


KISEBHABZE D K-ras codon 12 DRIRAEE



#E

KXBEORMEBIZICHFS adenoma-carcinoma sequence’® (FELK BH SN
TWBH, 19874%LIBE. Vogelstein 559 [C& > THFEMFNLERITSZZH
T&r, FLTZHETIC. APC, K-ras, P53, DCC, MCC, HNPCC gene®'® 5m
EHOBREFRENRASN. ChOoORBOEBRICLY ., KBEORE. RHE.
HEEPSZENDLHAENDICE>T S,

ChoORIFICEWT, Kras BEFEREREBEOLLBRMNEMICECSH LS
hT&k, LHL. BNECEI2ERMEHSBERYBMWICLR L TEETHS
SEMD, COEFIVERRAES, Kras REFEREHDIVREZROFED
HEEEIATNEY, BIC. KEFE~RMUDEMEICENT K-ras EENE<
BEHOSNENENDBENLZESNBICEYY, BROBRUFEICEITS
adenoma-carcinoma sequence &[3RAZREZBOGAENBREEND L
ST,

flat adenoma (319844, KEMSOMELIK, EHD polypoid adenoma IC
HEULTELESBETHI L. REFRSEVLHSBBICHETRNZER
STEEZBNBI L, . BEORABARBOESCLYLAILYSHERRE
NBLS B END, BERMBREL L TERZEHTEL?Y. LL.,
CHhETICHBRE S L THFEPENZRFTOLZZNMRIZ. £T polypoid

adenoma T#Y. flat adenoma [CHFBMAFLFLALELESNTIVEL,

T, AWETIZ flat adenoma, polypoid adenoma # L T. BEMECDU




T® K-rascodon1 2D S RAEREMRITL. EICHELNAMEEOLEBRED

5, KBEREOERICOVTEREMA L.



HMREFE

ERASLESE. EHARNERAR. ZEXFRICBVT. AHFHEHINEA
BANICYBREN/-26478% (248%EH) EHRE L. TORRIL, polypoid
adenoma 9555 %. flat adenoma 62/m%. BME101HER (sm & 39FR.
pm & 33/mB. ss LLEDE 29588 ) . ChODMBREFIC, RBIEXBRICS
BtL-EBE/EMTH S, Familial adenomatous polypoisis (FAP) DFEBIFSE
nTWEW, $£7, control & U TAMBIERE 0 (KIBE IR D RIERR)
ERWVE, WFhbARILTY VERRAS 74 28, 6HA~155MRES

hi-7ny s &ERLE.

REHEPHRER

&70vom5 3um D HE REVAEERL. WHO OREEEH ERAE (LR
T, mild atypia, moderate atypia, severe atypia, invasive carcinoma
ICS8 L. flat adenoma FFEICHWT, FROBMBHSERBRO2EEE
RIEOBOEL?, &5ICEDOREEABRBIURAHNCEL T, lla (n=27), lb
(n=17), lic (n=8), lic+lla (n=7), lb+lla (n=3), I[CHFL /. flat adenoma IC
/& L7zL\ adenoma % polypoid adenoma & L. ®FYEELY Ip (long
stalk), Isp (short stalk), Is (broad base, sessile) [CH¥LZ. B@EICES¥

ENHLOVERICOVWTIZ. ARBARESEICLL (Fig.1, 2).



smBHELY pm FICDOWTIE, BERYFEEZE Typel &L (Type | : sm E16.
pm #&9) . TOMDRME. FiER (14]) 2REHEELCIY THLOFRVICELD
T. Polypoid growth 8 (PG 8 : sm #&4. pm #&11) & Non-polypoid
growth B (NPG 8 : sm &17. pm #&13) [CHE LA (Fig. 3). sm &ED 261
(lla, Nla+ls) IS MEMBELE Lz, ss LILEDETREICONWTIE, REFEOHE
HEEL W EHRERR (Type |) SRBEICOLFEHLE.

L toORESTRE Kras ZROBEMECOVWTRE LA,

DNA #iH

5~10um OBEEUVIE PSRBT ICHRREEE LN S, adenoma ([CHVTIE
BOLRVOBVEHSE, REECEVOTIZRMERZE F0 (CHEMMERAE T L T
LB ESE, W10mm® PIYHLE. FRENOERICII10*~10° DS EN.
ZD80% LI EABEHFNICRBMMEEZ SN, YIYHUAEEREG. BAS5T74
>, Proteinase K IC&YH{EL. phenol-chloroform #ii, ethanol LERIC
& U DNA 2SR/, mtiL7 DNA 01/108% @A L T, K-ras TR%

L7 (Fig. 4).

