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and p53 in Synchronous Lesions of The Colon Adenoma-
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Background : The colorectal adenoma-carcinoma sequence represents a well-known para-
digm for the sequential development of cancer driven by the accumulation of genomic defects.
Although the colorectal adenoma-carcinoma sequence has been well investigated, the stud-
ies about tumors of different dignity co-existent in the same patient are rare. K-ras mutation is
an early genetic change in colon cancer. The genes involved in the cell cycle such as cyclin
D1, p16, and p53 are important in the tumorigenesis of the colon. The aims of this study were
to determine K-ras gene mutation and expression of K-ras, p16, cyclin D1 and p53 in syn-
chronous lesions of the colon adenoma-carcinoma sequences and their possible relationship
with K-ras mutation. Methods : The materials included 45 colonic adenocarcinomas which
were accompanied by adenoma (22 low grade and 26 high grade). By using polymerase
chain reaction-single strand conformational polymorphism (PCR-SSCP), we detected K-ras
mutation of codon 12. An aberrant K-ras, p16, cyclin D1 and p53 expressions were stained
using an immunohistochemical method. Results : K-ras mutation was 52.4% (11/21) of high
grade adenomas. K-ras expression was 65.4% (17/26) of high grade adenomas. p16 and
cyclin D1 expressions were 50% (11/22) and 90.9% (20/22) of low grade adenomas, respec-
tively. p53 expression was 75.6% (34/45) of adenocarcinomas. There were statistical corre-
lations among K-ras, p16 and cyclin D1. Conclusions : These results indicate that the ras
gene mutation is an early event and the overexpressions of p16, cyclin D1 and p53 are asso-
ciated with K-ras mutation and expression in adenoma-carcinoma sequences.
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DNA £ U K-ras E9HH0| ZAIE 28t Polymerase
chain reaction-Single strand conformation polymorphism
(PCR-SSCP)

PCR-SSCP WOz A}

K-ras codon 12¢] #Ho| of¥=
A3 g EuE AX 24&

st B4H9 E2U

“

6 um FAC AEHHOZE THE0] 15 mL eppendorf tubeol]
Yo 5 s AAs] Y8 24 1 mLE 7beReh 1
T 60ColA 1087F W8 § 15000 rpm o2 1087F 94

stk o] F4E 23] wHESE § 100% oghE 1 mLE

AANE AAS, 15000 rpmolA 10587F A8 o}
Al o] HAL 2-335] W53 Tk pelletS 7AXAIATE DNA #

2]+ High pure PCR template preparation kit (Boehringer
Mannheim, Germany)Z ©]£3}¢] eppendorf tube?d] AZH
27“01] boiling resin 150 uLE {3 proteinase K 5 uL& ¥
& F 56CAA AT FE WHSAIATE ©] tubeE 95CollA]
1027F ¥E3AIZ & Fgol] 1047 A8k, oA 1027F 95C
o A WH-A17] Th2, 15,000 rpmol| A 1058 FoF YAEE &
Azl 2 uLE PCRo| AHE-sleich

ZFZ3F DNA 200 ng, 02 mM dNTPs, 1.5 mM MgCl,
10 mM Tris HCl, 50 mM KCI, 10 pmole primers, 2.5 U
Taq polymerase ¥ ZRH5E 7}8le] PCR &3t¥o] 25 ul7}
A 8 3 PCR thermal cycler (Perkin Elmer 2400,
US.A) & AHE31Y K-ras codon 129 thet §-4A} ZZ5 A
atqiek. AL primer®] @714 ES ofef o k.

l

5-G ACTGAATATAAACTTGTGG-3
5-C TATTGTTGGATCATATTCG-3

K-ras codon 12:
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PCR 2702 A& 9 CllA 587F WdAI7] F 94CollA 12
7k WAl 55°CollA] 237} annealing, 72'Coll4] 137} extension
& 443] WHEEaL, rRA| Rl 72T 4] 77k extensiondtTh
PCR WH-9] AAAS Hrtslr] 9lste] 20 pg ethidium bro-
mide’} S8 12% oP7tE2 249 PCR Az 3 ul$} loading
dyeE 41] loading 3 F, 100 VolA 2087 A4S A7
3. UV transilluminator® 100-200 bp A}e]ol YEFU= band
£ g9l U polaroid AH171Z #3l¥th DNA markerZ
100 bp ladder 5 uLE loading dye®} 410] AH&-aFATh

