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Abstract Neoplastic progression in Barrett’s esophagus (BE)
occurs by a multistep process associated with early molecular
and morphological changes. This study evaluated cell
proliferation and p53 expression and their correlation in the
development and progression of esophageal adenocarcinoma.
PCNA and p53 expressions were analyzed in biopsy samples
by immunohistochemistry including patients with reflux
esophagitis, BE, BE with concomitant esophagitis, Barrett’s
dysplasia, esophageal adenocarcinoma and a control group
without any histological changes. Progressive increase in cell
proliferation and p53 expression was found in the sequence of
malignant transformation of the esophageal mucosa. While
cell proliferation was significantly lower in the control group
compared with all other groups, there was no increase in p53
expression of esophageal tissues that were negative for
dysplasia. Dysplastic BE tissues revealed significantly higher
cell proliferation and p53 expression levels compared to BE,
reflux esophagitis or BE with concomitant esophagitis. Both,
cell proliferation and p53 expression were significantly higher
in adenocarcinoma compared to BE or Barrett’s dysplasia.
Interestingly, while just BE with concomitant esophagitis
showed significantly higher p53 expression levels than BE,
both, BE with concomitant esophagitis and reflux esophagitis
revealed significantly higher cell proliferation levels com-

pared to BE. Alterations of cell proliferation and p53
expression showed a strong correlation. Simultaneous activa-
tion of cell proliferation and p53 expression strongly suggest
their association with esophageal epithelial tumor genesis and
particularly, their specific role in the biology of esophageal
adenocarcinoma. Quantification of these parameters in BE is
thought to be useful to identify patients at higher risk for
progression to adenocarcinoma.
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Introduction

Esophageal cancer is still one of the most widespread
diseases. The incidence of adenocarcinoma of the esopha-
gus has risen steadily in both the United States and in
Europe over the last two to three decades, whereas the
incidence of esophageal squamous cell carcinoma has
remained relatively static [1, 2]. The early diagnosis of
esophageal carcinoma correlates closely with improvement
in prognosis. Esophageal adenocarcinoma is frequently
accompanied by Barrett’s esophagus (BE) [3], recognized
as metaplastic condition in which the squamous epithelium
lining the lower esophagus is replaced by columnar
epithelium [4], often of a specialized intestinal type, as a
consequence of gastro-esophageal reflux disease (GERD)
[5]. Reflux induces damage to squamous epithelial cells
and causes stem cell proliferation, resulting in the replace-
ment of squamous cells with columnar cells [6].
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BE is the main precancerous condition in the develop-
ment of esophageal adenocarcinoma and represents the first
step in the pathway to esophageal adenocarcinoma [7]. The
metaplastic esophageal mucosa subsequently progresses
through dysplasia to adenocarcinoma [8].

Diagnosis of Barrett’s adenocarcinoma is usually made
late, and consequently, is associated with poor prognosis [9,
10]. Earlier detection of cancer and/or characterization of
dysplasia are beneficial in early identification of patients at
higher risk for adenocarcinoma. Evaluation of tissue
biomarkers, as cell proliferation and p53 expression has
been proven useful for identifying dysplasia and estimation
of malignant progression in BE [11, 12].

It has been recognized for some time that the cell cycle is
dysregulated in dysplastic Barrett’s mucosa with increased
cell proliferation. Moreover, there is evidence of loss of
spatial organization with abnormal cell proliferation on the
surface epithelium in high-grade dysplasia [13]. The
proliferating cell nuclear antigen (PCNA) technique is an
accepted method for measurement of cell proliferation.
PCNA is the co-factor of DNA-polymerase and can be
detected mostly in the late G1 and S phases, but it is also
present in every phase of the cell cycle [14].

The progression of the cell cycle from G1- to S-phase,
which apparently is a critical event in the cellular
proliferation of Barrett’s dysplasia [15] can be down-
regulated by the tumor suppressor p53 [16]. One cell cycle
abnormality that was observed previously in Barrett tissue
was the overexpression of this tumor suppressor [17, 18].
Such overexpression usually is indicative of mutated p53,
which has a longer half-life than wild-type p53 [19].
Significantly, identical p53 mutations were observed at
high frequencies in Barrett high grade dysplasia and
adenocarcinoma [20]. With respect to p53 overexpression,
it was reported that only 5% of Barrett patients without
dysplasia were positive for p53 overexpression, whereas,
15%, 45%, and 53% of patients with indefinite/low grade
dysplasia, high grade dysplasia, and adenocarcinoma,
respectively, were positive for p53 overexpression [17].
These results suggest that p53 mutations play a role in the
progression of Barrett’s dysplasia to adenocarcinoma.

