC/NCC
TRz 2o A AA A4(8) P MIS1/CDKN2 F-A =}
1 0](9,10) Foltt.

o] F MTS1/CDKN2 A=} ®Wolo| tisld = pl6 T o)
AxEde AAAA 2FH AAEA LHAAA(11) B2
T gEoA A7) 3 = FARoIt, A =g
ol Aol o] FAXY ®Wolrl HAstn Y3 1 E9)
Zyz; gba R 31 ¢lth. MTS1/CDEN2 &4 2}e] wolx HZ
AEgA A A7 e 9oy, A7 gi4d9
AAREH zo] Fol & 2 wA ¥TI tEA X3 Hu
ATH. 19943 Moris(9)o] Y9 xS FA43tH &
52%2] MTS1/CDKN2 +A =} ¥ol &L B IslHA 2] x et
B 7|de] 8% S & Aolgka § o]F, Zhou
T Suzukis(12)L v F9] A=k =2 oA 2ZFzh
21%, 14%<] MTS1/CDEN2 A X} Wol &S B3 3} Th.
Asuncions (10)2 oJelgle} GZF 29 2o ¢
10%9] A=} Wol &S B 3%, Okamoto S(13)L
ZZ9o] Azt zF o)A MIS1/CDKN2 SA=x}e] wWolrt
AL gt . 2= AEg s 2rhEe
B9t 7)Ao T £ dte A uwEd, xge] s
Z7hE2 A HolY FAE & F U3, o= FF
A xete] FAR X509 HEo FU A= FAA)
ol ool Uig V& 259 YeAE YEeldY., 1
9]l MTS1/CDKN2 X2 ¥ol7} Rbhd] A o] v &3} 9}
A% 9o JeEldts Rk vl = glioblastoma
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ol A NTS1/CDKN2 -+ =xte] Wolrl WA R Z& ooME=
Rb-f A xke] Wol7t &3] YeEldei(14) & Aolt. F
MTS1/CDKN2 @27} wt=+ p16 @@ o] R 2 3}
AFdgoz AE F78 24T 5 Jornz F gz
Z shout o)Ato] WAZAE NE F7)9 2H YL
dAsHA He Aojtk. = G FHFo A& MIS1/CDKN2
AL Wol7}t JFHoR ¢ AP Aol Qs dF
AAZA 747} Athe BIA(15)% Yt A EgGAE
& A2 A9 ou)7} Quid ol& FF AXt At
Ao B A5 T& ARSI F8 Y Aoz A7
g 4 9lrh

FU M E Ao thek £2F A8 A7 A9
e FHEA E HdolAM 1994 'd RbfrdAre] ol
et AF% Aa 19959 ps3 A Aol thete] AFFh
Aol 1zolt}, o]l FW =Y A9 4T FES
HdoM ity 1 4 AE FIE B Yo M 7
o g, =3 =g AEY HGE A= o}F
APsta e 71Fo] gle AdXelt),



A 3 F AFNE gL =L Ay}
A1 2 F£3 L L 9y
1. Y% +3

=4 B =g AT AT 3o Pea 34
REE 2 2 1y T4 2} F welnel Asin F 3
P9 BRI 224 FHAAG. olF BHY
309, 2AZsro] 20, AABATIere] 2], 1]
HEEEG GFol 194 UAATH.

2. DNA &

FHI 237 E ZARETY 24L& 93l
Phenol/chloroform F&H& o]l &3l &} DNAE
F23}91, =3 DNAE Spectrophotometer £ 0|23}
T & E AN

3. Paired PCR anaysis

Ay A3 4 2F 9] 1EA DNAZ MIS12] exon 2
BHHES PCRE Al33lod Homozygous deletiond F-&
screenings}til, homozygous deletion®] UL multiplex
PCR & T3l gt}



4. PCR-SSCP analysis

MTS1 gene exon 2 °ll 3} primerE W&o £%
ZZ° DNA 2 PCRE ZZ& A7 v, Rsa I A
iAE f‘E}Ea A7l 3, 6% Polyacrylamide gelollA] A7
=3} Autoradiogram < H4I35}it). |

5. Direct sequencing

PCR-SSCPoll 4] mobility shift 7} &2 € o<}
Retinoblastoma gene 2] alteration ©] {1+ Y2 MIS1
gene 2] exon 2 € PCR3}Ad dideoxy chain termination

Mo 47 49e AR
6. PR B

MTS1/CDKN2 &4 x}9] ®Wo|7} A d #xtel U7 5 A
%2 329 YAASE v 4 3,



A2 d 9 2y

1. Paired PCR analysis

A A3 T4 2F 9 3182 DNAE MTS19 exon 2
BES PCRE A8t Homozygous deletionsd &
screeningdltich, (Fig.]) AA} ZA 3} FoF zAA BF
22 PCR A3E E F At F AL 2F A= PCR
product 7} YEpG L £ ZA A= PCR product 7}
Bolx &= homozygous deletiond TEa 4 gl ).

