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Abstract
AIM: The molecular diagnosis of microsatellite instability
(MSI) in colorectal cancer (CRC) is based on the analysis of
five microsatellite markers. Among them, the two mononu-
cleotide microsatellite repeats are considered more infor-
mative for this analysis than the three dinucleotide ones.
The aim of this study is to establish the most relevant markers
for MSI analysis in colorectal cancers from Asian patients.

METHODS: The MSI analysis of 143 CRC cases in a routine
molecular diagnostic laboratory was reviewed. Analysis by
fluorescence-based PCR of the five recommended micros-
atellites was performed, followed by data interpretation
according to internationally accepted guidelines. The results
were analyzed to address (1) the rate of success in the
analysis of histopathological samples not specifically prepared
for molecular analysis; (2) the relative importance of
individual markers in the diagnosis of high-MSI (H-MSI).

RESULTS: MSI analysis was unsuccessful in 34 cases (24%),
but for tissues archived in recent years the unsuccessful
rate was 5%. We found the D2S123 marker the most
vulnerable to inadequate tissue preservation, failing to
amplify in 58 instances. Approximately 30% (32/109) of
the cases were H-MSI, while 7/109 (6%) were low-MSI.
A detailed analysis of the H-MSI cases revealed that the
dinucleotide repeats (and D5S346 in particular) were
more relevant than the mononucleotide repeats in
assigning the correct MSI status.

CONCLUSION: The analysis of dinucleotide repeats is
essential for the establishment of MSI status in Asian CRC
patients.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The diagnosis of microsatellite instability (MSI) in colorectal
cancer (CRC) is based on the molecular analysis of five
microsatellite markers, including two mononucleotide
repeats (Bat-25 and Bat-26) and three dinucleotide repeats
(D2S123, D5S346 and D17S250)[1]. However, it has been
argued that the analysis of a single mononucleotide repeat
such as Bat-26[2] may be sufficient for this purpose.
Furthermore, the comparison of  the five microsatellites in
hereditary non-polyposis colorectal cancer (HNPCC)-
proven cases has highlighted the higher informativity[3] of
mononucleotide repeats for this analysis.

In a recent report[4], based on a limited number of 27
patients, we suggested that the dinucleotide markers were
the most frequently unstable and the most relevant ones
for the diagnosis of  MSI. To fully confirm or refute this
fact, we reviewed all the MSI analyses on CRC cases
performed in the Molecular Diagnosis Centre at the National
University Hospital of Singapore since the establishment
of the test 3 years ago.

MATERIALS AND METHODS

A total of 143 cases were analyzed. The mean age of the
patients was 46 years. These were cases referred to our
laboratory because of clinical features that required the
consideration of the HNPCC syndrome, following the
Amsterdam criteria.

MSI analysis
The analysis was done as reported elsewhere[3,4]. Briefly,
CRC tissue and normal colonic mucosa were manually
microdissected. DNA was extracted with the DNeasyTM

Tissue Kit (Qiagen GmbH, Hilden, Germany), according
to the manufacturer’s instructions.  This was followed by a
capillary electrophoresis, fluorescence-based PCR analysis
of the five microsatellite repeats mentioned above, namely



Bat-25 (4q12-c-kit), Bat-26 (2p16.3-hMSH2), D2S123
(2p16-hMS H2), D5S346 (5q21-APC), and D17S250
(17q11.2-BRCA1). A subset of those cases with positive
results was subjected to immunohistochemical staining with
hMSH2 and hMLH1 antibodies, as well as sequencing of
the hMSH2 and hMLH1 genes[4]. An example of  microsatellite
analysis and mismatch repair gene immunohistochemistry
is shown in Figure 1.

MSI diagnostic interpretation
The criterion for high MSI status (H-MSI) is based on
instability in at least two microsatellite markers. Instability
of a single marker represents low microsatellite instability
(L-MSI). Cases with no evidence of instability in any of the
markers are considered microsatellite stable (MSS). In view
of this, cases with successful PCR amplification in only 2, 3
or 4 markers, and with instability in at least two of those
markers, were considered H-MSI; cases with unsuccessful
PCR amplification in one or more microsatellites and one
or no unstable markers in the successful ones, were regarded
as “unsuccessful” analyses, as in these cases we would not
be able to exclude L-MSI or H-MSI status.

RESULTS

Success rate and tissue adequacy
With these criteria in mind, a total of 109 successful cases
were analyzed (76%), while 34 (24%) unsuccessful cases
were excluded. This apparently high percentage of unsuccessful
cases was directly related to the age of the paraffin blocks:
in fact, the bulk of the unsuccessful cases had paraffin
blocks of more than 5 years of age (and sometimes up to
19 years old), at a time when fixation and embedding
conditions were not so critically controlled to maintain full
nucleic acid preservation. In those cases from recent years,

from our own laboratories, where an adequate control in
fixation was exercised (10% buffered formalin during a
tightly controlled fixation period of 12-24 h), the success
rate was 95% (61/64 cases).

