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SUMMARY: Microsatellite alterations can be found in a number of tumors. There are two types of alterations: loss of
heterozygosity (LOH), which can be detected in the majority of colorectal cancers (CRC), and microsatellite instability (MSI). MSI
occurs in about 15% of CRC with a mutator phenotype and are the hallmark of hereditary nonpolyposis colorectal cancers
(HNPCC). Furthermore, MSI can also be detected in other tumors which are part of the HNPCC tumor spectrum (eg, gastric,
ovarian, and endometrial carcinomas). Usually, a set of microsatellite markers is amplified by PCR followed by gel or capillary
electrophoresis to separate PCR amplicons and by detection of the markers using autoradiography (Thibodeau et al, 1993), silver
staining (Schlegel et al, 1996), or fluorescence techniques (Gyapay et al, 1996; Mansfield et al, 1994). We have established a
technique to detect MSI by LightCycler PCR and melting point analysis using sequence-specific hybridization probes (HyProbes)
labeled with LightCycler dyes, LCRed640 and LCRed705. Amplification of microsatellites by real-time PCR is followed by melting
point analysis to display alterations in the length of repetitive sequences, thereby avoiding any electrophoretical separation of
amplified DNA. Two mononucleotide markers (BAT25 and BAT26) were tested in 81 formalin-fixed and paraffin-embedded
colorectal cancer samples with matched normal tissues from 21 MSI tumors and 60 tumors with microsatellite stability.
Amplification and melting point determination of BAT26 and BAT25 was possible in 129/162 (80%) and 123/162 (76%)
formalin-fixed and paraffin-embedded tissue samples, respectively. MSI could be detected specifically with both BAT25 and
BAT26 markers only in MSI-high tumors (�40% MSI rate, determined with microsatellite reference panel, BAT25, BAT26,
D5S346, D2S123, D17S250; Boland et al, 1998; Dietmaier et al, 1997). This new technique allows MSI detection within less than
a hour and provides a basis for fast, high-throughput MSI analysis. (Lab Invest 2001, 81:1453–1456).

M icrosatellite instability (MSI) status from 81 tu-
mors and matching normal tissues was first

characterized by the analysis of reference microsatel-
lite markers with conventional microsatellite PCR (He-
reditary Nonpolyposis Colorectal Cancer Microsatel-
lite Instability Test-Kit; Roche GmbH, Mannheim,
Germany) followed by automatic fragment analysis
(ABI310, Perkin Elmer Biosystems, Weiterstadt, Ger-
many). In addition, all tissue samples were analyzed
for hMSH2, hMLH1, and hMSH6 mismatch repair
protein expression by immunohistochemistry (hMSH2:
AB-2, clone FE11, Calbiochem, San Diego, California;
hMLH1: clone G168-15, Pharmingen, Hamburg, Ger-
many; hMSH6: clone 44, Transduction Laboratories,
Lexington, Kentucky). Sixty microsatellite stable
(MSS) tumors and 21 microsatellite instability-high
(MSI-H) tumors were used for LightCycler (Roche
GmbH, Mannheim, Germany) microsatellite PCR and
melting point analysis with BAT25 and BAT26, which
are described as the most sensitive markers for MSI

detection (Cravo et al, 1999; Dietmaier et al, 1997;
Hoang et al, 1997; Loukola et al, 2001; Stone et al,
2000). Tumor tissue and normal mucosa were micro-
dissected from 5-�m sections of formalin-fixed,
paraffin-embedded tissues by laser assisted
(P.A.L.M., Bernried, Germany) or manual microdissec-
tion. DNA preparation was done using the High Pure
PCR Preparation Kit (Roche GmbH), and the quality of
DNA was checked by electrophoresis (1.3% agarose
gel).
Two microliters of high-molecular-weight DNA (50–

100 ng) were mixed with 13 �l amplification solution,
resulting in a final concentration of 3 mM MgCl2, 0.5 �M

