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Abstract
Background—For anatomists, the cardia is a portion of the stomach. However, at the
histological level, the cardiac mucosa, described as columnar-lined with mucus-producing glands
(CLMMG), is for some pathologists part of the stomach (already present at birth) and for others a
metaplastic change of the esophagus induced by gastro-esophageal reflux (GER).

Materials and Methods—The distal esophagus and the proximal stomach of 5 adult male
baboons were removed en bloc at autopsy. The distance between the most distal part of the
squamous epithelium of the esophagus and the first oxyntic fundic gastric gland (representing the
entire CLMMG) was assessed using an ocular microscale.

Results—The length of the CLMMG varied from 1.2 mm to 12.4 mm. The CLMMG had
replaced the squamous epithelium of the distal esophagus in all 5 baboons.

Discussion—Regurgitation with rumination is a natural physiological, daily, recurrent process
in baboons that leads to GER. The luminal cytoplasmic vacuoles with neutral mucins contained in
the columnar cells and the neutral mucins produced by the mucin glands buffer the low pH of the
gastric juices that reflux into the distal esophagus. This protective action against the acid refluxate
cannot be achieved by the squamous epithelium.

Conclusion—The results of this preliminary investigation suggest that in baboons, CLMMG is
an adaptation process of the esophageal mucosal to the low pH microenvironment conveyed by
protracted GER.
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The esophagus extends from the cricoid cartilage to its junction with the stomach and is
covered with stratified (non-keratinized) squamous epithelium (1). The stomach extends
from the esophageal-gastric junction to the pylorus and is divided into four anatomical
regions (1, 2): the cardia, the fundus, the body and the antrum. The cardiac mucosa (CM) is
covered with columnar-lined epithelium having mucous-secreting glands and the fundic
mucosa (fundus and body) is built of oxyntic glands and principal cells. The antral mucosa
is covered with similar glands as those seen in the cardia (1, 3).

Some pathologists affirm that the CM is a normal histological component in human
newborns (4–7), whereas others assert that the squamous epithelium of the esophagus and
the oxyntic mucosa of the proximal stomach meet at the gastroesophageal-junction region at
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birth (8, 9). The latter authors claim that in humans, the CM is a metaplastic mucosal
transformation of the squamous epithelium of the esophagus induced by the damage caused
by protracted gastroesophageal reflux (GER). The percentage of patients having CM at
histology varies in the literature from 35% (10) to 81% (11).

Heartburn is an occasional symptom experienced by the majority of individuals in many
populations, with a prevalence of 40% among Swedes (11), 34% among Germans (12) and
of 36% among North Americans (13). Although in baboons regurgitation with rumination is
a physiological process leading to GER (14, 15), heartburn is not a symptom that can be
easily identified in these animals.

While reviewing histological sections from the entire esophageal-gastric region in non-
human primates (NHP) (16, 17), it was noticed that the distal esophagus in some animals
was lined by a mucosa very similar to CM in humans.

The purpose of this work was to assess the length of the columnar-lined mucosa with
mucous glands in a group of baboons.

Materials and Methods
The distal esophagus, together with the proximal stomach, were removed en bloc at autopsy
in 5 female baboons (Papio spp.) which had died from natural causes. The baboons lived in
colonies at the Southwest National Primate Research Center, Southwest Foundation for
Biomedical Research. The conditions of animal housing have been reported elsewhere (18).
All procedures were carried out in accordance with the Institutional Animal Care and Use
Committee guidelines.

The specimens were fixed in 10% neutral buffered formalin, processed conventionally,
embedded in paraffin, cut at 5 μm, stained with hematoxylin and eosin (H&E) and evaluated
under light microscopy.

Assessement of the length of the CLMMG
The distance between the distal end of the squamous epithelium of the esophagus and the
first fundic gastric gland (i.e. built with oxyntic cells and principal cells) was recorded in
mm with the aid of an ocular microscale in the 5 animals.

Results
The mean age of the 5 baboons was 11.2 years (range 6–17 years).

Histological findings
The CLMMG was found replacing the distal esophagus.

The size of the CLMMG in the 5 baboons was 4.2 mm, 10.0 mm, 6.7 mm, 13.5 mm and 7.5
mm, respectively (mean 8.4 mm, range 4.2–13.5 mm) (Figure 1).

Discussion
Much discussion has centred on the origin of the cardiac mucosa in humans. For some
pathologists this mucosa is present at birth (4–7) while for others it is a metaplastic change
due to the damage of the squamous epithelium of the distal esophagus evoked by protracted
GER (8, 9, 19). This controversy appears to have originated from the fact that the cardia, an
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anatomical term (1, 2) has been used to designate a mucosa phenotype that according to
many authors does not exists at birth (8, 9).

Today, tumors of the cardia region are coded with those in the stomach. On the other hand,
it has been postulated that many carcinomas, initially classified as cancers of the gastric
cardia, are in reality esophageal cancers (20). In this respect, Heidi et al. (21) reported in
1993 a detailed comparative study on the basis of 492 squamous carcinomas of the
esophagus, 66 esophageal adenocarcinomas, 359 adenocarcinomas of the cardia, and 1288
infracardial gastric adenocarcinomas. These authors concluded that esophageal
adenocarcinomas and adenocarcinomas of cardia should be considered as one separate
entity. Hence, according to these authors (21), the cardia belongs to the esophagus rather
than to the stomach. Recent data from the Surveillance Epidemiology and End Results
program (22) indicate that the incidence of esophageal adenocarcinoma among white
American men increased 463%, from 1.01 per 100,000 person-years during 1975–1979 to
5.69 per 100,000 person-years during 2000–2004. Due to this apparent epidemic
development, many researchers have given priority to the study of this columnar-lined
mucosa.

In this investigation it was found that the length of the CLMMG varied considerably in
baboons, from 4.2 mm to 13.5 mm. The length was not related to the age of the animals.

The physiological, recurring, daily regurgitation of the gastric secretion seemed to have been
the cause for the metaplastic transformation of the mucosa of the distal esophagus in these
animals. The luminal cytoplasmic vacuoles with neutral mucins contained in the columnar
cells (23) and the neutral mucins produced by the mucin glands, would buffer the low pH of
the gastric juices that reflux into the distal esophagus. This protecting action against the acid
refluxate cannot be achieved by the squamous epithelium.

In conclusion, the results of this preliminary investigation suggest that in baboons CLMMG
is an adaptation process of the esophageal mucosal to the low pH microenvironment
conveyed by protracted GER.
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Figure 1.
Extended columnar-lined mucosa with mucous glands (CLMMG) in a 12-year-old baboon.
Note the squamous epithelium on the right (H&E, ×4).
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