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Barrett’s esophagus is diagnosed when goblet cells are found in the lower esophageal mucosa. However, the
distribution of these cells is patchy and they may not represent the earliest marker of intestinal metaplasia.
Cdx2 is a transcription factor whose expression in normal tissues is restricted to intestinal-type epithelium. Its
distribution in the columnar-lined esophagus with and without intestinal metaplasia has been seldom studied.
We evaluated Cdx2 expression in lower esophageal biopsies from 90 patients with endoscopic diagnosis of
short segment Barrett’s esophagus, including 45 consecutive cases showing intestinal metaplasia (goblet cells
present in hematoxylin eosin and/or Alcian blue stains) and 45 consecutive cases without goblet cells. 25
samples of cardiac-type mucosa without intestinal metaplasia biopsied from the stomach served as controls.
All cases with intestinal metaplasia revealed Cdx2 reactivity in goblet cells and adjacent nongoblet columnar
cells. Dysplastic foci, seen in five cases from this group, were Cdx2 positive. In the group without goblet cells,
Cdx2 was focally expressed by columnar cells in 17 (38%) cases. All control cases were Cdx2 negative. Strips of
Alcian blue-positive nongoblet columnar cells (‘columnar blues’) were observed in 11 (24%) of the cases
without intestinal metaplasia. All these foci were Cdx2 negative. In conclusion, Cdx2 is a highly sensitive
marker for Barrett’s esophagus. It is also expressed in a significant minority of cases of columnar-lined
esophagus without goblet cells, suggesting that it may detect intestinal phenotypic modifications in the
absence of goblet cells. Accordingly, Cdx2 immunostaining could help identify patients with Barrett’s
metaplasia in cases where no goblet cells are visible in biopsies from the columnar-lined esophagus. Finally,
lack of Cdx2 expression in the ‘columnar blues’ suggests that these cells are not diagnostic of intestinal
metaplasia.
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Barrett’s esophagus is the premalignant lesion for
adenocarcinoma of the esophagus.1–3 It is character-
ized by a columnar change in the distal esophageal
squamous epithelium that can be recognized at
endoscopy, and is confirmed to have intestinal
(specialized) metaplasia by biopsy.4 Although the
specialized columnar epithelium is composed of
both goblet and columnar non goblet cells, only the
former are considered as the hallmark of Barrett’s
esophagus.4–7 The rapidly rising incidence of eso-
phageal adenocarcinoma over the past two decades

has driven efforts to identify patients with Barrett’s
esophagus.8–10 Currently, endoscopy with biopsies is
the gold standard in making a diagnosis of this
entity. The sensitivity and positive predictive
values of standard upper endoscopy for diagnosing
Barrett’s esophagus have, however, been reported as
82 and 34%, respectively.11 This is secondary to the
patchy and mosaic distribution of intestinal meta-
plasia within the columnar-lined esophagus.4,11,12

Thus, the diagnosis may be missed when goblet cells
are inconspicuous or when small biopsies with
crush artifact are sent for examination. In addi-
tion, it has been recently suggested that during
the reflux–metaplasia–dysplasia–adenocarcinoma
sequence, goblet cell development is preceeded by
the development of columnar ‘cardiac-type’ meta-
plastic cells.13,14 Accordingly, the availability of a
marker capable of detecting intestinal differentiation
in the absence of goblet cells could be of clinical
importance.
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The caudal-related Cdx2 gene encodes an intes-
tine-specific transcription factor belonging to the
homeobox family of genes that has been reported to
regulate both proliferation and differentiation in
intestinal epithelial cells.15–19 The expression of
Cdx2 in adult non-neoplastic tissues has been
shown to be restricted to normal intestinal epithe-
lium, normal pancreatic epithelial cells, and gastric
and esophageal intestinal metaplasia.20–27 In the
gastrointestinal tract, Cdx2 is strongly and diffusely
expressed in the nuclei of normal small and large
intestinal epithelial cells, including absorptive,
goblet, endocrine and Paneth cells; in the pancreatic
epithelium its expression is focal and patchy.22,24,27

Normal esophageal and gastric epithelial cells are
Cdx2 negative.22,24,27 In contrast, esophageal and
gastric intestinal metaplastic cells are Cdx2 posi-
tive.20,21,23,25,26 Further studies will help to confirm
or refute Cdx2 as a sensitive and specific marker of
intestinal differentiation.

