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Case Report

Adenocarcinoma of Barrett’s esophagus in a dog
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Abstract. An endoscopic examination revealed a mass in the distal esophagus of a 9-year-old intact male bulldog. Histopathologically, 
the mass was composed of cuboidal to columnar neoplastic epithelial cells and extended from the squamous epithelium of the esopha-
geal mucosa, indicating that the tumor was derived from Barrett’s esophagus. Moreover, highly atypical foci that exhibited a cribriform 
pattern and high mitotic indices were also observed. The epithelial cells on the surface of the lesion often produced mucus that was 
positive for Alcian blue and immunohistochemically positive for MUC5AC. The neoplastic epithelial cells were diffusely positive for 
cytokeratin 7 and p53, and occasionally positive for cytokeratin 20. Based on these findings, the tumor was diagnosed as an adenocar-
cinoma. This report describes the clinical and pathological features of a spontaneous case of adenocarcinoma of Barrett’s esophagus in 
a dog. (DOI: 10.1293/tox.2017-0009; J Toxicol Pathol 2017; 30: 239–243)
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Barrett’s esophagus is a condition of the lower esoph-
agus in which the cells of the normal squamous mucosa 
transform into columnar mucosal cells1. It is considered to 
be an adaptation to chronic injuries, such as chronic inflam-
mation due to gastroesophageal reflux2. It has been reported 
that it is more likely that the metaplastic cells in tumors of 
Barrett’s esophagus originate from migrating gastric car-
dia progenitors with metaplastic potential rather than from 
squamous progenitor cells in the esophageal mucosa3. Clini-
cal and genetic studies have strongly suggested that Bar-
rett’s esophagus is a precancerous condition that is related to 
the development of esophageal adenocarcinoma4. However, 
whether esophageal adenocarcinoma emerges from meta-
plastic cells or directly arises from migrating gastric cardia 
progenitors remains unknown.

Experimental models of Barrett’s esophagus have been 

produced in several animal species5. The rat models have 
been studied most extensively, but the structural and physi-
ological differences between the human and rodent esopha-
gus affect the applicability of the results of rodent studies 
to humans. Subjecting dogs to pharmacological or surgical 
interventions can produce ideal animal models of Barrett’s 
esophagus. Kawaura et al. performed cardiectomy or gas-
trectomy in 50 dogs as acid or alkaline reflux models and 
endoscopically biopsied the esophageal mucosa every 3 
months6. Among the 50 dogs, 24 developed Barrett’s esoph-
agus, and 9 of them progressed to Barrett’s esophagus with 
mild dysplasia, including 2 dogs that progressed further to 
adenocarcinoma after 60 months post operation.

Spontaneous Barrett’s esophagus is rare in animals, so 
it has not been studied in detail. There has been one case re-
port about a dog that spontaneously developed adenomatous 
polyps in Barrett’s esophagus7. The present study describes 
the clinical, histopathological, and immunohistochemical 
features of spontaneous adenocarcinoma of Barrett’s esoph-
agus in a dog.

A 9-year-old intact male bulldog exhibited hypersali-
vation, an increasing incidence of vomiting, and weight loss. 
The animal was referred to the Veterinary Medical Center, 
the University of Tokyo, for examination. Blood biochemis-
try tests revealed a reduced plasma potassium concentration 
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(2.9 mmol/l, reference range: 4.37–5.35 mmol/l) and an el-
evated plasma C-reactive protein level (6.5 mg/dl, reference 
range: <1 mg/dl)8. Computed tomographic image revealed a 
mass with a diameter of 19 mm in the lower esophagus. An 
endoscopic examination detected a mass in the mucosa of 
the distal esophagus (Fig. 1A). The mass as well as the sur-
rounding mucosa were slightly dark red compared with the 
proximal esophageal mucosa. No significant lesions were 
observed in the stomach or duodenum during the endoscop-
ic examination. Mucosal biopsy specimens were collected 
from the esophagus, stomach, and duodenum using endo-
scopic biopsy forceps, and fixed in 10% neutral buffered 
formalin. After a histopathological examination, no further 
treatment was performed, and the dog died 4 months later. 
We did not have consent to perform a necropsy.