It has been proposed that the combination of p53 protein
expression and disordered proliferative architecture may be
used as an objective biomarker to assist in the recognition
and diagnosis of dysplastic change [21, 22].

Combination of upper gastrointestinal endoscopy and
light microscopic (histological) evaluation with cell/tissue
biomarker identification by immunohistochemistry has
been thus shown to be useful to identify patients at higher
risk for progression to esophageal adenocarcinoma.

Recently, we have reported that simultaneous down-
regulation of gluthatione S-transferase (GST), the enzyme
playing a protective role in the prevention of cancer by

detoxifying potentially carcinogenic compounds, and upre-
gulation of matrix metalloproteinase-9 (MMP-9), an ag-
gressive factor playing a crucial role in progression of
carcinogenesis, in the BE–dysplasia–adenocarcinoma se-
quence, strongly suggest their association with esophageal
tumor development and their specific role in the stepwise
sequence to carcinoma in BE [23].

To date, according to our knowledge, cell proliferation or
p53 expression has not been evaluated in the whole
sequence of malignant transformation of the esophagus.
Therefore, here we evaluated cell proliferation (PCNA) and
p53 expression by immunohistochemical techniques in the
development and progression of esophageal adenocarcino-
ma including reflux esophagitis, BE, BE with concomitant
esophagitis, dysplasia and adenocarcinoma and estimated
the correlation of expression of these two markers com-
pared to the recently described increase of MMP-9 expres-
sion in the whole sequence of malignant transformation
of the esophagus.

Materials and Methods

The immunohistochemical analysis of cell proliferation
and p53 expression in the development and progression
of reflux esophagitis–Barrett metaplasia–dysplasia–
adenocarcinoma sequence in the esophagus was a retro-
spective study using paraffin-embedded biopsy specimens,
which were taken from patients between 2000 and 2004 at
the 2nd Department of Medicine, Semmelweis University
Budapest.

A total of 51 formalin-fixed, paraffin-embedded esopha-
geal tissue samples were analyzed by immunohistochemical
techniques. Groups comprised 33 males and 18 females. The
median age was 64 with a range from 22 to 83 years.

The selection was based on a clinical and histological
evidence of the corresponding diagnosis including reflux
esophagitis (n=7; four males, three females, mean age
61 years, range 36–68 years); BE (n=14; 9 males, five
females, mean age 66 years, range 48–69 years); BE with
concomitant esophagitis (n=8; six males, two females,
mean age 67 years, range 55–71 years); BE with dysplasia
(n=7; four males, three females, mean age 68 years, range
52–72 years); and esophageal adenocarcinoma (n=8; six
males, two females, mean age 71 years, range 64–83 years).
Esophageal biopsies from patients with functional dyspep-
sia without any histological changes were used as controls
(n=7; four males, three females, mean age 49 years, range
22–56 years).

For immunohistochemistry, all biopsy specimens were
fixed in buffered formalin and embedded in paraffin and
four micron thick sections were cut and mounted on glass
slides as previously described [24].
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Immunohistochemical Staining

Proliferation—PCNA Immunohistochemistry

The 4 micron thick tissue sections were dewaxed and
rehydrated. Antigen unmasking was carried out in citrate
buffer pH 6.0 by microwave heat treatment (3 min 750 W
and 3 min 370 W), and samples were cooled down in PBS
for 20 min. Endogenous peroxidase activity was blocked by
incubation for 30 min at room temperature in 3% hydrogen
peroxide. After being washed thrice in PBS for 3 min, the
slides were incubated with optimally diluted PCNA
antibody (Clone: PC10, DAKO) for 15 min at 37°C in a
dark humidified chamber. After being washed thrice in
PBS, signal conversion was carried out with the LSAB2
system (DAKO: K0672) as described in the manual.
Hematoxylin co-staining was done.