K-ras codon 12MD#F4r

LEBRMBEEOBNEENh3 2 step @ PCR-RFLP i% (polymerase chain




reaction-restriction fragment length polymorphism)** B\, £7°,
codon 11ICTERBREFTHIER primer ICLY PCR 2175 2& T, wild
type @ codon 12IC3L T, HIBREIE Mval ORREIIZBALLE. ZOE
codon 12ICERMH S allele [C(X, Mval DRRETITBAZhZ., —EHD
PCR ME¥% Mval THIBL. BU PCR 2175 2 & T mutant Z3HRAICHEEL .
FOEYE Mval TR, 8%polyacrylamide gel [CLABMEAXBOBBHEDZE
IC&Y K-rascodon 120SRATROFVWERTLE. ThETNORISICE
negative control &L T. DNA ZANAZL\VREEE® DNA (EFEEEL Y HEE)
%8, contamination R, HIREEDH{TRICLS false positive D7
W ELERRLL (Fig. 5,6, 7).

E5IC, ERBMELESNEKBEOREICOVWTEREEYE polyacrylamide
gel LYY LT DNA fragment Z¥E% L. pCR Il [TkAAZ, cloning D%,

dideoxy i&EIC &K Usequencing ZfTL\ K-ras codon 120 REHE L/~

Titration experiment
2-step-PCR-RFLP DEEERTETS7/-8. Gly—=>Ser OLEREHTIMED

cell line AS49°9/5Hi L7 DNA £E% DNA ICL YKL TR L.

KEBETRICHTS K-ras mutation @ heterogeneity Mgt

KIBEITROBRAICE T BEMIICES heterogeneity <2 BT, 28




BICBVWTERBED1HE. EREMOIFETNTNICOVTDREP2~SER

5 DNA Z#E L. K-ras codon12 DERERITL -




BR

(1) ZRrRE

Titration experiment D¥ER. 2-step-PCR-RFLP @ sensitivity (31/100
(1008 wild type ®OF®D mutant allele 28 TE3) THo 7. control
DEBKBMILTERBMETH >, sm BTERBHELHEINAZERICONT,
PCR E¥% cloning M. sequencing #fT>7=& 23, Gly—Asp, Gly—Val

ANOERDER SN (Fig. 8, 9).

(2) polypoid adenoma & flat adenoma D Et&#RET (Table 1, 2)

polypoid adenoma IC&1+% K-ras codon 120D S RAZERIZ67% (65/95)
KRHSNADICH LT, flat adenoma (CHWTIF21% (13/62) ICLHESDHS
hiamof (P<0.01. x? test) . Sh&, EREETHLLEZS, ThEh
DRBEICHT flat adenoma D K-ras ZRI(Ipolypoid adenoma ICHERTH
BICIERTH >/ (mild atypia, severe atypia : P < 0.01, moderate atypia :
P<0.05) . X&#ZICLY. SmmLITF. 6~10mm, 11~20mm. 21mm Ll
LOABICHIFITHRL TS, ENETNDOBEICHT polypoid adenoma @ K-
ras ZERHAE(T flat adenoma LY BFEETH >/ (Smm LIF. 6~10mm: P <

0.05. 11~20mm: P < 0.01) . polypoid adenoma (&. mild atypia T%60%

(25/42) , Smm LUTFONEEHDTH57% (8/14) [T K-ras BERAEDH SN,




RUE, KESHFRTICENTESSICHELAZERASROH SN, HEHENIC
BFEEIBHSNAM o=, polypoid adnoma DAEMT. severe atypia H5L\
($20mm LIE® villous / tubulo-villous adenoma IC(F. FDFLAEICER
BRHH5N (9/9. 11/12) . LML, villous / tubulo-villous adenoma &
tubular adenoma MM T K-ras ERAEICERIRHShEM o, 1485, flat

adenoma (3£ T tubular adenoma T. villous pattern ZRTHD(E AN >/,

(3) FREL K-ras ZRSABE L DBR
i) adenoma [CDU\T (Table 3)

adenoma DAZRE L DBARTIL. polypoid adenoma @ Ip. Isp. Is DBEHAER
IC K-ras ZRBEDZEEIRDHSNAM >, —A. flat adenomaT(E, BEERZER
7 lla & lib+lla RERAEICHVTIZ10/30 (33%) &. FiB, BEME® lb, lic &
BRAE (2/25 : 8%) ICLERTHETH > /= (P <0.05).

ii) BRMBICDUT (Table 4, 5)

