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Abstract

The molecular biology section of the Hereditary Non-Polyposis Colo-
rectal Cancer study group—-Germany, instituted a multicenter study to test
the reliability and quality of microsatellite instability (MSI) analysis. Eight
laboratories compared MSI analyses performed on 10 matched pairs of
normal and tumor DNA from patients with colorectal carcinomas. A
variety of techniques were applied to the detection of microsatellite chang-
es: (a) silver and ethidium bromide staining of polyacrylamide gels; (b)
radioactive labeling; and (c) automated fluorescence detection. The iden-
tification of highly unstable tumors and tumors without MSI was achieved
in high concordance. However, the interpretation of the band patterns
resulted in divergent classifications at several microsatellite marker loci
for a large fraction of this tumor/normal panel.

The data on more than 30 primers per case suggest that the enlarge-
ment of the microsatellite panel to more than 10 loci does not influence the
results. In this study, cases with MSI in less than 10% of loci were
classified as microsatellite stable, whereas MSI was diagnosed in cases
with more than 40% of all markers unstable. We propose that a panel of
five microsatellite loci consisting of repeats with different lengths should
be analyzed in an initial analysis. When less than two marker loci display
shifts in the microsatellite bands from tumor DNA, the panel should be
enlarged to include an additional set of five marker loci. The number of
marker loci analyzed as well as the number of unstable marker loci found
should always be identified. These criteria should result in reports of MSI
that are more comparable between studies.

Introduction

Microsatellites are defined as short tandemly repeated sequences
that occur randomly throughout the genome. Many of these micro-
satellite sequences are highly polymorphic between individuals (1).
The length of the repeated motifs ranges from 1 to 6 bases, which can
be iterated several to hundreds of times (1). However, their evolution
and function in the genome is not quite clear. As a result of their
ubiquitous occurrence on all chromosomes, microsatellites have been
used by human geneticists as a method of mapping the genome and to
study the segregation of alleles with respect to suspected inherited

Received 8/5/97; accepted 9/22/97.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

! Presented by the HNPCC Study Group-Germany.

2 To whom requests for reprints should be addressed: T. B.; R. F.: Kimmel Cancer
Institute, Thomas Jefferson University, 233 South 10th Street, Philadelphia, PA 19107.
E-mail: T_Bocker@lac.jci.tju.edu, rfishel@hendrix.jci.tju.edu. J.R. Institut fuer Patholo-
gie, Universitaet Regensburg, Franz-Josef-Strauss-Allee, D-93042 Regensburg, Germany.
E-mail: josef.rueschoff @klinik.uni-regensburg.de.

diseases. During the last 4 years, however, somatic MSI® has also
been detected in a variety of tumors (2). Alterations in the length of
the microsatellite alleles in tumor DNA compared to constitutive
DNA from the same patient can be detected by PCR and visualized
with different techniques (3, 4).

MSI is especially evident in tumors from patients with HNPCC,
where it is found in approximately 90% of cases (5). In addition,
sporadic colorectal carcinomas display this phenomenon in approxi-
mately 15-30% of cases (6, 7). However, it is the absence of MSI that
is a valuable predictor for the absence of HNPCC because alteration
of the human mismatch repair genes has been found to be responsible
for the MSI of these HNPCC tumors (8). It has been proposed that it
is the loss of mismatch repair function that results in an inability to
recognize slip-mispaired intermediates that ultimately result in MSI
(9, 10). At present, the diagnosis of the HNPCC syndrome implies the
sequencing of up to four mismatch repair genes, which is a time- and
cost-consuming procedure. Microsatellite analysis can be used as an
initial screening method before the mismatch repair genes themselves
are analyzed for germ-line mutations. It must be emphasized that the
finding of MSI is not sufficient for the diagnosis of HNPCC or
hereditary cancer (8).

No consensus exists in how many loci should be analyzed and how
many of them should show alterations to be classified as MSI. A
variety of methods for microsatellite analysis has been established,
and thousands of primer sequences have been published, which can be
used for the amplification of mono-, di-, tri-, tetra- and other oligo-
nucleotide repeats.

