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Molecular Characteristics of Oncogenes and p53 Antioncogene in Korean
Colorectal Cancers

Won-Ki Baek!, Seong-Il Suh' and Min-Ho Suh'

Department of Microbiology and Institute for Medical Science', Keimyung University
School of Medicine, Taegu, Korea

To define the role of cellular oncogenes and tumor suppressor genes in human colorectal canc-
ers, genetic alterations of ras, myc, fos oncogenes and p53 antioncogene in 30 freshly isolated
primary colorectal cancer tissues were studied by using various molecular methods. In Southemn
blot hybridization, modest amplifications of c-myc gene(40%) were found in cancer tissues but
no amplification and rearrangement of c-Ha-ras, c-fos and p53 genes were observed. In RNA
slot blot analysis, 47% of cases showed significantly elevated expression of c-myc gene and 12%
of cases showed modest elevated level of c-Ha-ras gene transcripts. These results suggested that
amplification/overexpression of c-myc gene and elevated expression of c-Ha-ras gene were in-
volved in tumor development of Korean colorectal cancers.

Key Words: Colorectal cancer, ras, myc, fos, pS3.
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M| ¥ 3}, apoptosis(programmed cell death)2} ©] 9|

GRS SRl A A 100g o) AgEE AERY D 24 Aole] FHolae
shitolm 71 DA A 9, RAFHE, 3L, 2 MAsE ol o] EE A= FAXY o]
el o]o] sHUAMZ WIMELA LA GFF e Aol Zlgt) & L Al A%, E3,
hGEA 2 BRI St FAE B NEF7], £E97131& 24t F48F 4312
I lem®, @Al o3 FrtFAE MG £9] ooz FEHY ol {FHAEL o]
o) ATl 7|dske Ao AAED k. 4 o= AT 042 2 ZAo] o|FolNW
3, 57, AW, 7HEEeE a8l 1 calcum, Qo] whAlgich tubAle)] #odt FAAEL
vitamine A, C, D, E, selenium 59} 43 2& & o} 2Honcogene), 3HH--H A (tumor  suppres-
ore] A Aol slom ol YAy & sor gene) o2 A Uk GHARAE
Aol WaE oplAA WAde BAE §EE  111d Roussh vere §ARE BAGOZA A
o @A ot 28] 3 gastrin, somatostatin - & geizleny o]F HAMEY EASHHEA H]

©] hormone¥} insulin like growth factors %-9]
growth factorE X )4¢e] 2y dgdo] g

A3 8432 A E9 32 A transformation)
0% F 9 AEA AR protoonco-

to oX d
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W7 B ANRFAS] FHAAL G WA

gene)S o] WA, AT FHAEL F=2
growth factor, growth’ factor receptor, GTPase, pro-
tein kinase, nuclear transcription factorS 24 §3
Z}9]  F-F(amplification), 4 E A ¥ o|(point mu-
tation), 7 v & (rearrangement) 52| 7| H o2 H|A
44 G4 ol Rl Y oA e HUABT,
FAFAA] EAE cell fusionY Fo2 A
orfl & Knudsono] retinoblastoma(Rb) gene-S '
Aoz A FE o] Rb gene, p53 gene &
o} 3 FAAE MEF7](cell cycle)TA o T
ato] W AGH NEFAE dAs e FARER
A AEdHel, 24 59 r|de® vgAgstg
o zA Aol fFRET?. dutxy oz gto)
LA F7HA KRR o] s B A
o] ot Z+F AR, FEFAAI E/A
oz, gadAHez fAstd o|Folxrty A
ZHE 3 vk BE AR FEA 9 ekt
< WA ART ESA8HE Zo] ofa ot
2 BE27F dvtn FAH 3 AP

