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Abstract. In the current study we aimed to clarify the potential of EpCAM and villin as in vivo biomarkers for both Barrett
esophagus (BE)-associated neoplasia and BE versus cardiac mucosa. Immunohistochemical staining in BE with various degrees
of intraepithelial neoplasia (IN), Barrett carcinoma (BC) and in normal cardiac mucosa (CM) revealed a lack of EpCam and villin
in squamous esophageal epithelium. All specimens of IN and BC showed EpCam with varying staining intensities. In 57% of CM
samples a weak signal was detected; the remainder displayed strong EpCam expression. Villin was found in 97% of BE specimens
and in all those with IN; 37% of BC and 75% of CM specimens were also positive. We conclude that expression of EpCam and
villin differs only between squamous epithelium and BE. Determination of these proteins does not allow discrimination between
different degrees of neoplasia or between esophageal intestinal metaplasia and cardiac mucosa.
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1. Introduction
Barrett’s esophagus (BE) represents the acquired replacement of squamous epithelium lining the distal
esophagus by columnar cells containing goblet cells,
also called “specialized intestinal metaplasia”. BE is
recognized as a precancerous condition requiring regular surveillance endoscopies with biopsies [1]. The
frequency of BE-associated adenocarcinoma has consistently increased over recent decades [2,3]. Carcinoma in BE develops via dysplasia, also termed intraepithelial neoplasia, which is characterized by architectural abnormalities (glandular distortion and crowding, papillary extensions, and villiform configuration
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of the mucosa surface) and changes in cytological measures (variation in nuclear size and shape, increased
nuclear-to-cytoplasm ratio, hyperchromatism, and increased number of abnormal mitoses) [4].
The diagnostic work-up of BE presents two challenges in clinical practice:
1. The diagnosis of BE rests on endoscopy plus
histologic confirmation, but among patients with
short or very short forms it may be difficult to
identify which patients should be biopsied. This
is because endoscopy may be quite unreliable
in defining a short BE segment. The precise
recognition of the gastro-esophageal transition is
of crucial impact as it defines whether intestinal
metaplasia belongs to the esophagus, representing a short segment BE [5] as opposed to proximal gastric metaplasia. The risk of progression to
Barrett carcinoma (BC) from intraepithelial neoplastic lesions in short segment BE seems to be
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equivalent to the risk with longer Barrett’s epithelium [6]. Thus, a marker for Barrett epithelium
versus proximal gastric (cardiac) mucosa would
be very helpful.
2. Once BE is established, surveillance consists of
endoscopic inspection with biopsy of all suspicious focal areas as well as stepwise fourquadrant biopsies. Such an approach is commonly felt to be time-consuming and, due to an inherent sampling error, only partially effective. The
use of markers for imaging, employing antibodies to highlight areas of neoplasia which are endoscopically invisible, would help in performing
targeted biopsies only, thus saving time.
To achieve this purpose several techniques, such as
tissue fluorescence after administration of various substances (photodynamic diagnosis) and tissue auto fluorescence endoscopy, have been evaluated but have
not yielded consistent results [7]. Previously in vivo
application of biomarkers during endoscopy has been
demonstrated, using a fluorescence-labeled antibody
against carcinoembryonic antigen for the detection of
colonic adenoma and carcinoma [8], but no data regarding in vivo application of biomarkers for BE have yet
been published. However, based on findings in human
tissue samples, EpCam and villin have been proposed
as sensitive and specific indicators of BE [9–13].
EpCAM, a 40-kDa transmembrane glycoprotein, is
expressed in various human epithelia including bowel
mucosa, but not in the gastric mucosa or squamous epithelium of the esophagus [13,14]. Barrett’s metaplasia however strongly expresses this protein [13]. Villin
is a Ca2+ -dependent actin-binding protein, necessary
for the constitution of apical microvilli in the intestinal
epithelium [15], and can be found in the small bowel,
but not in the normal gastric mucosa [9,10]. While
high expression of villin has been detected in metaplastic BE, squamous esophagus is considered to be
villin-negative [9,10,12].
In the current study we have investigated EpCam
and villin expression in the diverse stages of BE and
in the gastric cardia region. Thereby, we aimed to
evaluate the potential utility of these proteins as in vivo
biomarkers in order to improve endoscopic detection
and surveillance in individuals with BE.
2. Material and methods
2.1. Study population and tissues
Biopsy tissue specimens were obtained from 10 patients (five men; mean age 60 years, range 36–82) with

