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Abstract

AIM To examine the fetal and neonatal esophagogastric
junction region (EGJ) histologically for the presence of an
equivalent to adult cardiac mucosa (CM); to study the
expression patterns of all cytokeratins (CK) relevant to
the EGJ during gestation; to compare the CK profile of
the gestational and the adult EGJ; and to determine the
degree of development in the adult EGJ histology and CK
profile during gestation.

METHODS: Forty-eight fetal autopsy specimens of the
EGJ were step-sectioned and stained with hematoxylin
and eosin (H&E) to select sections showing the mucosal
lining. Immunohistochemistry for CK5, 7, 8, 13, 18, 19,
and 20 was performed. Antibody staining was then graded
for location, intensity, and degree.

RESULTS: The distal esophagus was lined by simple
columnar epithelium from 12-wk gestational age (GA).
The proximal part of this segment consisted of mucus-
producing epithelium, devoid of parietal cells. CK5 and 13
were present exdusively in multilayered epithelia and CKS,
18, and 19 predominantly in simple columnar epithelium.
There were no differences in the frequencies of the co-
ordinate CK7+/20+ and the CK7-/20- immunophenotypes
between different locations. The prevalence of the CK7+/
20- immunophenotype decreased, and that of the CK7-/
20+ immunophenotype increased significantly from the
distal esophagus to the distal stomach.

CONCLUSION: Fetal columnar-lined lower esophagus
(fetal CLE) may be the equivalent and precursor of the
short segments of columnar epithelium found in the distal
esophagus of some normal adult subjects. Esophageal
simple columnar epithelium without parietal cells (ESN)
may be the precursor of adult CM. The similarities between
the fetal and adult EGJ and stomach CK expression patterns
support the conclusion that adult CM has an identifiable
precursor in the fetus. This would then indicate that at

least a part of the adult CM has a congenital origin.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Since the mid-1970s, there has been a continuing increase
in the incidence of gastric cardiac adenocarcinoma in the
USA and other Western countries!™. This increase is probably
genuine, because it cannot be explained by improved
diagnostic methods ot classification changes®. The
pathogenesis of gastric cardiac adenocarcinoma remains
unclear. These tumors may arise from foci of intestinal
metaplasia, secondary to inflammation of the gastric cardia
(carditis)P!. Tt is controversial, however, whether factors like
gastroesophageal reflux disease, Helicobacter pylori infection
or others contribute to the development of inflammation
and intestinal metaplasia in the cardia region™. Research
on this topic is hampered by the limited knowledge of the
normal histology of the esophagogastric junction region
(EGJ). There is no consensus on the normal histology,
location, and length of cardiac mucosa (CM). Histological
investigation of hematoxylin and eosin (H&E)-stained
sections of the EGJ in adults and children has led some
investigators to suggest that CM is actually a metaplasial®.
Others, however, support the concept that CM is present
from birth as a normal structure!!*!*,
Immunohistochemical investigation of the cytokeratin
(CK) profile in the EG]J can be used for the study of the
origin of adult CM. The keratins are the largest group of
intermediate filament proteins expressed by epithelial cells.
There are at least 30 different keratins, which are divided
into two types. CK filaments are obligate heteropolymers
composed of type I and type II proteins. Keratins are
typically expressed as pairs in a tissue- and differentiation-
specific mannet. In 1999, Ormsby ¢# a/'¥, desctibed a CK7
and 20 immunoreactivity pattern typical for intestinal
metaplasia in long-segment Barrett’s esophagus (LSBE). This
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pattern consists of superficial CK20 staining and strong
CK7 staining of both superficial and deep glands. It has
been claimed by the same group that Barrett’s CK7/20
pattern also identifies a subset of patients with suspected
short-segment Barrett’s esophagus (SSBE) who have a patient
profile similar to that seen in LSBEI. Glickman ez a/'",
reported that intestinal metaplasia of the EGJ shows a similar
pattern of CK7/20 reactivity as LSBE and SSBE. They
also found that non-intestinalized CM was diffusely positive
for CK7 and showed surface positivity only for CK20,
irrespective of its location in LSBE, SSBE or in the most
proximal portion of the stomach. This CK7/20 staining
pattern was clearly different from that seen in the normal
antrum. According to these authors, the results suggest that
CM, whether present in the esophagus or at the EGJ, may
already represent a form of metaplastic epithelium.
DeMeester ef al'¥, found the Barrett’s CK7/20 pattern in
85% of CM biopsies. On the basis of these and other
findings, they conclude that there is a strong evidence but
no conclusive proof that all CM is acquired.