BBMEICETS Kras TREMIZ. smE33%. pm £E45%. ss LU EDET
62%THo/=. sm BEOBRBIREICETS K-ras TRDEE(L. Type | 56%
(9/16). PG 8 50% (2/4). NPG 8% 6% (1/17)&. Type | & NPG DM THE
BIEENH SN (P <0.01). pmBCHNTH. Type | T7/9 (78%) &BHE

IC K-ras ZERMSHSNFDICx LT, NPG B TI323% (3/13) LIEETHY (P«

0.05), PG B TI345% (5/11) TH o, ss LI EDHETRETIIERED 2 fI &R




BHED59% (16/27) ICERMPEH LN,

(4) K-ras ZER® heterogeneity IDW\T (Fig. 10, Table 6)
ETRICHETS K-ras EROD heterogeneity ZEA/mE 23, ERBMHGIT
FREDA. SHEETIIMFTLABULTIC, 2RET3/S, 3/4CERFRSNED
IS LT, 4RETIIEBEORBTOSERNBEH 5N/, heterogeneity %R
TARERVThb4 cm LEOBBTH -2, £/, BHBICH T IERIEMH4

BlZ, DBAICEVTS K-ras ERIIBEEShaho /.

(5) RBEXBREBGICHITS K-ras ZRICDWT (Table 7, Fig. 11)
RBEXBRICEH LULEBOBROA, K-ras TENBEHONDIZ1HFROH

Tholk. COVRRIMOMBRERIYBIRTH T BOERA T, MEPHICE

villous pattern OBFLBRETH o 1.




=8

19874 Forrester 5, Boss SOWEILR, SHOMREICLY KBD
polypoid adenoma @ K-ras ERICDWTHEAZEh, polypoid adenoma @
AKEE, RUBESENTEEEIC Kras ERIBSTHLHEREhTELSOY
W, ZhCHLT, SEOHEL ORI TIE. 5 mm LITO/NE7; adenoma $5 ()
3, {ERZIED adenoma ICEVTH I TICHE0%EMEIC K-ras ERERD.
AKEE, RUBORMICHVERAESMRTIERAHNR SN/, McLellan 5%
H1 cm LIF?D adenoma TH72%IC, {EREED adenoma THE8%IC,
Fujimori 5% % {ERBED adenoma D50%IC K-ras ERMBEHON=ELT
W3, COLSIC. BEEICLY Kras ZROBERICEISDENHSND &
DE—DOREL LTI, FFRRTHWSNE Kras ZRBEFEOBEOEEH
FHRIEMTED., BeFNEAFROSMBELAL RO DNA HSHHEERIC, L
HbBBEETEREMRETES LMD 2-step-PCR-RFLP EZEM\E, KED
BEIZELE100EHD wild type allele ®FM mutant ZRETESZHOTH
Y, #EBAVWSNTEM~ PCR-ASO (allele specific oligonucleotide
hybridization assay)***”’, 1-step-PCR-RFLP'®, PCR-direct sequence®
CHATHELES~10EBEETHD. COLE. HROBESLIUSADER
EHHOETEZD L, NE/x adenoma, ERVED adenoma [CIIERDFAET
[ LBODEO mutant HFEEL, KES, REED ERICDONT adenoma

DFRTORNESEMT O TIIRNPEHR SN, £o. B—RREATOD K-ras
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ZTROD heterogeneity DFEED. K-ras ERBEFDESODEDE-_OREM D
Lh/zl., #4 (3 polypoid adenoma [CH TR B HEIEORL VSRS H S5 HIRE
IC DNA Z# L7755, Soh 53 Ick3&. 7L polypoid adenoma I THRE
REDORIDBRAT K-ras ERICEMNR SN, heterogeneity ODBFEMNTREE N
T3, KIBIRETIE. RESRVEORENSEMICRET S LH/TEAN
LRIXBUICHHSHTHEDT, BROLOBUERMELLENEND ZEH K-
ras ZEROFVICHETIAHEMERITHICEZISNS.
polypoid adenoma # & 5 (CAR#AYICK Y. tubular adenoma & tubulo-

villous / villous adenoma [CH¥ALAS K-ras ZRAEICH T HERIROHON
o, HERICEBLERIE Vogelstein 57, Mclellan 5 (ckUEEh
TW3, Vogelstein 5(3 tubular adenoma [CHW\TIF4% & tubulo-villous /
villous adenoma IC$13544% / 4ASBICLERTERBESENC LEBEL T
%M. tubular adenoma DIZEAEN FAP IS REEDEWNVNELZHOTHY
BEICHBRTERVWEEZSND, —A, Maclellan 53kES, REFEESY
TR THERE Kras ZREMEMREIRHOSNBNELTVS. SEDH LD
BEICENTH McLellan 5 & B2 UERNHSNH, villous pattern DRERE
D> EFBIS &2 D KEML (4 cm LLE) villous tumor T(E, 90%IC K-ras
codon 120ZERNH SN, KIBEBED K-ras ZRD12~26%% L&HH"7>*
codon13 [CDOWTEHL TRV LEZERTNIL, villous tumor DIEELT

