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Immunohistochemical analysis of candidate gene
product expression in the duodenal epithelium of
children with coeliac sprue
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Abstract
Background—Coeliac sprue is a chronic
disease, in which there is a characteristic
mucosal lesion of the small intestine and
impaired nutrient absorption, which improves upon the withdrawal of wheat gliadins and related grain proteins from the
diet. Biopsy specimens demonstrate diffuse enteritis with pronounced atrophy or
total loss of villi. There is also a long term
risk of malignant disease.
Aims—To compare the immunoexpression of DCC (deleted in colon cancer),
p53, E-cadherin, and â-catenin in the
duodenal mucosa of children with coeliac
disease with that seen in children with no
evidence of small intestinal disease.
Methods—To gain more insight into the
genetic and immunohistochemical alterations of the duodenal epithelium in coeliac
disease, 21 endoscopic biopsies from children with coeliac disease and 10 duodenal
biopsies from children without coeliac
disease were immunohistochemically
evaluated for p53, DCC, E-cadherin, and
â-catenin.
Results—DCC expression was not reduced in patients with coeliac disease
compared with those without coeliac disease. p53 positive nuclear immunostaining was seen in seven of the 21 patients
with coeliac disease. Positive nuclear
staining was seen mainly in the deep and
the lateral aspects of the crypts. All
patients in the control group were negative for p53. In nine and three of the 21
patients with coeliac disease, respectively,
the immunohistochemical expression of
E-cadherin and â-catenin was reduced.
However, both E-cadherin and â-catenin
immunostaining in the control group was
not altered.
Conclusions—E-cadherin and â-catenin
were reduced in the duodenal epithelium
of children with coeliac disease when
compared with normal mucosa. p53 was
overexpressed in the duodenal mucosa of
patients with coeliac disease. The reduced
expression of E-cadherin and â-catenin
and p53 overexpression may contribute to
the morphological changes seen in the
small intestinal mucosa in coeliac disease.
(J Clin Pathol 2001;54:684–688)
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Coeliac sprue is a chronic disease, in which there
is a characteristic mucosal lesion of the small
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intestine and impaired nutrient absorption,
which improves on withdrawal of wheat gliadins
and related grain proteins from the diet.1 The
mucosa of patients with coeliac sprue can be flat
or normal. Biopsy specimens demonstrate diffuse enteritis with pronounced atrophy or total
loss of villi. The surface epithelium shows vacuolar degeneration, loss of the microvillous brush
border, and intraepithelial lymphocytes.2 3
There is a long term risk of malignant disease.
Most of these malignancies are intestinal lymphomas, mainly T cell lymphoma4 5; however,
there is also an increased frequency of small
intestinal adenocarcinoma.5
The proliferation rate is increased in the
small intestinal epithelium of patients with
coeliac disease,6 7 although apoptosis is even
higher.8 In addition, lymphocytic infiltration,
crypt hyperplasia, villous atrophy, and mucosal
permeability are all increased, whereas mucosal integrity is reduced.1 Compared with
inflammatory changes, much less is known
about the genetic and immunohistochemical
alterations that take place in the epithelium of
these patients.
p53 overexpression and mutations have been
shown repeatedly in adenomas and carcinomas
of the gut,9 hyperplastic polyps,10 and nondysplastic gastrointestinal epithelium associated with chronic reparative processes, as is
seen in ulcerative colitis.11 p53 mutation is an
important genetic event implicated in colon
and small intestine carcinogenesis. Reduced
immunohistochemical expression of the deleted in colorectal cancer (DCC) protein was
noted in frank colon carcinoma,12 13 whereas
adenomas and normal colonic epithelium were
found to express normal amounts of the DCC
protein.13 However, loss of heterozygosity at the
DCC gene locus was recently noted in ulcerative colitis, with high grade dysplasia being
associated with colorectal carcinoma.11
Catenins are cytoplasmic proteins associated
with E-cadherin, a major mediator of cell–cell
adhesion. Downregulation of â-catenin expression is associated with malignant transformation.14 In previous studies, reduced immunostaining for E-cadherin was seen in colonic
adenomas and carcinomas.15 Moreover, downregulation of E-cadherin was seen in areas of
ulceration and reparative epithelium of the
gastrointestinal tract.16 Loss of normal membranous E-cadherin as visualised by immunohistochemical stains was also seen in inflammatory bowel disease, although no changes were
found in â-catenin expression in the same
series,17 suggesting that proliferative and reparative processes may result in E-cadherin
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Materials and methods
Duodenal endoscopic biopsies from a total of
21 children with coeliac disease were selected
from the repository of the department of
pathology, Sheba Medical Center. In all cases,
circulating antigliadin or antiendomesial antibodies (or both) were detected and all biopsies
were the first diagnostic biopsy of untreated
children. All biopsies showed the histopathological criteria for coeliac disease, namely: the
presence of villous atrophy, increased intraepithelial lymphocytes, and abnormal enterocytes.19 Ten normal control biopsies were
obtained from patients who had no evidence of
small intestinal disease. The average age of the
12 female and nine male patients with coeliac
disease was 7.8 years (range, 14 months to 16
years) and the average age of the six boys and
four girls in the control group was 10.1 years
(range, 19 months to 15 years).
ANTIBODIES