The purposes of this study were to assess Cdx2
immunoreactivity in the columnar-lined esophagus
with and without intestinal metaplasia and to
determine the potential utility of this marker in
detecting intestinal differentiation of the columnar-
lined esophagus in the absence of goblet cells.

Materials and methods

We prospectively analyzed lower esophageal biop-
sies from 45 consecutive patients with endoscopi-
cally recognized columnar-lined esophagus in
which intestinal metaplasia was demonstrated his-
tologically (Barrett’s esophagus) and from 45 con-
secutive patients with endoscopically recognized
columnar-lined esophagus in which no goblet cells
were found. All cases consisted of formalin-fixed
paraffin-embedded, randomly taken lower esopha-
geal biopsies containing columnar and squamous
epithelium. They were obtained from 90 patients
with symptoms related to reflux and an endoscopic
diagnosis of short-segment Barrett’s esophagus (co-
lumnar-lined esophagus o3 cm in length). Clinical
and endoscopic data were obtained from the
patients’ hospital charts and/or by contacting the
patients’ physician when necessary. Specimens
were stained with hematoxylin–eosin and Alcian
blue (pH 2.5) stains, and later subdivided into those
with or without goblet cells. Positive Alcian blue
staining of columnar cells without unequivocal
features of goblet cells (‘columnar blue cells’) was
not regarded as intestinal metaplasia.

For controls, 25 samples of gastric cardiac-type
mucosa without intestinal metaplasia biopsied from
the stomach were used. The gastroesophageal junc-
tion corresponded to the location of the squamo-
columnar junction in all these cases. Sections were
prepared and evaluated in the same way as the
study specimens.

For Cdx2 immunohistochemistry, sections were
placed on positively charged glass slides, deparaffi-
nized and subjected to high-temperature antigen
unmasking in Tris-buffer, pH 9.5 (NUCLEAR
Decloaker, BiocareMedical Walnut Creek, CA, USA)
using an electric pressure cooker set at 1181 for
4min. Endogenous peroxidase activity was
quenched with hydrogen peroxide. Detection of
Cdx2 binding (clone Cdx2-88; dilution 1:25; Bio-
genex, San Ramon, CA, USA) was achieved using
the Picture-Plus polymer kit (Zymed, South San
Francisco, CA, USA). The formed complexes were
visualized with aminoethyl carbazole chromogen/
substrate. Sections were then counterstained with
hematoxylin, dehydrated, cleared and permanently
mounted. Normal colonic mucosa was used as
positive control. In the negative control, the primary
antibody was discarded. Only nuclear staining was
considered as positive.

Results

There were no significant clinical differences be-
tween the two groups. The 45 cases that showed
goblet cells included a total of 162 biopsies (mean:
3.6 biopsies per block, range: 1–5) belonging to 32
males and 18 females with a mean age of 58 years
(range: 19–85 years). In the group without goblet
cells, there was a total of 153 biopsies (mean: 3.4
biopsies per block, range: 1–5) taken from 29 males
and 21 females with a mean age of 54 years (range:
20–79 years).

All 45 cases of Barrett’s esophagus revealed
nuclear Cdx2 reactivity in areas of intestinal
metaplasia. The staining was strong and clearly
seen in both goblet and adjacent nongoblet colum-
nar cells (Figure 1). Five (11%) cases had foci of
dysplasia (low grade in four cases and high grade in
one case). All dysplastic cells revealed strong
nuclear reactivity for Cdx2 (Figure 2). Overall, 22
cases from this group included tissue fragments
devoid of goblet cells; in five (23%) of them there
was focal Cdx2 expression in columnar cells that
were negative or weakly positive for Alcian blue
stain.

In the group without goblet cells, 17 of 45 (38%)
cases demonstrated focal nuclear Cdx2 expression
of variable intensity (Figure 3). In most cases, Cdx2-
positive cells were located at the surface or in the
upper portion of cardiac or oxyntocardiac-type
glands and adjacent or at a short distance from the
squamocolumnar junction. All the Cdx2-positive
columnar cells were negative or weakly positive for
Alcian blue stain (Figure 3). No dysplasia was found
in this group. None of the cases from the control
group expressed Cdx2.

