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SUMMARY

Columnar lined esophagus is a complication of long term gastroesophageal reflux disease and the main precursor of esophageal adenocarcinoma. Incomplete
intestinal metaplasia in reflux esophagitis represents one of the most important risk factors for neoplastic transformation through the metaplasia-dyspla-
sia—adenocarcinoma sequence. However, recent studies suggest that cardiac type mucosa also shows molecular abnormalities which are similar to those of
incomplete intestinal metaplasia. Immunohistochemically, three types of esophageal dysplasia and adenocarcinoma are recognized: adenomatous-intestinal,
hybrid/mixed and foveolar gastric types. We are interested in the phenotypes of these dysplasias and adenocarcinomas, especially in the possible relationship
between them. For this reason, we evaluated the immunohistochemical expression of intestinal and gastric markers in a series of 30 cases of esophageal high-
grade dysplasia (high-grade intraepithelial neoplasia) and of 70 adenocarcinomas. For immunohistochemical classification, we used double immunohisto-
chemical reactions CDX2/MUC5AC and CDX2/MUCS6, respectively. In cases of incomplete intestinal metaplasia, hybrid/mixed high-grade dysplasia and hybrid/
mixed adenocarcinoma, we found the expression of gastric mucins MUC5AC and MUC6 only in cells with intestinal differentiation (with nuclear positivity for
CDX2). The double immunostaining excluded the presence of the cells with “pure” foveolar gastric phenotype in hybrid lesions. Thus, the hybrid category actu-
ally represents the intestinal type dysplasia/adenocarcinoma (which is known to have a better prognosis than the foveolar gastric type).
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Dysplazie a adenokarcinom jicnu: studie dvojité exprese intestinalnich a gastrickych markert

SOUHRN

Kolumnarni epitel jicnu je komplikaci refluxni ezofagitidy a hlavnim prekurzorem adenokarcinomu jicnu. Nejdulezitéjsim rizikovym faktorem pro vznik ade-
nokarcinomu jicnu u refluxni ezofagitidy je nekompletni intestinalni metaplazie s postupnym vyvojem metaplazie - dysplazie - adenokarcinom. Podle novych
studii vykazuje ale podobné molekularni odchylky jako nekompletni intestinalni metaplazie také sliznice typu kardie. Z tohoto diivodu se v soucasné dobé
imunohistochemicky rozlisuji 3 typy dysplazie a adenokarcinomu jicnu: adenomatézni - intestinalni, hybridni/smiSeny a foveolarni gastricky. Abychom si ovéfi-
li jednotlivé typy dysplazie a adenokarcinomu jicnu a jejich vzajemné vztahy, vysetfili jsme imunohistochemicky intestinaini a Zalude¢ni markery v sestavé
30 high-grade dysplazii a 70 adenokarcinom. Pro imunohistochemickou klasifikaci jsme pouzili dvojitou (double) reakci CDX2/MUC5AC a CDX2/MUC6. Ve
viech pfipadech nekompletni intestindlni metaplazie, hybridni/smisené high-grade dysplazie a hybridniho/smiseného adenokarcinomu byla touto metodou
prokazana exprese gastrickych hlend MUC5AC a MUC6 pouze v burikach s intestinalni diferenciaci (jadernou pozitivitou CDX2). Dvojité barveni vyloucilo
pritomnost bunék, cistého” gastrického fenotypu v hybridnich lézich. Z nasich nélezl vyplyva, Zze kategorie hybridni predstavuje ve skute¢nosti dysplazii a adeno-
karcinom intestinélniho typu.
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Reflux esophagitis with columnar lined esophagus is a com-
plication of long-term gastroesophageal reflux disease and rep-
resents the main precursor of esophageal adenocarcinoma (1-4).
Three epithelial types, cardiac, oxyntocardiac and intestinal are
recognized to constitute gastroesophageal reflux disease often
in a specific direction from distal to proximal in the esophagus
(2,3,5,6). The presence of intestinal metaplasia (IM) has a greater
impact on prognosis (2,3). On the basis of morphology and mucin
production, the following immunohistochemical classification
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of IM was proposed: 1. the mixed intestinal and gastric type, i.e.
incomplete IM with intestinal epithelium, producing gastric mu-
cins and generally lacking an absorptive epithelium, and 2. the
purely intestinal type, i.e. complete IM with the presence of gob-
let cells, absorptive cells, neuroendocrine cells and Paneth cells
(7-11). Recently, it has been suggested that incomplete IM which
produces gastric mucins represents an initial, immature, and ge-
netically and chromosomally unstable stage (11) with increased
proliferation activity (9). This incomplete IM may either undergo
maturation into complete non proliferative IM or it persists and
progresses to dysplasia and adenocarcinoma (10-18). The esoph-
ageal dysplasia and adenocarcinoma are currently classified into
the following three types: 1. adenomatous/intestinal, 2. hybrid/
mixed, 3. foveolar gastric (19). This classification is based on the
presence of intestinal and/or gastric foveolar differentiation. It is
suggested that intestinal differentiation means a better prognosis
in comparison with foveolar gastric differentiation (8,15,16), and
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therefore an examination of the phenotype of the lesion is im-
portant. To further characterize an immunophenotype of dyspla-
sias and adenocarcinomas occurring in Barrett’s esophagus and
to evaluate possible relationships between types of dysplasia, we
immunohistochemically studied a series of 30 cases of high grade
dysplasia and 70 adenocarcinomas (all in patients with long-term
reflux disease), using double immunostaining for both intestinal
and gastric markers. Our results indicate that the hybrid/mixed
phenotype in fact represents an intestinal phenotype, and that it
should be regarded as such.

