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Summary. A metaplastic process, in which native 
squamous epithelium of the distal esophagus is replaced 
by columnar epithelium, is known as Barrett esophagus 
(BE). Over the past years, intestinal metaplasia was 
recognized as a marker for BE. The risk for the 
development of esophageal adenocarcinoma in a patients 
with BE is much higher when compared to the normal 
population . Duodeno-gastro-esophageal reflux is 
supposed to playa role in the pathogenesis of BE and 
rising incidence of adenocarcinoma of the esophagus. 
With current therapeutic options , when clinical 
manifestation of this cancer occurs, it is too late for cure 
in the majority of patients. Therefore, attention should be 
focused on early diagnosis, for which molecular genetic 
techniques might become available. Current data on 
genetic alterations involved in carcinogenesis of BE are 
discussed. Grading of dysplasia in BE carries important 
clinical consequences for the individual patient: 
intensification of endoscopic surveillance or 
' prophylactic esophagectomy'. Several morpho- and/or 
cytometric parameters may be used for discrimination 
between different grades of dysplasia in BE. Therefore, a 
new and original algorythm for the potential application 
of quantitative pathology in grading of dysplasia in 
patients with BE has been proposed. Molecular biology 
together with image analysis of histological spectrum of 
BE enable better understanding of the mechanisms of 
malignant degeneration and might ultimately lead to 
targeted cancer prevention and/or therapeutic 
interventions. 
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Introduction 

A metaplastic process, in which native squamous 
epithelium of the distal esophagus is replaced by 
columnar epithelium, was already described at the 
beginning of this century (Tileston, 1906). Initially, 
attention was paid to the presence of peptic ulcers in the 
esophagus, lined with gastric-type mucosa (Lyall , 1937; 
Allison, 1948). In 1950, Norman Barrett interpreted this 
condition as a tubular segment of the stomach transposed 
within the chest due to a congenitally short esophagus 
(Barrett, 1950). Since 1953, when Allison and Johnston 
suggested the concept of an esophagus lined with 
columnar epithelium and referred to it as "Barrett ulcer" 
in their publication, Barrett 's name was erroneously 
connected to this condition (Allison and Johnstone, 
1953). In the same year, Morson and Belcher described 
cases of esophageal adenocarcinoma arising in 'ectopic' 
gastric mucosa (Morson and Belcher, 1952). After 45 
years, the clinical relevance of Barrett esophagus (BE) is 
its malignant potential rather than ulceration 
(Komorowski et ai., 1996). Most adenocarcinomas of the 
esophagus or gastro-esophageal junction (GEJ) arise in 
the background of BE (Hamilton et aI., 1988). This so
called Barrett cancer is now the most rapidly increasing 
malignancy in the Western world (Hesketh et ai., 1989; 
Blot et aI., 1991, 1993; Powell and McConkey, 1992; 
Pera et aI., 1993). The prevalence of BE in patients 
undergoing upper gastro-intestinal endoscopy has been 
estimated at 0.7% (Cameron and Lomboy, 1992). The 
prevalence of BE in autopsy series is over 20 times 
greater than expected based on observations in living 
subjects (Cameron et aI., 1990). The true prevalence of 
BE is unknown because the metaplastic mucosa seems to 
be more resistant to the components of gastro
esophageal reflux and therefore is frequently 
asymptomatic. Patients without complications (ulcer, 
structure, carcinoma) often do not seek medical help. 
Therefore, presumably the overwhelming majority of 
patients with BE remain undiagnosed. The premalignant 
character of this condition was established by a 10% 
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incidence of adenocarcinomas in a series of 140 cases of 
extensive columnar metaplasia (Naef et aI., 1975). The 
risk for the development of an adenocarcinoma in a 
patient with BE is 30-125 times higher when compared 
to the normal population (Haggitt, 1994). The average 
time-interval from the development of BE (median age: 
40) to the clinical presentation of Barrett cancer (mean 
age: 64) was estimated at 20-30 years (Cameron, 1993). 
With current therapeutic options, when clinical 
manifestation of this cancer occurs, it is too late for cure 
in the majority of patients. Therefore, attenti0l} should be 
focused on early diagnosis, for which molecular genetic 
techniques might become available. Moreover, 
molecular biology enables us to better understand the 
mechanisms of malignant degeneration in BE and might 
ultimately lead to targeted cancer prevention and/or 
therapeutic interventions. 

Definition of Barrett esophagus 

In 1976, the histological features of BE were 
classified by Paull et al. who described three types of 
columnar epithelia lining the distal esophagus: 1) a 
cardiac- or junctional-type, 2) a fundic-type (both also 
called gastric-type), and 3) a specialized (intestinal-type) 
columnar epithelium (Paull et aI., 1976). The last type 
resembles intestinal mucosa and is characterized by the 
presence of goblet cells. This intestinal metaplasia is 
readily distinguishable from the two former types 
usually found in the gastric cardia or fundus, and there
fore it was also called distinctive-type epithelium. The 
risk for the development of an adenocarcinoma is 
specifically increased in patients with this distinctive
type epithelium. Initially, it was generally accepted that 
1-2 cm length of the distal esophagus is normally lined 
with columnar epithelium. In 1983, to avoid a false
positive diagnosis of BE, an arbitrary definition of at 
least 3 cms of circumferential columnar lining of the 
tubular esophagus was proposed (Skinner et aI., 1983). 
At the beginning of the 1990s, it became clear that 
adenocarcinoma of the esophagus or GEJ can arise from 
a so-called short segment of BE or even a tongue of BE 
(Schnell et aI., 1992). However, the extension of Barrett 
mucosa appeared a significant risk factor for malignant 
degeneration (Menke-Pluymers et al., 1993). On the 
other hand, the histological prevalence of intestinal 
metaplasia at the GEJ in patients without an endo
scopically apparent BE was recently found to be 
unexpectedly high (7%-36%) (Spechler et aI., 1994; 
Johnston et ai., 1996; Chalasani et al., 1997; Morales et 
al., 1997; Nandurkar et aI., 1997; Trudgill et ai., 1997). 
Thus, extensive (long) segments of BE carry a high risk 
of malignant transformation, but they are presumably 
easy to recognize during endoscopy and occasionally 
symptomatic (e.g. ulcer pain, stricture dysphagia) 
(Macdonald et aI., 1997). Although (ultra- )short 
segments of BE or even microscopic foci of intestinal 
metaplasia at the GEJ may be common, their presence 
may not be related to subjective symptoms of reflux 