BAT26-U (5' TGA CTA CTT TTG ACT TCA GCC 3') and
BAT26-D (5' AAC CAT TCA ACA TTT TTA ACC 3')
primers, 0.15 �M BAT26donor-HyProbe (5' GCA GCA
GTC AGA GCC CTT AAC CT-Fluorescein 3') and
BAT26accept-HyProbe (5' LC-Red640-TCA GGT AAA
AAA AAA AAA AAA AAA AAA AAA AA-Phosphate 3'),
and �1 LightCycler DNA Master Hybridization
Probes-Mix (Roche Molecular Biochemicals). Alterna-
tively, 0.5 �M BAT25-U (5' TCG CCT CCA AGA ATG
TAA GT 3') and BAT25-D (5' TCT GCA TTT TAA CTA
TGG CTC 3') primers and 0.15 �M BAT25donor-
HyProbe (5' CAA AAA AAA AAA AAA AAA AAA AAA
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AAT CA-Fluorescein 3') and BAT25accept-HyProbe
(5' LC-Red-705-AAC AAA ACA CAA AAC TCT TTA
GAG AAT C-Phosphate 3') were used for BAT25
LightCycler PCR. The PCR amplification program
started with a single denaturation step at 95° C for 90
seconds and proceeded with 50 cycles of 95° C/0
seconds (denaturation), 60° C/10 seconds (annealing),
50° C/3 seconds (fluorescence signal detection), and
72° C/10 seconds (elongation). Subsequent melting
point analysis was done by denaturating the ampli-
cons at 95° C/0 seconds, incubating at 35° C/30 sec-
onds (BAT26) and 30° C/30 seconds (BAT25), respec-
tively, for HyProbe annealing, and increasing the
temperature to 95° C at a rate of 0.2°/second, with
continuous F2 (Bat26) and F3 (BAT25) measuring,
respectively. Fluorescence settings for BAT26 were F2
channel, 1 (F1 Gain), 10 (F2 Gain), 1 (F3 Gain) and for
BAT25 were F3 channel, 1 (F1 Gain), 1 (F2 Gain), 10
(F3 Gain).

Amplification and melting point analysis of BAT26
was successful in 80% of tumor samples (65/81; 16
MSI, 49 MSS tumors) and in 79% of normal mucosa
samples (64/81). BAT 25 analysis was possible in 78%
of tumor samples (63/81; 15 MSI, 48 MSS tumors) and
in 74% of normal mucosa samples (60/81). Successful

amplification of these markers depends on the quality
of isolated DNA and might be improved by using
mainly intact high-molecular-weight DNA controlled
by agarose gel electrophoresis. In some cases the use
of a 10-fold diluted DNA might further improve the
PCR because the concentration of potential PCR
inhibitors would be lowered. BAT26 melting point
analysis showed a melting temperature (Tm) of 51.0 to
51.5° C for DNA from normal mucosa tissue, blood, or
MSS tumors (Fig. 1A), whereas the Tm of MSI-H
tumors with either defective hMSH2, hMLH1, or
hMSH6 protein expression and MSI-H phenotype was
shifted to 42 to 50° C (Fig. 1B). The Tm alterations are
due to shortenings of 3 to 12 nucleotides in a stretch
of 26 repetitive adenosine nucleotides within BAT26
marker as determined by automatic fragment analysis
using the ABI310 sequencer (Fig. 1C). Tm of BAT25
was 45 to 46° C in DNA from blood, normal mucosa,
and MSS tumor tissue (Fig. 2A) and 42.5 to 43.7° C in
the MSI-H tumors (Fig. 2B). These Tm shifts corre-
spond to a shortening of 5 to 7 nucleotides within 25
repetitive nucleotides of BAT25 marker as shown by
automatic fragment analysis (Fig. 2C). The high reso-
lution of melting point analysis could be demonstrated
in hMSH6-defective MSI-H Tumor 1, which shows a

Figure 1.
BAT26: Representative melting peak analysis (�d[F2]/dT) (A, B), and corresponding automatic fragment analysis (ABI310, Genescan 2.1) (C). RFU, relative
fluorescence unit; bp, fragment length as base pairs; MSS, microsatellite stable; Tm, melting temperature; MSI-H, microsatellite instability-high.
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shortening of only a single nucleotide in BAT25 (Fig.
2C) and a Tm shift of �2° C in melting point analysis
(Fig. 2B). In this case, detection of BAT25 instability
was more evident with melting point analysis than with
automatic fragment analysis. As observed in some
samples, the accuracy of Tm determination might be
further improved by diminishing the rate of tempera-
ture increase in the melting point analysis step from
0.2° C/second to 0.05° C/second. All tumors with
MSS in conventional fragment analyses had the same
melting points as the normal tissue.

Microsatellite melting point analysis allows a fast
microsatellite analysis of the two most sensitive and
specific markers for MSI detection in colorectal can-
cer. Because MSI-H is defined as at least two unstable
microsatellites from five markers (Boland et al, 1998;
Dietmaier et al, 1997), this LightCycler-based micro-
satellite PCR technique can rapidly detect MSI-H in
most colorectal tumors. Furthermore, this technique
avoids the need of time-consuming DNA fragment
analysis by electrophoresis and can detect MSI repro-
ducibly, accurately, sensitively, and specifically. Thus,
microsatellite melting point analysis allows MSI detec-
tion within 1 hour, starting with PCR setup, and is an
ideal technique for high throughput MSI screening
analyses.
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