Primary antibodies used in immunohistochemical staining were: monoclonal anti-p53,
clone 1801 (Zymed, San Francisco, California,
USA); monoclonal anti-DCC, clone G97–449
(Pharmingen, San Diego, California, USA);
monoclonal anti-E-cadherin, clone 4A2C7
(Zymed); monoclonal anti-â-catenin, clone
CAT-5H10 (Zymed).
IMMUNOHISTOCHEMICAL ANALYSIS

ParaYn wax embedded sections (4 µm thick)
of all tissues were thaw mounted on to Fisherbrand Super Frost Plus slides. After air drying
at 37°C for 16 hours and incubation for 30
minutes at 60°C, dewaxing, and rehydration,
slides were separated into two groups for antigen exposure. The slides to be stained for
E-cadherin were placed in 10mM citrate buVer
(pH 6.0) and heated twice for five minutes in a
750 W microwave oven. After each five minute
interval the buVer was replaced and the oven
was reactivated for five minutes. When the two
cycles were completed, the slides were allowed
to cool down to room temperature (RT) for 10
minutes. The slides were rinsed for five
minutes in Tris buVered saline (TBS; 0.05M
Tris/HCl, 0.1M NaCl, pH 7.6) containing
0.1% bovine serum albumin (BSA) and 0.05%
Tween 20 (BSA-TBS-Tween). Slides for p53,
DCC, and â-catenin staining were placed in
jars containing 10mM citrate buVer (pH 6.0).
Table 1 Immunohistochemical expression of p53, E-cadherin, â-catenin, and DCC in
patients with and without coeliac disease

Coeliac patients
Non-coeliac cases

p53
expression

Reduced
E-cadherin
expression

Reduced
â-catenin
expression

Reduced
DCC
expression

7/21
0/10

9/21
0/10

3/21
0/10

0/21
0/10

DCC, deleted in colorectal carcinoma.
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The jars were placed into a plastic pressure
cooker filled with 1 litre of water. The pressure
cooker was placed in the microwave oven. The
oven was set at 750 W for 20 minutes to
achieve boiling and for another 10 minutes to
maintain boiling. The remainder of the procedure was the same as for E-cadherin. To reduce
background signals, all slides were incubated at
RT with 10% non-immune goat serum for 15
minutes, followed by CAS block (Zymed) for
30 minutes. For E-cadherin, â-catenin, and
DCC staining, the antibody was applied to the
slides and incubated at RT for 60 minutes, and
p53 staining was performed at 4°C for 16
hours. Staining was performed with labelled
avidin–biotin.20 21
Control sections comprised serial sections
from the same blocks that were similarly processed except that no primary antibodies were
added. In addition, five colorectal cases known
to show reduced DCC expression were used as
controls for DCC staining.
Immunostaining was scored as positive for
p53 when nuclear staining was seen in more
than 5% of epithelial cells. DCC, E-cadherin,
and â-catenin expression was thought to be
altered when cytoplasmic and/or membranous
staining was reduced or absent. Immunoexpression was assessed by comparison with an
internal control section of normal small
intestine. Any immunohistochemical stain that
showed reduced expression was repeated to
limit false negative results.

