Intestinal metaplasia of the stomach
and esophagus: an immunohistochemical
study of 60 cases including comparison
with normal and inflamed intestinal mucosa
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SUMMARY
Recently, a new classification of intestinal metaplasia (IM) using immunohistochemical mucin markers was proposed. Two following types of IM were defined:
(1) a mixed gastric and intestinal type also called incomplete IM; (2) a purely intestinal type, also called complete IM. We present a series of 30 cases of gastric
IM and 30 cases of IM of the esophagus, using this new classification.
In all gastric cases, IM developed in the mucus-neck region in the form of incomplete IM. Toward the mucosa surface, it matured gradually into complete IM.
This maturation showed a gradual reduction of both foveolar mucin MUC5AC and pyloric gland mucin MUC6. In two of 30 cases, IM was of the incomplete
hyperproliferative type. In one case, focal high-grade adenomatous dysplasia was found in the incomplete IM.
In the esophageal cases, IM was found in inflamed cardiac-type mucosa, and it was usually of the incomplete type, with almost diffuse positivity for MUC5AC
and with rare positivity of MUC6. The goblet cells and some cylindrical cells expressed intestinal mucin MUC2. The proliferation was higher than in the complete
IM, and in one case, focal low grade adenomatous dysplasia was found.
In addition, we examined the expression of mucins in normal and inflamed intestinal mucosa. These cases included 50 duodenal biopsies, 50 biopsies from
the ileum, and 50 biopsies from the colon. The inflamed cases included celiac disease, Crohn's disease, and ulcerative colitis. Some goblet cells of the normal
intestinal mucosa expressed both MUC2 and MUC5AC. More numerous MUC5AC+ goblet cells were found in the inflamed intestinal mucosa. In the duodenal
and small intestinal mucosa, even the MUC6 positivity of a few goblet or cylindrical cells was found.
In sum, our results indicate that incomplete IM is an initial step of the metaplastic process. It can mature into complete IM, or alternatively, it can develop dysplasia or adenocarcinoma. In addition, we found that gastric-type mucins are also present in normal or inflamed intestinal mucosa, and that the expression of
these mucins is even enhanced in some inflammatory conditions. The expression of MUC5AC in complete IM and in normal or inflamed mucosa suggests that
MUC5AC cannot be regarded as a marker of immaturity. In Barrett esophagus, our results were similar to those of previous studies, except for CDX2 of which
reactivity was seen also in incomplete type of IM.
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Intestinální metaplazie žaludku a jícnu: imunohistochemická studie 60 případů včetně porovnání
expresí hlenů v normální a zánětlivě změněné sliznici střeva
SOUHRN
Intestinální metaplazie (IM) se v poslední době rozděluje podle imunohistochemických nálezů na dva typy: (1) smíšený gastrický a intestinální typ - nekompletní IM a (2) “čistý” intestinální typ - kompletní IM. V naší studii prezentujeme 30 případů IM žaludku a 30 případů IM jícnu hodnocených podle imunohistochemického průkazu žaludečních hlenů.
V žaludku začínala metaplazie jako nekompletní IM v oblasti žlazových krčků a směrem k povrchu sliznice postupně vyzrávala do kompletního typu. V průběhu
vyzrávání docházelo k postupnému úbytku exprese foveolárního žaludečního hlenu MUC5AC i hlenu pylorických žlázek MUC6. U dvou z 30 případů odpovídala
IM nekompletnímu hyperproliferačnímu typu. V jednom případě byla v nekompletní IM prokázána high-grade adenomatózní dysplázie.
V jícnu se IM nacházela v zánětlivě změněné sliznici typu kardie a byla obvykle nekompletní, s téměř difúzní pozitivitou MUC5AC a s ojedinělou expresí MUC6.
Pohárkové buňky a nehojné cylindrické buňky produkovaly intestinální hlen MUC2. Buněčná proliferace byla v nekompletní IM difúzně zvýšená. V jednom
případě se v nekompletní IM nacházela low-grade adenomatózní dysplázie.
V kontrolní skupině jsme se zaměřili na výskyt žaludečních hlenů v normální a zánětlivě změněné sliznici střeva. Soubor tvořilo 50 biopsií duodenální
sliznice, 50 biopsií sliznice ilea a 50 biopsií sliznice tlustého střeva. Zánětlivé změny zahrnovaly celiakii, Crohnovu nemoc a ulcerózní kolitidu. V normální sliznici
exprimovaly nehojné pohárkové buňky MUC2 i MUC5AC. Četnější MUC5AC pozitivní pohárkové a cylindrické buňky byly prokázány u chronických zánětů
a ojedinělé MUC6 pozitivní buňky u celiakie a Crohnovy choroby tenkého střeva.
Závěr: naše nálezy prokázaly, že nekompletní IM představuje iniciální fázi vývoje IM, která může vyzrávat do kompletní IM nebo perzistovat a ohrožovat progresí do dysplázie a adenokarcinomu. Dále jsme zjistili pozitivitu “gastric-type” mucinů v normální a zánětlivě změněné sliznici střeva. U zánětů byla exprese
MUC5AC výraznější než v normální sliznici. Exprese MUC5AC v kompletní IM, ale také v normální a zánětlivě změněné sliznici tenkého a tlustého střeva ukazuje,
že přítomnost tohoto hlenu není možno považovat za projev nezralosti IM. V Barrettově jícnu odpovídaly naše nálezy výsledkům předchozích studií s výjimkou
pozitivity CDX2, kterou jsme pozorovali ve stejné intenzitě v obou typech IM.
Klíčová slova: intestinální metaplazie – imunohistochemická klasifikace – gastrické hleny – intestinální hlen – Barrettův jícen
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Intestinal metaplasia (IM) is defined as the replacement of the
native mucosa by an epithelium resembling the small bowel
mucosa (1,2). IM has been classically divided into type I (small
intestinal mucosa), type II (incomplete) and type III (colonic)
on the basis of morphology and intestinal mucin histochemistry (expression of sialomucins and sulphomucins) (1,3). Using
newly developed antibodies, following immunohistochemical
classification of IM was proposed: 1) a mixed gastric and intestinal type, i.e. incomplete IM with features of both intestinal and
gastric mucosa, generally lacking an absorptive epithelium, and
2) a purely intestinal type, i.e. complete IM with the presence of
goblet cells, absorptive cells, neuroendocrine cells and Paneth
cells (1,3-10). The absence of gastric mucins in complete IM (8)
is interesting since it challenges the opinion that incomplete IM
arises from a complete type. Recently, it has been suggested
that incomplete IM (producing gastric mucins) represents an initial immature and unstable stage that may either undergo maturation into complete IM or which persists and progresses to
dysplasia and carcinoma (3,4,6,8). In the stomach, the complete
IM is the most common type. It is more frequently observed in
the antral mucosa and its incidence increases with age (3,11).
The pathogenesis of gastric IM is still largely unknown. At present, Helicobacter pylori (HP) infection has been established to
be a major cause of chronic inflammation, and this inflammation can cause development of IM (3). Another condition with
IM is autoimmune gastritis, in which IM occurs often together
with so-called pseudopyloric metaplasia (1,12). In the esophagus, IM arises in a cardia-type mucosa secondary to chronic
gastroesophageal reflux disease (13-15), and it is almost always
incomplete (16). IM in the columnar lined esophagus has long
been recognized as the most significant risk factor for esophageal dysplasia and adenocarcinoma (4,13,17).
We studied a series of IM in both gastric and esophageal biopsy specimens. We have applied a new IM classification (1,3,8),
which uses immunohistochemistry for proof of intestinal- and
gastric-types of mucin (MUC2, MUC5AC, MUC6), and we compared our results with those of previous studies. By these examinations, we found expression of gastric mucin MUC5AC also
in quite mature-appearing goblet cells of the complete IM, and
this finding prompted us to perform an immunohistochemical
study of these mucins in the normal and inflamed mucosa of
the intestine.