previously diagnosed BE who had undergone endoscopic surveillance according to standards during 2002
at the Department of Internal Medicine II, Technical
University of Munich, Munich, Germany. Written informed consent for immunohistochemical evaluation of
the samples was obtained from all patients. The procedure included 4 quadrant biopsies starting at the proximal cardia folds, every 2 cm up to the proximal BE
margin, which in most cases contained adjacent squamous epithelium. This normal squamous epithelium
from the most proximal biopsies was taken as controls
and was present in at least one biopsy from each patient.
The specimens included: BE, that was without neoplasia (n = 66), indefinite for intraepithelial neoplasia
(IDIN) (n = 8), with low grade intraepithelial neoplasia (LGIN) (n = 10), and with high grade intraepithelial neoplasia (HGIN) (n = 2); Barrett’s carcinoma
(BC) (n = 16); and cardiac mucosa (CM) (n = 12).
Histological categorization of tissue types was performed according to standard criteria by two senior
pathologists with a special interest in gastrointestinal
pathology (Mario Sarbia, Ingrid Becker) on the basis
of the H&E-stained slides. Cardiac mucosa was characterized by loosely packed glands composed only of
mucous epithelia. The surface was covered by gastric
foveolar epithelium [16]. Metaplastic Barrett’s mucosa was characterized by incomplete type of intestinal
metaplasia with a mixture of goblet cells and columnar cells that have cytological features of gastric foveolar cells or intestinal absorptive cells (usually without brush border) [17]. Barrett mucosa indefinite for
intraepithelial neoplasia, low grade intraepithelial neoplasia and high grade intraepithelial neoplasia were defined histologically according to the criteria of Montgomery et al. [18]. Barrett’s carcinoma was defined
as an adenocarcinoma with concomitant histological
verification of metaplastic Barrett’s mucosa and/or intraepithelial neoplasia in Barrett’s mucosa. Intramucosal carcinoma was defined by either penetration of
neoplastic cells through the basement membrane and/or
the presence of architecturally complex collections of
neoplastic cells in the lamina propria that could not
be explained by the presence of pre-existing Barrett’s
mucosa [19].
2.2. Construction of tissue microarrays and
immunohistological investigations
Tissue microarrays were constructed as described
previously [20] using a tissue-arraying instrument
(Beecher Instruments, Silver Spring, MD, USA). For
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the subsequent immunohistochemical study, 4 µm sections from the tissue microarrays were mounted on
Superfrost-plus slides. Subsequently, sections were
stained according to standard procedures using monoclonal antibodies against EpCam (clone AUA1, dilution 1:200; Abcam, Cambridge, UK) and villin
(clone ID2C3, dilution 1:100; Immunotech, Marseille,
France). Each run included appropriate positive controls. Negative controls were treated identically to the
tumor samples including the antigen retrieval procedure, except that the primary antibody was replaced
by mouse non-immune serum. In negative controls no
signals were detectable.
Expression of EpCam and villin, respectively, was
considered positive if at least 10% of the cell type of
interest in at least one of the three tissue cores showed
staining comparable to positive controls.

3. Results
To determine the expression of EpCam and villin
in normal esophageal squamous epithelium, samples
were stained immunohistochemically. Neither of the
two proteins displayed immunopositivity in stratified
squamous epithelium.
In non-neoplastic Barrett’s metaplasia, EpCam expression was present in all samples: a signal of strong
intensity was found in 87% of the specimens, while
13% displayed a weak signal. Samples of IDIN were
found to be EpCam positive in 85% of the cases. Furthermore, all specimens with intraepithelial neoplastic lesions were found to be positive for EpCam expression. Staining intensities differed according to the
degree of intraepithelial neoplasia: those classified as
LGIN revealed a strong, specific signal in 100% of the
cases, while specimens with HGIN only showed a weak
signal. All Barrett carcinoma specimens were EpCampositive; however staining intensities varied considerably, with 66% presenting a weak and 34% a strong signal. In 57% of samples of cardiac mucosa a weak signal was detected, while the remaining cases displayed
strong EpCam expression (Table 1; Fig. 1).
Villin was found in 97% of Barrett’s metaplasia samples and in all IDIN, LGIN, and HGIN specimens,
while only 37% of the Barrett carcinoma samples revealed villin expression. Of the cardiac mucosa samples, 75% displayed villin immunopositivity (Table 1;
Fig. 1).
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4. Discussion
The objective of this study was to investigate the expression of EpCam and villin in the various stages of
BE (non-neoplastic and neoplastic) and in the gastric
cardia. The clinical background to this investigation
was the potential utility of these proteins as in vivo
biomarkers to improve the endoscopic assessment of
BE, regarding both diagnosis of BE and recognition
of neoplasia in established BE. Our results support the
concept that EpCAM and villin are not expressed in
stratified esophageal epithelium, as suggested in previous studies investigating mRNA and protein expression of these molecules [9–13]. Our findings also reveal abundant expression of EpCam and villin in BE,
in agreement with previous investigations [9–13]; however, discrimination of a) intestinal metaplasia, distinguishing BE from proximal gastric mucosa, and b) discrimination between non-neoplastic and neoplastic BE
was not reliably possible using these markers.
In comparison with previous reports, the current
study is the first detailed assessment of EpCam expression in the different stages of BE. However,even though
EpCam staining intensity in LGIN was different from
that seen in HGIN, the use of EpCam as biomarker for
the degree of intraepithelial neoplasia cannot be justified since no clear-cut distinction (positive vs. negative) could be found. The same is true for villin, consistent with preliminary data from previous studies that
analyzed a lower number of neoplasia-positive biopsy
sites: Ouatu-Lascar et al. could not find any relation
between villin protein expression and Barrett dysplasia
in 14 patients, including one with HGIN [11]. Regalado et al. analyzed villin expression in Barrett’s metaplasia (n = 21), including 12 cases with intraepithelial
neoplasia, and found all biopsies containing the various
entities to be highly villin-positive. Unfortunately, no
information on further classification regarding LGIN
or HGIN is given [12]. Kumble et al. detected no
correlation between villin expression in BE (n = 6)
and presence of intraepithelial neoplasia. However, no
patient in this study displayed HGIN [9].
As we frequently observed weak or even no expression of EpCam and villin in Barrett carcinoma, as well
as their expression in proximal gastric mucosa, we conclude that use of these proteins as biomarker for Barrett carcinoma is not appropriate. Kumble et al. also
detected either no or very low villin expression with
immunoblotting in four patients with Barrett carcinoma [9]. Nevertheless, our data contrast with those of
other studies: Martin et al. found moderate to strong
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Table 1
Expression of EpCam and villin as determined by immunohistochemistry

