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Microsatellite instability in early onset and
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Abstract
Hereditary non-polyposis colorectal can-

cer syndrome (HNPCC) is often con-
sidered to be the most common form of
inherited colorectal cancer, although its
precise incidence is unknown. The clinical
diagnosis of HNPCC relies on a com-

bination of family history and young age
of onset of colorectal cancer, but as many
familial aggregations of colorectal cancer

do not fulfil the strict diagnostic criteria,
HNPCC might be underdiagnosed. The
majority of HNPCC families have germ-
line mutations in mismatch repair (MMR)
genes, such as MSH2 or MLH1, so that
HNPCC cancers characteristically exhibit
DNA replication errors (RERs) at micro-
satellite loci. Although an RER positive
phenotype in tumours can also result from
somatic mutations in an MMR gene, the
prevalence ofRER+ tumours should pro-

vide a maximum estimate ofthe incidence
of germline MMR gene mutations in
patients with early onset and familial colo-
rectal cancer. We investigated colorectal
cancers for RERs from (1) a population
based study of 33 patients with colorectal
cancer aged 45 years or less, (2) 65 kindreds
with familial colorectal cancer which only
partially fulfilled the criteria for the diag-
nosis of HNPCC, and (3) 18 cancers from
12 HNPCC kindreds. Seven of 33 patients
(21%) with colorectal cancer aged 45 years

or less had an RER+ cancer, with only
two of these having a clear family history
ofHNPCC. A greater proportion ofRER+
tumours (5/7) occurred proximal to the
splenic flexure than RER- tumours (4/26;
x2=6.14, p<O.025). RERs were detected in
all 18 cancers from HNPCC patients but
in only six of65 non-HNPCC familial colo-
rectal cancer kindreds (9%; x2 = 52.2,
p<0.0005). These findings suggest that
most cancers in patients diagnosed at 45
years of age or less and familial ag-

gregations of colorectal cancer which do
not fulfil HNPCC diagnostic criteria do
not have germline mutations in MSH2 and
MLH1. Hence population screening for
germline mutations in these genes is un-

likely to be an efficient strategy for iden-
tifying people at high risk of developing
colorectal cancer.

( Med Genet 1996;33:981-985)
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Colorectal cancer is a leading cause of cancer
related death and genetic factors are important
determinants ofcolorectal cancer susceptibility.
Segregation analysis suggests that approxi-
mately 5% of cases can be attributed to high
penetrance single gene effects and a further
10-15% may result from polygenic effects.`3
Germline mutations in the APC gene and in
certain DNA mismatch repair (MMR) genes
can both cause familial colorectal cancer. APC
gene mutations produce classical or attenuated
familial polyposis coli, but these disorders ac-
count for only about 1% of all colorectal
cancers.45 Mutations in MMR genes, prin-
cipally MSH2 and MLH1 but also PMS 1 and
PMS2, cause hereditary non-polyposis colo-
rectal cancer syndrome (HNPCC)."'0 The pre-
cise incidence of HNPCC is uncertain and
estimates ofthe population frequency vary from
1 in 200 to 1 in 2000. These estimates reflect
variability in the age at onset of colorectal
cancer in HNPCC and the diagnostic diffi-
culties posed by the absence of a distinctive
clinical phenotype. The most widely used diag-
nostic criteria for HNPCC," the "Amsterdam
criteria", require that there should be (1) three
or more family members with histologically
verified colorectal cancer, (2) with one member
being a first degree relative of the other two;
(3) that at least one case should have been
diagnosed before the age of 50 years; and (4)
that two or more generations are involved.
Although it appears that most families satisfying
these criteria will have germline MSH2 or
MLH 1 mutations,"-" most cases of familial
colorectal cancer seen in family cancer clinics
only partially fulfil these criteria.18 In a popu-
lation based series of 1100 consecutive colo-
rectal cancer patients, 10% of cases had a first
degree relative with colorectal cancer, but only
0.4% of all cases fulfilled the HNPCC diag-
nostic criteria (Evans et al, in preparation). It
is not clear if the current HNPCC diagnostic
criteria are overly restrictive and exclude large
numbers of families or early onset cases who will
have germline MMR gene mutations. Cancers
from HNPCC patients with MMR gene mut-
ations characteristically displayDNA replication
errors (RERs). 9 We therefore examined cancers
from a population based series of patients with
early onset colorectal cancer (45 years or less)
and in families which only partially satisfy the
Amsterdam HNPCC criteria for evidence of
RERs. Our results suggest that most cancers
from the above groups ofpatients do not exhibit
the RER phenotype, implying that they are
unlikely to have germline mutations of the mis-
match repair genes MSH2 and MLH1.
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Materials and methods
PATIENT SELECTION
Colorectal cancers from patients with early
onset colorectal cancer and familial colorectal
cancer were examined for RERs. Patients with
early onset colorectal cancer (<45 years) were
identified from population based surveys in
north west and eastern England. Appropriate
pathological material was available for 33 ran-
domly ascertained cases.
To investigate the genetic epidemiology of

