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Aims: To clarify the role of b-catenin in digestive endocrine carcinogenesis, a large and representative
series of gastroenteropancreatic endocrine tumours was analysed in order to determine the incidence and
pattern of b-catenin changes and to analyse the clinical and histological characteristics of the tumours
presenting immunohistochemically detectable changes in b-catenin expression.
Methods: 229 cases of gastroenteropancreatic endocrine tumours (stomach, 11; duodenum and ampulla,
29; jejunum and ileum, 51; appendix, 13; colon and rectum, 17; and pancreas, 108) were studied by
immunohistochemistry to assess the pattern of distribution of b-catenin (membranous, cytoplasmic or
nuclear). DNA was analysed to detect mutations in exon 3 of the CTNNB1 gene.
Results: The distribution of immunoreactive b-catenin protein was membranous in 164 cases, cytoplasmic
in 58 cases and nuclear in seven cases. No mutation was detected in exon 3 of the CTNNB1 gene in any
case. The seven cases with nuclear accumulation of b-catenin were large tumours (mean size 44 (standard
deviation (SD) 18.5) mm) with metastases, including liver metastases in five cases, high Ki-67 index (mean
34% (SD 16.5%)) and cyclin D1 overexpression; p53 accumulation was detected in six cases. Five patients
died of disease; the mean (SD) survival was 13.6 (4.8) months.
Conclusions: Immunohistochemically detectable nuclear accumulation of b-catenin is infrequent in
gastroenteropancreatic endocrine tumours and is usually not associated with mutations in CNNTB1 exon
3. Changes in b-catenin expression are late events in digestive endocrine carcinogenesis, associated with
tumour progression and dissemination.

b-Catenin, one of the mediators of the Wnt signalling
pathway, has a pivotal role in intracellular signalling and
represents a key element in one of the most important
pathways of epithelial carcinogenesis. Direct or indirect
changes in the Wnt signalling pathway may result from
mutations in the gene coding for b-catenin itself or for its
partners, such the APC gene product.1 Such genetic changes
usually result in the cytoplasmic accumulation of free b-
catenin, eventually followed by its nuclear translocation. The
existence of change can therefore be suspected by immuno-
histochemical demonstration of the nuclear localisation of b-
catenin. However, this sign is not specific: nuclear localisa-
tion of b-catenin may be secondary to epigenetic mechanisms
or to changes in the expression of some of its partners, such
as cadherins, especially in invasive tumour cells.

Direct or indirect evidence supports the involvement of the
Wnt signalling pathway in some subsets of endocrine
tumours, such as pituitary adenomas.2 However, there is
considerable controversy about the pattern and frequency of
changes in b-catenin, at both the protein and gene levels, in
the endocrine tumours of the digestive tract and the
pancreas.3 This may be because most studies have been
conducted on limited series of cases, representing selected
subsets of digestive endocrine tumours. We were therefore
prompted to re-evaluate the possible role of b-catenin in
digestive endocrine carcinogenesis. For this purpose, we
designed a study of a large series of primary digestive
endocrine tumours, representative of their various locations,
with the following aims:

N To determine the incidence and pattern of changes in b-
catenin according to the site of the endocrine tumour; and

N To analyse the clinical, histological, phenotypic and
genetic characteristics of the tumours showing

immunohistochemically detectable changes in b-catenin
expression.

MATERIALS AND METHODS
Study group
We retrieved 229 cases of gastroenteropancreatic endocrine
tumours from the files of the Department of Pathology,
Hôpital Edouard Herriot, Lyon, France. All tumours were
submitted for surgical or endoscopic resections between 1985
and 2004. From 1985 to 1997, only material fixed in Bouin’s
fluid was available. After 1997, at least one sample of tumour
tissue was fixed in buffered formalin. In all cases, the
endocrine nature of the tumour was verified by the
immunodetection of chromogranin A and synaptophysin
(table 1). Clinical information and follow-up data were
obtained from clinical charts. All available histological
material was reviewed. Tumours were classified according
to the World Health Organization criteria into the following
groups: well-differentiated endocrine tumours (either benign
or of uncertain behaviour), well-differentiated endocrine
carcinomas, and poorly differentiated endocrine carcinomas.