We have earlier done a histological study on mucosal
development in the EGJ of embryos and fetuses!'. In this
study, CM was defined as a structure composed of columnar
foveolar and surface epithelium overlying glandular structures
containing no parietal cells. We found that CM develops
during pregnancy and we concluded that it is present at
birth as a normal structure. The description of the Barrett’s
CK7/20 pattern in adult CM and the fact that this finding
has been used to claim a metaplastic origin for CM have
urged us to examine our material for the presence of
Barrett’s CK7/20 pattern. In addition, we studied the
expression patterns of all other CKs relevant to the EG]J
during gestation.

MATERIALS AND METHODS
Study group

The study material was derived from 48 embryonic, fetal
and neonatal autopsies performed between August 1999
and March 2004 in Leuven University Hospital Gasthuisberg.
All autopsies were performed between 6 and 24 h after
death. The presence of congenital malformations involving
the gastrointestinal tract was considered as an exclusion
criterion.

Autopsy protocol

At autopsy, a careful in sitn examination of the EGJ was
cartied out. A hiatus hernia was absent in all cases. About
1 cm of the distal esophagus and the whole stomach were
excised together as a single piece, with a ring of diaphragmatic
muscle. Two specimens were snap-frozen in isopentane,
cooled by liquid nitrogen and stored at -80 C. The other
specimens were opened along the greater curvature or
transversely and fixed overnight in 10% neutral-buffered
formalin. The fixed specimens were routinely processed

and embedded in paraffin.

Histology
Five-micrometer-thick step sections of all cases were stained
with H&E and evaluated microscopically to select sections

showing the EG] mucosae. The number of sections selected
varied between 10 and 40.

The epithelial lining of the EGJ was classified into five
types according to Salenius® and Chandrasoma®. Foregut
embryonic epithelium was defined as pseudostratified
columnar epithelium consisting of undifferentiated cells;
esophageal ciliated epithelium as multilayered epithelium
covered by ciliated cells; esophageal squamous epithelium
as non-keratinizing multilayered squamous epithelium;
esophageal simple columnar epithelium without parietal cells
(ESN) as simple columnar epithelium which is either flat or
shows crypts, but is devoid of parietal cells; and esophageal
simple columnar epithelium with parietal cells (ESP) as
simple columnar epithelium with crypts and parietal cells.

The following parameters were measured at four evenly
spaced points along the esophageal perimeter: length of
abdominal esophagus (defined as the distance between the
upper rim of the attachment of the diaphragm to the
esophagus and the level of the angle of His); length of
esophagus lined by simple columnar epithelium (defined as
the distance from the squamocolumnar junction to the level
of the angle of His); and length of ESN. These distances
were measured along the mucosal surface using a calibrated
graticule in the eyepiece of a Leitz DMRB microscope
(objectives: Fluotar, eyepieces: L PLAN 10x/25).

Cytokeratinimmunohistochemistry

Serial sections were immunostained with mAbs for CK5, 7,
8, 13, 18, 19, and 20. Murine mAbs against human CKZ7,
18, 19, and 20 were purchased from DakoCytomation
(Glostrup, Denmark); mAbs against CK5, 8, and 13 were
purchased from Novocastra Laboratories (Newcastle upon
Tyne, UK, Table 1). After standard avidin-biotin-peroxidase
complex immunostaining, all slides were counterstained with
hematoxylin. Positive controls consisted of sections from
prostate (CK5, 18, and 19), bile duct (CK7 and 8), tonsil
(CK13), and ileum (CK20). Negative controls consisted of
slides without application of primary antibody.