The molecular biology section in the HNPCC study group-Ger-
many has attempted to compare different methods for microsatellite
analyses. The goal of these studies was: (a) to compare the reliability
of MSI with respect to the different methodology and interpretation,
performed in different laboratories; (b) to develop parameters for
quality control and to determine whether cases with microsatellite
instability were identified equivalently; and (c) to deduce the minimal
number of loci that must be studied to classify a tumor as highly
unstable or stable.

Materials and Methods

Two sets of five DNAs from colorectal tumors and corresponding normal
colon mucosa were isolated at the Regensburg laboratory from frozen tissue
blocks as described previously (11). Cases with and without MSI, including
cases with instability at single loci, were selected from a prospective series of

3 The abbreviations used are: MSI, microsatellite instability; HNPCC, hereditary
nonpolyposis colorectal carcinoma; MSS, microsatellite stable; LOH, loss of heterozy-
gosity.
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colorectal carcinomas (12). In this study, microdissection was not attempted
because a large amount of DNA was required for distribution to all institutions.
The only information given to the institutions was a case number and the
information “tumor” (T) or “normal” (N), respectively. Independently and
retrospectively to the multicenter study, the tissue expression of hMSH2 and
hMLHI1 was assessed by immunohistochemistry in all of the 10 cases as
described elsewhere (13). All MSS and “low MSI” cases were found to express
both hMSH2 and hMLHI1 in normal and tumor tissue. Of the three cases with
MSI, patients 6 and 7 had lost expression of hMSH2, and patient 4 had lost
expression of hMLH1 in the tumor. Identification of the genetic alteration that
led to loss of expression of these proteins in these respective tumors is under
study.

In the first part of the study, each participant was asked to use the primer
panel and the detection method routinely applied in his laboratory to analyze
five paired colorectal tumor/normal DNA samples. Taken together, the eight
participating laboratories used 33 different microsatellite primer pairs. The
number of individual microsatellite loci analyzed by each participating group
varied from 3 to 8 (Table 1A). The microsatellite locus at D55346 was
analyzed by five groups, whereas D2S/23 and D18534 were each studied by
four groups, and D5582 was examined by three groups. The PCR products
were visualized on polyacrylamide gels by either silver or ethidium bromide
staining (two groups each) or as a radioactive PCR product using *2P-labeled

oligonucleotide primers (two groups). Two additional groups used an auto-
mated DNA sequencer (Applied Biosystems; ALF, Pharmacia). The results
were compared at a meeting where the clinical data were presented as well.

In the second part of the study, the participants were asked to analyze the
microsatellite loci D2S123 and D55346 and a mononucleotide repeat, prefer-
ably BAT2S5, in addition to a microsatellite panel of their choice on a second set
of five paired colorectal tumor/normal DNA samples. In this part of the study,
a maximum of 31 loci was studied (Table 1B). Again, different methods of
visualization were applied: silver staining, ethidium bromide staining, and
32P_labeling (one group each), and automated fluorescent microsatellite anal-
ysis on a DNA sequencer (three groups on either ALF or ABI). In this part of
the study, D2S123 was analyzed in six laboratories, D55346 in five laborato-
ries, and BAT2S5, D18S34, and BAT26 by three groups each. The data were
compared and analyzed at the subsequent meeting of the HNPCC group.

MSI was defined by the presence of novel bands following PCR amplifi-
cation of tumor DNA that were not present in PCR products of the corre-
sponding normal DNA. The individual laboratories classified tumors as MSI if
two or more loci were found to be unstable, and if less than two microsatellite
loci were found to be unstable, the tumor was classified as MSS. When the
same microsatellite locus was examined by more than one group and the
interpretation of the banding pattern was contradictory, these results were not
included in the total analysis.

Table | List of microsatellite loci studied by the different groups in the first and second part of the study.