MATERIALS AND METHODS

Our study includes 30 patients with esophageal high grade dys-
plasia (26 males and 4 females, with a mean age 60 years, ranging
in the males from 33 to 83 years and in the females from 69 to 88
years), and 70 cases of esophageal adenocarcinoma (61 males and
9 females, with a mean age of 71 years, ranging in males from 42 to
88 years and in females from 52 to 93 years). Endoscopic biopsies
(specimens as a single or multiple pieces 2-3 mm in diameter) were
processed routinely and stained with hematoxylin-eosin, AB-PAS
(alcian blue at pH 2.5, periodic acid-Schiff reagent). Immunohisto-
chemistry was performed using standard avidin-biotin complex
peroxidase technique, and included markers of intestinal differ-
entiation (CDX2, clone EPR2764), gastric differentiation (MUC5AC,
clone MRQ-19, Cell Marque, MUC6, clone MRQ-20, Cell Marque),
and Ki 67 (clone MIB1, Ventana). We evaluated intestinal metapla-
sia, high-grade dysplasia, and adenocarcinoma in dual-color im-
munohistochemical staining, performed on a single slide by se-
quentially applying the antibodies CDX2 and MUC5AC, or CDX2
and MUCS6, respectively.

High-grade dysplasia was classified histologically as the ade-
nomatous, hybrid/mixed, or foveolar gastric type, respectively.
Adenomatous and hybrid high-grade dysplasia resembled colon-
ic adenoma with columnar cells and penicillate nuclei. Foveolar
gastric high-grade dysplasia was composed of cuboidal to colum-
nar cells with a pale clear cytoplasm and hyperchromatic round
nuclei. In accordance with the WHO classification (19), the carci-
nomas were classified into following histological types: well dif-
ferentiated papillary and tubular adenocarcinoma, moderate and
poorly differentiated tubular adenocarcinoma, mucinous adeno-
carcinoma, signet ring cell adenocarcinoma, and diffuse or poorly
cohesive adenocarcinoma. Immunohistochemically, they were
classified as follows: the intestinal type, hybrid type, or foveolar
gastric type. The immunophenotype was classified as intestinal
if the lesion stained positively for CDX2 and negatively for both
MUCS5AC and MUCE6; as foveolar gastric if positive for MUC5AC
and MUC6 and negative for CDX2; and as hybrid/mixed if posi-
tive for combination of CDX2 and gastric markers. A diagnosis of
hybrid high-grade dysplasia/adenocarcinoma was done only in
cases which showed CDX2 positivity and positivity for MUC5AC
and MUC6 in a minimum of 5% of the cells (12). The background
mucosa was classified as cardiac-type, cardiac-type with focal in-
complete IM, or as oxyntocardiac-type. Squamous islands, squa-
mous epithelium overlying glands (buried columnar epithelium),
multilayered epithelium and gland ducts were identified for con-
firmation of the esophageal location.