familial colorectal cancer the records of all
patients with colorectal cancer attending the
Family Cancer Clinics in East Anglia were
reviewed and HNPCC was diagnosed ac-
cording to the Amsterdam criteria." Patho-
logical material for RER analysis was available
for 18 subjects from 12 HNPCC families and
76 subjects from 65 non-HNPCC familial colo-
rectal cancer kindreds. Each of the 65 non-
HNPCC families contained two or more rel-
atives with colorectal cancer but only partially
satisfied the HNPCC diagnostic criteria. In
72% (47/65) of these kindreds, the probands
had first degree relatives with colorectal cancers
and, within this group, there was at least one
affected person diagnosed below 50 years in
16 kindreds; 7/65 kindreds had a first degree
relative with a HNPCC related cancer (en-
dometrial, ovarian, or urothelial).

PREPARATION OF PATHOLOGICAL MATERIAL
DNA was extracted from both frozen tumours
and paraffin embedded formalin fixed samples.
The former was performed using the Puregene
Kit (Gentra Systems Inc, Flowgen Instruments
Ltd, Sittingbourne, Kent). The latter involved
microdissection to remove non-neoplastic tis-
sue from 5,um unstained paraffin block sections
oftumour, using an adjacent haematoxylin and
eosin stained serial section as a guiding tem-
plate. Extraction of DNA was then performed
by deparaffinisation in xylene and ethanol, fol-
lowed by digestion with Proteinase K (Sigma-
Aldrich Company Ltd, Poole, Dorset) in
extraction buffer at 550C overnight, and sub-
sequent inactivation of the enzyme at 950C.
PCR was performed directly on an aliquot of
this digest. DNA from blood leucocytes was
extracted by standard methods.

MOLECULAR GENETIC ANALYSIS
To determine microsatellite instability, DNA
from both normal and tumour tissue was geno-
typed with microsatellite markers D2S 123,
D3S 1076, D5S404, LNSCA, D8S255,
DlOS197, D13S175, D17S795, or
DXS43.2024 These primers produced frag-
ments up to 250 base pairs in length. Amp-
lifications were performed with 32P-ATP as
described previously.'4 Each sample pair con-
sisted of carcinoma and normal DNA. Con-
ditions used for PCR varied for each primer
pair and the PCR products were separated in
6% denaturing polyacrylamide gels and sub-
jected to autoradiography.

Five loci were typed initially and unequivocal
results were obtained in most cases, with

Table 1 Details of RER+ and RER- tumours in
patients with colorectal cancer aged 45 years or less

RER+ RER-

Age at diagnosis, mean (SD) 38.0 (3.6) 39.7 (4.6)
Multiple primaries 1/7 0/23
Site: proximal:distal to splenic

flexure 5:2 4:22
Size (cm) 4.7 (2.3) 3.95 (1.3)
Lymph node involvement 2/6 13/23

tumours being classified as RER positive (two
or more of five markers showing microsatellite
instability) or RER negative (none of five
markers). In four of the familial cases, tumours
were unstable at only one of five markers and
were then tested with four additional markers
with no further instability detected.

Results
HNPCC KINDREDS
All 18 cancers from 12 HNPCC families
showed DNA-RERs at two or more of five
loci tested. For 10 cancers from six families,
previous studies had shown a germline MMR
gene mutation25 and another five cancers were
from four families linked to MSH2 or MLH 1.'4

EARLY ONSET COLORECTAL CANCER
Overall, microsatellite instability was detected
in seven of 33 (21%) colorectal cancers of
patients aged 45 years or less at diagnosis.