Antibody staining was graded for location, intensity
(absent, weak, moderate, or strong) and degtee (focal = <50%
of epithelium, diffuse = =50% of epithelium) and compared
with controls. The coordinate CK7/CK20 pattern was
defined as CK7 positivity at least in surface and pit cells,
and CK20 positivity at least in surface cells. The slides were
scored independently by two of the authors (GDH and
KG), and differences in interpretation were resolved by
consensus at a multihead microscope.

Statistical analysis

The Pearson correlation coefficient » was calculated to
investigate the degree of linear relationship between two
continuous variables. A Fisher’s rto  transformation was
carried out on the correlation allowing the calculation of a
P-value for the null hypothesis that the correlation was equal
to zero. The ANOVA test was used to study the effect of a
nominal independent variable on a continuous dependent
variable. To detect relationships between two nominal
variables, the %* test or the Fishet’s exact test was used,
wherever appropriate. P values <0.05 were considered
significant.
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Figure 1 Foregut embryonic epithelium as seen in the esophagus and stomach
at 7-wk GA. Note the presence of depressions in the epithelial surface
(arrowheads): these may be primitive pits. The immunostaining is for CK19 and
shows diffuse moderate to strong positivity (original magnification, OM x400).

RESULTS

Study group characteristics

Of the 48 autopsy specimens included in this study, 9 were
rejected because of epithelial dehiscence, delocalization and
fragmentation due to autolysis. The remaining 39 autopsy
specimens belonged to 1 embryo of 7 wk gestational age
(GA), 35 fetuses (GA: range 12-30 wk, mean+SD: 20+4 wk)
and 3 neonates (of 38, 40, and 43 wk GA) (Table 1).

Histology

At 7 wk GA, both esophagus and stomach were lined by
foregut embryonic epithelium, which contained depressions
surrounded by radially placed cells along the lesser curvature
of the stomach (Figure 1).

The distal end of the esophagus was located at the level
of the angle of His. This anatomic boundary between the
tubular esophagus and the saccular stomach was easily
identifiable in the microscopy slides of all cases from 12-wk
GA (Figure 2). At this time point, the tubular esophagus
was lined by ciliated epithelium (Figure 3A), except in its
most distal part. With advancing pregnancy, the ciliated
epithelium was progressively replaced by squamous epithelium.
Ciliated cells were absent from 40 wk GA (Figure 3B).

The distal esophagus was lined by simple columnar
epithelium from 12-wk GA. This segment was between
0.480 and 7.505 mm in length (mean+SD: 2.185+1.619 mm).
Its length increased significantly during gestation (= 0.344,
P =0.0494), as did the length of the abdominal esophagus
(r=0.540, P = 0.0025). The length of esophageal simple

Table 1 Summary of antibodies used in this study

Figure 2 Overview of the fetal EGJ at 20-wk GA. The upper border of the
abdominal esophagus is indicated by a red arrowhead. The angle of His (the
anatomic boundary between the tubular esophagus and the saccular stomach)
is easily recognizable (arrow). The distal end of the esophagus is located at the
level of the angle of His. Esophageal simple columnar epithelium is present in
the distal esophagus (indicated by black arrowheads at its proximal and distal
margins, H&E, OM x125).

columnar epithelium expressed as a percentage of length
of the abdominal esophagus ranged between 21.569 and
100.000% (mean®SD: 50.884118.259%). This percentage
remained nearly constant during gestation (r = -0.140,
P = 0.4815).

