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Background: Hereditary non-polyposis colorectal cancer (HNPCC) is clinically defined by familial
clustering of colorectal cancer and other associated tumours.
Methods: By thorough molecular and clinical evaluation of 41 families, two different groups were
characterised: group 1, 25 families with truncating mutations in MLH1 or MSH2 (12 novel mutations); and
group 2, 16 Amsterdam positive families without mutations in these genes and without microsatellite
instability in their corresponding tumours.
Results: Significant clinical differences between these two groups were found. Firstly, earlier age of onset
for all colorectal cancers (median 41 v 55 years; p,0.001) and all tumours (median 43 v 56 years;
p = 0.022) was observed, comparing groups 1 and 2. Secondly, 68% of the index colorectal cancers were
localised proximally of the splenic flexure in group 1 compared with 14% in group 2 (p,0.010). Thirdly,
more synchronous and metachronous colorectal (p = 0.017) and extracolorectal tumours (p,0.001) were
found in group 1. Fourthly, a higher colorectal adenoma/carcinoma ratio (p = 0.030) and a tendency
towards more synchronous or metachronous adenomas in group 2 (p = 0.084) was observed, indicating a
slower progression of adenomas to carcinomas. As three mutation negative tumours revealed
chromosomal instability after comparative genomic hybridisation, these tumours may be caused by one
or more highly penetrant disease alleles from the chromosomal instability pathway.
Conclusion: These data show that HNPCC includes at least two entities with clinical and molecular
differences. This will have implications for surveillance programmes and for cancer research.

O
riginally, hereditary non-polyposis colorectal cancer
(HNPCC) described a clinical entity of familial cluster-
ing of colorectal cancer, according to the Amsterdam

criteria. Early onset colorectal cancer with predominantly right
sided tumours, marked lymphocyte infiltration, and a high
synchronous and metachronous tumour risk have been
demonstrated.1–3 Identification of microsatellite instability
(MSI) in a major subset of tumours and later the detection
of germline mutations in DNAmismatch repair genes gave the
impression of HNPCC as a molecularly defined hereditary
tumour entity.4–6 After the introduction of experience based
surveillance programmes, it became obvious that there was a
significant number of families fulfilling the Amsterdam
criteria of HNPCC with neither MSI in their corresponding
tumours nor germline mutations in DNA mismatch repair
genes. Surveillance strategies in these families cannot be
limited to mutation carriers but must be offered to at least all
first degree relatives. Regarding these families with the clinical
HNPCC syndrome but with no molecular features of high
microsatellite instability (MSI-H), it is not yet clear whether
they should be managed in the same way as those families
harbouring a germline mutation in one of their mismatch
repair genes. Amsterdam positive but mutation negative
families very often have been classified as clinical HNPCC
without indicating that this is probably a molecular and
perhaps also a clinically distinct entity harbouring at least two
subgroups: microsatellite stable and microsatellite instable
tumours.
In this study, we present the clinical features of MSI-H

mutation positive compared with mutation negative families

with microsatellite stable tumours meeting the Amsterdam
criteria in order to better describe this subgroup and make
suggestions regarding clinical management and genetic
counselling in these families.

MATERIAL AND METHODS
Patients
Forty one consecutively registered index patients and their
families were included, all fulfilling the Bethesda criteria or
the Muir Torre phenotype, with complete data obtained on
first degree relatives. Twenty five index patients and their
families (106 patients with tumours or colorectal adenomas;
50 females, 56 males) were included with truncating muta-
tions inMLH1 orMSH2, excludingmissense mutations (fig 1).
Sixteen index patients and their families (71 patients with

tumours or colorectal adenomas; 33 females, 38 males) were
included who fulfilled the Amsterdam I (n=14) or
Amsterdam II criteria (n=2) with proven microsatellite
stability, immunohistochemical positivity for mismatch
repair gene expression of MLH1 and MSH2, or negative
mutation screening (denaturing high performance liquid
chromatography (DHPLC)/exon deletion) for MLH1 and
MSH2, and partly MSH6 (fig 2). Patients were recruited by
genetic counselling or from the departments of surgery and