IC K-ras ZERMHO5NBEF>TLINWERDNS. ERLY Kras ERIAENE

i




ETHDESNTOIRBEKBROBEI ' ICOVTOSEAORE TS, 66
i —D K-ras ERMBHEGIZ villous pattern DIEHETH Y. villous tumor 7$
RETDHLT Kras EREBESRTEZRLZLTVSHDEEZIONS.

polypoid adnoma HBEDOARBRARADEMERFHRLTIEERFTE VLT
[E. ThEMBHICHAR., HIVERBAORME LHTKFREFLHN flat
adenoma HL U flat adenocarcinoma SOXEMAKFE THS. polypoid
adenoma ICHEIC K-ras ERHFBOHSNAOICH LT, flat adenoma ICH(F5
K-rasERB21BEFRBICEETH 2. LOHADIOEREBHREORES. HEF
MR LBMEERHAMN /. JiE. Minamoto™ 5H43GOXREAHFE (flat
adenoma: 314, intramucosal carcinoma: 6%, sm #&: 66l) ICDW\T K-ras
TRAET16%EERT, K&, RYFLMEREAZVEBEL TS, O
EMB. K-ras BERMEETH S &(3 flat adenoma DBIEF L ARIVICHITS
BHTHHEEZDONS,

flat adenoma OFTH lla. lb+la LW ERDHZHDTII3IZNE PP
TRAENSES. b, llc OFEREMEBTIIBHLEBHTERTH . flat
adenoma with severe atypia & L 7= intramucosal carcinoma (ZBR-> T#&t
LTH, EREZBHDIT lla. lb+lla HIFERIFBETHY. b (4F%). lic
(1RE). licHla (1HBE) CERBHBSNhED>/. ZOBRE. 13FZED b &
Z (high grade dysplasia) IC K-ras ZEZRNE<BH NI >/EWD

Fujimori SOBVEOLEHTS. LENDIEL. KBRMICH LT polypoid

12




adenoma, lla, lb+lla, lib, lic&BEEBENEPTSICH>T, Kras TR
EMETF L. Kras ERERBEEICIBEIHEENSEH SN, Lynch 5 @
(% flat adenoma (3/hN& 73 polypoid adenoma DMK ISBELZWO\L#ERIL T
3. K-ras EROVRADSHDE, ERAEMSPPLEL. lla. lb+lla OFICFE
DEZHDNEENTVITEENTETERVY, Kras ERNFEFLAERSN
7z b, lic 13 polypoid adenoma &(IRAZMEMOBRETHHEEZA 5N,
sm EICHI1FTD K-ras TRBAE(T. Typel:57%. NPG 8¥: 6% & FELLEHNR
HoNfe., NPG BOKBEITOREN SRERBERRTHD ZEMPHAENT
WA M, K-ras TREEDO LM SH. NPG-sm L polypoid adenoma & (E(F
BN THY. adenoma-carcinoma sequence IZHU\TIF flat adenoma &VUb
17 b, llc BRETHBENERMENS, ST, de novo IR ICDO0
THNhDLENSHS, adenoma-carcinoma sequence A5, adenoma (mild,
moderate atypia) — intramucosal carcinoma — sm #&® pathway TH2D
IZ34 LT, de novo MREIIERIM — intramucosal carcinoma — sm &N
pathway TH3d. KBEICEWTELONLYVEETHHDEVIREE. RE
CELTHRREEZN TV, B4 OXBEICET, adenoma HRTH 2
» de novo MRBTH S HOHERI. BEORROFRICL>TASNTEY. @
ED pathway ICBITZREFELLOZRIRLERREIN TGN, BRICHES
RVOBLBREZVHICRETINE. BEFECI>THERIGINIATH

257, Ib, llc @ flat type @ intramucosal carcinoma CEREAEZL/E

13




< de novo BIRBEDIRML Sh TV, SEbhbNAKRE LA NPG-sm &
MELEHD pathway Z2EE>HDTHBICEL. flat type &Y Db(Flb, lic
@ intramucosal carcinoma (= flat adenoma with severe atypia) »S5#E
LTELEZLER. KrasEROENSHENTHSS. EHICEHDIFEF-ST.