p53 Immunohistochemistry

The 4 micron thick tissue sections were deparaffinized
in xylene and rehydrated through graded ethanol.
Antigen unmasking was carried out by microwave heat
treatment (samples in plastic jars containing citrate
buffer pH 6.0 were put into a preheated (95–99°C)
plastic water bath and were heated with 500 W for
15 min), and samples were cooled down in PBS for
20 min. Endogenous peroxidase activity was blocked by
incubation for 30 min at room temperature in 3%
hydrogen peroxide. After being washed thrice in PBS
for 3 min, the slides were incubated with optimally
diluted p53 antibody (Clone: DO-7, DAKO) at 37°C for
30 min in a humidified chamber. After being washed
thrice in PBS, signal conversion was carried out with
the LSAB2 system (DAKO) as described in the manual.
Hematoxylin co-staining was done.

Evaluation of Immunohistochemical Staining

Immunostaining was determined semiquantitatively, as pre-
viously described [25, 26]. Known immunohistochemically-
positive tissue sections were used as positive controls, and
negative control sections were processed immunohisto-
chemically after the primary antibody was replaced by
PBS. None of these negative control sections exhibited
immunoreactivity.

At least 600 (mainly 800) epithelial cells were counted
in each sample using light microscope (40X objective). The
labeling index (LI) was defined as a percentage of the
positive nuclei over the total nuclei counted. The evaluation
of staining intensity (i.e. number of positive cells) for both,
PCNA and p53 was performed by two investigators (I.H.,
H.G.) independently, without the knowledge of histology

and results of the other investigator. There was less than 5%
variance between the results of two counts.

Statistical Analysis

Statistical analysis with one-way ANOVA, LSD test and
correlation analysis were performed by the Statistica for
Windows 4.3 program package. Values were expressed as
mean±SD and p value <0.05 was considered statistically
significant.

Results

Cell proliferation index and p53 expression scores in
various types of mucosal lesions of the esophagus are
shown in Tables 1 and 2.

Cell Proliferation

The cell proliferation rate has increased in the sequence of
malignant transformation of the esophagus, from Barrett’s
esophagus to dysplasia and adenocarcinoma (Table 1). In
BE the cell proliferation (Fig. 2c) was significantly higher
compared to the normal esophageal epithelium (Fig. 1a) but
significantly lower compared to reflux esophagitis or BE
with concomitant esophagitis (Table 1). In the epithelium of
BE the proliferative compartment was mostly limited to the
bottoms of the crypts (Fig. 2c). In addition, the score of cell
proliferation was significantly higher in Barrett’s epithelium
than in normal gastric mucosa (data not shown). Interest-

Table 1 Cell proliferation in various types of mucosal lesions of the
esophagus (mean±SD)

Histology PCNA-LI [mean±SD]

Normal epithelium (control group) 36.32±4.09
(n=7)
Reflux esophagitis* 61.54±4.97
(n=7)
Barrett’s esophagus* 51.05±2.26
(n=14)
Briarrett’s esophagus with
concomitant esophagitisa

61.52±5.29

(n=8)
Barrett’s esophagus with dysplasia*, ** 69.35±4.51
(n=7)
Adenocarcinoma € 80.03±4.54**
(n=8)

*p<0.00001 vs. Normal epithelium (Control group);
**p<0.002 vs. reflux esophagitis, Barrett’s esophagus or Barrett’s
esophagus with concomitant esophagitis;
€=p<0.02 vs. Barrett’s esophagus with dysplasia
The PCNA Labeling Index (PCNA = LI) is defined as a percentage of
the positive nuclei over the total nuclei counted.
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ingly, there was no difference in proliferation index between
reflux esophagitis and BE with concomitant esophagitis.
Further, an upward shift of the proliferative compartment
was observed from metaplasia to dysplasia and adenocarci-
noma (Table 1). Finally, cell proliferation was significantly
higher in adenocarcinoma (Fig. 4b) compared with dysplas-
tic Barrett esophagus tissue (Fig. 3b), however, proliferative
cells were irregularly distributed in invasive cancer areas.

p53 Expression

We found no increase in p53 expression in Barrett esophagus
tissues that were negative for dysplasia (Fig. 2d) compared
to the normal esophagus epithelium (Fig. 1b) except
Barrett’s esophagus with concomitant esophagitis which
showed significantly higher p53 expression levels than BE
and the control group (Table 2). The increased p53 accu-
mulation in BE with concomitant esophagitis was signifi-
cantly higher also compared to reflux esophagitis. There
was no difference in p53 expression scores between BE and
reflux esophagitis (Table 2).