= FAA FEAA Y FRYEGTH PRy
713 oA tidge 2 dFAEY T4
& dTdidel Ha gtk ols diFY A
71 Wn 43}3A o] hyperproliferation, ade-
noma, carcinoma %9 ZAH TAE A
W3l familial adenomatous polyposis 59 A&
A& 7HAE FAA GG Ago] qlo] et
WA We 2E e Bse 2A
gotoz dFarls} folahy] WRolch 2
o derel Lol g RAAEEH A7)
urs] o]Fo]A] ras, myc, neu, cyclin 59 &
HA9} pS3, adenomatous polyposis coli(APC)
gene, deleted in colorectal cancer(DCC) gene -2
FHHxt BejPdrin gl o, olE §
WAl YA o2 Bojale] nHLE HE
T O dEFA ) AXNHT AT @A
et A =9l digedst #AF ghHEAL
FaFrAxtete] A BAY g AtE v
A7 ol

o] ATA = &9 ddde] EANELH
54& olastnz dygEate A 54 HE
B 4Z=AL Ao = as, mye, fos, p53 59 F
2 AFAR H FIRARY FF, AH, A
d 59 T2F oA HLd T WA F

g zAshe e

P S 4
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1) &x g9l =X

AU Faslageld A4z o)
Fgoz SE B ARH &4 4ED
BRREAA RIUNFENE F& 54 94
Ao m@ste] WAL RHowd AL s
At

2) DNA&Z|

300 mg 59 23 %7 100 mgF 1 mlo
extraction buffer(10 mM Tris-0.1 M EDTA, pH 8.0)
o8-8 o] ultraturrax homogenizerIKA Co. Ger-
many)Z 15,000-20,000 rpmol| A} 3-58 A= X3
& WAl 7]a RNase9} sodium dodecyl sulfate
(SDS)E HE¥E 20 pg/ml, 0.5%BW/V)E 4L
T 37ColA 1A T I o7)d
Z% %= 100 pg/mlZ proteinase K& W1 48 F
50celA 33X st o]AE Trs sa-
turated phenol, phenol/chloroform/isoamyl alcohol
mixture, chloroform/isoamyl mixture 2 z} 138 %]
etel AGuA g A F AFAE Po} 02
volume?] 10 M ammonium acetate$} 2 volume2)
ethanolg Yo} DNAS AN F Fdo2
DNAE Aol 70% ethanolZ A]H % 10 mM
Tris-1 mM EDTAS- 9o DNAE =9 ultra violet
(UV) spectrophotometer2 5% €@ 55 &3 &

4C o BAs G
3) DNA HNataAxia U MIds

#-2]9 DNA 10 pgg AFE A 30unit2 37T
ol A 12A]12¢ 2] & 0.8% agarose?} Tris-borate-
EDTA bufferg AHg-3te] £33 A7 45ZRA =2
10voltel| A] 24A13F A 7|53t th FEol £
Z ethidium bromide(0.5 pg/ml)2 QA stz UV
transilluminator2 A} #<e] slgch. AfEarE
c-Ha-rasZ 9] 3)A]3= BamHI, c-myc, c-fosZ $| 3]
A= EcoR], p53& 9314 & HindlllE 242} ALE-
4=

4) Southern blotting

A7)19F % gel2 0.2 N HCI solutionol] 4 10%
AGE T ZFSd ZA A3 0.5 N NaOH-1.5
M NaCl solution®l] 1A%} A& & FHge] 2HA|
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M1 7 t}E-o 1 M Tris-1.5 M NaCl, pH 7.4 solu-
tiondl] 1Azt G F FHFE FA A 20X
SSC(sodium chloride-sodium citrate)§ & 2  ni-
trocellulose membrane(0.45 pm pore size) 2 2 154
7t transferE A A 815t} Blotting®d filter= 80C
AZ ovenOl]/ﬂ 9037t baking%}G] IAANZ &
HdE-A o] ¥ sealing F- t]A] Al o] ¥] o] s}
t}7} hybridization-2- A] 3] &} ¢ o},