The biopsy samples were processed for routine histol-
ogy, embedded in paraffin, cut into 4 μm-thick sections, 
and stained with hematoxylin and eosin (HE) and Alcian 
blue (pH 2.5). Immunohistochemistry was performed us-
ing the primary antibodies listed in Table 1. A horseradish 
peroxidase-labeled polymer was used as a secondary anti-
body (Dako EnVision + System, Dako, Tokyo, Japan). The 
resultant antigen-antibody complexes were visualized with 
3,3-diaminobenzidine, and then the sections were counter-
stained with hematoxylin. Normal esophageal, gastric, and 
ileal tissue samples from another dog, which were collected 
during a routine necropsy, were used as positive controls. 
Negative controls were obtained by omitting the primary 
antibodies.

A histopathological examination of the esophageal 
mass revealed that the normal esophageal mucosa was re-
placed by an exophytic nodular mass composed of papillary 
projections, tubules, and glandular acini lined by a simple 
columnar to cuboidal epithelium separated by fine fibrous 
connective tissue, which was mildly expanded by scattered 
small mature lymphocytes and plasma cells (Fig. 1B). How-
ever, in the deeper regions of the tumor mass, the neoplastic 
cells showed significant atypia and were arranged in irreg-
ular glandular structures or cribriform patterns (Fig. 1C). 
The mitotic count of the atypical area was high (29 mitotic 
figures per 10 high-power fields). Goblet cells positive for 
Alcian blue were often found on the apical surface of the 
mass (Fig. 2A). Immunohistochemistry revealed that these 
surface cells were positive for mucin 5AC (MUC5AC) 
(Fig. 2b). The neoplastic cells were also positive for cytoker-
atin (CK) 7 and CK20 but negative for CK5/6 (Figs. 2C–E). 
CK7 positivity was observed throughout the mass; however, 
CK20 positivity was mainly observed on the surface of the 
mass and occasionally observed in deeper areas. The nu-
clei of the neoplastic cells were positive for p53 (Fig. 2F), 
whereas the cells in the normal esophageal mucosa as well 
as the esophageal glands of another dog were negative for 
p53. In contrast to the neoplastic cells, the squamous epithe-
lial cells were negative for CK7, CK20, and p53, although 
they were positive for CK5/6. The nuclei of the neoplastic 
cells were frequently and randomly positive for Ki-67. In the 
present case, no significant histological lesions were seen 

Fig. 1. (A) An endoscopic image of a mass protruding from the mu-
cosa of the distal esophagus is shown. The mass (arrow) as 
well as the surrounding mucosa (arrowheads) were slightly 
dark red in color. An asterisk indicates the area that was col-
lected for histopathological examination. (B) Cuboidal to 
columnar epithelial cells extended from the squamous epi-
thelium of the esophageal mucosa (upper left). Lymphocytes 
and plasma cells infiltrated the stroma. (C) The atypical area 
exhibited a cribriform pattern and a loss of cellular polarity. 
(B) HE stain, ×100. (C) HE stain, ×200.
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Table 1. Primary Antibodies for Immunohistochemistry

Antibody Host (clone) Dilution Antigen retrieval Manufacturer

Cytokeratin 5/6 Mouse (D5/16B4) 1:50 Heat, pH 9.0 Dako, Tokyo, Japan
Cytokeratin 7 Mouse (OV-TL 12/30) 1:50 Proteinase K Dako, Tokyo, Japan
Cytokeratin 20 Mouse (Ks20.8) 1:50 Proteinase K Dako, Tokyo, Japan
p53 Rabbit 1:50 Heat, pH 9.0 Santa Cruz Biotechnology, Dallas, TX, USA
MUC5AC Mouse (45M1) 1:100 Heat, pH 6.0 Abcam, Cambridge, UK
Ki-67 Mouse (MIB-1) 1:100 Heat, pH 6.0 Dako, Tokyo, Japan