mild, moderate atypia @ flat adenoma R THINENERBT B /-6HIC(3.
flat adenoma %%\ de novo BREBICHRNO/DBEFELORRPSLETH
B, CCTIRE LA, FEREMAYSEND K-ras ZEOMSH/NE 1\ pathway
BHBENWSILERBIDEN OO EHVEETHS D,

Type | @smiE&lE. K-ras ERIMEHSHETH Y polypoid adenoma Mk L E
Abhre, sm EB2ED Kras EREEI33% LML oM, ThlE. —RD sm
EICH(3D NPG-sm BB (20-40%)**VICLE L. FARTD NPG-sm FED
SABE (17/39=44%) @D > /odIC. REFDOELVESREOBONTNSEEX
5hd. 728, NPG-sm E(E PG-sm BICLERT size A/NEhoh. Zhid/h
ENSBIC sm BREREITEVSIHEERBRLTVSBDEEZ5NS.

pm EICHT S K-ras ERAEIZA5%THY . EROB/E (27-68%)° 11193
3L AROBRTH /2. COANT, Type | D Kras ERIF78HLBET.
Type | @ sm EPSOERMSEES N, SIS LT NPG BICHTS K-ras
ERII2ZNEFRBICEETH . SO EMS. NPG-pm BDOZ < (FFERFMEL
RED pathway Z/-E> TELBOAHERNE S, LML, NPG-sm BED K-ras &

REOWICLERDE17THDLERANHEND ZEMD. —HBIE PG-sm FEHRTH S,

14




HDWNE NPG-pm BALHERTHMIC K-ras ERERBLAE, LW\ o FTHENED
£Z2513. PG-pm . PG-sm BED K-ras EREIVEBICBH SIS, K-
ras ERPOINSOBRERET S LIIEMTHS. FENSI. la, Is o
EFORMELTHITION K-ras ERFLOFRLEVS, EHICHOT—H—H
HELEZOND. ss L LORBUETEICE I TIISO NS ERMUBRICERN
BwiEEhE, TAS (L, EFTED78%H NPG B THY de novo BRETHD &
LS, K-ras EROBSSNE VWFERBMEHFED pathway BEETHNIEL.
HEITEO K-ras ERAFEIHRZVE<ZDLEAONSEOBREFIERLEZL.
PR S RBEAORMELZALD pm BRIAICH S5 & VDS FERERFEOHER S
ss LI EOETETREARDO FNAEFBEOZELHE L < PG B¥& NPG B DY
ENULELISHEMTHSLE2ZEZ2EDED L. NPG BEE NS ss LIEDOETE
DRI PG RHERDBDAMPZVEENTVSOTREVNEEEENS,
heterogeneity DFEICDVWTREZDOMRMSFALETH S5, HE—ORRIL, &
BORBERMIC K-ras EREWBLAELTEHH0. BZORRE. bLbe K-
ras ERBEOESIC K-ras TREMOEFERSRELBERA TITo1LLT
30D, B=OMIRIZ adenoma OO SFELE K-ras ERD
heterogeneity MEZDNEERFIZNTNELTIHDTHS. CDRICDVTHS
DICTBHIC. NPG BIETREE LT K-ras ZEROD heterogeneity [CDWT
BREELE, TOER. 11HBZED Kras ERBEETEOA. 4FECHOTES

D18, HICEMCUHERMRESNAZEND heterogeneity MESH SN,

15




. ARBTEROR SN >ARERMOBATHERBIBOHSNID 1.
CORRE. EESZEHABMLTOBELCENT K-ras EREWBLLTTEE
HERELTWSEEZONE, £, Kras EROSEBF/IHREMICBEEL T
WBEWSHREBE"HHE-LEEXADED L. heterogeneity DEFEICDL
TIRE—DORRISBLRELEDND., — 4. 7RELCSVTIIEBOLEEAIC K-
ras ERPBHSN. HBENBHMCERERBLAFEESBOEEZA SN,

RBEXBREOBHCH TS K-ras BRI, EBROKBECLERTHENE
W\ (8~24%) CEDSHERLVBESNTNSH, HeDBRIFICENTS 65EH
1 polypoid growth #3Rd villous tumor M 1HIDHICERZFRSH. non-
polypoid growth DSHIICIZEREZRHAM /. —MRITRBEKRBROBLHIE
WEWOKBELERITY. NIRFEENSEIRRKBD3, 4, 5B &0V o7 non-polypoid
growth £RTBMANZNLEHSMSN TS, REFEHICENTHE
EUREENLARERBEREIENSEZI SN, TEO—AT, Kras ERER
7= villous tumor D1HIE. RBEXBROELSICE(F S Vogelstein EFIL
DRBEBROFEETELTVZONS LIZD. ChETORBEABEOEL
BUCHFS K-ras ERICOVTORETIEEOHECOVTEIRNSNTES
¥, SERORHSFEEZENSD.