5) RNA 2|

300mg AHXZ9 =Fo guanidium thiocyanate
buffer (4M guanidium thiocyanate, 25 mM sodium
citrate, 0.5% sarkosyl, 0.1 M 2-mercaptoethanol,
0.33% antifoam A emulsion)E 3 ml ¥ 31 homo-
genizer2 15,000 rpmof A 3% HXx =32 & #4
A]7}1 3L phenol/chloroform/isoamyl alcohol mixture
£ A=l3 ¥ 10,000 rpm, 4T E 205 YAlE
ApZ=of2- Al tubeR 27 & F 9 2-propan01-°~
w3 70¢d 24| 7F BAEg Tl o] AL 10,000
mpmolj A 4TE 307 Y34 RNA’\‘:]*}% qde
& 75% cold ethanolZ A|Z3}3L  Speedvac
concentrator(Savant Co, U.S.A)o| A 587 AZFA]
71 ©F-g o 7)9 diethyl pyrocarbonate(DEPC)*] 2]
B ZFF5 300 pE Yol %AF UV spec-
trophotometer2 F &= X £EE Z#3 1 -70C
o] HastH TP

6) RNA Slot blotting

RNAE formaldehyde = denaturation/\]i’_ 5 4
vg, 2 pg, 1 pgo] 32AZ 343 X Minifold II
slot blotAX|(S & S, Germany)ES /\]-%-6}01 ni-
trocellulose filtero]] blotting A]Z1 3 80T vacuum
ovenoﬂl‘i 90% bakingsle] mA A7) ¥ L E-R
o {1 sealing F wl|A| A o] o] B.#@S}tc}7} hy-
bridizationg A A 3} 9 o}.

7) Hybridization %! Autoradiography

Blotting®] o] ®| A Flo]E o] BX#3}E nitrocellu-
lose filterdl] 0.75 M sodium chloride, 0.075 M so-
dium citrate, 0.1% SDS, 0.02% polyvinyl pyrol-
idone(PVP), 0.02% Ficoll 400, 0.02% bovine serum
albumin(BSA), 5% salmon sperm DNA ¥ 50% for-
mamideS 373 £48 W 42TNA 16417
prehybridizationS A A5t 7 &d £YAA4
2 gAY ZF probeE Ztz @3 42TAA

40A] 7t hybridizationS 4 A] 3} %4 t}. Hybridization
Z filterE 2X SSC, 0.1% SDS -§§ o2 A2 A
1084 23], 1X SSC, 0.1% SDS £ o2 65Tl
A] 158, 0.1X SSC, 0.1% SDS &9 0 2 65T A
10& )3 3+ % autoradiography & A) 331} &
Abel x-ray film2 GS300 scanning densitometer
(Hoefer Scientific Instruments)& A}-8-3}o] density
g 24890k

8) Probes

c-myc probe= human genomic DNA®] myc
gene 31d exonol} & 33 H-919] 1.4 Kbe] Clal/
EcoRI A& H(Oncor, Inc)S A}&319 09, ¢
Ha-ras probei= Harvey Rat Sarcoma Virus®] 0.73
Kb SstIl/Pstl 2 ¢ H(Oncor, Inc.), c-fos probe:=
FBJ Osteosarcoma Virus Proviral DNA2] 1.0 Kb
Pstl/Pvull "2 &d A (Oncor, Inc.), p53 probe:= php
53B plasmid(American Type Culture Collection)=
2 g BamHIC.Z HTsd 2 Kbe] human p53
cDNAE AM2-3 ¥t} Z+2he] probe: Nick trans-
lation] © 2 alpha *P-dCTPE labellingd+ %
Sephadex G-50 column chromatography2 &4
22 5 ALt

ZR
1) Southern blot hybridization

3089 dFY RAZFE A 2T O
T 23 A I LRI o2 2 DNA
& %239 cmyc, c-Ha-ras, c-fos, p53 429
Aol £E 59 TRAl F7E Uo}
B7] 9438te] z+ §-AdAe] )3t southern blot hy-
bridization2 4| 3) 5} 4 th(Fig. 1, Fig. 2). c-myc
Z 2}l ) southern blot A3} F-A=}F Aufjd2
A A Fkort, 303 F 12:(40%) N A G
oz Hste] 1.5-32u)9] R{AR] FES
B}l c-Haras -3 X 6.6-8.0 Kb Alo] ol A]
el on], fAxFE 2 Auide BEHA
sttt cfos} pS3 3 AE= 9 Kb, 63 2 25
Kbol| A 24z} el on] gz vl fHz
o] FFolu Aujd & FAEK Fut.