Throughout gestation, esophageal simple columnar
epithelium could be divided into two parts (Figure 3C). The
distal part contained parietal cells with roughly triangular
shape and highly acidophilic cytoplasm (ESP). This segment
was continuous with the stomach fundus. The proximal part
of the esophageal simple columnar epithelium, however,
was always devoid of parietal cells (ESN). Crypts were present
over the entire length of the ESN from 16 wk GA. The length
of the ESN ranged between 0.160 and 1.308 mm (mean®SD:
0.612£0.304 mm). There was no significant difference
between the lengths of ESN at four evenly spaced points
along the esophageal perimeter (ANOVA test, P = 0.4704).
The length of ESN expressed as a percentage of total length
of esophageal simple columnar epithelium ranged between
8.120% and 91.447% (mean*SD: 38.499+24.089%). This
percentage decreased significantly during gestation (r=-0.572,
P =0.0004).

Cytokeratinimmunohistochemistry
The CK immunostaining patterns for all locations are
summarized in Table 2.

CK5 and CK13 were first detected in a fetus of 14 wk
GA. They were seen exclusively in multilayered epithelia.

Antigen Clone Antigen retrieval technique' Application of primary Ab?
CK5 XM26 M 1:50;1 h; room temperature
CK7 OV-TL 12/30 T 1:50; 1 h; room temperature
CK8 TS1 M 1:50;1 h; room temperature
CK13 KS-1A3 M 1:50;1 h; room temperature
CK18 DC10 M 1:10; 1 h; room temperature
CK19 RCK108 M 1:20;1 h; room temperature
CK20 Ks20.8 T 1:50;1 h; room temperature

M = heat-induced antigen retrieval by boiling deparaffinized and rehydrated sections in 10 mmol/ L citrate buffer (pH 6) ina microwave oven during 20 min; T = antigen

retrieval by trypsin digestion. ?Dilution; application time; application temperature.
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Figure 3 Tubular esophagus. A: Esophageal ciliated epithelium at 20-wk GA.
The immunostaining is for CK5 and is more intense in the basal and intermediate
cell layers than in the superficial cell layer (OM x400); B: Esophageal squamous
epithelium in a 3-wk-old neonate. The immunostaining is for CK13 and is absent
in the basal cell layer and diffuse moderate to strong in the intermediate and
superficial cell layers (OM x200); C: Esophageal simple columnar epithelium at
20-wk GA. To the left: parietal cells with roughly triangular shape and highly
acidophilic cytoplasm (ESP, arrowhead). To the right: no discernible parietal

CKS5 staining was stronger and more diffuse in the basal
and intermediate cell layers than in the superficial cell layer
(Figure 3A). CK13 staining was diffused in the intermediate
and superficial cell layers (Figure 3B). Its staining intensity
increased significantly throughout gestation (» = 0.476 and
0.523 respectively, P<0.0001).

CKS8, CK18, and CK19 were all present in foregut
embryonic epithelium (Figure 1). CK8 and CK18 staining
were less intense in multilayered epithelia than in simple
columnar epithelium. In ciliated epithelium, the basal cell
layer was more often negative for these CKs than the other
cell layers. In simple columnar epithelium, parietal cells
stained weaker for CK8 and CK19 than mucus-secreting
cells.

CK7 was first detected at 12-wk GA. Throughout
gestation, it was more commonly present in the esophagus
than in the stomach (Figure 3D). In multilayered epithelia,
basal cells were always negative. Parietal cells contained no

cells are present (ESN, H&E, OM x400); D: Esophageal simple columnar
epithelium at 20-wk GA. The immunostaining is for CK7 and shows moderate
positivity at the mucosal surface and deep in the glands (arrowhead and arrow,
respectively, OM x200); E: Esophageal simple columnar epithelium at 20-wk
GA (same case as in Figure 3D). The immunostaining is for CK20 and shows
patchy positivity of the superficial part of the mucosa (surface and pit epithelium:
arrowhead and arrow, respectively, OM x200).

CK7, whereas the deepest crypt cells in the ESN were focally
and weakly positive. This was the only statistically significant
difference between the CK immunophenotypes of ESN
and ESP (y% P<0.0001).

CK20 was seen in the stomach from 14 wk GA and in
the esophagus from 17 wk GA (Figure 3E). It was expressed
in the surface or pit cells of simple columnar epithelia.
Expression of CK20 was always focal.