KBS K-ras codon 120ERML RONDEESNTELN., FTOEDIC
b, ESICERBEHNBHETHS villous tumor, polypoid adenoma. Type |

@ sm, pm & ERFENSEETHS NPG-sm #&. b, llc BURME. REMHEKX

16




BRBIEPGLESETERIA THHY—BTRAE. £ BEALEITS K-
ras TROD heterogeneity DFHE(IMEZE 5 (CHMICL TS, adenoma-
carcinoma sequence & de novo BIREBEDRSEIZ. BRLEBIC. flat
adenoma. lib. lic FEZEORREATEEBLTEL, #4(2 K-rascodon12
DERAERET—HN—ELT—OORRERBLH. SEZOAROFFEDF

MARDESICELY. de novo BREL b, lic B adenoma DREFELDER.

I REETREFREORRBECIVESICRANEL LEX SN,




EX))

IEREME AMIEE263% % ( flat adenoma 62, polypoid adenoma 95, 28
100, RWERBRBEH 6 ) OUREXR/NST 4 2BTO v - LY DNA £
W L. 2-step-PCR-RFLP %kIC&kVY K-rascodonl2 ICHEIFHEREZERICOL
TRFTLLUTORRE®/L.

1)  polypoid adenoma ICHL\TE7% (65/95) IC K-ras ERHMFBHLSNED
I LT, flat adnoma ICHTIF21% (13/62) LFBICEETH 1.
polypoid adenoma @3 5. villous tumor @ K-ras ZRIEII0%LBHTH
ETHoL.

2) flat adenoma DM THFE - FEMA (lb, lic type) @ K-ras ZR(Z
8%¢&. lla, lb+lla type M33%ICLEL TIEETH - /=,

3) sm & pm BD K-ras ZTRIAFEZ. Type |: (sm & : 57%, pm & :
78%). polypoid growth & : ( sm # : 50%, pm #& : 45%). non-polypoid
growth B : (sm #& : 6%, pm & : 23%). & Type | ENPGRBEDOMCENEH S
.

4)  ss LILEDETEICH N TIZ62%IC K-ras EREZHI-.

5) K-ras EEBEOETE1HICOVNT, BEAD3I~6EHAD K-ras ER%E
BRAEEZA, 4FICBVTIIEBOZRBIC UMERNH S5SNI\ heterogeneity
ROk,

6) RBEABROBLHAHNDS B K-ras ERERH/-D(L. villous type

18




DOEERFE1HOHZTH /-,
R
K-ras ZERICBA L TXBEZ I —HTIZ2L. vilous tumor. polypoid
adenoma. Type | BREICE\WTERAEISBETHSDICHLT. NPG-sm /
pm #&. lb. lic HRE. RABEEXBABCHACIERARSEXETH SN
SMICE-o . £/, A—HEBAT. K-ras RO heterogeneity NEFHET 518
ENHAHLbTREEINE. KBBEOREBIEL LTI, Vogelstein SDIEIBL

7= K-ras ERNEEICBIS T3 polypoid adenoma AT 2FHEFBNIC. K-

ras EREHDI T8 - GMAREENTIEBIFETHLEA SN
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Tablel. Frequencies of K-ras codon 12 mutations relative to histological grade of atypia
in colorectal tumors.

Grade of atypia

Histology Total
mild moderate severe
Polypoid adenoma  tubular 22/35 17/24 11/16 50/75(67%)
tubulo-villous, villous  3/7 2/4 9/9 14/20(70%)
total 25/42(60%)) 19/28(68%)~ 20/25(80%)~ 64/95(67%)
Flat adenoma tubular 9, ‘411(23"iv)j 3/13(23%) :I 1/9(11%) j '” ()i(él"i )j

a) P<0.01 by x *test, b) P<0.05 by Fisher's test, ¢) P<0.01 by Fisher's test



I'able2. Correlation between size of adenomas and K-ras codon 12 mutations.

