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Mechanism of Genomic Instability and Its
Clinical Applications

Suk—Hwan Lee, M.D., Ph.D.

Department of Surgery, Kyung Hee University College of
Medicine, Seoul, Korea

Multiple genetic alterations are common prerequisite for
carcinogenesis including colorectal cancers (CRCs). Recently,
mutations within microsatellites have been described as a
result of defective DNA mismatch repair (MMR) mechanisms,
resulting in the phenomenon of microsatellite instability
(MSI). This has been implicated in the etiology of hereditary
non—polyposis colorectal cancer (HNPCC) and significant
portions of sporadic colorectal cancers. However, the me—
chanisms underlying the MSI are different from hereditary
CRCs and sporadic CRCs. While the germline mutation of
MMR genes is responsible for HNPCC, the hypermethylation
of MLH1 gene promoter regions, an epigenetic, not in—
herited alteration is responsible for most sporadic CRCs
showing MSI. MSI tumors exhibit characteristic clinco—
pathologic features, 1.e, tumors are preferentially located to
proximal to splenic flexure, poorly differentiated, mucinous
cell type, frequently showing peritumoral lymphocytic infil —
tration, and, of importance, showing better survival in stage—
matched cases. In this article, the results of recent in—
vestigations about MSI and its clinical applications are com—
prehensively reviewed. Knowledge of these biochemical
mechanisms are likely to lead to more effective diagno—
sis and therapy of CRCs in the future. J Korean Soc
Coloproctol 2004;20:64—73
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Fig. 3. Example of low-level microsatellite instability (MSI-L). Fragment pattern of amplEREPGR apsodinsed fextranakesiaheancers

is unstable at one microsatellite locus (D2S123) (arrow).
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Individuals with CRC and a first-degree relative wit
extracolonic cancer and/or colorectal adenoma; 1 ©
<45 yr and the adenoma diagnosed at <40 yr

Individuals with CRC or endometrial cancer diagnos

Individuals with right-sided CRC with an undifferen
histopathology diagnosed at <45 yr

Individuals with signet ring cell-type CRC diagnosec

Individuals with adenomas diagnosed at <40 yr

*CRC = colorectal cancer.
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Table 2. Comparison of two pathways

+

Feature CIN* MSI
Frequency 85% 15%
Genomic instability Chromosomal Microsatellite
Ploidy Aneuploid Diploid
LOH' Common Rare

Mutations in genes Point mutation,  Insertion or

deletion, deletion in
insertion repetitive
sequences
Tumor location 66% left-sided 80~90%
right-sided
Age Older Younger & very
elderly
Prognosis Poor Good

*CIN = chromosomal instability; "MSI = microsatellite
instability; *LOH = loss of heterozygosity.
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Normal MSI MSS HT 29 SW480
mucosa tumor tumor +control —control

Fig. 4. Methylation of CpG islands in the MLH1 promoter
was determined by a methylation-specific PCR assay using
bisulfate DNA modification. This reaction replaces cytosine
with uracil in unmethylated DNA. Methylated DNA se-
quences remain unaltered. The presence of a visible PCR
product in those lanes marked M indicates the presence of
methylated alleles. Normal colonic mucosa is unmethylated
(U). DNA from HT 29 cells served as positive controls; from
SW 480 cells, as negative controls.
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Fig. 5. The expression of MLH1 (A and B) and MSH2 (C and D) was dete
Avidin-Biotin-Peroxidase method. Sections were incubated overnight at 4°C
1 : 50, Clone G168-15, PharMigen, San Diego, CA) and MSH2 (dilution 1
Representative samples of tumors which expressed MLH1 (A) and MSH2
(D). In tumors did not express the MLH1 and MSH2, only the normal col

were stained as shown and considered as internal posmve controls.
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