Significantly higher expression levels of p53 have been ob-
served in Barrett esophagus tissues that were positive for dys-
plasia (Fig. 3c) compared with BE without dysplasia (Fig. 2d)
and also BE with concomitant esophagitis (Table 2).

With respect to esophageal adenocarcinoma, the p53
expression was high, as reflected by prominent nuclear
immunohistochemical staining (Fig. 4c). The expression
levels of p53 were significantly higher in adenocacinoma
compared with dysplastic Barrett esophagus tissues and the
other groups (Table 2).

The cell proliferation and p53 expression in the
development and progression of normal epithelium, reflux
esophagitis, BE, dysplasia and adenocarcinoma sequence of
the esophagus were linearly correlated (r=0.91; Fig. 5) and
increased with the severity of mucosal lesions.

Additionally, the increase of these two markers was
linearly correlated with the recently reported immu-
noexpression changes [23] of matrix metalloproteinase-9
(Fig. 6a–b; PCNA with MMP-9 [r=0.84]; p53 with
MMP-9 [r=0.82]).

Table 2 p53 expression in various types of mucosal lesions of the
esophagus (mean±SD)

Histology p53-LI
[mean±SD]

Normal epithelium (control group) 9.96±1.61
(n=7)
Reflux esophagitis 13.82±2.16
(n=7)
Barrett’s esophagus 15.72±1.93
(n=14)
Barrett’s esophagus with
concomitant esophagitis*

19.92±1.32

(n=8)
Barrett’s esophagus with dysplasia*, ** 40.72±5.37
(n=7)
Adenocarcinoma*, **, *** 63.21±4.66
(n=8)

The p53 Labeling Index (p53-LI) is defined as a percentage of the
positive nuclei over the total nuclei counted.
*p<0.01 vs. normal epithelium (Control group), Reflux esophagitis or
Barrett’s esophagus
**p<0.003 vs. reflux esophagitis, Barrett’s esophagus or Barrett’s
esophagus with concomitant esophagitis
***p<0.03 vs. Barrett’s esophagus with dysplasia

Fig. 1 Cell proliferation and p53 expression in normal esophageal epithelium, a cell proliferation (PCNA immunohistochemistry), b p53 expression.
Representative histology sections are shown (×40 magnification). Cell proliferation and p53 expression is illustrated by brown staining of the nuclei
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Discussion

Despite advances in diagnosis and therapy, esophageal
adenocarcinoma remains an aggressive and usually lethal
tumor. BE is the main precancerous condition in the
development of esophageal adenocarcinoma, however, its
pathogenesis is still poorly understood. It has been reported
that BE develops as a complication of chronic gastroesoph-
ageal reflux [5] and is associated with an increased risk of
esophageal adenocarcinoma [7, 27]. BE typically pro-
gresses from metaplasia with atypia to dysplasia and
adenocarcinoma. This hypothesis has led to the use of
endoscopic biopsy surveillance to detect dysplasia in
patients before carcinoma develops [28]. It is of great
clinical importance to correctly identify changes with a high
risk for malignant transformation, as high-grade dysplasias
and early adenocarcinomas in patients with BE to have a
higher chance for cure [29].

The identification of high-risk lesions in BE by histology
has also disadvantages, especially regarding sampling
errors and frequent intra- and inter-observer discrepancies
in the histopathologic grading/staging of these lesions.
Several new biomarkers are being tested to help in better
determining the risk of cancer development.

Although most of the biological markers need to be
evaluated further, at present, cell proliferation, aneuploidy
status, p16 and p53 gene abnormalities, or allelic losses are
the most extensively documented alterations [11]. Immu-
nostaining with a variety of antibodies provides a better
understanding of the process of malignant transformation
and helps to identify early markers of malignant transfor-
mation in BE [30].