Histology Size of adenoma o
Y Total
<5 mm 6-10 mm 11-20 mm mm
Polypoid adenoma  tubular 713 22/32 18/26 3/4 50/75
tubulo-villous, villous  1/1 2 11/12 14/20

total 8/14(57%)

Flat adenoma tubular 7/37(19%

a)
9
)—] FI()(."I”F)—] 7

a) 3
22/32(69%)7 20 u_—l'" 1416 64/95

02 13/62

a) P<0.05by x *test h) P<0.01 by Fisher's test




Table 3. Morphological type and K-ras mutation in adenomas

Morphological type Frequency of mutation
Ip 21/29 (72%)
Isp 1627 (59%)
Is 27/39 (69%)
type Il 827
2pele } 10/30(33%)
type IIb+1la 23 P< 0.05
o by Fisher's test
type IIb 2/17 } 2/25(8%) y Fisherstes
type llc 08

type Ilc+lla 17




Table 4. Growth type and K-ras mutation in submucosal
invasive cancers

Growth type Mean size (mm) Incidence of K-ras mutations
Type | 263 +11.5 a) 9/16 (56%) c)
Polypoid growth j 2/4 (50%) ;]
Non-polypoid growth 1/17 (6%)

Unclassified ) 1/2
Total 18.7 £ 10.2 13/39 (33%)

a) P<0.01 by Welch's t test, b) P<(.01 by Stutent's t test,

¢) P<0.01 by Fisher's test



TableS. Growth type and K-ras mutation in invasive cancers

Growth type

Depth of invasion

sm pm SS-

Type I

Polypoid growth
Non-polypoid growth
Unclassified

9/16 (56%)7a) 7/9 (78%) 1) 272
2/4 (5()’%):| 511 (—L\"h)} s
117 (6%) 3/13 (23%)

12 -

1627 (59%

Total

13/39 (33%)  15/33(¢

%) 18/29 (62%)

a) P<0.01 by Fisher's test, b) P<0.05 by Fisher's test




Table 6. Intratumoral heterogeneity of K-ras mutation in advanced colorectal

cancers
Macroscopic Depth of
Age  Sex  appearence  Size(em) location invasion K-ras Heterogeneity
46 F type2 1.8x1.6 S pm 0/4
51 F type2 Rb pm 03
73 F typel S pm 03
76 M type2 R pm 03
27 M type2 Rb pm 3/5
54 F typel S pm 44
59 F type2 Ra S 5/5
72 M type2 T S8 5/5
41 M type2 S S$ 5/5
55 I type2 A 58 5/5
71 F type2 Ra pm 5
28 F typel Rb pm 5
76 M typel S pm 3/4
47 F type2 5.0x4.0 S sS 1/4
49 M typel 7.0x5.6 S pm 1/6

a) number of the sites positive for mutation / number of the sites examined




Table 7 K-ras mutations in cancers associated with ulcerative colitis

Age  Sex ?;;ir;’r:;‘zz”“ Growth type  Size(em)  location }I)‘:["‘[J‘l‘:;\l K-ras mutation
49 M type 5 NPG 1.3x0.8 C pm

68 M Ila NPG Rb s¢

52 M Ila NPG Rb m

42 F type 4 NPG S sei

Ra F type 1 (villous) PG 7.0x5.8 D 58 +

40 M tvpe 4 NPG 16.5x5.5 Rs 5§
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Figure 2. Subgroups of flat adenoma
a: [la type
b: ITb type
c: llc type




Figure 3. Growth type of invasive cancers
a: Typel

b: Polypoid growth type (PG-type)

c: Non-polypoid growth type (NPG-type)




Figure 4. DNAD##EE
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Figure 5. PCR-RFLP R
codon 100 11 12

c-Ki-ras-2 -~ ACT GAA TAT AAA CTT GTG GTA GTT GGA(G [CT GGT GGC-----
ZE Primer 5'- ACT GAA TAT AAA CTT GTG GTA GTT GGA|C [CT -3’

ZH® primer [Z&3 PCR (&Y. codon11MFE—EEAN G—-C [CERZh,
wild type® codon12 (3#IfRE R Mval DR#ACY| (CCTGG) WBAZhilEiEh3
mutant @ codon12 (& Mval (Z& ZENEES (T4



Figure 6. 2-step-PCR-RFLP

codoni2
Shmar A B
= Py o~
K-ras exon1
1stPCR
Mval
wild
mutant
Mval digestion
118bp
wild
147bp ; mutant
s - primer C i
F)Hv er A 2nd PCR 3
Mval
- wild
{ mutant
Mval digestion
77bp
wild
gaehp mutant
TR