A. First part of study

B. Second part of study

Locus AY B C D E F G Locus A B C D E F G
DIS543 X
D2S5123 X X X D25123 X X X X X X
D2S134 X D25134 b3
D25136 x
D25177 X D2s177 x
D25299 X
BAT26 X X X
D35966 X
D351298 X
D3Ssi611 X
D5582 X X b3 D5582 X X
D5S107 X X D5S107 X
D5S346 X X X X X D55346 X X X X
D55406 b3
D5Ss617 x
D65442 x
D751824 X
D8S156 x
D551989 X
D9S70 X
D9S156 b3
D9S171 b3 D9s171 x
D10S59 x
DI10S89 X D10S89, Mfd28 b3
D10S197 X DI10S197 b3
D10S2325 b3
D115904 x D115904 X X
K-ras (A), b3
D13S153 X DI135153 X
DI13S175 X
D135289 X
D155152 X
DI5: 635/636 b3
kard. Aktin, Loc. 15qter b3 kard. Aktin. Loc. 15qter b3
D155230 X
DI155643 x
HBAP25 X
TP53(5), X X X TP53(5), X
D175855 X
DI18S34 X X X X D18534, Mfd26 X X X
DI8S35 X DI18S35 X
DI18S69 X
D195246 X
D225345 b3
BAT25 X X X
BAT40 b3
Total” 8 7 4 5 6 8 7 9 4 3 6 8 9 9

“ Letters A to G designate the different participants.

® The boldface “X" highlights microsatellite markers that have been used by more than one laboratory.

“ Indicates the total number of loci studied by the respective groups.
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Table 2 Multicenter analysis of 10 patients’ samples

The number of unstable loci in the total number of loci studied in the respective lab is given. LOHs and loci with questionable instability are not included under MSI for the separate
labs but are listed additionally. Loci with contradictory results concerning MSI are not included in the total count of all participants taken together.

Immunohistochemistry”
Patient no| A? B C D E F G Total % MSI status [ hMSH2 hMLHI
1 0 of 8, 2 LOHs 1 of 7 0of4 Oof 5 0of6 0of7 0of 7 10of 30 33 Stable Pos Pos
2 40f 8 1of7, 0 of 4, 0of 5, 1LOH 0of 6 1of7 l1of 7, 1LOH 20f30 6.7 Stable Pos Pos
1 7LOH 2 LOH
3 Oof 8 0of 7 0of 4 0of 5,1 LOH 0of6 0of8 0of 7 0of 30 0 Stable Pos Pos
4 S5of 8 Tof7 40f4 Sof5 40f6 60f8 Sof 7,1 LOH 21 of 31 67.7 Unstable Pos Neg
5 20f 8 0of 7, 0 of 4, 0of 5 0of 6 1of7, 1LOH Oof 7,1 LOH 10of31 3.2 Stable Pos Pos
2 7LOH 1 LOH
6 9of 9 3of3 30f3 5of 7 60f 8 90of9 9 of 9 27 of 31 87.1 Unstable Neg Pos
7 9 of 9 4 of 4 30f3 2 of 5, Tof8 Sof7 7of9 27 of 30 90 Unstable Neg Pos
1 MSI/LOH
8 0of 9, LOH D5582 0of3 0of 3 0of 7 l1of8 0of9 0of 9 1of29 35 Stable Pos Pos
9 1 of 9, LOH D55346 17? 0of 3 0of 5 0of 8 0of 8 LOH p53, 0of9, LOH 1of29 35 Stable Pos Pos
D18534 DI18534
10 1 of 8, LOH D5582, 0of 4 Oof 3 0 of 6, 0of 8 Oof 8 0 of 9, LOH 1of30 33 Stable Pos Pos
D55346, D8S1989 1 MSI/LOH D55346

“ Pos, positive; Neg, negative.

Microsatellite instability in the different patients (pt) as assessed in the laboratories A through G.

Results

Initial classification of the tumors as MSI and MSS by the different
groups was based on the assignment of tumors with MSI (=2 unstable
loci) or MSS (<2 unstable loci) when the maximum of nine individual
loci were considered by each group. In the evaluation of the data from
all of the participating laboratories comprising a total of at least 29
microsatellite loci, we reclassified tumors as “low” MSI (=2 unstable
loci) and “high” MSI (>2 unstable loci) to further define microsat-
ellite instability. “High” MSI tumors displayed instability at =67.7%
of the loci examined as opposed to <6.7% for MSS tumors (which
contain both “low” MSI and MSS tumors). The retrospective analysis
of the 10 patients’ DNAs with a defined panel of 10 microsatellite
loci, which have been found to be both specific and sensitive in
identifying MSI cases (13), confirmed the correct classification of the
cases. Moreover, immunohistochemistry showed loss of expression in
all high MSI cases (h(MSH2 in patients 7 and 8, hMLHI1 in patient 5),
whereas all low MSI and MSS cases expressed both proteins normally
(Table 2). These observations further substantiate the validity of the
criteria used in this multicenter study. The mononucleotide markers
BAT25 and BAT26 were found to have a high predictive value for
“high” MSI, which has been described previously (13, 14).