Abbreviations: HNPCC, hereditary non-polyposis colorectal cancer;
CGH, comparative genomic hybridisation; CIN, chromosomal
instability; MSI, microsatellite instability; MSI-H, high microsatellite
instability; DHPLC, denaturing high performance liquid
chromatography; PCR, polymerase chain reaction
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gastroenterology of the Universities of Munich. All patients
gave written informed consent to take part in this study
funded by the German Cancer Aid and approved by the ethics
committees.

DHPLC analysis of MLH1, MSH2, and MSH6
All exons of the MLH1, MSH2, and MSH6 gene were
amplified using primers previously published.7–9 MLH1 and
MSH2 were analysed for all patients whereas MSH6 was
analysed additionally for all patients without mutations in
MLH1 or MSH2.
DHPLC analysis was carried out on an automated DHPLC

device equipped with a DNA separation column (WAVE;
Transgenomic, San Jose, California, USA), as published
previously.7

Deletion screening
Genomic DNA of patients without truncating point muta-
tions was analysed for exon deletions for all exons of
MLH1 and MSH2 using the MLPA kit according to the
manufacturer’s instructions (MRC Holland). Polymerase

chain reaction (PCR) products were run on an ABI 3100
genetic analyser.

Microsatelli te analysis
After microdissection and extraction, mono- and dinucleotide
repeat sequences were used for microsatellite analysis
following standard procedures.10 11 The polymorphic markers
BAT25, BAT26, D2S123, D5S346, and D17S250 were ampli-
fied from tumour DNA and from genomic DNA isolated from
peripheral blood leucocytes of the respective patients. If the
tumours did not reveal a MSI-H phenotype, an extended
marker panel including p53, D7S1824, D18S58, TGFbRII,
MYCL1, and D10S197 was analysed.12 PCR products were run
on an Applied Biosystems 377 DNA sequencer. Samples were
judged as MSI-H showing MSI for at least two of the five or
four out of 10 loci, as MSI-low with MSI at one out of four or
1–3 out of 10 loci, and as microsatellite stable without MSI.

Immunohistochemistry for MLH1, MSH2, and MSH6
Monoclonal mouse antihuman MSH2 antibody (Calbiochem
Oncogene Research Products, Heidelberg, Germany) and