2) RNA slot blot hybridization

309 2R Bt 243% A4 GRStz
Z o2 HE RNAZ #%31 o2 A/|GET
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"Y7] 5 AANZ L AR} FEFAA

71234567N1N2N3 1 234567 NNN

A B
Figure 1. Southern blot analysis of c-myc(A) and c-Ha-ras(B) gene in genomic DNA. 20pg of DNA from hu-
man colorectal cancer tissues(Lane 1-7) and normal mucosa tissues(Lane N;-N;) was isolated, digested with
EcoRI(A) and BamHI(B), and electrophoresed on 0.8% agarose gels. Blotting and hybridization was performed
as described in Materials and Methods. The sizes of the DNA fragments in the bands are indicated in Kb.

1234567 NNN 1234567 N8N

6,3—|

|
|
|
|
|
|

A B
Figure 2. Southern blot analysis of c-fos(A) and p53(B) gene in genomic DNA. 20pug of DNA from human
colorectal cancer tissues(Lane 1-7) and normal mucosa tissues(Lane N;-N;) was isolated, digested with EcoRI(A)
and HindlII(B), and electrophoresed on 0.8% agarose gels. Blotting and hybridization was performed as des-
cribed in Materials and Methods. The sizes of the DNA fragments in the bands are indicated in Kb.
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Oncogenes and p53 antioncogene in colorectal cancers

B)

Ta

Figure 3. RNA slot blot analysis of c-Ha-ras(A), c-myc(B), p53(C), anb p-actin(D) gene expression in hu-
man colorectal cancer tissues. Extraction of RNA from tissues, slotting onto nitrocellulose filters and hy-
bridization was performed as described in Materials and Methods. N, RNA from normal mucosa: T,,, RNA

from colorectal cancer tissues.

& ethidium bromide® < A3}le] 18S rRNAS}
28S tRNAS] A7|9F4S Hol dusx ¢ra
2As G AZEE RNA 178 7S A Eld
21 & 3} % t}. HybridizationS c-Ha-ras, c-myc, p53,
beta-actinof] | 3F probe & A] 3§31 21 o] Z be-
ta-actin® 7t b 2bet FI-FHzte dHAAE
of tg olxFo A1Ea 1tk 3). cHaras
A2 dZY 174 5 28 A YRl
ulsho] 1521009 Hd Z74E Ueh)on o
myc GARE 47%@H/172)0) A 1.5-5.78] o) 1
& 718 ek ps3 izt 3d A=
= izl Hlste] 2ol 7t il

g
o

i

ft

FAB fHRY WEE Fukets A4
gozA WzAY ATFY /Aste Aol
MEAH AEFNE ALY 24,

o4 oeAA g 42}4 e x} w
BgHos Bojsiel wADT. fRte

A o] ZZ A © 7 hyperproliferation, adenoma,
carcinoma, metastatic carcinomas 9] ©AE 7 X
o B3 Z dAvty =3E 44 42 5 3
o &3 Ae EAYESLA AFd T3 O
Aol=Elx ot gAYl TAL AR FA
2t7F #Fejste A sl o R LA st
Azt 1 . o] AgoAE dIFLS A
o2 oAZ7IA o] T FRA FE&3t
1 &3 A c-myc, c-Ha-ras, c-fos, p53 4 A5 2]
chromosomal DNAX}e] F%Z ol HF=
southern blot hybridization© 2 Z=A}&} 1L
ARE9 HAtoldE AL
slot blot hybridization2- A] 3} 5} 3 t}.
C-myc % 2}+= avian myelocytomatosis virus2]
HFAA3Z g 7] A <E(transforming sequence)?]
homologue £ 4] ¥7 = -4 A} £ chromosome 8
(8q24)ell EAI3t™ helix-loop-helix7- 7} leucine-
zipper 25 7}A &= AAFZEZE Q) AH(nuclear tran-
scription factor)Ql p62°™°g A &Hdl= A Rfolth
v peyere Aol £ BuAZA 1
7155 0] &3] WA YA= LA A EFTA,
B3l MEF7|ZA, apoptosis o] #ojdtia
A2 2 Y. omye §AAS) WEAH A4

