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Development of the human colorectal cancer is associated with several distinct genetic
abnormalities involving both dominant-acting oncogenes (K-ras, c-sre) and tumor suppressor
genes (APC, DCC, p53) which undergo inactivation or loss. In colorectal tumors, the common
molecular alteration is localized in the 17pl13 and 5q21 loci encoding the p53 and the APC gene,
respectively, The identification of these genmes may help the understanding of the pathogenesis
of colorectal neoplasia. In order to determine whether the frequency of the genetic alterations
varies with sex, age, tumor size, or site, including pathologic parameters, such as degree of
differentiation, tumor stage, mucin component, lymphoid reaction, rumor invasion pattern, vein
and nerve invasion, lymph node metastasis, and other parameters, such as disease-free survival,
distant metastasis and patient outcome, the authors analyzed the loss of heterozygosity (LOH)
of the APC and the p53 genes in paraffin-embedded specimens of 48 colorectal cancers by use
of the polymerase chain reaction and restriction fragment length polymorphism. The resulis were
as follows: the LOH affecting the APC was found in 15 out of 31 (48.4%) heterozygous patients,
while the LOH of the p53 locus was observed in 11 out of 26 (42.3%) patients, Among 48
patients, the LOH at both the APC and the p53 loci was observed in five (10.4%) patient. No
statistically significant associations were found berween the LOH of the APC gene and the
proposed parameters. The relationship berween the LOH of the pS53 and the histologic
differentiation, lymphoid reaction was significant (P<0.05), but survival was not correlated.
Statistically significant associations were found between overall survival of the colorectal cancer
patients and distant metastasis, Astler-Coller stage, lymphoid reaction, invasion pattern, nerve
invasion, vein invasion, lymph node metastasis, and disease free survival. The above resulis
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suggest that the LOH of the p53 genes could be involved in the progression of colorectal cancers.

However, neither the LOH of the APC nor that of the p53 have sigmficant association with
survival of the colorectal cancer patients. (Korean J Pathol 1997; 31: 191 ~200)
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genes in colorectal cancer patients

Table 1. Relationship of clinical and pathological parameters with loss of heterozygosity (LOH) affecting APC and p53

p53

Paramelers No APC P-value P-value
( LOH/heterozy gote) (LOHheterozygote)
Sex M 25 5/8 0.3474 6/6 0.3019
F 23 108 6/8
Age = 60 22 87 0.5934 5/5 0.9748
= 60 26 79 ' 7/9
Size < 6 cm M 10y14 0.1656 10411 0.8395
= Bbem 14 572 2/3
Gross Exophytic 21 47 0.3205 Ti4 0.1882
Type Nonexophytic 27 11/9 510
Site Right 19 8/5 0.2130 4/4 0.9436
Left 29 711 B/10
Histologic Well 29 /10 0.0862 8/7 0.0429
Differentiation Moderate 13 46 217
Poor 6 40 20
Astler-Coller Bl 5 03 0.1195 212 0.1623
Stage B2 26 11/6 6/8
Cl 2 02 00
C2 12 4/4 41
D 3 1 o3
Mucin Absent 32 9/12 06713 B/10 0.9690
Component Focal B 32 2/3
Predominant 8 32 2/1
Lymphoid Absent 32 11/12 09165 613 (LOOBE
Reaction Occasion 16 4/4 6/1
Invasion Expanding 8 32 04088 272 0.0837
Pattern Mixed 15 4/8 51
Infiltration 25 g6 511
Vein Present 7 213 0.6819 33 0.7345
Invasion Absent 41 13/13 911
MNerve Present B 33 0.4830 0j4 0.7234
Invasion Absent 40 12413 12/10
Lymph node Positive 16 47 0.3205 43 0.4089
Metastasis Negative 32 11/9 811
Adenoma Associated 6 242 0.9436 2/2 0.7913
None 42 13/14 1012
Disease free < 6 22 510 0.1044 67 08213
Survival(Mos) = 60 26 10/6 &7
Distant Yes 13 45 0.7787 /6 0.0620
Metastasis Mo 15 11/11 11/8
Outcome Expire 15 37 0.3545 36 0.5369
Alive 33 138 O/8
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Fig. 1. Three kinds of electrophoretic patterns of PCR
products of APC gene digested by Rsa 1 enzyme.
Heterozygotes show 3 bands (133 bp, 85 bp and 48 bp)
at lane 1. Digested allcle is seen 85 bp and 48 bp bands
{lane 2, while undigested allele is seen as single 133 bp
hand (lane 3).
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Table 2. Relationship of clinical, pathological, and genetic
parameters with survival in colorectal cancer

patients

Sex
Age
Size
Gross [ype
Site

Histologic
Dafferentiation

Astler-Coller stage

Mucin component

Lymphoid reaction

Invasion pattern

YVeln invasion

Merve invasion

Lymph node metastasis

Adenoma

Disease free survival

(Mos)
Distant merastasis

LOH of APC
LOH of p33
Chateome

Mo No
Parameters of of
patients death

M 25 8
F 23 7
= l) 22 6
= i) 26 9
< 6 cm 4 10
= Bem 14 5
Exophytic 21 5
Monexophytic 27 10
Right 19 3
Left 29 12
well 9 7
moderate 13 5
pOOr 6 3
Bl 5 |
B2 26 3
Cl 2 1
2 12 )
D J 3
Absent 2 12
Focal E 3
Predominamt & 0
Absent 2 14
Occasion 16 l
Expanding & 0
Mixed 15 3
Infiltraton 25 12
Present 7 7
Absent 41 B
Present B 6
Absent 40 o
Positive 16 10
Negative iz 5
Associated 6 i
None 42 12
< i) 21 11
= 6 27 4
Yes 13 10
Mo 35 5
15 3
11 3

Expire 15

Alive A3

P-value

0.9058

(.5845

0.8395

0.3267

00614

03718

0.0030

01128

0.0082

00204

0.0000

(0034

0.0010

(1.2895

0.0053

0.0000

0.3545
0.5369

Fig. 2. Photograph of electrophoretic patterns of LOH
affecting exon 11 of APC gene . Loss of the undigested
allele (band at 133bp) or digested allele (85bp and
48bpjwas seen in the wmor DNA, compared with the
normal DNA (T: LOH of Colorectal cancer, N:Normal
TICOSH )

66 bp

37
29

Fig. 3. Phowgraph of three kinds of electrophoretic
patterns of PCR products of p53 exon 4 digested by Bst
Ul enzyme. Undigested allele is seen as single 66 bp
band, while digested allele as two bands (37 bp and 29
bp)
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Fig. 4. LOH affecting cxon 4 of pid gene. Loss of
digested allele or undigested allele is seen in DNA ex-
tracted from colorectal carcinoma (T: LOH of Colorectal
cancer, M:Mormal mucosal.

Table 3. Frequency of RFLP type and LOH of APC exon
[l and p33 exon 4 loci in colorectal adeno-
carcinoma patienis

RFLF type APCpi3
Heterorvgotes /48 (64.6%) 26/45 (57.8%)
Homozygotes
Lower, Cut 14/48 (29.2%) 13/45 (28.9%)
Upper, Uncut 348 ([ 6.2%) 645 (13.3%)

LOH/Heterozygote 15/3] (48.4%) 11726 (42.3%)

* RFLP : Restriction fragment length polymorphism
LOH : Loss of heterozygosity
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