Coordinate CK7/20 expression for all locations is
summarized in Table 3. We observed no statistically significant
differences in the frequencies of the CK7+/20+ and the
CK7-/20- immunophenotypes between different locations.
The prevalence of the CK7+/20- immunophenotype decreased
significantly from proximal to distal (33% in esophageal
simple columnar epithelium #s5 0% in the stomach, Fisher’s
exact test P = 0.0039). The positive predictive value of the
CK7+/20- immunophenotype for location in the esophagus
(s location in the stomach) was 100%. The usefulness of
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Table 2 Summary of intensity and degree of CK immunostaining for all locations’

Location CK5 CK7 CK8 CK13 CK18 CK19 CK20
Foregut embryonic epithelium (n=1) A A M (D) A M (D) M (D) A
Esophageal ciliated epithelium (1 = 36)

Basal cell layer S (D) A M (F) A A M (D) A
Columnar cell layer, non-ciliated cells S (D) M (D) M (D) S (D) W (F) M (D) A
Columnar cell layer, ciliated cells M (F) M (D) M (D) M (D) M (F) M (D) A
Esophageal squamous epithelium (1 =2)

Basal cell layer S (D) A A A A M (D) A
Prickle cell layer S (D) W (F) A M (D) A M (D) A
Superficial cell layer M (D) W (F) A S (D) A M (D) A
ESN (1 =38)

Surface cells A M (F) M (D) A M (D) S (D) A1)
Pit cells A M (F) M (D) A M (D) M (D) A
Deepest crypt cells A W (F) M (D) A M (D) M (D) A
ESP (n = 38)

Surface cells A M (F) M (D) A M (D) S (D) A(2)
Pit cells A M (F) M (D) A S (D) S (D) A (3)
Parietal cells A A M (D) A S (D) M (D) A
Stomach body mucosa (1 = 38)

Surface cells A M (F) M (D) A M (D) M (D) A4)
Pit cells A M (F) M (D) A M (D) M (D) A(5)
Glandular cells A A M (D) A M (D) M (D) A
Stomach antrum mucosa (1 = 10)

Surface cells A A S (D) A M (D) S (D) S(F)
Pit cells A A S (D) A M (D) S (D) M(F)
Glandular cells A A M (D) A M (D) M (D) A

'Intensity was graded as absent (A), weak (W), moderate (M), or strong (S). Degree was graded as focal (F), or diffuse (D). Degree is indicated in parentheses. (1) 4/20 cases
showed focal weak positivity. (2) 10/24 cases showed focal moderate positivity. (3) 9/23 cases showed focal moderate positivity. (4) 8/25 cases showed focal moderate

positivity. (5) 7/ 25 cases showed focal weak positivity.

Table 3 Summary of coordinate CK7 and 20 expression for all locations’

Location CK7+/20- (%) CK7+/20+ (%) CK7-/20+ (%) CK7-/20- (%)
Fetal CLE (n=24) 8(33) 6(25) 2(8) 8 (33)
ESN (1 =22) 8 (36) 4(18) 0(0) 10 (45)
ESP (n =22) 4(18) 5(23) 3(14) 10 (45)
Stomach (1 =23) 0(0) 4(17) 4(17) 15 (65)
Body mucosa (1 =23) 0(0) 3(13) 5(22) 15 (65)
Antrum mucosa (1 =5) 0(0) 1(20) 2 (40) 2 (40)

'CK7+ is positivity at least in surface and pit cells; CK20+ is positivity at least in surface cells.

this feature was limited however, by its low sensitivity (33%).
The prevalence of the CK7-/20+ immunophenotype
increased significantly from proximal to distal (0% in ESN
5 40% in the stomach antrum, Fisher’s exact test P = 0.0285).