Table 2 gives the main pathological characteristics of the
patients included in the study group.

Immunohistochemical studies
Table 1 lists the antibodies used. Two commercially available
antibodies were used for b-catenin immunodetection; they
gave comparable results in tissue sections. An indirect
streptavidin–biotin immunoperoxidase technique was
applied to deparaffinised tissue sections. For b-catenin, the
following features were analysed:

N Cellular localisation of immunostaining: membranous,
nuclear or cytoplasmic;
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N Percentage;

N Distribution of tumour cells with nuclear or cytoplasmic
location of immunoreactive b-catenin.

For evaluation of labelling for cyclin D1, Ki-67 and p53, the
number of positive tumour cells was evaluated as a
percentage of 1000 consecutive cells.

Mutation analysis
Genomic DNA was extracted from 10-mm-thick sections of
formalin-fixed, paraffin-wax-embedded tissue, after tumour
cell microdissection. Only tissue material fixed in buffered
formalin, available in 148 cases, was used for mutation
analysis. In three cases with nuclear immunoreactivity of
b-catenin, genomic DNA was also extracted from frozen
tissue material to verify the sensitivity of the extraction
technique. To screen for mutations in exon 3 of the CTNNB1
gene coding for b-catenin, extracted genomic DNA was
amplified by polymerase chain reaction. The following
primers were designed to amplify a 152-bp fragment located
between bases 817 and 1044: sense, 59-ATGGAACCAG
ACAGAAAAG-39; antisense, 59-TACAGGACTTGGGAGG
TATC-39 (MWG Biotech, Ebersberg, Germany). Polymerase
chain reaction products were purified from agarose gels and
sequenced with an ABI PRISM 310 sequencer (Applied
Biosystems, Foster City, California, USA). For each case
tested, DNA was sequenced from two independent samples
with two different sets of primers. Positive controls included
samples of buffered formalin-fixed, paraffin-wax-embedded
material from tumours known to harbour mutations of exon
3 of the CNNTB1 gene, and were processed under the same

conditions, including 10 cases of pseudopapillary and solid
tumour of the pancreas and four cases of hepatoblastoma.

Statistical analysis
For comparisons of the frequencies of clinical or pathological
characteristics, the x2 test with Yates’ correction was used.
The non-parametric Student’s t test was used for comparison
of means; p,0.05 was considered significant.

RESULTS
Patterns of b-catenin expression
Immunoreactive b-catenin was detected in all cases studied
and presented three main patterns of subcellular distribution
(fig 1).

A strictly membranous pattern of expression (fig 1B,C),
comparable to that observed in normal gastroenteropancreatic
endocrine cells (fig 1A), was present in 164 cases. The apparent
intensity of expression level ranged from faint to strong; it was
often heterogeneous within the same tumour; the highest
apparent levels of expression were usually observed at the
periphery of tumour lobules or over tumour cells in contact
with the connective stroma (fig 1C). A cytoplasmic pattern of
expression was observed in 58 cases; it was usually associated
with variable levels of membranous expression. Its apparent
intensity level ranged from faint to moderate.

Nuclear accumulation ofb-catenin was observed in only seven
tumours (fig 1D); the immunoreactive protein showed either a
strictly nuclear distribution or a mixed nuclear and cytoplasmic
distribution; the apparent expression level ranged from moder-
ate to intense. Table 3 gives the site of these tumours.

In six cases, all cells showed a nuclear distribution of
immunoreactive b-catenin; in the remaining case, about 50%
of tumour cells, with a heterogeneous distribution within the
tumour, were reactive. We observed no example of tumour
with nuclear accumulation of b-catenin in cell foci located
along the tumour margins.

In the seven cases with nuclear accumulation of b-catenin,
cyclin D1 was detectable in the nuclei of 10–80% of tumour
cells (median (standard deviation (SD)) 30% (27.6%)). The
Ki-67 labelling index ranged from 15% to 70% (median 34%
(SD 16.5%)). A nuclear accumulation of p53 was detected in
six of the seven cases; the percentage of p53-positive tumour
cells ranged from 10% to 100% (median 39.2% (SD 33.6%)).