In part I as well as in part II of the study, the patients with “high”
MSI of microsatellites were identified accordingly (patients 4, 6, and
7; Table 2). One of the cases appeared completely MSS (patient 3)
with the total of 31 loci analyzed. The rest of the cases displayed one
or two isolated unstable microsatellite and were, therefore, reclassi-
fied as “low” MSI with the total panel of at least 30 loci studied. When
the entire panel of loci (29 to 31 total) was examined, the percentage
of unstable microsatellite loci, disregarding LOHs, never exceeded
6.7% (patient 2) in the “low” MSI cases. Interestingly, several labo-
ratories that only tested three or four microsatellite loci clearly iden-
tified the “high” MSI cases correctly, whereas in the same analysis,
they never appeared to detect the “low” MSI tumors. Furthermore,
those laboratories that did identify “low” MSI found that many of the
singularly MSI-positive microsatellite loci were localized on chromo-
some 5 (D5S346 and D5S82, patient 2; D55406, patient 9; and
D55617, patient 10), and to a lesser extent affected the D115904,
DI18S69, and D10S2325 microsatellite loci. Interestingly, laboratory A
would have inaccurately classified patient 2 as MSI with four unstable
loci in a total of eight loci studied (Table 2). However, two of the
unstable loci were also studied by other participants and were not
found to display MSI. These results exemplify the problem of labo-
ratory evaluation in the determination of MSI.

When comparing the analyses of individual microsatellite loci,
discrepancies between the different laboratories became apparent (Ta-
ble 3). Whereas some microsatellite loci were easily and unambigu-
ously classified (BAT25, D2S123, BAT26, and D115904), the patterns
of other microsatellites appeared more difficult to interpret. One of
these microsatellite loci (D55346), which was analyzed in the major-
ity of laboratories, produced the most divergent results (Fig. 1 and
Table 3). One source of inconsistencies in the interpretation sur-
rounded difficulties in distinguishing between microsatellite instabil-
ity and LOH. LOH has frequently been found at regions with tumor
suppressor genes as APC, Rb, and others and can sometimes be
confounded with MSI, especially if the tissue was not microdissected,
and normal cells may have contaminated the tumor tissue, obscuring
the band pattern(s). In some instances, it may not be possible to
distinguish between MSI and LOH because it is possible that one
allele may shift to the exact length of the other allele as a result of MSI
so that only one allele is visible in the tumor DNA. Such was the case
in patient 5 at locus D55346. Several of the participating institutions
interpreted the band pattern as LOH; others classified it as MSI
because there was MSI on several other loci. One laboratory called it
“MSI or LOH,” and one laboratory did not detect any alterations in the
band pattern (Fig. 1 and Table 3). The ability to quantify alleles using
automated DNA sequencers does not appear to facilitate the differ-
entiation of banding patterns. Furthermore, alternate detection meth-
ods do not appear to explain the variability of the results. These data
indicate that the choice of microsatellite loci is important for accurate
detection of MSL

Discussion

Microsatellites and MSI have been studied for multiple purposes by
geneticists and are being increasingly analyzed in tumor research and
clinical laboratories (2). The technology required for microsatellite
analysis is well suited for clinical laboratories because no high mo-
lecular weight DNA is required. This is an important consideration
because microsatellites are as short as 100-200 bp, such that DNA
extracted from formalin-fixed and paraffin-embedded tissue can eas-
ily be analyzed. Furthermore, the techniques for a PCR-based micro-
satellite analysis are generally simple and do not require more than
routine laboratory equipment plus a thermal cycler and a sequencing
gel electrophoresis unit. Working with radiolabeled material is not
necessarily required. Therefore, these methods are widely applicable.
However, the techniques of microsatellite analysis differ greatly.
These differences include variability in the PCR primer panel used to
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Table 3 Analyses of individual microsatellite loci
Comparison of the results of the microsatellite analyses at identical microsatellite loci
performed in more than two different groups (designated A through G as before). D25123,
Bar26, and BAT25 are not shown, as there are no differences in the interpretations of the
banding pattern in the different laboratories.