60.0

56 8 4 1 3 1 1 10 0 0 0 0 2 74n

Families with mutations in MLH1

Pe
di

gr
ee

Pa
tie

nt
s

C
C

EC G
C

U
C

SB
C

C
N

S
SC EC PC TC O

EC
PA

C

PE
C

L U
VC

AA
ve

ra
ge

 fa
m

ily
 a

ge
†

A
ge

 o
f o

ns
et
*

A B

33 6 3 0 4 2 2 2 1 1 1 0 0 4 81n
Families with mutations in MSH2

4621

48.13692

42.54583

32.22854

33.73035

38.03836

46.43357

41.03768

49.02769

46.335410

40.338411

43.9411112

/.41113

59.835514

47.345315

45.539416

41.031417

35.030218

41.543219

39.039220

52.045421

/.23122

42.734423

43.245524

40.040325

58.5

52 3 3 0 0 0 0 0 0 0 0 1 1 2 4 20n

Families without mutations

Pe
di

gr
ee

Pa
tie

nt
s

C
C

EC G
C

U
C

SB
C

C
N

S
SC BC PC TC O

EC
PA

C

PE
C

L U
VC

AA
ve

ra
ge

 fa
m

ily
 a

ge
†

A
ge

 o
f o

ns
et
*

83626

60.243527

58.044328

58.455529

55.035330

63.845431

43.845732

60.060433

53.072634

50.840435

54.063436

36.036337

64.248538

51.838339

47.943540

50.8

Index patients

Family members

50441

Figure 1 Tumour spectrum of families with truncating mutations in MLH1 or MSH2 (A) and without mutations (B). Tumour diseases of the index
patients and those of family members are shown. Hereditary non-polyposis colorectal cancer associated tumour diseases are shown in the shaded
areas. *Age of onset, age of the index patient at the time of the first tumour disease; �average family age, sum of the age of onset of all tumour patients
in a family divided by the number of patients; A, adenomatous polyp; BC, breast cancer; CC, colorectal cancer; CNS, central nervous system cancer;
EC, endometrial cancer; GC, gastric cancer; L, leukaemia; OEC, oesophageal cancer; PAC, pancreatic carcinoma; PC, prostate cancer; PEC, pelvic
carcinoma; SBC, small bowel cancer; SC, sebaceous cancer; TC, thyroid cancer; UC, urothelial cancer; UVC, unverified cancer.
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MSH6 antibody (Becton Dickinson, Heidelberg, Germany)
were used at a dilution of 1:200 or 1:400, respectively.
Monoclonal mouse antihuman MLH1 antibody (Zymed,
Berlin, Germany) was used at a dilution of 1:80.
Immunohistochemical stainings on microdissected paraf-

fin embedded tissue blocks were performed following
standard procedures.13–15

Staining pattern for the antibodies was nuclear. A tumour
was defined as positive if more than 10% of the tumour cells
showed a nuclear staining pattern. A negative staining
reaction in tumour cells was only regarded as loss of protein
expression in the presence of a positive staining reaction in
stromal cells and lymphocytes serving as controls. Specificity
of staining was proven by replacement of the primary
antibody with the mouse IgG isotype (Southern
Biotechnology Associates INC., Birmingham, UK) resulting
in a negative staining reaction.

Comparative genomic hybridisation (CGH)
Tumorous and non-tumorous DNA was extracted from
paraffin embedded tissue by manual microdissection.
Dissected DNA and reference DNA of a healthy donor were
labelled by nick translation using fluorescent labelled
nucleotides. Equal amounts of both were hybridised with
human metaphase chromosomes. A computer based analy-
tical system has been used to evaluate chromosomal gains
and losses. The CGH technique was applied as described by
Aust and colleagues.16

Statistics
Differences in localisation and frequencies of tumour diseases
for the MLH1 and MSH2 group as well as for the mutation
negative group were analysed using the Mann-Whitney U test.
A x2 test was used to compare the size of the tumour subgroups
and age of onset (SPSS software package; SPSS Inc., Chicago,
Illinois, USA). Statistical significance was assumed at p,0.05.

RESULTS
Families
We analysed the clinical differences between families with and
without mutations in MLH1 or MSH2. We compared 25

families with truncating mutations in MLH1 or MSH2 who
were regarded asmutation positive families with 16 Amsterdam
positive families without mutations in DNA mismatch repair
genes and without MSI (mutation negative families).
Among the 16 Amsterdam positive families without

mutations in DNA mismatch repair genes and without MSI,
family No 41 showed one gastric and one endometrial cancer
apart from two colorectal cancers. Intensive mutation screen-
ing with DHPLC for MLH1, MSH2, and MSH6 and deletion
screening for MLH1 and MSH2 did not reveal a disease
causing mutation in this special case, so the family was
judged to be mutation negative. MSH6 was also screened in
family No 27 where two colorectal and one endometrial
cancer had occurred.

Mutation in MLH1 and MSH2
Twenty different mutations in 25 families were identified.
The precise genetic changes in the MLH1 and MSH2 genes of
the families are shown in table 1.
Of these 25 mutations, 12 were detected in MLH1 and 13 in

MSH2, including 14 different new truncating mutations for
MLH1 (six) and MSH2 (eight), seven affecting splice sites, six
frameshift mutations, and one nonsense mutation.
Remarkably, of the 12 truncating mutations found in MLH1,
six (50%) affected only two different nucleotides in MLH1.