Mutation analysis
Under our technical conditions, no mutation in exon 3 of the
CNNTB1 gene was detected in any case tested, after extraction
from either paraffin-wax-embedded or frozen tissue. We
verified that, under the same technical conditions, we were
able to detect mutations in exon 3 of the CNNTB1 gene in our
positive controls.

Table 1 List of the antibodies used in the study

Antibodies Clone Source

Chromogranin A LKZH10 Boehringer (Mannheim,
Germany)

Synaptophysin SVP38 Sigma (St Louis, Missouri,
USA)

b-Catenin CAT-5H10 Zymed (San Francisco,
California, USA)

14 Transduction Laboratories
(Lexington, Kentucky,
USA)

Ki-67 MIB-1 Dako (Glostrup,
Denmark)

Cyclin D1 CYCD1 Biocare Medical
(Concord, California,
USA)

p53 DO7 Dako

Table 2 Clinical, pathological and functional features of the 229 cases included in the study

Site
Number of
cases

Age (years)
median (SD)

Sex
M/F

Tumour size (cm)
median (SD)

Histological classification
(WHO, 2000)* Metastases (number of cases)

1 2 3 Total Liver metastases

Stomach 11 58 (15) 9/2 2.2 (1.6) 7 3 1 3 1
Duodenum 22 57 (13.6) 13/9 2 (2.3) 18 5 0 5 1
Ampulla 7 56 (12.6) 4/3 2.1 (0.9) 2 5 0 5 1
Jejunum and ileum 51 64 (9.1) 30/21 2.2 (1.4) 0 49 2 45 24
Appendix 13 34 (20.5) 6/7 0.8 (0.5) 12 1 0 0 0
Colon–rectum 17 57 (12.8) 10/7 2.8 (2.5) 7 8 2 7 3
Pancreas 108 50 (14.1) 48/60 3.5 (2.7) 51 54 3 55 31
Total 229 54 (15.1) 120/109 2.7 (2.3) 97 125 8 120 61

F, female; M, male; WHO, World Health Organization.
*WHO classification: 1, well-differentiated tumour; 2, well-differentiated carcinoma; 3, poorly differentiated carcinoma.
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Correlations with clinical and pathological features
Table 4 summarises the main clinical and pathological
features of the cases presenting with either membranous,
cytoplasmic or nuclear distribution of immunoreactive b-
catenin.

The seven cases presenting with a nuclear distribution of
immunoreactive b-catenin showed several distinctive fea-
tures. All of them were classified, according to the World
Health Organization criteria, as endocrine carcinomas, either
well-differentiated (n = 4) or poorly differentiated (n = 3).
Their median (SD) size was large (44 (18.5) mm v 27
(23.8) mm in cases without nuclear b-catenin accumulation;
p = 0.066). All seven tumours were metastatic at the time of
diagnosis; 5 (71.5%) of them had liver metastases. By
contrast, 50.9% of the tumours with membranous or
cytoplasmic expression of b-catenin were metastatic at the

A B

C D

Figure 1 b-catenin expression in
normal and neoplastic
gastroenteropancreatic endocrine cells.
In normal endocrine pancreatic cells
(A), b-catenin is expressed at low levels
all over the islet of Langerhans (*) as
compared with adjacent exocrine
pancreatic cells. In endocrine tumours,
b-catenin usually retains a membranous
distribution; the expression level is
either homogeneous (B) or
heterogeneous (C) within the tumour.
The apparent up regulation of b-catenin
at the periphery of tumour nodules (C)
can be seen. Nuclear accumulation (D)
of immunoreactive b-catenin is readily
visible in this case. Immunoperoxidase
2506.