Results
DCC

In normal small intestine tissue, immunoreactivity was mainly cytoplasmic and uniform
within the epithelium. DCC expression was
not greatly reduced in the patients with coeliac
disease (table 1).
p53

p53 was not expressed in normal duodenal
specimens. p53 positive nuclear immunostaining was seen in seven of the 21 coeliac biopsies
(table 1). Positive nuclear staining was found
mainly in the deep and lateral aspects of crypts,
and less frequently in scattered cells (fig 1).
E-CADHERIN

In normal duodenal biopsies, immunoexpression was membranous, on the lateral cell wall,
and with minimal cytoplasmic expression. We
noted a pronounced reduction of immunostaining in nine of the 21 coeliac biopsies (table
1). The loss of immunostaining was more pronounced at the surface than in the crypt bases
(fig 2).
â-CATENIN

In normal duodenal biopsies, immunostaining
was predominantly uniformly membranous
and weakly cytoplasmic; staining was greatly
reduced in three of the 21 coeliac biopsies
(table 1). No overlap was found between cases
showing loss of E-cadherin and â-catenin
expression.
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reduced immunostaining. In a recent study,
reduced cadherin–catenin complex expression
was also seen in adult patients with coeliac disease.18
Our study aimed to evaluate the role of p53,
DCC, E-cadherin, and â-catenin in the genesis
of mucosal alterations in coeliac disease.
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that p53 is overexpressed in adenomas and
adenocarcinomas of the small intestine.23
However, coeliac related regenerative changes
are usually not associated with dysplasia.24 To
date, no data have been published concerning
coeliac related adenocarcinomas of the small
intestine and p53 expression, although it may
be involved in the rare events that lead to neoplastic changes.
Expression of the DCC protein in colorectal
tumours is related to tumour progression and
metastasis, but is not regularly found in

Figure 1 p53 overexpression in the mucosa of a child with coeliac disease at (A) low and (B) high magnification
compared with (C) negative p53 staining in normal mucosa.

Figure 2 (A) Reduced E-cadherin immunoexpression in the mucosa of coeliac disease (mainly in the surface epithelium) compared with (B) E-cadherin
staining in normal mucosa.

www.jclinpath.com

J Clin Pathol: first published as on 1 September 2001. Downloaded from http://jcp.bmj.com/ on June 12, 2021 by guest. Protected by copyright.