Fig. 2. The surface columnar cells in the lesion were positive for Alcian blue (A) and immunohistochemically positive for MUC5AC (B). The 
cuboidal to columnar neoplastic cells were positive for CK7 (C) and CK20 (D), and negative for CK5/6 (E). The squamous epithelium 
of the remaining esophageal mucosa (asterisk) was negative for CK7 (C) and CK20 (D) and positive for CK5/6 (E). The nuclei of the 
cuboidal to columnar neoplastic cells were positive for p53, whereas those of the squamous epithelial cells were negative for p53 (F). (A) 
Alcian blue (pH 2.5) stain, ×400. (B–F) Immunohistochemistry; (B) ×400, (C–F) ×200.
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in the dog’s stomach or duodenum, except for a mild Heli-
cobacter spp. infection in the gastric mucosa. Helicobacter 
spp. infection was not found in the neoplastic tissue of the 
esophagus.

The columnar epithelial cells that extended from the 
squamous mucosa were considered to be indicative of meta-
plasia of the esophageal mucosa. Based on the presence of 
this finding together with the inflammatory changes and 
mucous production exhibited by the epithelial cells, the 
dog was diagnosed with Barrett’s esophagus. Moreover, the 
areas that displayed significant atypia (i.e., irregular tissue 
structure, high mitotic count) were diagnosed as adenocar-
cinoma of Barrett’s esophagus.

Elevated C-reactive protein indicates an inflamma-
tory response, and in the present case, it likely reflects the 
inflammatory changes that were grossly and microscopi-
cally observed in the esophagus. Persistent inflammation 
of the esophagus is considered an important factor in the 
pathogenesis of Barrett’s esophagus in humans. In regard 
to Helicobacter spp. infection, an inverse relation of gastric 
Helicobacter pylori infection and Barrett’s esophagus has 
been demonstrated in human studies9, 10. In dogs, gastric in-
fection with Helicobacter spp. is common; however it has 
not been associated with any kind of neoplastic change11. 
Due to the small number of cases of Barrett’s esophagus, 
it is difficult to evaluate the relation of gastric Helicobacter 
spp. infection and Barrett’s esophagus in the dog.

Immunohistochemically, Barrett’s esophagus is char-
acterized by the presence of gastric-type mucin, i.e., MU-
C5AC, on the surface epithelium12. In the current study, the 
surface neoplastic cells of the esophagus and the normal 
gastric mucosa were positive for MUC5AC, indicating that 
the affected esophagus was producing gastric-type mucin. 
However, MUC5AC staining was decreased in the areas that 
displayed significant atypia in the present case, which agrees 
with the findings of adenocarcinoma of Barrett’s esophagus 
in humans13. The CK expression of Barrett’s esophagus is 
characterized by diffuse CK7 staining and surface staining 
of CK2014, which were also observed in the present canine 
case. CK20 is a marker of differentiated intestinal epithelial 
cells, and its expression is decreased in the esophageal and 
intestinal adenocarcinoma cells of humans and dogs15, 16.

In human patients with Barrett’s esophagus, nuclear ac-
cumulation of p53 is related to the progression of dysplasia 
and tumor development, and this finding is absent in Bar-
rett’s esophagus without dysplasia17. Moreover, it is strongly 
associated with a p53 gene mutation in adenocarcinoma of 
Barrett’s esophagus. In an experimental study involving ca-
nine models of Barrett’s esophagus, nuclear p53 positivity 
was only detected in dogs that had developed adenocarci-
noma6. In the present study, nuclei of the neoplastic cells 
were diffusely positive for p53. Moreover, Ki-67-positive 
neoplastic cells were distributed randomly, indicating aber-
rant cell proliferation.

To the best of our knowledge, this is the first report 
about spontaneous esophageal adenocarcinoma in a dog. 
The immunohistochemical characteristics of the present ca-

nine case will aid in the detection and diagnosis of sponta-
neous esophageal neoplastic lesions derived from Barrett’s 
esophagus.
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