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Abstract

Background: Hereditary non-polyposis colorectal cancer
(HNPCC) is an autosomal dominant tumor syndrome
predisposing to predominantly colorectal and endome-
trial cancer. In 90% of the cases, molecular analyses
reveal microsatellite instabilities due to germline muta-
tions in DNA mismatch repair (MMR) genes, mainly
MILH1, MSH2, among these tumors.

Patients and Methods: Tumors from 40 HNPCC index pa-
tients (31 Amsterdam positive, 9 Bethesda positive; 21
females, 19 males; mean age 48.0 £ 13.2 years) were ex-
amined. In contrast to the classical constellation, their
tumors revealed only a microsatellite stable (MSS, n =
31) - or low instable (MSI-L, n = 9) - tumor phenotype
following the international reference panel of 5 micro-
satellites. No MLH1 and MSH2 mutations were detect-
able. Complementary microsatellites (BAT40, D10S197,
D13S153, D18S58, MYCL1) were investigated by PCR
and fragment analysis to find other instabilities which
might hint to the MIN-pathway of the tumors.

Results: Due to ten microsatellites in total tumors were
now reclassified in 4 MSI-H (10%), 24 MSI-L (60%)
and 12 in MSS (30%) phenotypes. The mean age of
onset for CRCs was the lowest in the MSI-H group
with 45.7 + 9.6 years (vs. 48.7 £ 14.3 and 49.0 + 129
years in MSI-L. and MSS group). MSI-H-and MSI-L
tumors were often localized in the proximal colon (50
and 52%), whereas MSS tumors were preferentially lo-
calized in the distal colon (77%).

Conclusion: Complementary microsatellites help to sub-
dive “non-classical” HNPCC in subgroups with differ-
ent clinical appearance. It allows to detect occult MSI-
H tumors with up to 10% and to confirm MSS tumors
who seem to have a similar biological behaviour like
sporadic CRC. Maybe that this genetic reclassification
influence the decision of whether to offer patients
chemotherapy or not, since it is known that patients
with instable tumors do not benefit from chemothera-
py as well as patients with microsatellite stable tumors.
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INTRODUCTION

Hereditary non-polyposis colorectal cancer (HNPCC),
known as an autosomal dominant tumor syndrome
characterized by eatly onset of colorectal, particularly

right-sided, cancer, occurs with an incidence of up to
5% of all colorectal carcinomas (CRC) [1]. Most of
these tumors show a typical genetic instability in simple
genomic sequences, so-called microsatellites, due to
germline mutations within the DNA mismatch repair
(MMR) genes, mainly MSH2, MLH1, and MSH6 [2-5].

These MMR gene mutations preferentially occur in
cases of microsatellite instability with at least two out
of five markers (40%, so called MSI-high phenotype,
MSI-H), whereas they have rarely been found in indi-
viduals with only one or none of these five markers,
defined as MSI-low (MSI-L) or microsatellite stable
(MSS) phenotype [6, 7]. The Amsterdam criteria (AC)
as clinical identification features are known to have the
highest predictive value for the detection of these ge-
netic alterations [8§].

The aim of our study was to investigate tumors of
patients fulfilling the clinical criteria for a HNPCC
syndrome (mostly Amsterdam positive) in whom the
established microsatellite and mutation as well as im-
munhistochemical analyses did not reveal the genetic
alterations.

PATIENTS AND METHODS
PATIENTS

Among 249 patients who are documented in our ge-
netic database with a family history of HNPCC we se-
lected 40 patients (31 patients fulfilling the Amster-
dam and 9 fulfilling the Bethesda criteria) [6, 9]. In
routine testing, their corresponding tumors were ana-
lyzed with five markers of the international reference
panel (BAT25, BAT26, D5S346, D2S123, D17S250)
and were judged to be only MSS or MSI-L phenotype.
Immunohistochemistry and mutation analysis for
MILH1 and MSH2 did not reveal a loss of expression
of the corresponding protein nor a disease causing
mutation in these tumots.