Discussion
We found that p53 was overexpressed in seven
of 21 patients with coeliac disease. The positive
p53 stained cells were located in the deep and
lateral aspects of elongated regenerative crypts.
Similarly, p53 overexpression was seen in nondysplastic colonic epithelium associated with
chronic reparative processes, as is seen in
inflammatory bowel disease.11 Overexpression
of p53 was also reported in Crohn’s associated
carcinomas, adenomas, and dysplastic mucosa.22 In addition, it has recently been shown
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adenocarcinoma, compared with 0.23 expected cases, among 119 non-lymphomatous
malignancies. Those tumours occurred predominantly in the jejunum and duodenum.37
One patient with coeliac disease had villous
adenoma, a possible precursor of carcinoma,39
and others have been seen with multiple
adenocarcinomas.40 41 The neoplastic changes
are probably preceded by genomic alterations
in the mucosa. p53, E-cadherin, and â-catenin
alterations may have a role later in the
phenotypic changes of the neoplastic processes. Moreover, in our study, abnormal p53,
E-cadherin, and â-catenin expression was seen
in young children. Other proto-oncogenes and
tumour suppressor genes such as DCC may
show altered immunostaining later in the
sequence of carcinogenesis.
In summary, we found altered expression of
p53, E-cadherin, and â-catenin in a subset of
children with active coeliac disease. The
immunohistochemical
expression
of
E-cadherin and â-catenin was reduced. These
alterations probably have a role in the histomorphological characteristics of coeliac disease. Moreover, mucosal p53 overexpression
and altered E-cadherin and â-catenin expression may play a role in the rare events that lead
to neoplastic changes, mainly adenocarcinoma
of the small intestine.
With the support of “The Wladimir Schreiber Fund for Medical Research”.
1 Trier JS. Celiac sprue. N Engl J Med 1991;325:1709–19.
2 McIntyre AS, Ng DP, Smith JA, et al. The endoscopic
appearance of duodenal folds is predictive of untreated
adult celiac disease. Gastrointest Endosc 1992;38:148–51.
3 Variend S, Placzek M, Raafat F, et al. Small intestinal
mucosal fat in childhood enteropathies. J Clin Pathol 1984;
37:373–7.
4 Spencer J, Cerf-Bensussan N, Jarry A, et al. Enteropathy
associated T cell lymphoma (malignant histiocytosis of the
intestine) is recognised by a monoclonal antibody
(HML-1) that defines a membrane molecule on human
mucosal lymphocytes. Am J Pathol 1988;132:1–5.
5 Pricolo VE, Mangi AA, Aswad B, et al. Gastrointestinal
malignancies in patients with celiac sprue. Am J Surg 1998;
176:344–7.
6 Przemioslo R, Wright NA, Elia G, et al. Analysis of crypt cell
proliferation in coeliac disease using MI-B1 antibody
shows an increase in growth fraction. Gut 1995;36:22–7.
7 Savidge TC, Shmakov AN, Walker-Smith JA, et al.
Epithelial cell proliferation in childhood enteropathies. Gut
1996;39:185–93.
8 Moss SF, Attia L, Scholes JV, et al. Increased small intestinal
apoptosis in coeliac disease. Gut 1996;39:811–17 .
9 Ohue M, Tomita N, Monden T, et al. A frequent alteration
of p53 gene in carcinoma and in adenoma of colon. Cancer
Res 1994;54:4798–804.
10 Barletta A, Marzullo F, Pellecchia A, et al. DNA flow cytometry, p53 levels and proliferative cell nuclear antigen in
human colon dysplastic, precancerous and cancerous
tissues. Anticancer Res 1998;18:1677–82.
11 Fogt F, Vortmeyer AO, Goldman H, et al. Comparison of
genetic alterations in colonic adenoma and ulcerative
colitis-associated dysplasia and carcinoma. Hum Pathol
1998;29:131–6.
12 Shibata D, Reale MA, Lavin P, et al. The DCC protein and
prognosis in colorectal cancer. N Engl J Med 1996;335:
1727–32.
13 Goi T, Yamaguchi A, Nagawara G, et al. Reduced expression
of deleted colorectal carcinoma (DCC) protein in established colon cancers. Br J Cancer 1998;77:466–71.
14 Takayama T, Shiozaki H, Shibamoto S, et al. Beta-catenin
expression in human cancers. Am J Pathol 1996;148:39–46.
15 van der WurV AA, ten Kate J, van der Linden EP, et al.
L-CAM expression in normal, premalignant, and malignant colon mucosa. J Pathol 1992;168:287–91.
16 Hanby AM, Chinery R, Poulsom R, et al. Downregulation of
E-cadherin in the reparative epithelium of the human
gastrointestinal tract. Am J Pathol 1996;148:723–9.
17 Karayiannakis AJ, Syrigos KN, Efstathiou J, et al. Expression
of catenins and E-cadherin during epithelial restitution in
inflammatory bowel diseases. J Pathol 1998;185:413–18.
18 Perry I, Tselepis Ch, Hoyland J, et al. Reduced cadherin/
catenin complex expression in celiac disease can be reproduced in vitro by cytokine stimulation. Lab Invest 1999;79:
1489–99.