MATERIAL AND METHODS
Our study included antral gastric specimens with IM from 30
patients (13 male and 17 female, mean age 62 years, age range
33 - 87 years), and 30 distal esophageal biopsies with histologically confirmed Barrett esophagus (21 male and 9 female, mean
age 51 years, age range 42 - 58 years). In addition, normal and inflamed mucosa of the duodenum, terminal ileum and colon was
examined for expression of mucins. The duodenal group included 50 endoscopic biopsies (12 male and 38 female, mean age 42
years, age range 21 - 81 years). 39 of these biopsies showed normal duodenal mucosa and 11 of them had features of celiac dis-
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ease (Marsh I – IIIC). The small intestinal control group included
50 specimens from the terminal ileum (29 male and 21 female,
mean age 45 years, age range 18 - 82 years). Normal mucosa
was found in 46 cases, and 4 cases showed Crohn’s disease. The
colonic control group contained 50 biopsies of the colon from
various parts of the colon (33 male and 17 female, mean age
59 years, age range 19 - 79 years). In 40 cases, the mucosa was
normal, whereas 10 cases showed features of ulcerative colitis
with mild activity.
All biopsy specimens were processed routinely and stained
with hematoxylin-eosin and alcian blue/PAS stain (alcian blue
at pH 2.5, periodic acid-Schiff reagent). In addition, gastric and
esophageal biopsies were stained with silver impregnation of
Helicobacter pylori. Immunohistochemistry was performed using a standard avidin-biotin complex peroxidase technique, and
it included the following antibodies: MUC5AC (clone MRQ-19,
Cell Marque), MUC6 (clone MRQ-20, Cell Marque), MUC2 (clone
MRQ-18, Cell Marque), CD10 (clone SP67, Ventana), CDX2 (clone
EPR2764Y, Cell Marque), p53 (clone D07, Ventana), AMACR
(clone 13H4, DAKO) and Ki-67 (MIB1, Ventana). Gastric and esophageal biopsies were examined with all above-mentioned
antibodies. The specimens from the duodenum, ileum and colon were examined with MUC5AC and MUC6. The classification
criteria for gastric IM were as follows: complete (purely intestinal) IM showed MUC2+ goblet cells, continuous CD10+ brush
border of the cylindrical absorptive cells, nuclear expression of
CDX2, and lack of MUC5AC and MUC6. Incomplete IM showed
expression of MUC5AC and MUC6 in the goblet cells, positivity
of MUC5AC in the cylindrical cells, lack of the brush border (with
negativity of CD10), MUC2 positivity in both goblet and cylindrical cells, and nuclear expression of CDX2 in both goblet and
cylindrical cells (1,5-8,11).