A B C D E F G Concordance
Part I
D5 5346
Pt.1 n n n n n 5/5 100%
Pt.2 MSI MSI n MSI  MSI 4/5 80%
Pt.t3 n n n n n 5/5 100%
Pt.4 MSI MSI n MSI n 3/5 60%
Pt.5 MSI LOH /MSI n LOH LOH 4/5 80%
DI18S34
Pt 1 n n n n 4/4 100%
Pt. 2 n n n n 4/4 100%
Pt 3 n LOH n n 3/4 75%
Pt. 4 MSI MSI MSI  MSI 4/4 100%
Pt. S n n ND n 3/3 100%
D5582
Pt.1 n n n 3/3 100%
Pt.2 MSI LOH? LOH 3/3 100%
Pt.3 n n n 3/3 100%
P.4 MSI MSI LOH 3/3 100%
Pt.5 n n n 3/3 100%
Part II
DS S346
Pt.6 MSI ND MSI MSI MSI 4/4 100%
Pt.7 MSI MSI MSI MSI  MSI 5/5 100%
Pt.8 n n n n n 5/5 100%
Pt.t9 LOH n n n n 4/5 80%
Pt.10 LOH n n n LOH 3/5 60%
D18S34
Pt 6 MSI MSI  MSI 3/3 100%
Pt. 7 MSI ND MSI 2/2 100%
Pt 8 LOH n n 2/3 66%
P9 LOH LOH LOH 3/3 100%
Pt. 10 n n n 3/3 100%

a

patient; ND, not done; n, normal.

amplify the microsatellite sequences as well as different methods of
visualization of the PCR products.

To determine the source of potential discrepancies in the techniques
of microsatellite analysis that might be applied to clinical diagnostic
laboratories, the molecular biology section of the HNPCC Study
Group—Germany performed a prospective comparison of microsatel-
lite methodological approaches performed by several laboratories to a
total of 10 pairs of normal and tumor colorectal DNAs. One of the
goals of this study was to assess the minimal number of microsatellite
loci that are required for quality analysis.

Although the classification of tumors as unstable or stable was
concordantly achieved, the analysis of identical microsatellite loci in
different laboratories varied, especially in the first part of the study.
Furthermore, distinguishing between LOH and MSI appeared to be
difficult and even impossible in some cases. However, if a tumor
displays MSI at several loci, it is highly likely that an interpretation of
LOH at a questionable loci might indeed be MSI. Typically, tumors
with MSI do not display the gross chromosomal aberrations and
LOHs that characterize the appellation “suppressor pathway” of car-
cinogenesis, which has led to their designation as resulting from the
“mutator pathway” (15). On the other hand, if there is no MSI at other
loci, the probability of an LOH at a questionable locus would be high
(especially when the locus is in the region of a known or putative
tumor suppressor gene). The use of an automated sequencer may
allow a differential interpretation that is based on the quantitation of
bands. However, this differentiation is only applicable if identical
amounts of DNA were amplified in the PCR reactions using tumor
and normal DNA and the tumor DNA is not contaminated with
normal tissue. In our study, differences in the interpretation of the
banding pattern could not be explained with different detection meth-
ods. Regardless of the use of these rigorous techniques, there will be

tumor samples where no final decision can be established. In most
cases, the diagnostic problems at single loci will not influence the
classification of a tumor as “high” MSI as long as sufficient micro-
satellite loci are studied. Further widespread clinical agreement on a
defined microsatellite panel may also help in this regard (13).