We have recently reported that simultaneous down-
regulation of GST and upregulation of MMP-9 in the BE–
dysplasia–adenocarcinoma sequence strongly suggest their
association with esophageal tumor genesis and particularly

Fig. 2 Cell proliferation and p53 expression in Barrett’s esophagus
without dysplasia, a hematoxylin and eosin staining, b Alcian blue-
periodic acid-Schiff staining, c cell proliferation (PCNA immunohis-

tochemistry), d p53 expression. Representative histology sections are
shown (×20/×100 immersion magnification). Cell proliferation and
p53 expression is illustrated by brown staining of the nuclei
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their specific role in the biology of esophageal adenocar-
cinoma [23].

To date, according to our knowledge, cell proliferation or
p53 expression has not been evaluated in the whole
sequence of malignant transformation of the esophagus.
Here we evaluated cell proliferation and p53 expression
changes and their correlation compared with previously
described increase in MMP-9 expression in the develop-
ment and progression of normal epithelium, reflux esoph-
agitis, BE, dysplasia and adenocarcinoma sequence of the
esophagus.

Alterations in proliferative activity of the epithelium are
related to cancer risk in most organs of the gastrointestinal
tract. In the colon the occurrence of adenomas and
carcinomas is associated with an increased epithelial cell
proliferation [31]. Patients operated for colorectal cancer,
have a higher risk for recurrent adenomas, if there is
increased proliferation in random rectal biopsies [32]. In the
stomach Billroth-II resections and Helicobacter pylori (H.

pylori) infection, both risk factors for gastric cancer, are
associated with increased cell proliferation [33], with a
normalization after H. pylori eradication in the latter case.
Also in BE a positive correlation has been shown between
proliferative activity and risk factors for cancer, such as
dysplasia, type of metaplasia and length of the Barrett
segment [34]. Further, in the progression of Barrett’s
metaplasia to adenocarcinoma the balance of proliferation/
apoptosis is thought to play an important role [35].

In the present study, immunohistochemical analysis
revealed a progressive increase in cell proliferation rate
with increasing severity of esophageal lesions. We demon-
strated that cell proliferation was significantly lower in
normal esophageal epithelium (control group) compared
with all other groups. Barrett esophagus tissues that were
positive for dysplasia revealed a significantly higher cell
proliferation index compared to BE, reflux esophagitis or
BE with concomitant esophagitis. We observed that cell
proliferation was significantly higher in adenocarcinoma

Fig. 3 Cell proliferation and p53 expression in dysplastic Barrett’s
esophagus, a hematoxylin and eosin staining, b cell proliferation
(PCNA immunohistochemistry), c p53 expression. Representative

histology sections are shown (×20 magnification). Cell proliferation
and p53 expression is illustrated by brown staining of the nuclei
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compared to BE or BE tissues positive for dysplasia. Our
findings are similar to the results reported by Hong et al.
[13), Polkowski et al. [22] and Kim et al. [36].

Novel finding in our study is that cell proliferation in
reflux esophagitis or Barrett’s esophagus with concomitant
esophagitis is significantly higher compared to BE alone. It
has been shown that gastric acid may stimulate cell
proliferation by directly affecting the epithelium. In this
respect gastric juice of low pH has mitogenic effects on
isolated cells in culture, whereas pH neutral juice lacks this
effect or even has some inhibitory action [37]. In a large
epidemiologic study symptomatic GERD was a strong risk
factor for esophageal adenocarcinoma [38]. In addition,
acid reflux is increased in BE patients [39] and elimination
of reflux in patients with BE and GERD, prevents from a
further increase of proliferative activity at the luminal
surface of Barrett epithelium in the distal esophagus [40].

These findings may support our observations, including
increased p53 expression in BE with concomitant esophagitis

Fig. 5 Correlation between cell proliferation and p53 expression in
the development and progression of normal epithelium, reflux
esophagitis, Barrett’s esophagus, dysplasia and adenocarcinoma
sequence of the esophagus. Cell proliferation is linearly correlated
with p53 expression (r=0.91; p<0.01)

Fig. 4 Cell proliferation and p53 expression in esophageal adenocar-
cinoma, a hematoxylin and eosin staining, b cell proliferation (PCNA
immunohistochemistry), c p53 expression. Representative histology

sections are shown (×20 magnification). Cell proliferation and p53
expression is illustrated by brown staining of the nuclei
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compared to BE alone, that acid reflux in BE might induce
progression from BE to dysplasia and adenocarcinoma.

