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Background : Microsatellite instability (MSI), which is caused by a deficient mismatch repair
system, is seen in most of the hereditary non-polyposis colon cancers and a portion of spo-
radic colorectal cancers. Methods : Two hundreds forty-six consecutive sporadic colorectal
cancer patients were analyzed for MSI using an ABI 377 automatic sequencer and fluores-
cent dye-labelled primers (BAT-25 and BAT-26). Results : The overall incidence of MSI in
studied cases was 9.8% (24/246). This incidence is lower than most of the reported inci-
dences in western countries. The incidence of MSI tumors in the proximal colon was 29.6%,
while that of the distal colon was only 4.2% (p<0.001). MSI in sporadic colorectal cancers
was more prevalent in poorly differentiated adenocarcinoma. In contrast to western coun-
tries, mucinous carcinoma did not show higher incidence of MSI. Conclusions : The results
suggest that MSI frequently occurs in cancers of the proximal colon and in tumors with poorly
differentiated histology.
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Microsatellite Instability in Colorectal Carcinomas

MSI is caused by a failure of a DNA mismatch repair
(MMR) system to repair errors that occur during the repli-
cation of DNA, and is characterized by the accelerated accu-
mulation of single nucleotide mutations and alterations in
the length of simple repetitive microsatellite sequences that
exhibit ubiquitously through the genome.1,2 MSI has been
found in the vast majority of colorectal cancers in patients
with HNPCC.3,4 This syndrome is characterized by autoso-
mal dominantly inherited predisposition to colorectal can-
cer, especially in the proximal colon, early age of onset,
increased multiplicity and associated cancers in extracolonic
sites.5

In addition to the inherited syndrome, MSI phenotype was
found in 9 to 17% of sporadic colorectal carcinomas.1-3,6-8 The
pathological features in MSI+ sporadic colorectal carcino-
mas were exophytic growth pattern, poor differentiation,
and proximal location.9 However, the clinical and patholog-
ical features of Korean colorectal cancer with MSI status
have not been studied in detail. 

We therefore examined DNA from 246 sporadic colorec-
tal carcinomas to investigate the incidence of MSI and clini-
copathologic correlation of MSI+ tumors in Korean colorec-
tal cancer patients. 

MATERIALS AND METHODS

Patient selection 

Two hundreds and forty-six consecutive colorectal cancer
patients who were operated in 1998 at Seoul National Uni-
versity Hospital were selected. Cancers confined to the
mucosal layer were excluded. The population contained 92
female and 154 male patients, ranging from 29 to 87 years
of age (mean; 59.5 years). With regard to the stage, nine
were T2, 211 were T3 and 26 were T4. The tumors located
proximal to the splenic flexure were classified as proximal
side, and the rest were classified as distal side.
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Analysis of MSI

The tumor and normal tissues were microdissected from
hematoxylin-eosin stained slides. This microdissection pro-
cedure acquired more than 60% purity of tumor cell popu-
lations. DNA was extracted from microdissected tissues
using proteinase K (400 g/mL) in a lysis buffer containing
0.5% Tween-20, 1 M Tris (pH 8.5), and 500 mM EDTA
(pH 8.0). Lysate was incubated for 24-48 hours at 55℃ and
inactivated by boiling for 10 minutes. BAT-26 and BAT-25
were prepared as described.10 The extracted DNA was
amplified by polymerase chain reaction (PCR). PCR ampli-
fication was performed with primers at 5 pmol/ L each,
1.5 mM MgCl2, 0.2 mM deoxynucleotide triphosphate, 0.5
unit Taq polymerase (Promega, madison, WI, U.S.A.), 0.1

L of DNA in a total volume of 10 L. PCR conditions
were 95℃ for 5 min followed by 33 cycles (94℃ for 30 sec-
onds, 45-58℃ for 30 seconds, 72℃ for 40 seconds) and a
final elongation step at 72℃ for 10 minutes. MSI analysis
was performed using an ABI 377 automatic sequencer with
fluorescent dye labeled primers on two mononucleotide
markers (BAT-25 and BAT-26). Fragment analyses were
carried out with Genescan software (Perkin-Elmer Corp.,
Foster City, CA, U.S.A.). When additional bands, which
were 5 or more bases shorter than normal size appeared in
the tumor DNA on BAT-26 marker, the case was defined as
MSI+.

Pathological Analysis

Histopathologic parameters, such as gross type, histologic
type, size of the tumor, tumor extension and lymph node
metastasis were examined without knowledge of the MSI
status. Gross appearance was classified as exophytic or endo-
phytic types. Tumor extension and stage were analyzed
using the American Joint Committee on cancer TNM sys-
tem.11 Grading of differentiation was based on the forma-
tion of glands: tubular well differentiated, tubular moder-
ately differentiated, and poorly differentiated. Mucinous
carcinoma was diagnosed according to the criteria of the
World Health Organization when extracellular mucin con-
stituted more than 50% of the cancer volume,12 and it was
subclassified into differentiated and undifferentiated by for-
mation of glands in the mucin pool. 