There is disagreement about the minimal number of microsatellite
loci to be studied and how many loci have to display instability to
classify a tumor as MSI. A number of publications have classified
tumors as MSI when as few as one of two loci appeared unstable (16).
A more rigorous definition of MSI demands at least two unstable loci
or instability in greater than 10% of at least seven studied microsat-
ellite loci (17-19). A measure of MSI classification can be garnered
from patient 2 in our study, where MSI was found in 2 of 30 loci.
Considering the high number of total loci studied, these two loci only
account for 6.7% of the microsatellite loci and would thus not be
regarded as MSI. This case underlines the observation that where
multiple microsatellite loci are analyzed, the percentage of unstable
loci is decisive in determining MSI as opposed to an absolute number
of microsatellite loci. A similar conclusion was drawn in a study of 17
Barrett’s-associated esophageal adenocarcinomas, where at least 128
microsatellite loci were analyzed (20). Not a single case was found to
be absolutely free of MSI. However, the authors distinguished be-
tween a low level of MSI in 1-10 loci (0.8 -8.2% of loci studied) and
one case with high instability in 58 of 128 loci (45.3%) Interestingly,
no clinicopathological differences could be demonstrated between
these two groups. Furthermore, tetranucleotide instability was found
more often in cases with low level MSI. This difference was attributed
to a higher baseline mutation rate in tetranucleotide repeats (21),
which may have had a special impact on MSI analysis in that study,
because 82 (59%) tetranucleotide markers were used. Another study
of primary and metastatic colorectal cancers makes a distinction
between MSI in at least one of seven versus at least two of seven
microsatellite loci (22). The cases with MSI at =2 loci clinicopatho-
logically resemble HNPCC, whereas cases with microsatellite insta-
bility in only one locus cannot be distinguished clinicopathologically
from other sporadic tumors with MSS. These authors additionally
observe a higher number of MSI in dinucleotide repeats compared to
pentanucleotide repeats. It is important to note that the mismatch
repair genes have not been analyzed in either of these two studies.

The cases analyzed in this study have been examined by immuno-
staining for the tissue expression of hMSH2 and hMLHI. Interest-
ingly, “high MSI” is accompanied by loss of expression of either
hMSH2 or hMLH1, whereas in tumors classified as MSS or “low
MSIL,” both mismatch repair proteins are always detectable. This
finding underlines the importance of a rigorous definition of MSI for

1 2 3 4 5
NTNTNTNTNT

+ -

Fig. 1. Microsatellite analysis with the D55346 marker visualized by silver nitrate
staining. Patients 2 and 4 display MSI. In patient 5, differentiation between MSI and LOH
was not possible. +, positive control; —, negative control without template DNA.
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the diagnostic relevance for cases with mismatch repair defects,
(although the presence of mutations in the genes still needs to be
confirmed). Recently, it has been shown that the microsatellite marker
BAT26 is a sensitive marker of MSI, even if studied as the one and
only locus (13, 14). Our study confirms that BAT26 was unstable in all
of the “high” MSI tumors; however, high MSI tumors have been
described that do not display instability at the BAT26 locus (13).

MSI at multiple loci has been shown to result from defects in the
mismatch repair genes in colorectal carcinomas and other tumors
related to the HNPCC syndrome (5, 23, 24). However, the cause of
MSI at isolated loci is still unknown. There is a suggestion that some
background instability of microsatellites exists that depends on the
repeat type (21, 25).

Based on our results, we propose that five well-defined microsat-
ellite loci should be analyzed in the first run and five additional
microsatellite loci should be added in cases where less than two loci
display MSI. The microsatellite panel should comprise different re-
peat types. In addition to dinucleotide repeats, mononucleotide repeats
appear extremely informative and easy to interpret (13). The number
of loci analyzed and the number of unstable loci should always be
indicated to make a comparison of data from different laboratories
possible. In the samples presented here, the percentage of loci with
MSI was either =6.7% or =67.7%, which allowed an easy determi-
nation of the microsatellite status. The HNPCC study group—-Germany
proposes that MSI should only be diagnosed if >20% of loci studied
display alterations of the band pattern in a random panel of microsat-
ellite markers with different repeat lengths. With this rigorous defi-
nition, MSI becomes a reliable method to assess the molecular char-
acteristics of tumors and to recommend therapeutic strategies.
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