Microsatelli te analysis
Within the group of 25 mutation positive families, we were
able to analyse colorectal cancers from 23 families, all
showing high grade MSI (for details see table 1).
Within the 16 mutation negative Amsterdam positive

families, tumours of 10 families were available for analysis.
From six families (Nos 27, 34, 38, 39, 40, 41) no tumour
material was available for microsatellite analysis. Tumours
showing loss of heterzygosity for one marker of the standard
panel were analysed with the additional marker panel. None
of the markers tested showed MSI.

Immunohistochemistry
Within the MSH2 mutation positive families, we were able to
analyse tumours for 10 of 13 families. All tumours showed
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complete loss of MSH2 protein expression in tumour cells.
Three tumours (Nos 13, 18, and 19) additionally analysed for
MSH6 showed complete loss of protein expression. Within
the MLH1 mutation positive families, we analysed tumour
samples for 11 of 12 families. Ten tumours revealed complete
loss of MLH1 expression while one tumour (No 1) showed
decreased expression. Neither nucleotide exchanges nor
splice mutations resulted in residual protein expression,
detected by immunohistochemistry. Within the mutation
negative group, all tumours analysed showed positive
immunohistochemistry for the mismatch repair proteins
tested (table 1).

Comparative genomic hybridisation
CGH experiments were done for tumours from three families
(Nos 29, 30, 31) in the mutation negative group. Tumour
tissue of the index patient of family No 29 showed losses for
chromosomes 2q22, 4q, 6q12-q14, 11q13-q22, 18q, and gains
for 13q, 16p, 20q, and 22q. Tumour tissue of the index patient
of family No 30 showed losses for chromosome 18q and gains
for 13q12-q14, 19q, and 20q. Tumour tissue of the index
patient of family No 31 showed gains for chromosomes 7,
13q, 16p, 20q, and 20p11?2-qter, without clearly detectable
losses.

Cancer occurrence
Colorectal cancers and adenomas
Colorectal cancer was the most frequently observed tumour,
with 141 colorectal cancers in 41 families. The highest
numbers of colorectal cancers were found in the mutation
negative group (78%), followed by families with truncating
mutations in MLH1 (70%), and then families with mutations
in MSH2 (50%).
Three families (Nos 2, 12, 25) in the mutation positive

group however showed 7, 12, and 3 colorectal cancers,
respectively, without any extracolonic cancer occurrence. Age
of onset for all documented cancers diagnosed in the families
is shown in fig 2. The average age of onset for any tumour
disease in the mutation positive families was 42 years

compared with 54 years in mutation negative families
(p,0.001) (table 2).
Fifty six colorectal cancers were diagnosed in the MLH1

mutation positive group and 33 were diagnosed in the MSH2
mutation positive group. The clinical features of the mutation
positive families are shown in figs 1 and 3.
The difference in age of onset within families increased

with the number of tumours observed in families and
reached a maximum of 50 years in one family. Mean age of
onset for 89 colorectal cancers in the mutation positive group
was 43.5 years.
Synchronous and metachronous colorectal cancers were

found in 9% of mutation positive patients. Fifty three per cent
of all index colorectal cancer tumours in the mutation positive
group were diagnosed before the age of 40 years compared with
only 13% in the mutation negative group, resulting in a
significantly earlier age of onset for all colorectal cancers
(median 41 v 55 years; p(0.001)when comparing groups 1 and
2. There were 12 syn- or metachronous colorectal cancers in the
mutation positive group but just one synchronous colorectal
cancer in the mutation negative group (p=0.017).
Localisation of clearly documented colorectal cancer index

cases showed a striking difference between the mutation
positive and mutation negative families (fig 3). In the
mutation positive families, 68% were found proximally and
32% distally of the splenic flexure. In the mutation negative
families, apart from 3 (21%) index colorectal cancer tumours
proximal to the splenic flexure, all clustered in the sigmoid
colon or rectum (p=0.010). Among 53 colorectal cancers, 20
adenomas were documented in the mutation negative group
whereas only 15 adenomas but 89 colorectal cancers were
documented in the mutation positive group (p=0.030)
(table 2).