Seven of the patients tested had developed
colorectal cancer aged 35 years or less, and
three of these had inflammatory bowel disease
(two ulcerative colitis, one Crohn's disease);
none of these three tumours displayed RERs.
Of the remaining four patients, one showed an

Figure 1 Microsatellite instability at the D2S123 locus in
tumours from two familial colorectal cancer cases (No 70
on left and No 67 on right). Additional alleles indicated
by arrows. N= normal colonic epithelium, T= colorectal
cancer.
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Family 2 r

/C37 / C47,47

Family 3 Family 6
No 76
RER-

/ C51
No 40
RER-

Figure 2 Partial pedigrees of the six families with patients with RER+ tumours. Filled
symbols = subjects affected by colorectal cancer, partially filled symbols = other significant
feature. C54= colorectal cancer age 54, Ov = ovarian cancer, AP= adenomatous colonic
polyp, L =liver cancer (?primary or secondary). Arrows indicate which patients for which
RER status was determined and cancer numbers are indicated (for example, No 76). All
cancers were RER+ except for Nos 76 and 40 in families 5 and 6 respectively.

RER+ phenotype; this was a 31 year old male
with no family history of cancer.
Of the 26 people diagnosed between 36 and

45 years of age, six had RER+ tumours, with
only two cases being associated with a family
history of HNPCC. Of the remaining four
RER+ cases, only one had a family history of
cancer, two had no family history of cancer,
and one was adopted with no available clinical
details.

Clinical and histopathological characteristics
ofRER+ and RER- cases were similar (table
1) except that most RER+ cancers were prox-

imal to the splenic flexure (5/7 v 4/26 RER-
tumours; X2= 6.14, p<0.025).

FAMILIAL COLORECTAL CANCER
Cancers from only seven patients from six of
the 65 non-HNPCC familial colorectal cancer
kindreds were RER+ (fig 1; X2 = 52.2,
p<0.0005 compared to HNPCC). The fre-
quency of RER+ cancers did not differ be-
tween those kindreds in which all affected
subjects were aged >50 years (3/37) and those
containing a person affected <50 years of age
(3/28). The mean age at diagnosis of RER+
and RER- cancers was similar (53.8, SD 15. 1,
and 56.9, SD 13.2, respectively), but RER+
tumours were more frequently situated prox-

imal to the splenic flexure (7/7 compared to

17/63 ofRER- tumours for which information
was available) and were larger than RER-
cancers (5.8 cm, SD 1.6, in length v 4.2, SD
1.5 cm, respectively).
The family histories of the six kindreds con-

tainingRER+ tumours were reviewed in detail,
and partial pedigrees (to preserve con-
fidentiality) are shown in fig 2. In families 1
and 2, the probands (Nos 7 and 66) had early
onset cancer and the family history is suggestive
ofHNPCC even though they do not satisfy the
strict criteria. For the other four families the
RER+ cancer was from a person aged >50
years at diagnosis and might have resulted from
somatic MMR gene mutations only. This is
likely to be the case in families 5 and 6 in which
the RER+ phenotype was not consistent.

In addition to the six kindreds with RER+
tumours, four cancers showed RERs at only
one of the five loci initially tested. Two cancers
were from patients with late onset tumours (61
and 77 years respectively) and two with early
onset tumours (No 49 at 35 years and No 62
at 28 years). RERs were detected at only one
of nine loci in the cancer from No 49 and the
cancer from the proband's mother (diagnosed
aged 51 years) was RER-. The father of No
62 had colorectal cancer aged 72 years, but
there was no other family history of colorectal
cancer.

Discussion
We have investigated the frequency of micro-
satellite instability in the tumours from a popu-
lation based series of young onset colorectal
cancer patients and in familial colorectal cancer
kindreds ascertained through a family cancer
clinic. The incidence of clinically diagnosed
cases of HNPCC in our young onset patients
(2/33) is similar to that reported by Hall et al'8
in a comparable group (5/65), suggesting that
our study group was representative. Defective
DNA mismatch repair resulting in DNA RERs
requires inactivation ofboth alleles ofanMMR
gene. These mutations might be germline and
somatic in HNPCC cancers or somatic only in
sporadic cancers. Thus, although the iden-
tification of an RER+ cancer is not specific
for a germline MMR gene mutation, the de-
tection of RERs is likely to be a sensitive
screening method for HNPCC cancers as
microsatellite instability was identified in all
the HNPCC tumours we tested. Hence the
frequency of RER+ tumours can provide a
maximum incidence for the incidence of germ-
line MMR gene mutations in the populations
studied. Our results suggest that germline
MSH2 and MLH1 gene mutations account for
only a minority ofearly onset and non-HNPCC
familial colorectal cancer.
Liu et al26 have also investigated the fre-