J Clin Pathol: first published as on 1 September 2001. Downloaded from http://jcp.bmj.com/ on June 12, 2021 by guest. Protected by copyright.

non-dysplastic regenerative changes.11–13 In our
study, we found no appreciable diVerences in
the expression of DCC between the coeliac
group and the controls.
In the control cases, we found that
E-cadherin was expressed uniformly along the
crypt–villous axis, in a similar pattern to that
described previously,18 25 26 and this expression
was reduced in patients with coeliac disease.
The alteration was more prominent at the surface of the mucosa.
E-cadherin, a transmembrane protein of the
adherens junction, has a major role in the maintenance of tissue architecture27 and morphology.28 It is linked to the actin cytoskeleton by
several cytoplasmatic proteins, one of which is
â-catenin, a molecule that is required for the
establishment of functional cadherin mediated
adhesion.21 It was recently shown that
E-cadherin cooperates with integrins and
insulin-like growth factor I to induce the migration of epithelial colonic cells.29 The importance
of the E-cadherin complex in the maintenance
of intestinal epithelial architecture has been
noted in tumours and in non-neoplastic samples, such as in the regenerative epithelium of
peptic and Crohn’s ulceration,30 and has recently
been studied in inflamed and ulcerated areas of
the intestinal mucosa. In active inflammation,
the expression of the E-cadherin complex was
upregulated. In particular, epithelium adjacent
to ulcers showed increased expression of protein
and mRNA, but in ulcer associated cell lineages
staining was weak or negative. Reparative
epithelium growing over denuded areas also
showed weaker expression.31 It is unclear
why coeliac biopsies, which show mainly inflamed and non-ulcerated mucosa, have
reduced E-cadherin immunoexpression in the
epithelium.
Cadherin–catenin complexes are involved in
the establishment of cell polarity,32 rearrangement of the cytoskeleton,33 the formation of
intercellular junctions,34 and embryonic development.35 A dominant negative, N-cadherin
mutant mouse model showed reduced intercellular adhesion and increased cell migration, the
loss of cell diVerentiation and polarisation, and
early apoptosis.29
In addition to reduced â-catenin membranous expression, previous studies have found
an increase in cytoplasmic and nuclear staining, thought to be related to reduced binding to
E-cadherin and, therefore, storage within the
cytoplasm.18 We noted a reduction in â-catenin
expression in only four of 25 cases, and this was
not associated with cytoplasmic or nuclear
staining.
Malignancy is much more frequent than
expected in patients with coeliac disease.36–38
Primary non-Hodgkin’s lymphoma of the small
intestine is the most common tumour, accounting for about 50% of the malignant conditions found in patients with coeliac disease.36 37 Adenocarcinoma of the small
intestine, carcinoma of the oesophagus, and
carcinoma of the mouth and pharynx are the
main other malignancies that arise with greater
than expected frequency in coeliac disease.36–38
Swinson et al found 19 cases of small intestinal