5 uL® PCR AHz3} 7490 denaturing solution (95%
formamide, 0.05% bromophenol blue) 5 uLE& Y3 #+= &
oA 387 WA & F8] Il 48|32, 125% polyacry-
lamide gelo] load3}x 150 V& 6A)7F A7|g9Ea5th 1719
ol B F gels 10% ol&Eo] 1087 27t & § 1%
nitric acidel] 3%¥7F 913, 0012 M silver nitrate ¢ 30
27 b 2542 Ao)E T 028 M sodium  carbonate,
0.019% formaldehyde &40 WAAIZ Y, DNA w7} 24
A G 10% olMEINOR 387 Y F FHFE
AL AZRo T AL B B

Srsis 24

EA8H2 Agl= SPSS version 7.5 (SPSS Inc., Chicago,
USA.) &7 Z2d< o&ste Z A&l wel Chi-square
test, McNemar test9} Fisher's exact test2 AME3}1Y., p3t
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o] 6t AYE Astler-Coller ¥7)o] W& EFZE= A3
o, Bl 59, B2 16¢], C1 1¢], C2 20¢)ith A9 Y=

5 2%o] 59, ol 26, Ay ARo] 26, 712 FATL 5o,
WAL 39, 7E3A7F 7ol Aol 184, AR-7E4A
7k 19, 25 A%o] 24 Atk

My =3, MZ Y MAB0HAMS| K-ras, p16, cyclin D1
L p532| Wedn} K-ras E%4H0|(Table 1, Fig. 1, 2)

K-ras®] EWol= & 824 3 280% (234]) oA AZH
om, AGH oA AF 15% (3/20¢]) oA, AFH ©F4
AZE 524% (11/21e)) oA, 23 AYE 22.0% (9/41¢])0l
A U Koras @ 4 ZA M E 20%, 5w ©lF
A AFME 273%7F wAEY B 243} Aol HolA
GRoY, Aea oA MFTIME 654%7F HHEH AL A
FoME 51.1%7F EEEol A4 2 Ay olFg Ao &
3} ofn] 9l ApolE HATHpPC0.001). pl6 A=A oA
BF iy e v vele, ASH olgy AF, a7 °
M Az ME 2k 50%, 61.5%, 33.3%7F daE
oM A5w oA AFLE ol == WA 2P
96.2%, 86.7%7} WEE o] Mg} el X 9] Walo] At
TSI 53 AAelAE A SEEHA ¥ ASH o
3 AFAA AeE olFA A%, L AEFOE ol
whe} 40.9%, 69.2%, 756%= 11 W&o] 27813 tHpd0.001).
MSZ 0|8 MBS SHISH MUSMIM K-ras, p16,
cyclin D1 2 p532| L&} K-ras S1H0|(Table 2)

K-ras®] 7%, A5w o184 MM Fd=A g A
oo x WEEE o7t 455%F 9Jn] QA ZTH(pC0.05).
pl6 AGH olFA AFH HAF EFoA LA G o
7} 409% 2 &SIt Cyclin D12 A5 o|gdA A3 A=
SoA WA= 7397t 86.4% STHpC0.001). p53E& AGH
o]g4 AMFoMe LA R ALFANA LHHE o7}
455%°]3 BFAM WEEE o 7F 31.8% HeH(p<0.05). A%
T ol8A MFoIA K-rase] EARCIE Holy AT

EUHolE HolA| o Aok R ATH olFA gl

Table 1. K-ras mutation and expression of K-ras, p16, cyclin D1 and p53 in normal, adenoma and adenocarcinoma of the colorectum

Normal Adenoma, low grade  Adenoma, high grade Adenocarcinoma
Positive (%) Positive (%) Positive (%) Positive (%) p value
K-ras mutation 3/20 (15) 11/21 (52.4) 9/41 (22.0) <0.05
K-ras 9/45 (20) 6/22 (27.3) 17/26 (65.4) 23/45 (51.1) <0.001
P16 45/45 (100) 11/22 (50) 16/26 (61.5) 15/45 (33.3) <0.001
cyclin D1 37/45 (82.2) 20/22 (90.9) 25/26 (96.2) 39/45 (86.7) NS
p53 0/45 (0) 9/22 (40.9) 18/26 (69.2) 34/45 (75.6) <0.001
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Table 2. K-ras mutation and expression of K-ras, p16, cyclin D1 and p53 protein in adenocarcinomas with low grade adenomas of
the colorectum