Strips of superficial Alcian blue-positive colum-
nar mucous cells devoid of goblet cells (‘columnar
blues’) were identified in 11 (24%) cases from the
group without intestinal metaplasia. None of these
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Figure 1 (a) Typical Barrett’s metaplasia. (b) Cdx2 shows strong
nuclear expression in goblet and adjacent nongoblet columnar
cells.

Figure 2 (a) Barrett’s related dysplasia. (b) Dysplastic cells are
strongly reactive for Cdx2.
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Figure 3 Lower esophageal biopsy without evidence of intestinal (Barrett’s) metaplasia on hematoxylin–eosin (a) and alcian blue (b)
stains. Cdx2 immunostaining displays focal nuclear reactivity in nongoblet columnar cells (c).

Cdx2 in the columnar-lined esophagus
GM Groisman et al

1285

Modern Pathology (2004) 17, 1282–1288



foci expressed Cdx2 (Figure 4). Diffuse cytoplasmic
or granular perinuclear reactivity for Cdx2 was
observed in superficial and deep columnar cells in
10 (22%) of the cases with intestinal metaplasia and
in 16 (35%) of the cases without intestinal meta-
plasia. As previously stated, this staining pattern
was disregarded. The squamous epithelium was
consistently Cdx2 negative.

Discussion

Our study showed that the intestinal marker Cdx2 is
consistently expressed in esophageal intestinal
metaplasia. In addition, it was found to be reactive
in a significant minority of biopsies taken from
patients with an endoscopic diagnosis of columnar-
lined esophagus in which no goblet cells were
found. Human Cdx2 is a member of the caudal-
related homeobox gene family that activates an
intestinal-specific gene transcription, which regu-
lates normal intestinal development and differentia-
tion and plays an important role in triggering
cells towards the phenotype of differentiated
enterocytes as well as in the maintenance of the
phenotype.15–19 Cdx2 expression in normal adult
tissues is restricted to intestinal and colonic
epithelium and a subset of pancreatic acinar and
ductal cells.22,24,27 In neoplasms, it is expressed by
small and large intestinal epithelial tumors, by
esophageal, urinary bladder and ovarian mucinous
adenocarcinomas, and by a subset of pancreatobili-
ary adenocarcinomas.20–22,24–29 In addition, Cdx2
is consistently expressed in gastric intestinal
metaplasia and gastric adenocarcinomas with an
intestinal phenotype.20,21,26,29 Accordingly, it was
suggested that Cdx2 may be involved in intestinal
differentiation along the gastric carcinogenesis
pathway.20

Cdx2 reactivity in Barrett’s esophagus has been
seldom evaluated. Eda et al23 studied three cases of
Barrett’s esophagus and found Cdx2 expression in
all of them. In a larger series, Phillips et al25

analyzed 134 esophageal biopsy and resection
specimens and found Cdx2 expression in goblet
and nongoblet columnar cells in 100% (72 of 72) of
the slides with intestinal metaplasia. Our study
yielded identical results in the group with goblet
cells, confirming the exquisite sensitivity of this
marker in detecting intestinal metaplasia of the
columnar-lined esophagus. Five of our cases from
the group with goblet cells had areas of Barrett’s-
related dysplasia and all of them expressed Cdx2.
Likewise, in the study of Phillips et al25 Cdx2 was
heterogeneously expressed in each of 38 slides from
21 patients with Barrett’s-related dysplasia or adeno-
carcinoma. This finding was not unexpected since
dysplasia and adenocarcinoma are invariably asso-
ciated with intestinal metaplasia of the columnar-
lined esophagus.1–3

Figure 4 ‘Columnar blue cells’ positive for Alcian blue (a), are
negative for Cdx2 (b).
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We found strips of Alcian blue-positive super-
ficial columnar cells in 24% of cases from the group
without goblet cells; all of which were Cdx2
negative. Some authors have suggested that these
cells, known as ‘columnar blues’, represent an
indicator of intestinal metaplasia and Barrett’s
esophagus.30,31 However, other studies questioned
this view.7,32,33 The absence of Cdx2 expression in
these cells suggests that they are not diagnostic of
intestinal metaplasia in the columnar-lined esopha-
gus. It can be argued that the ‘columnar blues’
represent an incomplete or early form of intestinal
metaplasia being Cdx2 produced at later stages.
However, it has been demonstrated that Cdx2
expression constitutes a very early event during
intestinal development, as its presence is necessary
for embryonic intestinal proliferation and differen-
tiation.15,17,19