Although p53 protein overexpression detected by im-
munohistochemistry is an indirect method of detecting a
p53 gene mutation [41], it has great clinical applicability.

Several recent studies evaluating p53 accumulation
using immunohistochemistry have shown increasing p53
expression in the dysplasia–adenocarcinoma progression of
Barrett’s esophagus [22, 42]. However, p53 accumulation
was just very rarely or was not observed in metaplastic
esophageal mucosa without dysplasia [17, 22] or low-grade
dysplasia with no concomitant invasive carcinoma [43]. On
the other hand, it has been shown that patients with p53-
immunoreactive low-grade dysplasia progress more rapidly
to high-grade dysplasia and/or carcinoma [12]. Further-
more, a recent study analyzing the effect of photodynamic
therapy and evaluating cell proliferation as well as p53
expression in BE reported that that BE without dysplasia
shows elevated crypt proliferation but low p53 expression
[44].

In our present study in correlation with previous findings
of Polkowski et al. [22] and Younes et al. [45] we found a
progressive increase of p53 expression in the sequence of
malignant transformation of the esophagus. We demon-
strated that there was no increase in p53 expression of
esophageal tissues that were negative for dysplasia includ-
ing Barrett’s esophagus and reflux esophagitis compared to
the control group. Barrett esophagus tissues that were
positive for dysplasia revealed a significantly higher p53
expression levels compared to BE, reflux esophagitis or BE
with concomitant esophagitis. We observed that expression
of p53 was significantly higher in adenocarcinoma compared
to BE or BE tissues positive for dysplasia. Interestingly, BE
with concomitant esophagitis showed significantly higher
p53 expression levels than BE alone, reflux esophagitis or
the control group.

This observation is consistent with our findings in cell
proliferation and may support the hypothesis that increasing
p53 expression is accompanied by an upward shift of the
proliferative compartment and might be induced by
increased acid reflux in the multistep progression model
of a metaplasia–dysplasia–adenocarcinoma sequence in BE.
Further, cell proliferation- and p53 expression changes in
the whole BE–dysplasia–adenocarcinoma sequence of the
esophagus are strongly correlated.

We have also evaluated the correlation of expression
changes between cell proliferation or p53 and recently
analyzed MMP-9. The analysis was performed on the same
settings of samples as previously.

MMP-9 is one member of the matrix metalloproteinases
family, which is capable of degrading several components
of the extracellular matrix (ECM). Increased expression of
MMP-9 has been found in various carcinomas. With respect
to the gastrointestinal tract, increased MMP-9 expressions
have been observed in gastric [46] and colorectal cancer
[47]. In the specific case of esophagus, increased expres-
sion of MMP-9 has been demonstrated in esophageal
squamous cell carcinoma [48] and also in the BE–
dysplasia–adenocarcinoma sequence, described by our
group [23].

We found a linear correlation between both, cell
proliferation and MMP-9 expression or p53- and MMP-9
expression, suggesting their association with esophageal
tumor development and their specific role in the stepwise
sequence to carcinoma in BE.

In summary, overexpression of p53 is typical in the
malignant transformation of BE and increases with histo-
logical progression; and cell proliferation of Barrett’s
epithelium increases with progressive grades of dysplasia
and is linearly correlated with p53 expression.

The simultaneous activation of cell proliferation and p53
expression strongly suggest their association with esopha-

Fig. 6 Correlation between cell proliferation or p53 expression and
recently reported MMP-9 expression in the development and
progression of normal epithelium, reflux esophagitis, Barrett’s
esophagus, dysplasia and adenocarcinoma sequence of the esophagus,

a cell proliferation is linearly correlated with MMP-9 expression (r=
0.84; p<0.05), b p53 expression is linearly correlated with MMP-9
expression (r=0.82; p<0.05)
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geal tumor genesis and particularly, their specific role in the
biology of esophageal adenocarcinoma. Our results confirm
that activation of cell proliferation and p53 protein
accumulation may play a crucial role in the early phase of
the multistep esophageal carcinogenesis. Together with
other biological markers, quantification of these parameters
in BE might be useful to identify patients at higher risk for
progression to adenocarcinoma, to prevent tumor develop-
ment and to improve prognosis.
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