Table 3 Topographic distribution of cases with nuclear
expression of b-catenin

Site
Total cases
(n)

Cases with nuclear
localisation of b-catenin,
n (%)

Stomach 11 1 (9)
Duodenum 22 0
Ampulla 7 1 (14.2)
Jejunum and
ileum

51 0

Appendix 13 0
Colon 9 2 (22.2)
Rectum 8 2 (25)
Pancreas 108 2 (1.8)
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time of diagnosis and 24.7% had liver metastases; the
differences were significant (p = 0.03 and 0.02, respectively).
Follow-up data were available in six cases with nuclear
accumulation of b-catenin; 5 (71.5%) patients died of
disease; their mean (SD) survival was 13.6 (4.8) months.
Follow-up data were available in 154 cases with either
membranous or cytoplasmic expression of b-catenin; only
21.2% died from disease (p,0.05) and their mean (SD)
survival was 44 (32.8) months (p = 0.048).

DISCUSSION
Our results, based on a large and representative series, show
that immunohistochemically detectable nuclear accumula-
tion of b-catenin

N is infrequent in gastroenteropancreatic endocrine
tumours;

N is usually not associated with detectable mutations in
exon 3 of the CNNTB1 gene;

N is observed in tumours with malignant and aggressive
behaviour.

Conflicting results exist in the current literature about the
incidence of changes in b-catenin in digestive or pancreatic
endocrine tumours, as detected by immunohistochemistry or
mutation analysis. Two pioneer works suggested a high
incidence of nuclear or cytoplasmic accumulation of
b-catenin in certain subsets of digestive endocrine tumours.
In one series,4 nuclear accumulation of immunoreactive
b-catenin was reported in 8 of 22 (36%) cases of intestinal
endocrine tumours and in 2 of 7 (29%) cases of pancreatic
tumours; in a second series,5 including 72 cases of gastric,
duodenal, appendiceal and rectal endocrine tumours, nuclear
staining was observed in 35% of cases. No mutation in exon 3
of the CNNTB1 gene was detected in the first series,4 whereas
in the second series,5 the incidence of mutations amounted to
37.5%, including cases with only cytoplasmic staining.
However, these results have not been reproduced by more
recent studies. At the protein level, no case of nuclear
staining has been reported in several recent studies of
endocrine tumours originating from the various segments
of the digestive tract.6–10 At the gene level, two studies of
digestive11 and pancreatic12 endocrine tumours failed to
detect any mutation in exon 3 of the CNNTB1 gene.
However, most of these studies have been conducted in
short series, and bias sampling could not be excluded.

To avoid such problems, we studied a large series of 229
cases of well-characterised endocrine tumours representative
of the various segments of the digestive tract and the
pancreas. As in previous studies,4 5 our results confirm that
nuclear accumulation of b-catenin can be detected in some
cases of gastroenteropancreatic endocrine tumours, but with
a much lower incidence than previously reported: ,5%
instead of 30–35%.4 5 Our results are in line with those
reported in other studies of endocrine tumours of the same
embryological origin, such as the lung.13

In line with most previous studies, our mutation analysis
study could not detect any mutation in exon 3 of CNNTB1
gene, even in cases with nuclear accumulation of the
corresponding protein. It is unlikely that a lack of sensitivity
of our technique could account for these negative results, as,
under the same technical conditions, we were able to detect
mutations in several positive controls; for the same reason, it is
also unlikely that the different primers used in our study and
in previous ones5 may have led to different results. However,
we cannot exclude the existence of mutations in other regions
of the CNNTB1 gene, which are not usually investigated in
most mutation analysis studies, as exon 3 has proved to be a
mutational hot spot and encodes a domain essential for the
function of the corresponding protein. However, extended
analyses of the CNNTB1 gene would be necessary before
considering and exploring other genetic mechanisms to
explain the nuclear accumulation of b-catenin observed in
some gastroenteropancreatic endocrine tumours.

In addition, we could not detect any nuclear accumulation
of b-catenin along the invasive margins of endocrine
tumours; this is in sharp contrast with results on digestive
adenocarcinomas, especially from the colon, in which this
pattern is frequent; this suggests that the role of b-catenin in
tumour invasion is different in endocrine and exocrine
tumours.