RESULTS
The gastric IM was always antral. It developed in the mucus-neck region in the form of incomplete gastrointestinal type
IM (Figs. 1A, B). Both goblet and cylindrical cells were positive
for MUC5AC. Very rare goblet cells showed MUC6 expression
(Fig. 1C). The goblet cells and very rare cylindrical cells were
positive for MUC2. Some of the cylindrical cells had superficial
brush border. Cell proliferation activity of the metaplastic epithelium (measured by MIB1 expression) was increased in the
mucus-neck region and in the adjacent foveolas (Fig. 1D). Toward the mucosal surface, the metaplastic epithelium revealed
a gradual reduction of MUC5AC in both cell types and a reduction of MUC6 in the goblet cells. In two cases, focal hyperproliferative incomplete IM was found in the foveolas (Figs. 2A, B). It
showed closely packed glands lined by cells with mild irregular and basally located nuclei. Cell proliferation activity of the
hyperproliferative IM was increased diffusely (Fig. 2C), and the
nuclei of some cells were slightly p53 positive (Fig. 2D). AMACR
was negative. In the superficial portion of the foveolas and in
the superficial epithelium, IM was negative for MUC5AC and
MUC6. In the complete IM (Fig. 3A), the cylindrical cells were
of the mature-appearing absorptive type, and very rare Paneth
cells were found. In only 10 cases (33 %) of the complete IM,
the goblet cells showed persistence of MUC5AC positivity (Fig.
3B). Foci of incomplete IM in the superficial epithelium (in addition to complete IM) were found in two additional cases. They
showed expression of MUC5AC in both goblet and cylindrical
cells, and increased cell proliferation. In one 78-year-old woman,
focal high grade dysplasia of the adenomatous type was found
in the incomplete IM. This dysplasia was positive for CDX2 (Fig.
4A), it showed high cell proliferation, and it was negative for
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Fig. 1. Gastric incomplete intestinal metaplasia. A: intestinal epithelium-like features seen on HE stained section, B: alcian blue/PAS
stain demonstrates production of mucins, C: MUC6 in rare goblet cells, D: MIB1positivity is increased in the mucus neck region (A:
hematoxylin and eosin, magnification x100; B. alcian blue/PAS, magnification x 100; C and D: ABC technique, magnifications x100).
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Fig. 2. Gastric incomplete hyperproliferative IM. A: highly proliferative cellular epithelium, B: alcian blue/PAS stain shows mucin
positivity, C: increased MIB1 positivity, D: expression of p53 (A: hematoxylin and eosin, magnification x200; B: alcian blue/PAS,
magnification x200; C and D: ABC technique, magnifications x100).
ČESKO-SLOVENSKÁ PATOLOGIE 3 I 2014
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Fig. 3. Gastric complete intestinal metaplasia. A: alcian blue/PAS stain shows a well developed PAS positive brush border and alcian
blue positive goblet cells, B: persistence of MUC5AC as it was seen in 33% of cases (A: alcian blue/PAS, magnification x 100; B: ABC
technique, magnification x100).
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Fig. 4. Gastric incomplete intestinal metaplasia with high grade dysplasia of the adenomatous type. A: positivity for CDX2, B: absence
of MUC5AC is limited to the dysplastic glands (ABC technique, magnifications x100).