oF %
S5ke] RNA

=981 =
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Wy 5 AANFLS GAbet FAHAR

7t dAdE 28 A2UA oA Ba
g1 k. o] AFXE cmyc FHRFS] Au)
42 gRev} 1.5-3.58 FEo] 40%(12/30)2] o
Aotz A oA B2 RNA slot blot analysisZ
3} 7%E8N7) dFLEAGA HAE7HLS-S.
7a)7k ebste. AAEE G 8 5 74
= 544 50 AND AE2A o9 A}
Z7te A 224 9% SR FHe F
7ol 711 Aoz 4z, §37 FFo] 3l
G 1% of APozE WA ZAAD -
myc F-AALe] AALE ZH 1= promotor 9] 9]
ol el YAY B GAE A7t e o}
A §HdAe ooz s FASES} WA
deng AEFH AL Ao gk FF=H
WS- O0 2 A cmychrHALe] HANFZIIE o] Fof

€ 75 dvz ARdAc. £ K129 hy-
pomethylation . & 13} &AI3}7} o] FojH &
= A& AP cmyc FARY FEFL
leukemia, lung cancer, breast cancers- 9] 2 o4&
A BAHT Qo 93ty s kst
A% 2030%9) RAYAH FAAZES BD
3 T 22) 3 cmye AR AALE7}
£ oF 60-70%2] U)ol A B JoptE?,
olgl g A o] AP AR FAIG Aoz
Al o]Z mFo] o cmyc FHAY] FF EE
& o 7tA Al & c-myc FHFe] Hk
e gAY gatAAAA diHd T8
Qxbz Az,

Ras fAAE H213E 21 kilodalton<] protein(p
21)& A3l FAAZ A c-Ha-ras(chromosome
11), ¢-K-ras(chromosome 12), N-ras(chromosome 1)
o] &elA den, p212 guanosine triphosp-
hate(GTP)-binding protein© &4 GTPL} guanosine
diphosphate(GDP)s} & AHES 7Hx\ 0, 244
2] GTPase7| 52 71X 1 Q= wuld=z g
A AT p219] 715 A ¢HA dAe
9} A ut epidermal growth factor receptor, platelet-
derived growth factor receptors-2 53 AEH=
AEAe] A EU4 5 A D(signal transduction)
ARz deix e AU A5 de
& RafZ %3} mitogen activated protein(MAP) ki-
nase cascade®] A]3}1}, RasGAP, neurofibromin
5 2] Ras GTPase activating proteing F3f o] Fo]
A AL AAT JYTPHR, ras FRR
o) ugH A et 4 T L

Adlez delA glon Hrdoly A5
oo} o5 A3}t vt BZHI JrprP. o]
APAA cHaras FAASY F27 o] FojL} &
HolAHE ZA}EL7] 93] A&3) southern blot
analysis®} RNA slot blot analysis Z 3}o| A /A =}
FEZoly, AuEd 5L #AHA Ypor} o
12%2N7)2] dgdellA] 1.5-2.1u¢] 2@ Frte
vheb 91t} Spandidos®} Kerr*™, Monnat £]™% tj
oA cHarasw3ate] #2dE 203 u}
ol @] o7 c-Haras F-1 28] F43357)
thgete] WAd] dF BostE et A H