RESULTS

All cases of esophageal high-grade dysplasia and adenocar-
cinoma (Fig. 1) showed variable positivity for the immunohisto-
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Fig. 1. A. High-grade dysplasia. B. Esophageal adenocarcinoma of intestinal type. C. Esophageal adenocarcinoma of foveolar gas-
tric type, with formation of solid nests. D. Esophageal adenocarcinoma of hybrid type (HE, original magnifications 200x in A, 100x

in B-D, respectively).
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Fig. 2. Immunohistochemical findings. A. High-grade hybrid dysplasia with nuclear CDX2 positivity (red) and cytoplasmic MUC5AC
expression (brown) in cells. No cell with negativity of CDX2 and positivity of MUC5AC is seen. B. Esophageal adenocarcinoma of
intestinal type shows CDX2 nuclear positivity. C. Esophageal adenocarcinoma of foveolar gastric type is positive for MUC5AC. D.
Esophageal adenocarcinoma of hybrid type. The nuclei are positive for CDX2 (red) and cytoplasm for MUC5AC (brown). No cell with
negativity of CDX2 and positivity of MUC5AC is seen (original magnifications 400x in A, 100x in B-D, respectively).

chemical markers. Immunohistochemically, 6 of 30 cases (20 %)
of high grade esophageal dysplasia were of the adenomatous
type, with positivity for CDX2. 23 of 30 cases (77 %) of the high-
grade dysplasia were of the hybrid/mixed type. Hybrid/mixed
dysplasia showed expression of both CDX2 and MUC5AC (Fig.
2A). Only one case of high grade dysplasia (3 %) was of the fove-
olar gastric type, with immunohistochemical negativity of CDX2
and with expression of MUC5AC.

In the series of 70 adenocarcinomas, 16 cases (23 %) were well
differentiated, 19 cases (27 %) were moderately differentiated,
and 35 cases (50 %) were poorly differentiated. Immunohisto-
chemically, intestinal type adenocarcinomas positive only for
CDX2 (Fig. 2B) accounted for 14 of 70 adenocarcinoma cases
(20 %). They were more numerous than the group of 5 foveolar
gastric type adenocarcinomas (7 %) which were all positive for
MUC5AC and MUC6 and negative for CDX2 (Fig. 2C). Fifty hy-
brid/mixed cases of adenocarcinoma (73%) showed diffuse pos-
itivity for CDX2 (Fig. 2D). Simultaneously, the CDX2 positive cells
were often positive for MUC5AC (Fig. 2D), but none of the cells
showed isolated expression of gastric mucins without positivity
for CDX2. MUC6 was positive in 26 (52 %) hybrid adenocarcino-

mas and in 6 cases (20 %) of hybrid high-grade dysplasia (in ad-
dition to MUC5AC positivity). None of our cases of high-grade
dysplasia and adenocarcinoma was of the null phenotype that is
characterized by loss of intestinal and gastric markers.

The grade of differentiation of adenocarcinomas varied (Tab.
1). Among well and moderately differentiated adenocarcino-
mas, the intestinal type was seen in 8 cases (11%) and the hybrid
type in 26 cases (43 %). Only a single case of the foveolar gastric
type adenocarcinoma was well differentiated. The microscopic
assessment of lateral margin status and depth of carcinoma in-
vasion could not be determined.

Previous biopsies performed several month beforehand, with
findings of high-grade dysplasia, were available in only 7 cases
of adenocarcinoma. In all of these previous biopsies, the type
of high-grade dysplasia correlated with the type of subsequent
adenocarcinoma (3 cases of the intestinal type, 3 cases of the
hybrid type, and one case of the foveolar gastric type).