Extracolonic cancers
The highest percentage of associated extracolorectal tumours
was observed in the MSH2 mutation positive group:
endometrial cancer (10%) followed by small bowel cancer
(7%), gastric cancer (5%), CNS cancer (3%), breast cancer

Table 1 Results of microsatellite analysis and immunohistochemistry for patients with truncating mutations in MLH1 or MSH2

Pedigree Exon

Codon/
amino acid
change Nucleotide change Consequence Criteria

MSI
quotient*

MLH1
EXP

MSH2
EXP

MSH6
EXP Reference

1 H1 3 R100X c.298 C.T Nonsense B� 4/5 + + ND Samowitz17

2 H1 9 c.790+1G.A Splice defect A I` 4/5 2 + + Cunningham18

3 H1 9 c.790+1del G Splice defect A I 5/5 + + Novel
4 H1 9 c.790+1delG Splice defect A I 6/7 2 + + Novel
5 H1 10 295 c.884+2T.C Splice defect A II1 5/5 ND ND ND Novel
6 H1 13 488 c.1463delA Frameshift A I 4/5 2 + + Novel
7 H1 13 497 c.1490insC Frameshift B 4/7 2 + ND Möslein 19

8 H1 13 497 c.1490insC Frameshift A II 5/8 2 + + Möslein 19

9 H1 13 497 c.1490insC Frameshift A II 5/5 2 2 ND Möslein 19

10 H1 13 497 c.1490insC Frameshift B 5/7 2 + ND Möslein 19

11 H1 15 Y561X c.1683C.G Nonsense B 5/5 2 + + Novel
12 H1 16 c.1732-1G.A Splice defect A I 4/5 2 + + Novel
13 H2 4 239 c.717_721delGGACCinsTTA Frameshift B 7/7 + 2 2 Novel
14 H2 6 c.1076+1G.A Splice defect B 0/0 ND ND ND Novel
15 H2 7 R383X c.1147C.T Nonsense B 0/0 ND ND ND Buerstedde20

16 H2 7 408 c.1222insT Frameshift A I 6/7 + 2 ND Novel
17 H2 7 c.1226delAG Frameshift A II 3/5 ND ND ND Möslein,19 Liu 21

18 H2 7 c.1226delAG Frameshift B 5/5 + 2 2 Möslein,19 Liu 21

19 H2 7 c.1077- 2A.G Splice defect B 8/8 + 2 2 Novel
20 H2 8 c.1386+1G.A Splice defect MT� 5/7 + 2 ND Novel
21 H2 8 Q429X c.1285C.T Nonsense A I 5/5 + 2 ND Wijnen 22

22 H2 9 469 c.1408delG Frameshift B 8/8 + 2 ND Novel
23 H2 9 c.1497delA Frameshift AI 5/5 + 2 ND Novel
24 H2 11 c.1720delC Frameshift B/MT 4/5 + 2 ND Novel
25 H2 12 c.2005 + 2T.C Splice defect A I 5/5 + 2 ND Novel

*MSI quotient, number of unstable microsatellite markers to the number of markers tested.
�Bethesda positive; `Amsterdam I positive; 1Amsterdam II positive; �Muir Torre. ND, not determined.
EXP, expression of protein in immunohistochemical staining of tumour tissue.
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(3%), and sebaceous cancer (3%). Other tumours (oesopha-
geal, skin, brain, urothelial, etc) were found in 19%. In the
MLH1 mutation positive group, endometrial cancer (10%)
was followed by gastric cancer (5%), breast cancer (5%), and
small bowel cancer (4%). Other tumours were found in 6%.
Comparing the occurrence of cancer types in the MLH1 and
MSH2 mutation positive groups, the percentage of tumours
was similar for endometrial, gastric, small bowel, and breast
cancer but different for others, such as skin, brain, and
urothelial tumours which were more frequent in the MSH2
mutation positive group. Comparing the MLH1 and MSH2
mutation positive groups, there was a trend regarding the
occurrence of colorectal cancer compared with extracolorectal
cancers (p=0.087).
In the mutation negative group, 78% of the cancers