DISCUSSION

In this study, we examined the histology and CK expression
patterns of the esophageal and gastric mucosae in fetuses
and neonates, using autopsy material. We believe that the
results of such a study may be relevant to the description
of the normal adult situation. This is important in view of
the current controversy on the origin and significance of
CM. Our results can be summarized as follows: (1) the
distal esophagus was lined by simple columnar epithelium
from 12-wk GA; (2) the proximal part of this segment
consisted of mucus-producing epithelium devoid of parietal

cells; and (3) the reported adult CK expression pattern was
established during gestation.

We found that the distal esophagus was lined by simple
columnar epithelium from 12-wk GA. We propose the term
“fetal columnar-lined lower esophagus” (fetal CLE) for this
condition. Fetal CLE has been mentioned only infrequently
until now. Salenius states that “The gastroesophageal limit
is by no means sudden, but the epithelial change occurs
quite abruptly. Glands typical of the esophagus are found
over a distance of a few millimeters in the cardiac atea at
the junction of the esophagus and stomach.”?” Thus, it
may be difficult to decide whether simple columnar
epithelium is actually located in the distal esophagus or in
the proximal stomach of fetuses. Ellison ¢f a/*?, mentioned
the presence of “the squamocolumnar junction in the tubular
esophagus proximal to the gastric dilatation” in 1 case out
of 49 fetal and pediatric autopsies. They considered this
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finding suggestive of a hiatus hernia. We excluded the
presence of hiatal hernia by a careful 7 sitn examination of
the EG]J at autopsy. In our material, fetal CLE had a length
ranging between 0.480 and 7.505 mm, with a mean of
2.185 mm. We admit that these segments of simple
columnar epithelium are very short. This might influence
the decision whether to locate the simple columnar epithelium
in the fetal esophagus or stomach. However, we are quite
sure that this simple columnar epithelium was in the distal
esophagus in our cases. We have two arguments: (1) the
angle of His, the level of which marks the distal margin of
the tubular esophagus, was always easily identifiable; and
(2) the length of esophageal simple columnar epithelium
expressed as a percentage of length of the abdominal
esophagus ranged between 22% and 100%, with a mean
of 51%. The last finding indicates that the fetal squamo-
columnar junction was located definitely in the abdominal
esophagus, often mid-way between the angle of His and
the diaphragm.

The significance of fetal CLE is unclear. It is known
since 1953 that the most distal part of the adult tubular
esophagus can be lined by columnar epithelium®!. Since
the 1970 landmark experimental report by Bremner e a/**),
it has been widely accepted that adult columnar-lined
esophagus is an acquired condition in which the squamous
esophageal epithelium destroyed by gastroesophageal reflux
is replaced by columnar cells. However, even normal
subjects may have short segments of columnar epithelium
within 2 cm of the proximal margin of the gastric folds®2.
In our material, the length of fetal CLE showed no tendency
to decrease during gestation. Moreovet, its length expressed
as a percentage of abdominal esophagus length remained
nearly constant. The fetal squamo-columnar junction thus
had an almost constant position. Therefore, the possibility
exists that fetal CLE may be the equivalent (and the precursor)
of the short segments of columnar epithelium found in the
distal esophagus of some normal adult subjects. On the
other hand, we cannot formally exclude that fetal CLE may
differentiate into squamous epithelium in the esophagus and
gastric mucosa in the stomach once the gastroesophageal
sphincter is fully developed®'.

From 12-wk GA, the fetal CLE could be divided into
two parts. Parietal cells were present in the distal patt, which
was continuous with the fundus part of the fetal stomach.
We call this part of the fetal CLE as ESP. ESP may be the
equivalent of oxyntocardiac mucosa, which was first
described by Chandrasoma ez a/”'. Oxyntocardiac mucosa
differs from pure oxyntic mucosa by the absence of chief
cells in the former.