TUMORS

Tumors were judged macroscopically and microscopi-
cally including histologic examination (hematoxylin
and ecosin staining). They were staged following the
TNM classification and were graded in regard to their
differentiation (G1-4).
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DNA EXTRACTION

DNA was extracted from tumor blocks by proteinase
K digestion followed by repeated ethanol precipitation
with gradual declining ethanol concentrations [10] us-
ing the QIAmp Tissue Kit (Quiagen, Hilden, Ger-
many). From the same patients DNA was isolated out
of peripheral blood leucocytes by using standard
methods. Purified DNA was then quantified spec-
trophotometrically before polymerase chain reaction

(PCR).
POLYMERASE CHAIN REACTION

Five complementary microsatellite markers (BATA40,
D10S197, D13S153, D18S58 and MYCL1) were cho-
sen as described [11, 12]. One member of each primer
pair was labeled with a fluorescent dye to permit de-
tection by using an automated fluorescent DNA frag-
menting apparatus.

Polymerase chain reaction was performed in a final
volume of 20 ml containing 100 ng DNA, 10 x PCR
buffer, 20 pM of each ANTP, 3 mM Mg2*, 30 pmol of
each primer and 1 U of Taq DNA polymerase (Master
Mix, Quiagen, Hilden, Germany). The DNA was am-
plified in a thermocycler (Biometra, Goéttingen, Ger-
many) using a hot-start approach. PCR initially dena-
tured at 94 °C for 30 seconds, annealed at 55 °C for 25
seconds for BAT40 and MYCL1, at 58°C for 25 sec-
onds for D10S197, D135153 and D18S58, with exten-
sion at 72°C for 1 minute. The final extension after 35
cycles was performed at 72°C for 5 minutes and was
followed by cooling to 4°C. Amplification products
were visualized by ethidium bromide staining in a
1.5% agarose gel electrophoresis.

FRAGMENT ANALYSIS

PCR products were analyzed by a polyacrylamide/for-
mamide gel electrophoresis in a sequencing gel cham-
ber (ABI PRISM 377 Genetic Analyzer). Analysis was
performed by a special software (PE Applied Biosys-
tems) and included determination of the length of the
PCR products and the height of the peaks. Amplifica-
tion products ranged between 80 - 230 base paits.

MSI was defined by the presence of novel bands or
a band shift following PCR amplification of tumor
DNA, which were not present in PCR products of the
corresponding normal DNA.

INTERPRETATION OF MSI-PHENOTYPES

A tumor was considered as having an MSI-H pheno-
type if at least four out of ten markers (40%) exhibited
band size shifts. Samples were qualified as MSI-L phe-
notype if only up to three markers demonstrated ge-
netic alteration. Tumors without band shifts were re-
classified as microsatellite stable (MSS).

MUTATION ANALYSIS FOR MSH2 AND MLH1
All exons of the MLLH1 and MSH2 genes were ampli-

fied using primers published previously [13, 14] with a
touch down PCR-program: 94 °C for 5 min and first
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annealing at 63°C for 30 sec, then a progressive de-
crease of the annealing temperature by 1°C each cycle
until the lowest annealing temperature of 50°C, fol-
lowed by synthesis at 72°C for 30 sec and then denat-
uration at 94 °C for 30 sec with another 15 cycles at an
annealing temperatutre of 50°C.