diagnosed were colorectal cancer, followed by endometrial

cancer (5%) and gastric cancer (5%). A striking difference
was found for the occurrence of syn- or metachronous
extracolorectal cancers, with 17 syn- or metachronous
extracolorectal cancers in the mutation positive group
compared with none in the mutation negative group
(p,0.001).

DISCUSSION
High throughput and sensitivity techniques such as DHPLC
make it easier to identify mutations in families suspected of
having HNPCC.7 Nevertheless, it is important to have pre-
selection based on family history.23 24 Selection of families on
the basis of the Amsterdam criteria achieves a high rate
(approximately 60%) of mutation detection. All of our
families underwent genetic counselling with extensive
evaluation of their family histories. We analysed MSI,

Table 2 Clinical features of mutation positive and negative families

Mutation
positive

Mutation
negative p Value*

Families 25 16
Patients (with tumours and colorectal adenomas) 106 71
Patients with tumours only

Index CRC 21 16
Non-index CRC 74 35
Non-CRC 27 14
Overall 101 65

Sex (all patients with tumours and CRC adenoma)
Female 50 33
Male 56 38

Sex tumour patients only
Female 48 31
Male 53 34
Overall 101 65 NS

CRC patients
Female 25 20
Male 40 32
Overall 65 52 NS

Non-CRC patients
Female 23 11
Male 13 2
Overall 36 13 NS�

Age of onset
Index CRC 37.6 (39)` 49.7 (45) 0.0024
All CRC 43.5 (41) 54.8 (55) ,0.001
All tumours 45.5 (43) 54.8 (56) 0.022
Family age 42.2 (42) 54.1 (54?5) ,0.001

Tumours
CRC 89 52
Extracolorectal 52 15 0.025
Endometrial 14 3
Gastric 7 3
Small bowel 7 0
Breast 6 0
Other 18 8 NS
Gastrointestinal 105 55
Non-gastrointestinal 36 11 NS
Overall 141 66

Localisation index CRC
Proximal 13 3
Splenic flexure
Distal 8 13 0.010
Splenic flexure

Syn-/metachronic (patients)
CRC 12 1 0.017
Extracolorectal tumours 17 0 ,0.001
Colorectal adenomas 6 9 (0.084)

Colorectal adenoma
Patients 10 13 (0.067)
Polyps 15 20 0.0301

CRC, colorectal cancer; NS, not significant.
*Mann-Whitney U test/x2 test.
�Tested with and without endometrial cancer.
`Mean (median).
1Compared with number of CRC.
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immunohistochemistry, and the MLH1 and MSH2 genes for
all index patients of families fulfilling the Amsterdam
criteria, and the MSH6 gene if no mutation was found in
MLH1 or MSH2. For families or patients fulfilling the
Bethesda criteria, we first performed microsatellite analysis
and immunohistochemistry followed by mutation analysis in
case of MSI or loss of expression in the tumour tissue. In this
way, we identified 25 families with disease causing truncat-
ing mutations in MLH1 or MSH2. We also defined 16 families
fulfilling the Amsterdam criteria without truncating muta-
tions in DNA mismatch repair genes and without MSI in
their corresponding tumours in at least 10 of these families.
These 41 families formed the basis for comparison of the
clinical features of these two molecular defined entities. The
major clinical differences found were age of onset, tumour
spectrum, tumour localisation, and tumour progression.
Comparing the mutation positive and mutation negative

groups, there was a significantly earlier age of onset for all
colorectal tumours (median 41 v 55 years; p(0.001) and for
all tumours (median 43 v 56 years; p=0.022) in the
mutation positive group. No difference in the age of onset
for colorectal cancer was found between the MLH1 and
MSH2 mutation positive groups.
The clinical features in the mutation positive group