The proximal part of the fetal CLE was lined circumf-
erentially by a mucus-producing epithelium devoid of
patietal cells. We call this part of the fetal CLE as ESN.
From 16-wk GA, ESN contained crypts over its entire length
at least as deep as those in the ESP. Therefore, we assume
that mucus-secreting glandular structures devoid of parietal
cells are present proximally in the fetal CLE. This description
equates the histological definition of adult CM™"¥. Conse-
quently, we consider ESN as the equivalent (and forerunner)
of adult CM. An alternative name for ESN would thus be
“fetal CM”. Besides the histologic aspect of the epithelium,

several other arguments are in favor of this conclusion.
Like adult CM, ESN is located between multilayered
esophageal epithelium and simple columnar epithelium with
parietal cells. Also like adult CM, it is very short (range in
our material: 0.160-1.308 mm, mean 0.612 mm)"®. Even
its position in the distal esophagus cannot be objected, if
one accepts that fetal CLE may be the precursor of the
short segments of columnar epithelium found in the distal
esophagus in some normal adults. Our view on ESN is
shated by other investigators!**l.

Since classical morphological techniques cannot definitely
solve the riddle of the origin of adult CM, we also investigated
the CK expression patterns of the developing EG]J and
stomach. We chose to do this for two reasons: (1) there is a
large body of literature on CK expression in the adult EGJ
mucosae, particulatly on the so-called Barrett’s CK7/20
pattern!>'¥; and (2) Barrett’s CK7/20 pattern has also been
found in adult CM and this similarity to intestinal metaplastic
epithelium in Barrett’s esophagus has been used as an argument
for its metaplastic origin!'™'¥.

CK expression in the adult EG] mucosae has been invest-
igated by Glickman ez /. CK13 positivity was restricted
to esophageal squamous epithelium. The basal layer of this
epithelium stained for CK19 in 90% of cases. CK7 and
CK8/18 were present focally and weakly in 61% and 18%
of cases, respectively. CK7, 8/18, 19, and 20 were present
in all biopsies of esophageal columnar and gastric cardiac
epithelium. CK20 was only seen in columnar epithelia, where
it was present in all cases. The CK expression pattern of
adult ciliated respiratory epithelium has been studied by
Hicks et a/*®. Basal cells typically stained for CK5, and
columnar cells were positive for CK7, 8, and 18. CK19 was
positive in both cell types. CK13 expression was not detected.

We observed similar CK expression patterns in the fetal
EG]J mucosae. The only notable difference from the adult
situation was the initially weak expression of CK13 in
multilayered epithelia. However, CK13 immunostaining
increased significantly throughout gestation. This finding may
be related to the maturation of ciliated into squamous
esophageal epithelium.

The co-otdinated CK7/20 immunophenotypes of the non-
intestinalized mucosae of the adult EGJ and stomach have
been desctibed and illustrated in several publications?®-!.
From these data, it seems that in general CK7 positivity is
more common and more extensive in CM than in gastric
body or antrum mucosa. Conversely, CK20 positivity is
more intense and more widespread in the stomach. These
observations are concordant with our findings showing that
the prevalence of the CK7+/20- immunophenotype
decreases significantly from fetal CM to fetal antrum, while
the prevalence of the CK7-/20+ immunophenotype increases
significantly in the same direction.

The fetal CK7+/20+ immunophenotype in the esophagus
is illustrated in Figures 3D and E, showing patchy superficial
CK20 positivity and superficial and deep CK7 positivity.
This pattern is similar to the expression reported in non-
intestinalized CM by DeMeester e# a/'®l. The patchy
superficial CK20 positivity is slightly different from the adult
Barrett’s CK7/20 pattern. Ormsby ez a/'>'%, studied CK7/
20 expression in LSBE. They described the Batrett’s CK7/
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20 pattern as band-like (i.e., diffuse) CK20 staining of surface
epithelium and superficial glands, with moderate to strong
CKY7 staining of both superficial and deep glands in the
specialized mucosa.

The fetal equivalent to adult CM thus shows already
co-ordinated CK7/20 expression (in our material in 25%
of cases). Together with the other similarities between the
fetal and adult EGJ and stomach CK expression patterns,
this supports the conclusion that a cardia-type mucosa is
established during gestation. This would then indicate that
at least a part of the adult CM has a congenital origin.
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