Low adenoma-Ca Low adenoma-Ca Low adenoma-Ca Low adenoma-Ca
— 4 (%) +i- (%) Lo (%) — (%) pvalue
K-ras mutation 3/20 (15) 3/20 (15) 0/20 (0) 14/20 (70) <0.001
K-ras 10/22 (45.5) 3/22 (13.6) 3/22 (13.6) 6/22 (27.3) <0.05
p16 2/22 (9.1) 6/22 (27.3) 5/22(22.7) 9/22 (40.9) NS
Cyclin D1 2/22 (9.1) 1/22 (4.5) 19/22 (86.4) 0/22 (0) <0.001
p53 10/22 (45.5) 2/22(9.1) 7/22 (31.8) 3/22 (13.6) <0.05

Ca: carcinoma, Low: low grade.

Fig. 1. Immunoreactivity for K-ras (A, strong positive in high grade adenoma), p16 (B, strong positive in low grade adenoma), cyclin D1
(C, strong positive in low grade adenoma) and p53 (D, strong positive in adenocarcinoma).
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Fig. 2. Detection of K-ras oncogene mutations by polymerase
chain reaction-single strand conformation polymorphism. K-ras
codon 12 shows abnormal mobility shifts (arrows).

A K-ras?] EdwWolE Holx| #7 AL M= S0
Hole ALE TR 20d 3 34](15%) At v A5+

A AFa AU ERoA E9WolE Holx] e A-E 20
o 2 144 (70% ) H(p<0.001).

1SE 0|8M MBS Stist MABHM K-ras, pl6,
cyclin D1 2! p532| W& (Table 3)

K-ras, cyclin D1 % p53 EFoA Z5F o|gA A3 A
Ug BFoA HEHEE o7t 247 34.6%, 76.9%, 50% ATh.
pl6 A5 oA AFelAe wHHH MtFelA s Ed
A Qe o7t 385%2 7P EQRh K-rase 25F o134
A% 21e] F 110(524%) oA EAWelE Bl A5+ oA
Mz A 71098 Aog AztE, 214 3 34)(14.3%) &
TEF o]8A A= EAH|E Holx| d=dH AYEd

T =2 v T H o
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Hof I5H 0|34 AMF o]l FAmelr}t Yofk
%‘ T AU 74(333%) M T 5w ol HAEH A

Rl A7 dojubA] gt

, MUZ0M K-ras, p16, cyclin D1
M5 7o MFHM(Table 4)

o}'}l

oA cyclin D13} K-ras &
AL BHTHp0.001). 57 o184
Zo A= cyclin D13} K-ras T @& 74l (p{0.01), pl6 &
W3t K-ras EAWo] 74l (p<0.05), pb3 @I} K-ras AW
o] 7+l (p0.05), K-ras EHWo|¢}t K-ras ¥ W 7ho|
(p<0.05) FHEALS By M=M= cyclin D1 K-ras
chil o] W7kl p533}F K-ras wh) 2+ Zholl, K-ras &9
o]} K-ras Tl & Zhe] ##HAE BHHH(p<0.05). K-ras
ERo]9} K-ras T W] A E B, K-ras EUHOIE
1ol 234 F 79(304%)ANAE K-ras @ @S st 4=
992, 164(605%) 9] Eelsh T Uo] £
=tk K-ras W) K-ras T ¢] 4L V5+ o34
M AYTAA o] e FEAS EATHp0.0 ).
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Met=oA 87|12} K-ras, p16, cyclin D1 2 p53Zte| 2t
M (Table 5)

MetEo A HIlo] wWE K-ras EAWol9} K-ras, plb,
2 p53 T o] o] WSS vl walH, ZH7he W)
o] gl

cyclin D1 %
S EAGHOE foT

o E

=

ras FHFARE QA WIAY F 270 A P
FERAA F oItk ras R BPUFY 0F-UF
AHF 7o) BoIF Zolekz o|Ze] BhFH olF, Ae:
rasth B2 FHRAAStS] HAYS Welels AT} ol ol