resembled those of known mutation positive HNPCC
patients.25 The most frequent type of cancer diagnosed was
colorectal cancer (63%) followed by endometrial cancer
(10%), gastric cancer (5%), and cancer of the small bowel
(5%). Other cancer types with typical mutations in DNA
mismatch repair genes such as CNS and skin cancer were also
observed. In the mutation negative group, we found 78%
colorectal cancers, in addition to gastric (5%) and endome-
trial (5%) cancers. Other associated cancers typical of
mutation positive HNPCC patients were not observed. A
striking difference between the mutation positive and
negative groups was the rate of syn- or metachronous
extracolorectal cancer (p,0.001) where none was observed
in the mutation negative group.
Wijinen et al described a method according to which a low

average age of onset, presence of endometrial cancer, and
fulfilment of the Amsterdam criteria increased the probability
of mutation identification in HNPCC families.23 This is in
agreement with our results with the exception of family Nos
27 and 41 which fulfilled the Amsterdam criteria and showed
a tumour spectrum typical of mutation positive families.
Another striking difference between the mutation negative

and positive groups was the localisation of colorectal cancers.
Within the mutation positive group, 68% of the exactly

documented colorectal cancers were found proximal to the
splenic flexure, representing distribution over the whole
colorectum. In the mutation negative group, 79% of cancers
were located distal to the splenic flexure, all in the sigmoid
colon and rectum. Hence, approximately 45% of the first
colorectal cancers were proximal to the splenic flexure or 46%
if metachronous cancers are taken into account. Other
studies involving Amsterdam positive families with and
without mutations in DNA mismatch repair genes showed
70% of colorectal cancers located proximal to the splenic
flexure.25 The only explanation for this discrepancy is
selection bias towards a higher number of Amsterdam
positive families without mutations in DNA mismatch repair
genes for the purposes of this special study.
Another important difference was the number of adeno-

mas observed in the mutation negative and mutation positive
groups. In the second group, apart from 89 colorectal cancers,
12 adenomas (14%) were documented, whereas in the
mutation negative group 53 colorectal cancers were found
and 20 adenomas (28%). Jass has advocated the ‘‘aggressive
adenoma’’ theory that adenomas arise in HNPCC patients as
often as in the general population; nevertheless, once formed,
they progress to carcinoma faster or more frequently or both
than their sporadic counterparts.26 Jass however did not
discriminate between adenomas from mutation positive and
mutation negative HNPCC families. The data presented here
showed that adenomas in mutation positive patients were
less frequent, but there was an almost equal number of
colorectal cancers. Therefore, adenomas in mutation positive
patients may proceed quickly to carcinomas.
Families with hereditary colorectal cancer without muta-

tions in DNA repair genes, with a later age of onset, and a
reduced frequency of associated cancers, seem to represent
one subgroup of hereditary colorectal cancers with under-
lying highly penetrant germline mutations in as yet unknown
genes, which overlap with sporadic cases that are caused
mainly by exogenic factors and probably low penetrant
mutations. Nevertheless, they seem to have the chromosomal
instability (CIN) pathway in common. This was highlighted
by the CGH data from three tumours in the mutation
negative group which showed CIN and aneuploid DNA,
typical of sporadic tumours following the CIN pathway.
Within the mutation positive group there was a tendency

towards more extracolonic cancers observed in the MSH2
mutation positive group, with only 50% colorectal cancers
versus 70% in the MLH1 mutation positive group. Including
all gastrointestinal cancers such as gastric, small bowel, and
oesophageal cancer, 68% of the cancers were within the
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cancers of 25 families with truncating
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mutations (family Nos 26–41) (B).
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gastrointestinal tract for the MSH2 and 79% for the MLH1
mutation positive group, which was not statistically sig-
nificant.
Several studies have reported a higher risk of endometrial