688

Barshack, Goldberg, Chowers, et al
31 Demetter P, De Vos M, Van Damme N, et al. Focal
up-regulation of E-cadherin–catenin complex in inflamed
bowel mucosa but reduced expression in ulcer-associated
cell lineage. Am J Clin Pathol 2000;114:364–70.
32 Wollner DA, Krzeminski KA, Nelson WJ. Remodeling the
cell surface distribution of membrane proteins during the
development of epithelial cell polarity. J Cell Biol 1992;116:
889–99.
33 Hulsken J, Birchmeier W, Behrens J. E-cadherin and APC
compete for interaction with beta-catenin and the cytoskeleton. J Clin Biol 1994;127:2061–9.
34 Lewis JE, Jensen PJ, Wheelcock MJ. Cadherin function is
required for human keratinocytes to assemble desmosomes
and stratify in response to calcium. J Invest Dermatol 1994;
102:870–7.
35 Jankowski JA, Bedford FK, Kim YS. Changes in gene structure and regulation of E-cadherin during epithelial
development, diVerentiation and disease. Prog Nucleic Acid
Res Mol Biol 1997;57:187–215.
36 Cooper BT, Holmes GK, Ferguson R, et al. Celiac disease
and malignancy. Medicine 1980;59:249–61.
37 Swinson CM, Slavin G, Coles EC, et al. Coeliac disease and
malignancy. Lancet 1983;1:111–15.
38 Holmes GK, Prior P, Lane MR, et al. Malignancy in coeliac
disease—eVect of a gluten free diet. Gut 1989;30:333–8.
39 Fishman MJ, Jeejeebhoy KN, Gopinath N, et al. Small
intestinal villous adenoma and celiac disease. Am J Gastroenterol 1990;85:748–51.
40 Dannenberg A, Godwin T, Rayburn J, et al. Multifocal
adenocarcinoma of the proximal small intestine in a patient
with celiac sprue. J Clin Gastroenterol 1989;11:73–6.
41 Straker RJ, Gunasekaran S, Brady PG. Adenocarcinoma of
the jejenum in association with celiac sprue. J Clin Gastroenterol 1989;11:320–3.

Readers' favourite

Top 10
Click on the Top 10 button on the homepage
to see which are the best read articles each month
''

''

www.jclinpath.com

www.jclinpath.com

J Clin Pathol: first published as on 1 September 2001. Downloaded from http://jcp.bmj.com/ on June 12, 2021 by guest. Protected by copyright.

19 Trier JS. Diagnosis of celiac sprue. Gastroenterology 1998;
115:211–16.
20 Guedson JL, Ternynck T, Avrameas S. The use of
avidin–biotin interaction in immunoenzymatic technique. J
Histochem Cytochem 1979;27:1131–9.
21 Gumbiner BM. Cell adhesion: the molecular basis of tissue
architecture and morphogenesis. Cell 1996;84:345–57.
22 Rashid A, Hamilton SR. Genetic alterations in sporadic and
Crohn’s associated adenocarcinomas of the small intestine.
Gastroenterology 1997;113:127–35.
23 Arber N, Hibshoosh H, Yasui W, et al. Antibodies in the
expression of cell-related protein in tumors of the small
bowel. Cancer Epidemiol Biomarkers Prev 1999;8:1101–5.
24 Bruno CJ, Batts KP, Ahlquist DA. Evidence against flat dysplasia as a regional field defect in small bowel adenocarcinoma associated with celiac sprue. Mayo Clin Proc 1997;
72:320–2.
25 Dogan A, Wang ZD, Spencer J. E-cadherin expression in
intestinal epithelium. J Clin Pathol 1995;48:143–6.
26 Patey N, Scoazec J, Cuendo-Jabri B, et al. Distribution of
cell adhesion molecule in infants with intestinal epithelial
dysplasia (tufting enteropathy). Gastroenterology 1997;113:
832–43.
27 Grunwald GB. The structural and functional analysis of
cadherin calcium-dependent cell adhesion molecules. Curr
Opin Cell Biol 1993;5:797–805.
28 Hermiston ML, Gordon JI. Inflammatory bowel disease and
adenomas in mice expressing a dominant negative
N-cadherin. Science 1995;279:1203–7.
29 Andre F, Rigot V, Thimonier J, et al. Integrins and
E-cadherin cooperate with IGF-I to induce migration of
epithelial colonic cells. Int J Cancer 1999;83:497–505.
30 Hanby AM, Chinery R, Poulsom R, et al. Downregulation of
E-cadherin in the reparative epithelium of the human
gastrointestinal tract. Am J Pathol 1996;148:723–9.