2 Qe 53 AEF) 28 QA BAYS WIRE A

}

P

Table 3. K-ras mutation and expression of K-ras, p16, cyclin D1 and p53 protein in adenocarcinomas with high grade adenomas of

the colorectum

High adenoma-Ca High adenoma-Ca High adenoma-Ca High adenoma-Ca
-1+ (%) +:-(%) +:+ (%) -:1=(%) pvalue
K-ras mutation 3/21(14.3) 8/21(38.1) 3/21 (14.3) 7/21(33.3) NS
K-ras 2/26 (7.7) 8/26 (30.8) 9/26 (34.6) 7/26 (26.9) NS
p16 2/26 (7.7) 10/26 (38.5) 7/26 (26.9) 7/26 (26.9) NS
Cyclin D1 0/26 (0) 5/26 (19.2) 20/26 (76.9) 1/26 (3.8) <0.001
p53 7/26 (26.9) 5/26 (19.2) 13/26 (50) 1/26 (3.8) <0.005

Ca: carcinoma, High: high grade.
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Table 4. Correlation between K-ras mutation and expression of K-ras, p16, cyclin D1 and p53 protein in normal, low grade adeno-
mas, high grade adenomas and adenocarcinomas of the colorectum

p16 (%) Cyclin D1 (%) p53 (%)
negative positive negative positive negative positive
Normala
K-ras (-) 0/45 (0) 36/45 (80) 5/45 (11.1) 31/45 (68.9) 36/45 (80) 0/45 (0)
(+) 0/45 (0) 9/45 (20) 3/45 (6.7) 6/45 (13.3) 9/45 (20) 0/45 (0)
Low grade adenomaP
K-ras (+) 3/22 (13.6) 3/22(13.6) 0/22 (0) 6/22 (27.3) 3/22 (13.6) 3/22 (13.6)
K-rasmu (+) 1/3(33.3) 2/3 (66.7) 0/3(0) 3/3(100) 3/3(100) 0/3(0)
High grade adenomac
K-ras (+) 6/26 (23.1) 10/26 (38.5) 0/26 (0) 17/26 (65.4) 4/26 (15.4) 13/26 (50)
K-rasmu (+) 3/11(27.3) 8/11(72.7) 0/11(0) 11/11 (100) 2/11(18.2) 9/11(81.8)
Adenocarcinomad
K-ras (+) 12/45 (26.7) 11/45 (24.4) 1/45 (2.2) 22/45 (48.9) 5/45 (11.1) 18/45 (40)
K-rasmu (+) 6/9 (66.7) 3/9(33.3) 0/9(0) 9/9 (100) 0/9 (0) 9/9 (100)

a: p value in normal : cyclin D1-ras <0.001, ©: p value in low grade adenomas : p16-ras NS, cyclin D1-ras <0.001, p53-ras NS, p16-ras mu NS,
cyclin D1-ras mu <0.001, p53-ras mu NS, ras-ras mu NS, ¢: p value in high grade adenomas : p16-ras NS, cyclin D1-ras <0.01, p53-ras NS, p16-
ras mu <0.05, p53-ras mu <0.05, ras-ras mu <0.05, 9: p value in adenocarcinomas: p16-ras NS, cyclin D1-ras <0.001, p53-ras <0.05, p16-ras mu
NS, cyclin D1-ras mu <0.001, p53-ras mu <0.001, ras-ras mu <0.05, mu: mutation.

Table 5. Correlation between K-ras mutation and expression of K-ras, p16, cyclin D1 and p583 protein in adenocarcinomas accord-
ing to stage and adenomas of the colorectum

Adenoma (%) Stage A (%) B1+B2 (%) C1+C2 (%) p value
K-ras mutation 10/41 (24.4) 1/3(33.3) 3/21 (14.3) 5/21(23.8) NS
K-ras 23/48 (47.9) 1/3(33.3) 12/21 (57.1) 10/21 (47.6) NS
p16 27/48 (56.3) 1/3(33.3) 8/21(38.1) 6/21(28.6) NS
Cyclin D1 45/48 (93.8) 3/3 (100) 18/21(85.7) 19/21 (90.5) NS
p53 27/48 (56.3) 2/3 (66.7) 15/21 (71.4) 17/21 (81) NS
7b QAT T QAN mycolt} cyclin D] HWH,  AZEo] T =8 50%0 ula] AL, o]2S PCR A
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