PCRO% 4 : 95°C2min~»(95°C1.5min, 55°C 1.5min,72'C1min)x40cycle—~72°C5min

PCRZJGH : total 50 yl, Tagq polymerase 1.25u, dNTPs 200 yM each, MgCl, 1.5mM
Ttis-HCI 10mM, KCI 50mM, primer12.5pmol each

primerA(ZERprimer) 5ACTGAATATAAACTTGTGGTAGTTGGACCT3

primerB (reverse) 5GTCCTGCACCAGTAATATGCS

primerC (reverse) S5CTATTGTTGGATCATATTC

primerA &primerB{Z & 2PCROEHEMvallc L YU L. PCROZEHD1/1008(c%f L T2nd PCR
EHEITL. mutant 2 BREICIVET 3. COR. DEFEShLH->E—BOwiId type bIREE N3
BEMvalic X YEELESARICEI3BEEOETK-ras codon120ZER&EHT 3




4— mutant
— wild type

Figure 7. Electrophoresis of 2-step-PCR-RFLP
Lane M: ®X174/Haelll DNA marker

1: Gallbladder
2: normal mucosa
3.4: flat adenoma
5-7: polypoid adenoma
8-10: advanced cancer
11: H20

Lane 5, 7, 8, 10 are positive for K-7as mutation



A549 only
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Figure 8. Titration experiment using the 2-step-PCR-RFLP.
Genomic DNA from the A549 cell line was diluted with that
from normal human gallbladder in the ratios indicated.
Arrows (right) indicate the position of mutant (m) and wild-
type (w) bands. The mutant band was detected until 1:100
dilution. Lane M: ®x174/Haelll DNA marker.
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Figure 9. PCR E¥® sequencing M#ER. EFEE(CH(FT S K-ras codon 12 @
noncoding strand /¥ ACC (Glycine) T& > 7=MIZxiL T, 2-step-PCR-RFLP [gm
smfii [CHWVTIAH 21ER (EXEH) (CC— A OER (Valine) iR HN T

cloning # & Ufsequencing M7 &

1. 8% polyacrylamide gel & Y band #¢)Y i L. crash L. DNA fragment %} (0.5M NH, OAc,
10mM Mg(OAc) ,, ImM EDTA, 0.1%SDS, 37 °C, overnight), phenol-chloroformiiiiti, ehtanoliLiiIc
KU

2. DNA fragment % pCR Il (C ligation ( DNA 2ng, pCR Il 10ng, T ligase 350u, imM ATP, 60mM
Tris-HCI, 6mM MgCl,, 10mM DTT, total 10 ul, 10°C, overnight)

3. 1/2&(ZTE. coli. DH5 a 80 ul (10 transformant/ g pMHC3) % transformation ( O°C 30min — 42
C 45 sec —» add SOC 900 pl, 37°C 45min — 200 u 1% X-Gal, IPTG #iij LB/Ampicillin(50 j1 g/ml) (=
plating — 37°C 14hr 1£3§)

4. 2 colony %427 D pick up LLB/Amp 5mi(C T&&IETE (37°C 24hr)

5. E#&1.5ml& Y plasmid DNA %27 b h Y EIC & YEES (Rapid pure miniprep (BIO 101, CA, USA)
x=ER)

6. plasmid DNA 1.5 pug 27/ h Y FEitik, “P T5 K%M L1 primer 2L\, dideoxy IS
& Y sequencing %77 (sequencing primer: TCTGAATTAGCTGTATCGTC, DNA polypmerase.
BcaBEST™ DNA polymerase) (MEGALABEL, BcaBEST™ Dideoxy Sequencing Kit (Takara, Kyoto)
zER)




Figure 10-1. Heterogeneity of K-ras mutation in advanced cancer (1)
a: Macroscopic appearence of tumor.
b: Cut on the lines A-B and C-D
c: DNAs were extracted from 5 sites respectively
d: All 5 samples contained K-ras mutation
In this case, heterogeneity of K-ras mutation was not demonstrated.




Figure 10-2. Heterogeneity of K-ras mutation in advanced cancer (2)
a: Macroscopic appearence of tumor.
b: Cut on the lines E-F and G-H.
c: DNAs were extracted from 5 sites respectively.
d: Only 2 samples (1 and 2 ) contained K-ras mutation
In this case, heterogeneity of K-7as mutation was observed.




Figure 11. Macroscopic appearence of a cancer complicating
ulcerative colitis that was positive for K-ras mutaion. Villous
proliferation was characteristic
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