Our data suggest that in gastroenteropancreatic endocrine
tumours, the nuclear accumulation of the b-catenin, even in
the absence of gene mutations, may have functional and
clinical consequences. In our series, as in previous ones,4 5

nuclear accumulation of b-catenin protein was associated
with an overexpression of cyclin D1 and a high proliferative
activity. Moreover, in our series, all tumours presenting with
a nuclear accumulation of b-catenin were large lesions,
classified as endocrine carcinomas, because of signs of local
invasion or metastatic dissemination, and showing features
usually associated with aggressive endocrine tumours, such
as the frequent nuclear expression of p53. These observations
suggest that changes in the Wnt pathway, confirmed by
changes in b-catenin status, may be late events in digestive
endocrine carcinogenesis, associated with tumour progres-
sion and dissemination.

In our study, as in previous ones,4 5 tumours with nuclear
accumulation of b-catenin were found in any segment of the
digestive tract as well as in the pancreas; in our series, they
were more frequent in the hindgut, but this remains to be
confirmed in larger series. In any case, available data suggest
that in contrast with other molecular mechanisms involved
in digestive endocrine carcinogenesis, such as MEN1 muta-
tions14 or chromosome X allelic losses,15 changes in the Wnt
pathway are not site dependent.

Conclusion
Our study, based on a large and representative series of
gastroenteropancreatic endocrine tumours, confirms that
changes in the Wnt pathway are possible but infrequent events
during digestive endocrine carcinogenesis, and suggests that
they are associated with tumour progression and dissemination.

Table 4 Correlations between b-catenin status and clinicopathological characteristics

Distribution of
immunoreactive b-catenin

Age (years)
median (SD) Sex M/F

Tumour size (mm)
median (SD)

Histological
classification
(WHO, 2000)* Metastases, n (%)

1 2 3 Total Liver metastases

Membranous and/or cytoplasmic 54 (15.3) 116/106 27 (23.8) 97 121 5 113 (50.9) 55 (24.7)
Nuclear 62 (9.4) 4/3 44 (18.5) 0 4 3 7 (100) 5 (71.5)

F, female; M, male; WHO, World Health Organization.
*WHO classification: 1, well-differentiated tumour; 2, well-differentiated carcinoma; 3, poorly differentiated carcinoma.
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Take-home messages

N Nuclear accumulation of b-catenin is infrequent in
gastroenteropancreatic endocrine tumours.

N It is usually not associated with mutations in exon 3 of
the CTNNB1 gene.

N Changes in b-catenin expression are likely to be late
events in digestive endocrine carcinogenesis, asso-
ciated with tumour progression and dissemination.
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Diagnostic test methods and chlamydia trends
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A
significant increase in chlamydial infections has been detected following a change
from culture to the more sensitive nucleic acid amplification testing (NAAT). The
observed increase in positive tests—by a factor of 1.6—is higher than would be

expected solely on the basis of gain in test sensitivity. Part of the increase may be indirectly
the result of test change, given that NAAT’s more acceptable urine sampling method may
result in a different case mix through more successful contact tracing—thus recruiting
patients with higher likelihood of testing positive.

Data were collected between January 1992 and December 2003 on the results of
Chlamydia trachomatis tests on male and female attenders at the Lothian genitourinary
medicine (GUM) clinic. Routine diagnosis switched from culture to NAAT in September
1998. In all, 6.1% of women and 7.1% of men tested positive with culture and 9.9% of
women and 11.1% of men tested positive with NAATs. This corresponds to a 56% increase
for men and 62% increase for women.

For public health surveillance and intervention policies it is important to know the true
extent of increase in prevalence of chlamydia, independent of changes in laboratory
procedure. As more laboratories switch to NAATs similar increases in positive tests are
expected. Trend analysis based on such data might thus show an artefactual rise in
chlamydia infection rates.

Accumulated surveillance data should therefore take note of the timing of the
introduction of NAATs to take into account the lower diagnosis by the previous method.

m Burckhardt F, et al. Sexually Transmitted Infections 2006;82:24–30
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