quency of RER+ cancers in early onset cases
without a family history of HNPCC. They
found that almost 60% of patients with colo-
rectal cancer aged 35 years or less had RER+
tumours. Familial cancers have (on average)
an earlier age at onset than sporadic cases and
intuitively we might expect that many patients
with early onset RER+ colorectal cancers
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would have germline MMR gene mutations,
even in the absence of a family history of
HNPCC. We found that among cases diag-
nosed from 36 to 45 years of age, six of 26 had
RER+ tumours but only two of these had a
family history ofHNPCC so that the incidence
ofRER+ tumours in patients affected between
36 and 45 years of age without a family history
of HNPCC was 17% (4/24) compared to 5%
(1/20) of a comparable group investigated by
Liu et al.26 Combining the results of the present
study and that of Liu et al,26 54% of non-
HNPCC patients with colorectal cancer aged
35 years or less have RER+ cancers, and 11%
of cases affected between 36 and 45 years of
age. Liu et a126 identified a germline MMR gene
mutation in five of 12 patients with RER+
cancer aged <35 years. Current RNA based
diagnostic methods can only detect mutations
in 50% ofHNPCC kindreds.25 In the absence
of available RNA we have not been able to
confirm that our early onset cases with RER+
tumours have MMR gene mutations, but the
results of Liu et al26 suggest that this will be so.
Patients with colorectal cancers with an age of
onset at 35 years or less account for only
- 0.6% and those aged 36 to 45 years account
for - 2.3% of all cases of colorectal cancer.
Thus, although the identification of patients
with germline MMR gene mutations in the
absence of a family history is important, with
the exception of patients with a very early age
at onset, most young colorectal cancer patients
without a family history ofHNPCC are unlikely
to have germline MMR gene mutations.
The identification of HNPCC kindreds by

finding RER+ tumours in young onset patients
confirms the usefulness of analysis of tumour
microsatellite instability in the diagnosis of
HNPCC. Our results suggest that, in our popu-
lation, most patients with clinically diagnosed
HNPCC will have germline MMR gene mut-
ations (all HNPCC cancers were RER +) and
that overdiagnosis of HNPCC is uncommon.
Our results differ from those reported by Jass
et al,27 who (using a less strict definition for
an RER+ tumour) found that only 12 of 19
HNPCC kindreds from New Zealand were
RER+. In their study, RER- HNPCC famil-
ies were smaller than RER+ kindreds, and the
overdiagnosis ofHNPCC using the Amsterdam
criteria in New Zealand may reflect the high
incidence of colorectal cancer in New Zealand
and the presence of phenocopies within their
families. Our results do not suggest that the
application of the Amsterdam criteria results
in widespread underdiagnosis of HNPCC in
England, but formal clinical recognition of
small HNPCC families would be enhanced
by incorporating the presence of early onset
HNPCC associated extracolonic cancers (for
example, uterine, ovarian, and urothelial) into
the diagnostic criteria. Similarly, the presence
of proximal tumours is strongly associated with
HNPCC. Testing cancers for RER status can
help to resolve HNPCC diagnostic difficulties
and to target people with early onset and fa-
milial colorectal cancer who should be screened
for germline MMR gene mutations. Never-
theless, we found that most families with non-

HNPCC familial colorectal cancer do not have
the RER+ phenotype indicative ofMMR gene
mutations. Most HNPCC families have MSH2
or MLH1 mutations and mutations in these
genes produce DNA replication errors which
are most readily detected by simple di-
nucleotide repeat polymorphisms as used in
this study. Mutations in other components of
the mismatch repair system (for example, the
GTBP gene) might produce DNA RERs which
would be detected more readily by other types
of repeat sequences (for example, mono- or
trinucleotide repeats).2829 However, cancers
with a low level of RERs were infrequent in
our study and Jass et al,27 who used less strict
criteria for the diagnosis of RER+ tumours
(microsatellite instability at one or more of six
loci) also found that underdiagnosis of
HNPCC was infrequent. This leads us to con-
clude that only a minority of non-HNPCC
colorectal cancer susceptibility is accounted for
by MMR gene mutations. Furthermore, the
low frequency of large HNPCC kindreds with
RER- tumours may suggest that many small
familial clusters of colorectal cancer result from
polygenic effects, rather than highly penetrant
monogenic disorders. Only six out of65 familial
clusters in our study were RER +, suggesting
a maximal HNPCC incidence of only 8% in
such kindreds. This equates to a low overall
frequency of HNPCC in sporadic colorectal
cancer and implies that the Amsterdam criteria,
at least in the UK, are appropriate for clas-
sification. The isolation of MSH2 and MLH1
has led to suggestions that widespread DNA
testing for germline MMR gene mutations
could be imminent, but our present findings
suggest that MMR gene mutations are likely
to be rare in the general population and that
mutation analysis in non-HNPCC families
should be preceded by an initial analysis for
RERs in cancers and polyps.
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