cancer in MSH2 mutation carriers.25 27 28 In our study, the
most frequently diagnosed extracolonic cancer was endome-
trial cancer, with 10% in the MLH1 and 11% in the MSH2
mutation positive group, which suggests no difference in the
risk of endometrial cancer for the two mutated genes.
Two publications describing the clinical differences and

similarities between mutation positive and mutation negative
families have been published. Bisgaard and colleagues29

found that families without a mutation fell into two clearly
distinguishable subgroups. The major group without muta-
tions had a significantly lower frequency of multiple colo-
rectal cancers, as well as a lower frequency of HNPCC related
cancers. Furthermore, rectal cancer was diagnosed more
often and age of onset tended to be later than for mutation
carriers. The minor group without mutations generally had
the same characteristics as found in affected persons with
identified mutations. Because tumours within this last group
showed MSI, the authors assumed that deletions within the
DNA mismatch repair genes might be causative. The clinical
features for the major group of patients without mutations
resembled the clinical features of our Amsterdam positive
mutation negative group.
Data from Scott and colleagues30 concur with the results of

our study cohort: a significantly later age of onset in the
mutation negative group (+5 years; our study +10 years) and
more endometrial and stomach cancers in the mutation
positive group. However, in the study of Scott et al, statistical
significance was reached only for the MLH2 mutation
positive group.30 In this study, missense mutations of
uncertain pathology were found in the MLH1 and MSH2
groups. No data concerning localisation of colorectal cancers,
MSI, or immunohistochemistry were provided. Missense
mutations may increase the average age of onset due to
lower penetrance or missing pathology. The pathogenic
relevance of these missense variants has yet to be revealed.
Furthermore, genomic deletions are not detected by DGGE,
which was used for mutation detection by Scott and
colleagues.30

Our data show that a thorough evaluation of family
history, including mutation and microsatellite analysis as
well as immunohistochemistry in combination with clinical
documentation, allows classification of Amsterdam positive
families into two different clinical entities.
The major clinical differences were later age of onset,

tumour spectrum, distal localisation of colorectal cancers,
and slower tumour progression in mutation negative
families. Firstly, this may have implications for surveillance
programmes, especially in terms of intervals, as there was no
evidence of accelerated tumour progression in the mutation
negative group. Secondly, cancers in the mutation positive
group followed the MIN pathway whereas tumours in the
mutation negative group seemed to follow the CIN pathway.
The search for the highly penetrant germline mutations
causing the cancers in the mutation negative group should be
performed for candidate genes in the CIN pathway.
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Robin Spiller, Editor

Painful gastrointestinal haemorrhage: diagnostic value of 16 detector multislice computed
tomography

Clinical presentation
An 84 year old women presented with a six hour history of
acute abdominal pain, coffee ground vomiting, and altered
blood per rectum. Her past medical history included
hypertension, atrial fibrillation, and arthritis. On examina-
tion she was afebrile, normotensive, but tachycardic. There
was generalised abdominal tenderness and guarding with
vague localisation towards the right lower quadrant. Rectal
examination revealed fresh blood mixed with stool. Blood
results were unremarkable. Plain radiographs suggested a
degree of small bowel obstruction with no evidence of free
air. The patient underwent intravenous contrast enhanced 16
detector multislice computed tomography (fig 1). The patient
refused surgical exploration and thus was treated conserva-
tively. She subsequently had multiple episodes of melaena
and died 72 hours after admission.

Question
What is the diagnosis?
See page 1767 for answer
This case is submitted by:

S Harish, A M Groves, A H Freeman
Department of Radiology, Addenbrooke’s Hospital, Cambridge, UK

Correspondence to: Dr A Groves, Radiology Department, Box 219,
Addenbrooke’s Hospital, Hills Rd, Cambridge CB2 2QQ, UK;

drashleygroves@hotmail.com

doi: 10.1136/gut.2005.071654

Figure 1 Intravenous contrast enhanced 16 detector multislice
computed tomography of the upper abdomen.
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