DHPLC analysis was carried out on an automated
DHPLC device equipped with a DNA separation col-
umn (WAVE: Transgenomic, San Jose, California,
USA). Four to seven ml of each PCR product (con-
taining 50-100 ng of DNA) was denatured at 95°C for
3 min. The DNA strands were gradually reannealed by
decreasing the sample temperature from 95°C to
65°C over a period of 30 min. PCR products wete
then separated through a linear acetonitrile gradient
(flow rate 0.9 ml/min). The column mobile phase con-
sisted of a mixture of 0.1 M triethylamine acetate (pH
7.0) with (buffer B) or without (buffer A) 25% ace-
tonitrile. Gradient parameters were determined based
on the size and G-C content of the amplicon. General-
ly, analysis took approximately 7 min, including col-
umn regeneration and re-equilibration to starting con-
ditions. The temperature for the successful resolution
of heteroduplex molecules was determined by running
fragment -specific melting curves and by using the
DHPLC melting algorithm WAVE-MAKER of the
wave instrument. Melting curves were determined as
follows: the elution time of a specific fragment was de-
termined under standard conditions. This specific gra-
dient was then tested with the same PCR product and
temperatures ranging from 48 °C to 70°C, and the re-
tention time versus temperature was plotted to yield a
fragment-specific melting curve. These combined

results revealed an analysis temperature for each
melting domain of the fragment which is optimal for
80-90% of the a-helical fraction of each domain.

IMMUNOHISTOCHEMISTRY FOR MSH2 AND MLH1.

MSH2: Monoclonal mouse anti-human MSH2-anti-
body (Calbiochem Oncogene Research Products, Hei-
delberg, Germany) was used at a solution of 1:200. 2-
um sections of the paraffin-embedded, formalin-fixed
tissue blocks were pretreated by microwaving with tar-
get unmasking fluid (TUE, DAKO, Hamburg, Ger-
many) for 15 min at high power. The tissue was then
incubated with the primary antibody overnight at 4 °C.
Staining was visualized using avidin-biotin complex
(Vectastain Elite ABC-Kit, Vektor Labs, Wertheim-
Buettingen, Germany) with 3-amino-9-ethyl-carbazol
(AEC, Sigma, St. Louis, MO, USA) and counterstain-
ing was performed with hematoxylin.

MLHT1: Monoclonal mouse anti-human MLH1-anti-
body (Zymed, Betlin, Germany) was used at a dilution
of 1:80. Pretreatment was done by microwaving with
target unmasking fluid (TUF, DAKO, Hamburg, Ger-
many) for 30 min at high power. Incubation was per-
formed overnight at room temperature, visualization
was carried out using Envision+ peroxidase complex
(DAKO, Hamburg, Germany) with AEC.

The staining pattern for both antibodies was nu-
clear. A negative staining reaction in tumor cells was
only regarded as a loss of protein expression in the
presence of a positive staining reaction in stromal
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cells and lymphocytes which served as internal con-
trols. Specificity of staining was verified by replace-
ment of the primary antibody with the mouse IgG
isotype (Southern Biotechnology Associates INC.,
Birmingham, GB) resulting in a negative staining reac-
ton.

RESULTS

The 40 HNPCC index patients (31 Amsterdam posi-
tive, 9 Bethesda positive; 21 females, 19 males) had a
mean age of 48.0 + 13.2 years. The extended marker
panel included one mono-A-run (BAT40), three di-
nucleotide repeats (D10S197, D13S153 and D18S58)
and one tetra-nucleotide repeat (MYCLL1).

The extended microsatellite analysis revealed 52 in-
stabilities out of 200 analyses, in total.

As examples Fig. 1a/b and 2 a/b show the settings
for the marker D18S58 and MYCL1 with a stable
and instable status with additional bands in the tumor
DNA, respectively. The distribution of stabilities and
instabilities of the 5 microsatellites are given in Fig, 3.
From the originally diagnosed 31 MSS and 9 MSI-L
tumors an extended marker panel led to a reclassififi-
cation with 12 MSS (30%), 24 MSI-L (60%) and even
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4 MSI-H (10%) tumors. All MSI-H tumors came
from Amsterdam positive families.

The mean age of onset for CRCs was the lowest in
the MSI-H group with 45.7 + 9.6 years compared to
48.7 £ 14.3 and 49.0 £ 12.9 years in the MSI-L -and
MSS group.