Statistical Analysis

Statistical evaluation was performed with the Chi-Square
test. In addition, evaluation of tumor size was performed
with the Mann-Whitney test. P<0.05 was considered sta-
tistically significant. 

RESULTS

A series of 246 colorectal carcinomas were analyzed for
MSI, using an ABI 377 automatic sequencer with fluores-
cent dye labeled primers on two mononucleotide markers
(BAT-25 and BAT-26). Twenty-four cases (9.8%) of the 246
colorectal carcinomas showed MSI in the BAT-26 marker
(Fig. 1). The results of the BAT-25 marker were exactly the
same except for one case, which showed MSI in BAT-26 but
a normal pattern in BAT-25. The incidence of MSI pheno-
type in the cancers of proximal colon was 29.1%, while that
of distal colon is only 4.2% (p<0.001). The locations of the
24 MSI+ cases were rectum (2 cases), sigmoid colon (6
cases), ascending colon (11 cases), transverse colon (2 cases)
or cecum (3 cases). MSI+ cases were more common in poor-
ly differentiated adenocarcinomas compared with the other
types (p<0.001). Poorly differentiated carcinomas occupied
46.7% of MSI+ cases.

In contrast to the experiences in western countries, only
two of 25 mucinous carcinomas were MSI+. Mean tumor
size of MSI+ and MSI- cases was 6.32±2.34 cm and 5.45
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Fig. 1. Cross-sectional electropherograms show BAT26 and
BAT25 alteration. The X axes  show the size in base pairs. Blue
and green peaks indicate BAT26 and BAT 25, respectively. (A)
MSI- for both BAT26 and BAT25 markers, (B) MSI+ case for both
markers, and (C) MSI+ for BAT26 marker only. MSI: micro satel-
lite instability.
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±1.92 cm, respectively, and the difference was not statisti-
cally significant. The patient's age, sex, gross pattern and
lymph node metastasis were not significantly associated
with MSI status.

DISCUSSION

BAT-26 is a sensitive and specific marker for the detection
of MSI. The detection of MSI using BAT-26 alone allowed
for a sensitive and specific marker.13-18 We also proved that a
single BAT-26 marker is as accurate as using 50 microsatel-
lite markers in gastric carcinomas.19 In this study we evaluat-
ed the MSI status of 246 sporadic colorectal carcinomas with
an ABI-377 automatic sequencer, using BAT-26 and BAT-
25 microsatellite markers. Both BAT-26 and BAT-25 mark-
ers revealed identical results except in one case. 

Conventional detection methods for identifying MSI such
as autoradiography or silver staining have the disadvantage
of PCR artifacts; stutter band of dinucleotide repeats. In
addition, when using radioisotopes, autoradiograph expo-
sure may require several days. This fluorescent assay is rapid
and gives accurate sizing of alleles. It allows improved
assessment of MSI.20 We used Genscan software which gen-
erated a cross-sectional image for each gel lane that greatly
aided the interpretation of the results. Furthermore, BAT-
26 and BAT-25 analysis can be done in a same lane using
primers labeled with different colors of dyes.

Our result showed a 9.8% MSI+ rate among 246 spo-
radic colorectal carcinomas. The incidence is lower than
most of the reported incidence in Western countries (10-

15%).2,8,21 The low incidence of MSI+ tumors in our study
may be partly due to the higher proportion of rectal cancers
in our hospital than those of other studies. The clinico
pathological characteristics of these carcinomas between the
MSI+ group and the MSI- group were compared. The
MSI+ groups differed from the MSI- group by proximal
side preponderance and poorly differentiated histological
patterns. In contrast to previous studies, in which mucinous
carcinomas showed higher MSI+ rates in western coun-
tries,22 our result did not show an increased MSI+ rate in
mucinous carcinoma. However, 4 cases of MSI+ tumors
showed extracellular mucin in less than 50% of the tumor
area. The clinicopathological features that we identified in
MSI+ sporadic colorectal carcinomas are similar in many
ways to the features of colorectal cancers in the HNPCC
syndrome.9 The characteristic clinical features of HNPCC
are early age of onset, a tendency for cancers in the proximal
colon and excess of poorly differentiated carcinomas.23

Previous studies proved that patients with MSI+ sporadic
tumors showed a better prognosis than those with MSI-
cancers.5-8 This tendency toward improved prognosis is
especially interesting in light of the high MSI+ rate of
poorly differentiated carcinomas in this and other series.5-7

The discrepancy between the aggressive histological fea-
tures and a more favorable prognosis could relate to the
marked peritumoral inflammatory infiltrates representing
the host response.9 Perhaps the numerous mutations that
develop in MSI+ tumors affect not only growth-controlling
genes but other genes, such as those influencing the expres-
sion of tumor associated antigens that elicit a host immune
response.9 Previous studies and our study demonstrated that
proximal tumors were preponderant in MSI+ tumors.
These data support the hypothesis that mechanisms of col-
orectal carcinogenesis may differ in proximal and distal neo-
plasms. 

In conclusion, we found MSI phenotype in 24 of 246
cases of sporadic colorectal carcinomas. In most patients,
MSI+ colorectal carcinomas were located in the proximal
colon and showed poorly differentiated histology.
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