c-fos B2} Finkel-Biskis-Jinkins murine sar-
coma virus(FBJ-MSV)2] v-fos - 2}tol] AF-8-31+=
AR BAFNLH, o ESAjsts Yo
WA 2 Fos ¢ AL Jun protein?} dimerS &
4} 8}e] transcription factor2 Z-E3HO ZA] A|E
27 AxEsle] xdd Fa3A FALse
Aoz d4#x YP®. cfos FHAE osteosar-
coma, hepatocarcinoma, breast carcinoma 5 o} 22§
I #AAGE BaEo] Ipr 9. o] AgNA
southern blot analysis2 c-fosf-Ax}2] 22 A
38 A AR F32 FZolu AMgd Fol
2ERA ob ofos FAAS] T2H Wakg g
A4Le #Ho] ge Ao AZE Y immuno-
histochemistry 2 o - ¢bel] A p55-e] L HZIE
AN G 82D Qo] AATH oI, Wl o}
Ao gt A7t dag Ao=2 AztHAr.

p53 FHAE FE AEe EES gAEE
15& 7MY FHR e ZAAdoly FEAW
So2 vgAds g RN Gt A e AHTG
I 48X FERAAE 9 FPEA BE &
Ao A LA 4F oF 60%9] LI B0
gtz da#jx o} Southern blot analysis®}
RNA slot blot analysisZ ZA}gF A3} f1x}e
A4 oy, AR BHEHARGHME A
B Wz Aot aaeA ke T
pS3fAAel WEQHOIZL H19H30-40%), o
B(50%), HFHT0%)S o)A HALATGT B
S0} Qlof ps3el o2 thAHeke] WA AL F
Z HEdHold o3t v @A 5} 2E-stE
AZ-E ). ps3 @) A& transcription factorZ ¢+
24 glom, 53 2ol ps3 BUDo] cyclin
dependent kinases(CDKs)Z <} A|st= izl
p21 proteing X 8}i= F-x}2] Pic 1 gene?] tran-
sactivator 2 g3t} 11 g 4 ¢k o 2 pS3H-A

-732-
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zZke] AEAwolet s digk A7t o] Fof
Aok @ Aoz AZHE

AY AAES T 2 o F5A9 gL
AME= qFA et AT F-AF3FA c-myc
FAAY] FZ 4 24, c-Hatas AR
d Z71 59 FHAEss FukEo AEE &
F Ak oz HEAW 7 Faslthn ¢
22 c-K-ras 2 c-Ha-ras, 18] 1 pS3 FAH A= 9]
HAEdiolol g dr9 olE fAAEINE
g, o FEnA AME-37] g 22 A7 A
oot Ao AZaT

g2 B

thAete] BEARAAESHE RAHGGA myc,
fos, ras - A R p53 FAHAA) W3HE A
F37] fiske] 3099 WA B2 B 2o
& dFYRAS ZYRPEAe ugoz
southern blot hybridization, RNA slot blot hy-
bridization " $22 {AAY FH, 44 %
o) 724 o4 2 WATRA Y o] Aol watel 2
bt

Southern blot analysis 23} c-myc §-H A= &
AR A d- g, 40%(12/30)8) dFd=
oA 1.5-3.5u¢] £z FZo] glgen, ¢
fos, c-Ha-ras @ pS35-AAE FAA} e o)t
FAAFE F-o] BolA gkrt

AL A 9] o] & Lolr 7| Yt ZA A
RNAE H28t1 ol 5 Iy HA gu &35
RNA 173 S tjAlo = A]8)3&k RNA slot blot
analysis 2 #}oll A c-myc FA A= 47%(8/17)2) o
zAol A AANEIHE BTk BAEHE
Bhd 87 3 7eE A BFo] Ut 2olg
o8 1aE $1% FE0] YER}A) e 27 o)
At} c-Haras FRAZ= 12%((2/17)00 4] 1.5-2.16)
o) WAFE7HE YRR H, ps3 A AHE WA
o223 A R Aol & BolA] gttt

oo AR wel BFA thRste) LA
E A7A% A B2 emye §RA
3} 32, c-Haras F4719]) F2AT) 74

o] it Hztert.
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