The most interesting finding of this study was the
presence of Cdx2-positive columnar cells in a
substantial minority (38%) of cases lacking histo-
logical or histochemical features of intestinal meta-
plasia. The same feature was observed in five of the
22 (23%) cases from the group with intestinal
metaplasia that included tissue samples devoid of
goblet cells. In contrast, all our control cases were
Cdx2 negative. These results validate the findings of
Phillips et al,25 who reported Cdx2 reactivity in 30%
(20 of 62) of cases of columnar-lined esophagus
without definitive histologic evidence of intestinal
metaplasia. Although it can be argued that Cdx2
expression in the columnar-lined esophagus with-
out goblet cells indicates lack of specificity, we agree
with Phillips et al25 in that it rather reflects the
ability of Cdx2 to detect early intestinal phenotypic
features prior to morphologic and histochemical
changes identified by conventional histological and
histochemical methods.

Previous studies have demonstrated that Cdx2
plays an important role in the development of
gastric intestinal metaplasia21,34 and in the activa-
tion of the intestinal mucin gene MUC2 in gastric
cells leading to goblet cell differentiation.35,36 Cdx2
reactivity in the nongoblet cell population of the
columnar esophagus may be an early event in
intestinal differentiation, and its presence would
indicate that the molecular machinery for intestinal
differentiation is in place, even when histologic
evidence of such differentiation is lacking.25 In fact,
it has been proposed that the first step in the reflux–
adenocarcinoma sequence of the columnar-lined
esophagus is the development of columnar nongob-
let epithelium of ‘cardiac-type’ which may evolve
either to oxynto-cardiac mucosa, with no risk of
malignant transformation, or to intestinal-type
epithelium, with risk for adenocarcinoma.13,14 We
do not know from our study how many of the Cdx2-
positive cases from the group without goblet cells
were truly negative for these cells and how many
represented underdiagnosis of the lesion because of
insufficient sampling. Nevertheless, it is tempting to

speculate that the ability of Cdx2 immunostaining in
detecting intestinal differentiation in samples of
columnar-lined esophagus devoid of goblet cells
may alert us to the existence of Barrett’s metaplasia
in patients that otherwise would have been dis-
missed.

Intestinal differentiation of the nongoblet colum-
nar cell population in the columnar-lined esopha-
gus has been previously demonstrated using other
antibodies. Chaves et al37 assessed the immunor-
eactivity for sucrase–isomaltase (SI) and dipepti-
dylpeptidase (DPP), two markers of enterocytic
differentiation that are not expressed by goblet
cells, in the columnar-lined esophagus. SI was
positive in 67% of cases with goblet cells and in
the same percentage of cases without goblet cells,
whereas DPP was identified in 50% of cases with
and in 75% of cases without goblet cells. They
also found expression of both markers in esopha-
geal adenocarcinoma and suggested that, in addi-
tion to goblet cells, the nongoblet cells may be
involved in the malignant transformation of Bar-
rett’s esophagus.37 Griffel et al38 evaluated Das1, a
murine monoclonal antibody that reacts with
colonic but not jejunal, ileal, gastric or esophageal
epithelium, in 29 samples of columnar-lined
esophagus and found immunoexpression in 10 of
10 (100%) cases showing intestinal metaplasia and
in five of 19 (26%) cases without goblet cells.
They suggested that the phenotypic change of the
columnar-lined esophagus to a colonic cell type
precedes the morphologic changes identified by
routine histology.38 It should be noted that SI, DPP
and Das1 display a membranous or cytoplasmic
staining pattern, whereas Cdx2 is characterized by
a strong and high-quality nuclear localization,
which is regarded as more reliable and easier to
interpret.

In summary, this study showed that Cdx2 is a
highly sensitive marker of intestinal (Barrett’s)
metaplasia of the esophagus and that it is ex-
pressed in a significant minority of cases of
columnar-lined esophagus without goblet cells,
suggesting that it may detect intestinal phenotypic
modifications in the absence of goblet cells.
Accordingly, Cdx2 immunostaining could be of
value in identifying patients with Barrett’s meta-
plasia when no goblet cells are found in biopsies
from the columnar-lined esophagus. In addition,
our study further confirmed that Barrett’s-asso-
ciated dysplasia has an intestinal phenotype and
suggested that the ‘columnar blue cells’ are not
diagnostic of intestinal metaplasia.
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