MUC5AC (Fig. 4B) and MUC6. The antral mucosa near the IM was
normal in 15 cases, and it showed mild chronic inactive gastritis
in 13 cases, of which two cases were HP positive. In 2 additional
cases, HP positive chronic gastritis with mild activity was found
(Table 1).
In the esophagus, IM was seen in the cardia-type mucosa
which was covered partially by the squamous epithelium. This
IM was of the incomplete type in all 30 cases (Figs. 5A, B). However, in 3 cases, very small foci of complete IM were found on
the mucosal surface. The incomplete IM contained less well-differentiated goblet and cylindrical cells, and, exceptionally,
Paneth cells. A majority of goblet and cylindrical cells expressed
MUC5AC (Fig. 5C), and rare goblet cells were positive also for
MUC6. MUC2 was positive in the goblet cells and in very rare
cylindrical cells (Fig. 5D). Both goblet and cylindrical cells of the
incomplete IM showed strong nuclear expression of CDX2, diffusely increased cell proliferation, and CD10 negativity. In one

case of a 75-year-old male, the incomplete IM contained focal
low-grade dysplasia. The cardiac-type mucosa around the IM
showed mild chronic inflammation.
The control groups contained 50 duodenal biopsies, 50 biopsies from the terminal ileum, and 50 biopsies from various
parts of the colon, respectively (Table 2). Every case included 1-3
specimens of maximum diameter 3 mm. The MUC5AC+ goblet
cells were found in 77 % of the cases of normal duodenal mucosa (Fig. 6A), in 0.9 % of cases of the normal terminal ileum
(Fig. 6B), and in 70 % of cases with normal colonic mucosa (Fig. 6C) (for details see Table 2). These MUC5AC+ cells
were usually seen in the superficial portion of the crypt or in the
superficial epithelium. Non-goblet cylindrical cells were always
MUC5AC negative. MUC6 was negative in all intestinal biopsies
without inflammation. The biopsies with finding of inflammation included cases of celiac disease (duodenal specimens),
Crohn’s disease (terminal ileum specimens), and ulcerative co-

Table 1. The findings in the cases of IM of the stomach.
Status of the antral mucosa

Number of the cases

Positivity for HP

Incomplete IM/dysplasia

0

Complete IM
/hyperproliferative IM
15/0

Without gastritis

15

Chronic inactive gastritis

13

2

13/2

1/0

Chronic active gastritis

2

2

2/0

-

Total

30

4

30/2

2/1

1/1

HP: Helicobacter pylori; IM: intestinal metaplasia
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Fig. 5. Esophageal incomplete intestinal metaplasia. A: HE stained section shows intestinal metaplastic epithelium, B: alcian blue/
PAS stain demonstrates mucin positivity in both cell types, C: MUC5AC positivity, D: MUC2 expression in the goblet cells and in
rare cylindrical cells (A: hematoxylin and eosin, magnification x200; B: alcian blue/PAS, magnification x200; C and D: ABC technique,
magnifications x100 and x400, respectively).
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C
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Fig. 6. Expression of MUC5AC in normal intestinal mucosa. A: duodenum, B: terminal ileum, C: colon (ABC technique, magnifications x100).
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Fig. 7. Inflamed mucosa. A: MUC5AC in colitis ulcerosa, B: MUC6 positive cells in the duodenal mucosa by celiac disease (ABC
technique, magnifications x100).
Table 2. MUC5AC- and MUC6-positive goblet cells in the small and large intestine.
Localization and histologic
finding