Regarding findings in non-dysplastic background mucosa, 30
biopsies with high-grade dysplasia contained cardiac type mu-
cosa in 16 cases, oxyntocardiac type mucosa in 2 cases, incom-
plete intestinal metaplasia in 12 cases (Fig. 3A), and squamous

Table 1. Grading and immunohistochemical types of adenocarcinomas (numbers of cases).

_ Intestinal type Hybrid type Foveolar gastric type
3 12 1 16

Grade 1
Grade 2 5 14
Grade 3 6 25
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- 19
4 35
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Fig. 3. Esophageal incomplete intestinal metaplasia. A. Cylindrical cells with mucin production and without brush border. B. Dou-
ble immunohistochemical reaction shows nuclear positivity for CDX2 (red) and cytoplasmic expression for MUC5AC (brown). No
cell with negativity of CDX2 and positivity of MUC5AC is seen (original magnifications 200x).

cellislands in 14 cases. Among 70 cases of adenocarcinoma, the
adjacent mucosa showed the following morphology: cardiac
type in 23 cases, oxyntocardiac type in 5 cases, incomplete IM in
15 cases, and squamous epithelium in 13 cases (the squamous
epithelium covered partially cardiac mucosa or adenocarcino-
ma). The background mucosa of the cardiac and oxyntocardi-
ac types was positive for gastric mucins (MUC5AC and MUC6)
a negative for CDX2. Incomplete IM showed typical nuclear
positivity for CDX2 and cytoplasmic positivity for gastric mucins
MUC5AC/MUCE (Fig. 3B).

DISCUSSION

Barrett's esophagus is the predisposing condition of esoph-
ageal adenocarcinoma (1,4,7,9,10,16,17,20). IM arises in cardi-
ac-type mucosa (1,2,9,12,15) and is almost always incomplete
(8,11-14). Incomplete IM represents an unstable epithelium
with high proliferation activity and precancerous potential
(1,7,10). It differs from complete IM that is regarded as a termi-
nally differentiated mucosa which is composed of non-prolif-
erative cells (9,11,13). There is evidence that gastric epithelium
in cardiac-type mucosa undergoes intestinal differentiation in
which CDX2 expression is an early event, whereas goblet cells
and MUC2 positivity occur late in the intestinalization process
(4,8,9,21,22). Due to its high sensitivity, we used CDX2 as a marker
for intestinal differentiation. In addition, we did take advantage
of double immunostaining for CDX2 and gastric markers, be-
cause this technique can demonstrate a relationship between
cells with intestinal and gastric differentiation.

Using this method we have seen that all cells of incomplete IM
(4,8) exhibited nuclear positivity of CDX2. A part of these cells,
including goblet cells, were also positive for gastric mucins,
whereas some cells were only of the intestinal type (CDX2+/MU-
C5AC-/MUC6-).

We also found that high-grade dysplasia and adenocarcino-
ma showed often, in double immunostaining, a simultaneous
expression of both CDX2 and gastric mucins as is seen in incom-
plete IM, but importantly, epithelial cells with gastric mucin-on-
ly phenotype were not present in any case. The lesions with
simultaneous positivity for CDX2 and gastric mucins represent
a category of hybrid/mixed dysplasia and hybrid/mixed adeno-
carcinoma in current classification. Our results indicate, how-
ever, that these lesions are of the adenomatous/intestinal type
and that they do not represent an admixture of both adenomatous
and gastric cell types (8,14,15). For this reason, the separation of
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a hybrid category from intestinal dysplasia and adenocarcino-
ma could be abandoned (15).

Itis evident that intestinal metaplasia may not be a prerequisite
to all cases of dysplasia and adenocarcinoma arising in colum-
nar lined esophagus. Recent studies suggest that cardiac foveo-
lar epithelium also shows a loss of heterozygosity and chromo-
somal abnormalities which are similar to those of incomplete
IM (1,4-7,9,15-18,23). It is commonly believed that dysplasia and
adenocarcinoma in columnar lined esophagus take two main
forms: the adenomatous-intestinal/hybrid type and the foveolar
gastric type (7,8,14,15,17).