Barrett metaplasia
Indefinite for IN
Low grade IN
High grade IN
Barrett carcinoma
Cardiac mucosa

EpCam
n=
60
7
6
2
12
7

weak positive
8
1
0
2
8
4

strong positive
52
6
6
0
4
3

Villin
n=
66
8
10
2
16
12

positive
64
8
10
2
6
9

The variation in the numbers of tissue samples assessable for EpCam and villin immunostaining was due to technical reasons, e.g. loss of tissue cores during staining
procedures. “IN”: intraepithelial neoplasia.

Fig. 1. Esophageal squamous epithelium lacks expression of EpCAM (A) and villin (E) (arrow marks immuno-positive underlying Barrett’s
metaplasia). Expression of EpCAM (B) and villin (F) in metaplastic Barrett’s mucosa. Representative areas in higher magnification display the
subcellular distribution of EpCAM predominantly at the plasma membrane and villin showing diffuse intracellular localization (additional panels
in B, F). Reduced expression of EpCAM (C) and villin (G) in a Barrett’s adenocarcinoma characterized by architecturally complex glands in a
desmoplastic stroma. In cardiac mucosa expression of both proteins EpCAM (D) and villin (H) is evident. (Magnification: A-C, F-H: ×200;
D,E: ×100).

EpCam protein expression in 18 carcinomas of the gastroesophageal junction and the upper stomach [21].
Furthermore, a high level of EpCam expression in Barrett carcinoma specimens was observed by Kumble et
al. [9]. Regalado et al. [12] detected high villin expression in Barrett carcinoma (n = 30) and gastric cardia
adenocarcinomas (n = 16); based on these findings the
authors suggested that determination of villin serum
levels might be useful in monitoring patients who had
undergone esophagectomy for adenocarcinoma. The
difference between these findings and those of the current study may be accounted for by the use of different methods (immunoblotting, immunohistochemistry,
southern and northern blotting), various staining procedures, and diverse antibodies.
Our results also show that there is no great difference
between BE and gastric mucosa regarding EpCam and
villin expression. Therefore, it must be concluded that
neither protein could serve as an appropriate biomark-

er to discriminate BE from gastric mucosa, confirming
preliminary reports by Spurr et al. [22] and Martin and
colleagues [21]. Interestingly, our data regarding villin
expression differ from those of previous studies: samples of gastric mucosa have been found to be villinnegative by Kumble et al. (n = 23) and MacLennan
et al. (n = 5) [9,10]. These discrepancies may be explained by differences in biopsy site, that is, the mucosa of the gastric cardia region in the current study,
and the gastric fundus in Kumble et al.’s investigation;
the location of the gastric mucosal biopsies studied by
MacLennan et al. is unfortunately not stated. Moreover, both these groups employed different methods
from ours (immunoblotting, northern blotting) that may
explain the divergent results.
Recently, other proteins have been suggested to distinguish intestinal metaplasia of the esophagus from
proximal gastric mucosa, such as cytokeratins, mucins,
45MI, and mAb Das-1. A BE-specific CK7/20 pat-
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tern, with CK20 detected in surface epithelial cells and
in superficial but not deep glands, and CK7 detected in both superficial and deep glands, has been proposed [23,24]. However, the sensitivity and specificity
of this CK7/20 pattern for BE has been disputed [25–
29]. The monoclonal antibody, mAb Das-1, that had
been suggested to detect Barrett’s epithelium with high
sensitivity and specificity failed to distinguish between
short-segment BE and intestinal metaplasia of the gastroesophageal junction [26,30]. Finally, using 45 M1,
an antibody recognizing M1 gastric mucin antigen, no
significant differences between intestinal metaplasia in
the esophagus, the gastroesophageal junction, or the
gastric antrum were detected [26].
In conclusion our findings in a limited population
size again show that no biomarker has yet emerged that
will reliably permit identification of intraepithelial neoplasia [31] or distinguish intestinal metaplasia in BE
from cardiac epithelium [32]. Thus, the search continues for biomarkers that can be used in the endoscopic
surveillance of BE.
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