Total

MUC5AC
0/+/++/+++

MUC6

Duodenum, normal

39

9/24/6/0

0

Duodenum, inflamed

11

0/5/5/1

4

Ileum, normal

46

42/4/0/0

0

Ileum, inflamed

4

0/0/0/4

2

Colon, normal

40

11/21/8/0

0

Colon, inflamed

10

0/0/4/6

0

0: negative; +: from 1 to 10 MUC5AC positive cells; ++: from 10 to 20 MUC5AC positive cells; +++: more than 20 MUC5AC positive cells

litis (colonic specimens). We have found in all of these cases
MUC5AC expression in the goblet cells and, rarely, also in the
cylindrical cells (mostly ++ or +++) (Fig. 7A). The positivity was
seen also in the basal portion of the crypts. MUC6 was positive
in rare goblet and/or cylindrical cells in the duodenum by celiac
disease (Fig. 7B) and in the terminal ileum by Crohn’s disease,
and it was negative in the colonic mucosa by ulcerative colitis.

DISCUSSION
The new classification of IM using immunohistochemical
mucin markers includes two types of IM: 1. incomplete IM, i.e.
mixed gastric and intestinal type, and 2. complete IM, i.e. purely
intestinal type. In the stomach, IM usually originates as small microscopic foci in the antral glands, as a consequence of abnormal
differentiation of the stem cells in the proliferative mucus-neck
region (2,5,11). Using the immunohistochemical method, we
can confirm that IM begins (in its incomplete form) in the mucus-neck region and in the nearby foveolar epithelium, and that
it matures gradually in the direction of the mucosal surface. In
the course of this maturation, the incomplete type changes into
the complete one. Incomplete IM in the mucus-neck zone was
observed already by Inada et al. (11). However, these authors did
not mention further development of this IM. Immunohistochemically, incomplete IM in the mucus-neck region expresses (besides intestinal MUC2) gastric mucins, mainly MUC5AC in both
goblet and cylindrical cells. In addition, in some cases it shows
focal non-continuous brush border (a subtle difference from the
“classical” description of incomplete IM) and increased cell proliferation (2,12). The differentiation toward the complete type
is seen in the foveolae as a gradual reduction of the MUC5AC
in goblet and cylindrical cells, and as the expression of MUC6
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in very rare goblet cells (3,4,6). In two of our cases, the incomplete IM produced in the foveolas closely packed glands lined
by epithelium with mild irregular, basally located nuclei (2,12).
Metaplastic foveolar epithelium showed increased proliferation,
mild p53 positivity, and negativity for AMACR. This finding corresponds with so-called atypical hyperproliferative IM (12) which
was also labeled as “indefinite for dysplasia” (1,12). Our findings
support the view that incomplete IM represents an initial step
of the metaplastic change (6,8). As mentioned above, it starts in
the mucus-neck region and it matures gradually toward the surface, transforming from an incomplete to complete type. Only
in a minority of the cases does the incomplete IM not mature.
In such cases, it can be seen in the surface epithelium where it
represents a possible precursor of adenomatous dysplasia and
intestinal-type carcinoma (3,4,6,8). In our series of 30 cases of
the gastric IM, we have seen such incomplete IM on the mucosal
surface in two cases only. In one of them, this IM also contained
high-grade adenomatous dysplasia, and this finding supports
the above-mentioned precancerous potential of such IM. Surprisingly, in our series we have found frequent positivity of gastric mucin MUC5AC in the goblet cells of the complete IM (in 33%
of our cases), which contained fully differentiated and mature
absorptive cells. This finding raised suspicions as to whether MUC5AC positivity is not a feature of a normal or somehow irritated
epithelium of the intestine. Therefore, we examined a series of
intestinal biopsies for MUC5AC. In contrast with previous reports
of constant MUC5AC negativity in the intestinal mucosa by Byrd
(18) and Taliano (19), we have seen MUC5AC+ goblet cells in the
normal mucosa of the duodenum, terminal ileum and colon, respectively. These cells were found mostly in the superficial epithelium and in superficial portions of the crypts, and, rarely, in
the bases of the crypts. Interestingly, these localizations are outside the regeneration zone of the crypt. More numerous goblet
ČESKO-SLOVENSKÁ PATOLOGIE 3 I 2014