2. PCR-SSCP analysis

MTS1 gene 2] exon 2 o W3} primerd WES T4
ZZ 2] DNA € PCRE FFE A7 b, Rsa | A7 B4R
2318 st PCR productE A& ¥, 6% Polyacrylamide
gelol A A7) G538t Autoradiogram & EA]3}51t},
B A3} 4004 mobility shift 7} 24 =St} (Fig.2)

3. Direct sequencing

PCR-SSCPoll 4] mobility shift 7} &&d 4 &<}
Retinoblastoma gene 9] alteration ©] I 5% 10
#lol| A, MTS1 gene 2] exon 2 & PCR3} dideoxy chain
termination WHOE A7 XEE ZA3}AT}. PPCR-
SSCPol 4] mobility shift7} 2]A HUW 48 Fol A
19l A= Codon 100 ¥ Xl GAT-TAT(Asp-Tyr)E mis—sense
mutation®] AN (Fig.3), 1494 Codon 97 X9
GAC ¥ C9 Z&o] I HUH(Fig.4). YA 24X =

-8~



mutationo] A% R @ekrl. PCR-SSCPe 2 35.3S 7Rtsto
Rh gence] Wol& A& 4 IADA 104E Direct
sequencing 3F 24 somatic mutation & WA 5
1Tt MIS1 Ao o)Ao] 2AH 24+ Rb F+3 A9
Holz W HIYWE dojt},

1 93z 24

MIST/CDKNZ - =x}9] Wol7} WA g et d7aEA
%2 829 YA ARE v B4 3k o), MTS1/CDKN2
ALY Hol7} HA " o7} 2 o Hrel HA| ¢ggkon,
AR o] o]AFo] AUY oo A= TINIMO < T3NOMO <
o712 Zbz; 111 719 [IA7]12 A & o yn|z] A9
o]/o] QUG dlo Hlsld 7|7} 6L AP B9
H7] o]y U},

o]/ o A F=9] Ao el MIS1 AL Wol&
2/35(5.7%) 2 &3t &2 ¥3lolr, Homozygous deletion
= YeRA qkth. PCR-SSCP = 49o| A mobility shift
7} 9 A F Qo) Sequencing A3} intragenic mutation©]
AFE dE 2 o oA}, Rb AR o] 33} A%
HAHA FAAY ol % wAstry] ozl M th. MIS1/CDKN2
AR o] 33 P AEAFY AHFBAE W)

ol &} c}.(Tablel) T methylationoll 2]%F MTS1
inactivation 7]A o] F& #t3 ¢+ v}, olo tid F7}
A77F 9o Aow Al Hu},



36 35 34 33 32 31 30
TN TN TN TN TN TN TN

Figure 1. Paired PCR analysis
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22 23 24 26 31 31 32 32 33 34 35 36 37 38 39 40
TTTTNTNTTTTTTTTT

SSCP results

Figure 2. PCR-
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Normal Tumor

C T A G

Figure 3. Sequehcing result of #31 eso. ca
Mis-sense mutation in codon 100(GAT-TAT)
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Normal Tumor

C T A G C T A G

Figure 4. Sequencing result of #39 eso.ca
Deletion of C in codon 97(GAC)
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Results

1. Homozygous deletion : 0/35
Mobility shift in PCR-SSCP : 4/35
3. Somatic mutations in
PCR-SSCP(+) cases : 2/4
Rb alteration(-) cases : 0/12

. Frequency of p16 alterations : 2/35(5.7%)

S. Clinical data shows no relations to stage progression

Table 1. Results

_14_



A4 F A7NEEE 24x 2 dolTldx

U o] 29t alo) A o] MTS1/CDEN2 F-AH A ol wlx o}
I F3S FESII, Rb FAXS] Wolete AABAE
B39, A2 #Holrt U= A9 I AEgEE
EAste e BiEc 94 HAoY, 199493 1995 9] Rb
FAx ol AYojy} ph3 AR FAF T FAHAHA
A3E A= EsAdvt. 28 &% {FAx X509
Hgolt, U Arge ¢ g £4 @ o Mg
sl 712 AREAN S8 F U= 7FesAol AR,
MTS1/CDKN2 3 x7F ME F7]9 24 AA=EA 9] 7] 50]
ZF83% E 4 AAHo BAsle {FHAY FREA 1
7159 9uE & 4 Yrt. dOo 2 intragenic mutation ©f
918 gA=Y] v A 37t obd methylation S 98 pl6
S Aol v sto] ik AT dASH thE ool A9
TAZ AEE HE = Y& Aoy,

N
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A5 F  dNEEae &84 8

ZU o] A9t Ao F9% A oA MIS1/CDEN2 A A9
Bo)l= FZ intragenic mutation®] o}, 1 ¥ix7} Ag3)
G FFolglon, 3o dHH AAE 4T & A
Rb-A A9 ®ol7} 62.5% A Aol vlste] &k 7]H 4l
Had Aolgts TAXE 7] oH YT Rb FHAL] Wol7}
NAT oo M= AR = LAAT, Rh-F-AXL] wol9
BAE FE F Ue VA 5 1Y oo & A=
AZyE)H, 22 methylationol 2§ pl6 @A ] v]&/J3l7}
B3 ¥ Qe AL 3835, intragenic mutation ©]£] 9]
MTS1/CDEN2 fr@xto} uj@A43} 7]do] o2 FeH=2 e
Ve A& 1Edloor & Holg. AARXAN = HZY FAHA}
A5 AT WHOZE TRAVF B 7 (e FHZoIH, FA
methylation 52} epigenetic W3l gt A= Wio] A=
HH 7FsAdol doka kA
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