Approximately 30% (32/109) were H-MSI, while
7/109 (6%) were L-MSI. Lack of PCR amplification was
noted with the following frequency: Bat-25-10/143 (7%);
Bat-26-28/143 (19%); D2S123-58/143 (40%); D5S246-
13/143 (9%); and D17S250-26/143 (18%). As unsuccessful
amplification was noted predominantly in those cases with
older blocks and poor DNA preservation, this analysis gives
an indication of the resistance or vulnerability of specific
microsatellites to DNA degradation. It appears clear that
D2S123 is the most vulnerable, while Bat-25 and D5S346
are the most resistant. This can only be explained in part by
the size of the amplicon; indeed, D2S123 is vulnerable  as
it has the largest PCR product, but does not explain the fact
that Bat-26 and Bat-25, with a narrow base-pair difference
of 4 units, have a significant difference in outcome. As
suggested elsewhere[5], PCR re-design may be important in
narrowing down these differences when looking at paraffin-
embedded samples with potential DNA degradation.

Importance of individual markers
To analyze the “diagnostic importance” of  each individual
marker, we looked at the 13 H-MSI cases in which the
diagnosis was made because the minimum number of
markers (2) was unstable (Table 1). In these cases, the
exclusion of one of those markers would have rendered a
different diagnosis altogether. The frequency of instability
in these cases for each individual marker is: Bat-25-7 cases;
Bat-26-3 cases; D2S123-3 cases; D5S346-8 cases; D17S250-5
cases. Thus, it appears that the dinucleotide repeats are at
least as relevant as the mononucleotide repeats for the
analysis of H-MSI in these cases; in particular, D5S346

Figure 1  Illustration of MSI and loss of mismatch repair protein hMLH1. A:
Microsatelllite instability analysis of normal mucosa for dinucleotide repeat
microsatellite D5S346; B: MSI analysis of CRC for dinucleotide repeat
microsatellite D5S346 in the same patient, with arrow indicating the area of
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instability; C: Analysis of hMLH1 protein expression by immunohistochemistry
in the same CRC case, showing loss of protein expression; D: Analysis of
hMLH1 protein expression by immunohistochemistry in a positive control case.
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seems to be the most frequently unstable marker. Furthermore,
10/13 cases in this series show no Bat-26 instability.

Table 1  Results of MSI analyses in cases with a minimum number of
two unstable microsatellites. S/N: individual case code; +: evidence
of instability for a given marker; -: no evidence of instability for a
given marker

Results
  S/N      Status

Bat-25 Bat-26 D2S123 D5S346 D17S250

    1     +      -       -      +        -      H-MSI

    7                    -      -       -      +        +      H-MSI

   31     -      -       +      -        +      H-MSI

   34     -      -       +      -        +      H-MSI

   41     -      -       -      +        +      H-MSI

   56     +      +       -      -        -      H-MSI

   58     -      -       +      +        -      H-MSI

   87     -      +       -      +        -      H-MSI

   95     +      -       -      -        +      H-MSI

103     +      -       -      +        -      H-MSI

106     +      -       -      +        -      H-MSI

110     +      -       -      +        -      H-MSI

140     +      +       -      -        -      H-MSI

DISCUSSION

This analysis allows some conclusions in the application of
MSI analysis in Asian patients. Firstly, they confirm that
analysis of Bat-26 alone may not be sufficient to establish
the MSI status in CRC[6]. Secondly, it highlights the importance
of the inclusion of dinucleotide repeats in the MSI analysis
of Asian patients. The relevance of dinucleotide repeats in
our patient population is a fact difficult to explain. Comparative
studies of microsatellite polymorphisms in different ethnic
populations have shown a difference[7] that perhaps may be
applicable to Asian patients as well. Also, the relevance of
mononucleotide repeats in MSI analysis was generally
calculated taking HNPCC-proven patients as the gold
standard. With the increasing evidence that the MSI status
may be useful in establishing the prognosis of H-MSI,
sporadic CRC patients[8,9], the clinical importance of individual
MSI markers may have to be redefined.

In conclusion, dinucleotide repeats are essential for the

establishment of MSI status in Asian CRC patients. In
general, a comparative analysis of the relevance of microsatellites
in different ethnic populations, and in both HNPCC and
H-MSI sporadic CRC patients, may be of importance when
applying this test in the future for both HNPCC diagnosis
and CRC prognostication.
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