cells and rare cylindrical cells positive for MUC5AC were found
in the inflamed intestinal mucosa. Such cases included the duodenum by celiac disease, terminal ileum by Crohn’s disease, and
colon by ulcerative colitis. In these instances, the positive cells
usually were seen in the whole length of the crypt. In cases of
celiac disease and Crohn’s disease, we even found an expression
of gastric mucin MUC6 in rare goblet and cylindrical cells. Of
interest is that MUC6 was not found in any cases of ulcerative
colitis. Our findings of MUC5AC and MUC6 in the intestinal mucosa indicate that the expression of these mucins should not be
regarded a marker of immaturity. We think that for an evaluation
of completeness of IM, a full differentiation of the cylindrical cells
into absorptive phenotype represents a single criterion, i.e., the
type of the mucin in the goblet cells is not sufficient for the diagnosis of complete or incomplete IM.
IM of the esophagus (Barrett esophagus) is currently regarded
to be a premalignant condition. It develops in the metaplastic
mucosa of the cardiac type (13-16,20). We, like many others,
consider gastric cardia as a metaplasia of the esophageal mucosa, i.e., not as a part of the stomach. However, we included
into our series of reflux esophagitis and Barrett esophagus only
those cases which contained foci of the squamous epithelium
on the mucosal surface. This finding proves further and more
convincingly the esophageal origin of the sample (13,16). Intestinal metaplasia begins first at the most proximal region of the
columnar lined esophagus adjacent to the squamocolumnar
junction, and it extends distally, usually without skipping areas
(13). This IM is, in contrast with IM of the stomach, almost always
of the incomplete type. It contains less of a differentiated population of goblet, cylindrical and neuroendocrine cells, respectively. Rare Paneth cells may be seen, as well. Well differentiated
absorptive cells are not present (21). The goblet and cylindrical
cells produce gastric type mucin MUC5AC, and rare goblet cells
also are positive for MUC6 (4,14,21). Intestinal mucin is constantly positive (along with gastric mucins) in the goblet cells, and it
is not infrequently seen in the cylindrical cells as well. Like Warson et al. (10), we found MUC2+ cylindrical cells quite rarely. On
the contrary, others found the number of these cells to be high

(6,14,20). McIntire et al. (20) even consider even these cells to
be a precursor of the goblet cells, and Glickman et al. think that
they can represent initial IM (4).
CDX2 was in our cases strongly positive in both types of IM,
as well as in low- and high-grade adenomatous dysplasia. Our
results differ from those of Khor et al., who found CDX2 expression in incomplete IM to be lower than in the complete IM (6).
We think that this difference can be explained by different sensitivity of antibodies and/or immunohistochemical techniques.
Cell proliferation of the esophageal incomplete IM was enhanced diffusely. For its evaluation, as well as for the diagnosis
of dysplasia, it is important to be aware that the regeneration
zone in the intestinalized glands is shifted from the mucus-neck
region toward the base of the crypt (like in the crypts of the
normal intestine) (4,15,17,22,23). This suggests that in the evolution of the dysplasia in the Barrett esophagus, the molecular
abnormalities begin in basal crypt cells, and they subsequently expand to involve the superficial portion of the crypts and
surface epithelium (23). Incomplete IM of the Barrett esophagus
represents an unstable epithelium that is, under the influence of
sustained reflux inflammation and injury, at risk for cumulative
molecular alterations (15,22,23).
In conclusion, our results indicate that incomplete IM is an initial step of the metaplastic process, and this is in accordance
with some previous studies (6,8). Incomplete IM can mature into
complete IM, or alternatively, it can develop dysplasia or adenocarcinoma (after accumulation of molecular alterations). In addition, we found in contrast with previously published results that
gastric mucins are present also in normal intestinal mucosa, and
that their expression is even enhanced in inflammatory condition such as celiac disease, Crohn’s disease and ulcerative colitis.
An interesting exception is the negativity for MUC6 in our cases
of ulcerative colitis. The expression of MUC5AC in the complete
IM and in normal or inflamed intestinal mucosa indicates that
MUC5AC cannot be regarded as a marker of immaturity. In the
Barrett esophagus, our results were similar to those of previous
studies, except for CDX2 of which reactivity was seen also in the
incomplete type of IM.
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