MSI-H-and MSI-L tumors wetre often localized in
the proximal colon (50 and 52%), whereas MSS tu-
mors were preferentially localized in the distal colon
(77%) (Fig.4).

DiscussioN

Following the recommendation of the International
Collaborative Group (ICG on HNPCC) [6], we first
examined the reference panel of five microsatellite
markers in 249 patients with a familiy history of HN-
PCC. Among them we selected a group of 40 patients,
31 fulfilling the Amsterdam, 9 fulfilling the Bethesda
criteria, who did not reveal neither the expected high
graded microsatellite instability nor a mutation in the
most commonly affected MMR genes MSH2 and
MLHI1.

To reconfirm the MSS status or to reveal putative
instabilities in other than the recommended markers,
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Fig. 1. Microsatellite analyses: Lanes above
represent the normal DNA, lanes below the
corresponding tumor DNA, respectively. a)
D18S58 (dinucleotid repeat): stable; &)
D18S58: additional bands in the tumor
b DNA, instable.
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we performed an extended microsatellite analysis with
one mono-(BAT40), three di-(D10S197, D138153,
D18S58), and one tetranucleotide (MYCL1) repeat.
These five microsatellites were chosen since they had
been shown to be also useful in HNPCC screening
[11]. Among them, especially MYCL1 has been shown
to have a relatively high instability rate.

Due to the extended panel of five additional mi-
crosatellite markers 4 tumors now revealed an MSI-H

Fig. 2. Microsatellite analyses: Lanes above represent
the normal DNA, lanes below the corresponding tu-
mor DNA, respectively. @) MYCL1 (tetranucleotid):
stable. ) MYCL1: an additional band in the tumor

b DNA, instable.
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Fig.3. Distribution of instability (MSI) and stability
(MSS) of each additional microsatellite marker
among the 40 MMR gene mutation-negative HN-
PCC tumors.

phenotype, which, in combination with a positive fam-
ily history, is a very strong sign for cancerogenesis fol-
lowing the MIN-pathway.

Furthermore, 24 tumors could be reclassified as
MSI-L phenotype (60%). Interestingly, this group
included 6 tumors (15%) with three instable markers.
Since recently published studies qualified already
tumors with 30% of instable markers as MSI-H
tumors [15], the number of our detected MSI-H
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Fig. 4. The distribution of CRC localization in dependence on
the reclassified MSI-status of the 40 mutation-negative HN-
PCC tumors.

phenotypes would increase to 10 cases in total
(25%).

With the extended marker panel of microsatellites,
12 tumors were reconfirmed as MSS phenotypes (30%).
Their preferential tumor localization in the distal colon
hints to a similar biologic behavior to that of sporadic
CRC, which are known to be predominantly localized
in the distal colon. This supports data of recent com-
parative studies on HNPCC patients with and without
detectable MMR gene mutations [16-19]. Among the
mutation negative patients, the authors described a ma-
jor subgroup with a later age of onset, an abundance of
distal colorectal cancer and fewer HNPCC-related can-
cers. These tumors may follow the CIN- instead of the
MIN-pathway, what we already supposed due to our
own recent study on a smaller group of MMR gene
mutation negative patients [12]. Maybe that this genetic
reclassification influence the decision of the clinicians
of whether to offer patients chemotherapy or not,
since it is known that patients with instable tumors do
not benefit from chemotherapy as well as patients with
microsatellite stable tumors [15].

We conclude that MSS or MSI-L phenotypes of
clinically diagnosed HNPCC tumors should not be
considered as an exclusion criterion for complemen-
tary microsatellite analysis in general, above all if the
patients fulfill the strict Amsterdam criteria, which are
known to be the best predictive clinical features |20,
21]. Extended microsatellite analysis helps to identify
“occult” MSI-H tumors, for whom an additional mu-
tation analysis of other MMR genes (MSHO6, PMS1,
MLH3) would be ingenious.
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