Regarding the frequency of the two main types of dyspla-
sia, i.e. the adenomatous/hybrid type and the foveolar gastric
type, the existing studies have brought conflicting results.
Brown et al. (15) found foveolar gastric high-grade dysplasia in
46 % of cases, and Khor et al. found it even in 73 % of cases (8).
However, a majority of studies found a high predominance of
the adenomatous/hybrid type (7,9,19,20,23,24). Similarly, we
have seen the adenomatous/hybrid type in 97 % of high-grade
dysplasia.

Among adenocarcinomas, the reported frequency of both
types is also various. Agoston et al. (24) found an approximately
similar frequency of both types. Bosman (19) and Smith et al.
(3) described a predominance of the intestinal type, whereas
Aida et al. and Khor et al. found a predominance of the fove-
olar gastric type (5,8). In our study, we have seen in the double
color method the intestinal type in 20 % and the hybrid type in
73 %, i.e. intestinal and hybrid types together represent 93 % of
adenocarcinomas, whereas the foveolar gastric type was found
in 7 % of cases, only. We think that it is difficult to explain these
conflicting results. They are probably related to differences in
immunohistochemical techniques. The advance of our study is
in the use of dual-color immunohistochemical staining, which
has not been performed in previous studies.

Regarding the correlation between the type of high-grade
dysplasia and the type of subsequent carcinoma, our 7 cases of
adenocarcinoma showed high-grade dysplasia in previous en-
doscopic biopsies. In the remaining cases, such a biopsy was not
performed. Although our number of cases is low, it shows 100%
correlation between the type of adenocarcinoma and the type
of previously diagnosed dysplasia. Previous studies by Agoston
et al. (24) and Brown et al. (15) also reported positive correlation
between dysplasia and subsequent adenocarcinoma, whereas
Khor et al. (8) found a small discordance between immunophe-
notype of dysplasia and intramucosal adenocarcinoma (in three
of 23 adenocarcinomas).
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In the studies of Takubo et al. (6) and Watanabe et al. (12), the
majority of all tumors were of the mixed immunophenotype,
but the foveolar gastric type was more common among minute
carcinomas. Khor et al. (8) suggest a phenotype shift from gas-
tric to mixed phenotypic expression during tumor growth. Our
results as well as those of others do not confirm this opinion on
the phenotype shift.

We did not find a decline in CDX2 expression from incomplete
IM to dysplasia to adenocarcinoma, as was reported by Khor
et al. (8). In some of our cases, an intensity of CDX2 expression
fluctuated irregularly, irrespective of the type of the lesion. This
small variability was probably related to fixation and tissue pro-
cessing.

The behavior of esophageal carcinoma is related to its pheno-
type and differentiation. Intestinal type esophageal adenocar-
cinomas have a better prognosis when compared with foveolar
gastric type tumors (8,15,16,21). It is explained by a possible tu-
mor suppressor function of CDX2 (8,16,21). Also, at the level of
dysplasia, the foveolar gastric type shows a higher rate of DNA
abnormalities and is more frequently high-grade in comparison
with the adenomatous/hybrid type (8,11,23), reflecting afore-
mentioned differences in behavior between both types. In ad-

dition, intestinal type adenocarcinoma shows abnormal nuclear
beta-catenin expression more frequently, whereas EGFR ampli-
fication and poor survival were more often associated with fove-
olar gastric type tumors (16).

In conclusion, our findings indicate that the two following
types of dysplasia and adenocarcinoma develop in columnar
lined esophagus: adenomatous-intestinal and foveolar gastric.
Using double immunostaining for CDX2 and gastric mucins, we
excluded the dual phenotype of the cells in hybrid type dyspla-
sia/adenocarcinoma. Although some cells of these so-called
hybrid type lesions express gastric mucins, they all are always
positive for the intestinal marker CDX2. For this reason, we con-
cur with the opinion that the present hybrid type of dysplasia/
adenocarcinoma should be regarded as an intestinal type. Dif-
ferentiation between the intestinal and foveolar gastric types of
dysplasia and adenocarcinoma has a prognostic and potentially
therapeutic importance.
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