(Clark et aI., 1994; Nandurkar et aI., 1997). In this 
regard intestinal metaplasia at the GEJ might therefore 
carry a relatively high risk of developing 'undetected' 
cancer. However, it has been shown that the prevalence 
of high-grade dysplasia or adenocarcinoma in patients 
with traditional long segment BE (11/60; 18%) was 
higher than in patients with short segment BE (0/59; 0%) 
(Weston et ai., 1997b). In a prospective follow-up study 
(12-40 months), out of 26 patients with short segment 
BE neither high-grade dysplasia nor cancer developed in 
any of these patients; in contrast, out of 29 patients with 
traditional long segment BE high-grade dysplasia or 
intramucosal carcinoma developed in three patients 
(Weston et al., 1997a). Moreover, BE is found most 
commonly in patients thought to be at risk for 
esophageal adenocarcinoma (Caucasians with reflux 
symptoms; 28%). BE is rarely seen in an other group 
with lower risk for this malignancy (Afro-American 
nonrefluxers; 0%). Conversely, intestinal metaplasia at 
the GEJ is common in both aforementioned groups (10% 
and 11%, respectively) and is of questionable 
significance (Chalasani et aI., 1997). Intestinal 
metaplasia at the GEJ may affect even one third of the 
population, but the incidence of adenocarcinoma at the 
GEJ is only 2-4 cases per 100,000 (Blot et al., 1991; 
Nandurkar et ai., 1997). 

The most recent definition of BE has been proposed 
by Spechler: "the condition in which the distal 
esophagus is lined by metaplastic columnar epithelium 
that predisposes to the development of adenocarcinoma" 
(Spechler, 1997a). This definition does not explicitly 
take into account two aspects which usually occur in the 
definitions proposed so far, i.e. the presence of "goblet 
cells" and the "acquired" nature of BE. 

The columnar esophageal mucosa with goblet cells 
carries the risk of malignant degeneration. In the distal 
2 cm of the esophagus only fundic or cardiac (both 
called: gastric-) type may occur without the presence of 
intestinal-type BE. Above this 2 cm zone the gastric
type mucosa is virtually never present alone, i.e. without 
intestinal metaplastic epithelium (goblet cells) (Haggiu, 
1994). A histological diagnosis of the distinctive-type 
epithelium was conventionally used to prove that an 
endoscopic biopsy comes from the esophagus, and not 
from a sliding herniated stomach. The central argument 
was that intestinal metaplasia supposedly does not occur 
at the GEJ. As discussed above, this argument is no 
longer valid. In patients without endoscopically apparent 
BE, specialized intestinal metaplasia at the GEJ can be 
found on average in 20% of patients (Spechler et aI., 
1994; Johnston et aI., 1996; Chalasani et aI., 1997; 
Morales et aI., 1997; Nandurkar et aI., 1997; Spechler, 
1997b; Trudgill et aI., 1997). In BE mucosa, the 
epiphenomenon of goblet cells may be less prominent 
than the presence of immature metaplastic columnar 
cells secreting acidic mucins staining positive with 
alcian blue pH 2.5, which are also considered to be 
specific for intestinal metaplasia (see below) (Offner et 
ai., 1996). This might especially be true in the region of 
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the GEJ. Surveillance biopsy specimens of BE mucosa 
frequently demonstrate an absence of goblet cells in 
patients with short segment BE compared with patients 
with traditional long segment BE (Weston et al., 1997a). 
This might explain why, over the past years, intestinal 
metaplasia was recognized as a marker for BE and was 
missed at the GEJ. Regular use of alcian blue staining 
for endoscopic biopsies may double recognition of 
intestinal metaplasia at the GEJ (Nandurkar et al., 1997). 

Like the upper respiratory tract, the fetal esophagus 
is lined with columnar ciliated epithelium that is 
replaced with squamous epithelium before birth (Johns, 
1952). Congenital islands (rests) of a columnar lining 
without intestinal metaplasia can occasionally be seen in 
the esophagus of children without gastro-esophageal 
reflux (Rector and Connerley, 1941). Another possibility 
for the presence of columnar epithelium in the 
esophagus, is gastric heterotopia (ectopia), which 
presumably is the result of misplacement during 
embryonic development (Hamilton, 1990). In adults, 
these 'inlet patches' (uniformly fundic-type gastric 
mucosa) are usually located in the upper part of the 
esophagus (Borhan-Manesh and Farnum, 1991). Both in 
children and in adults, distinctive-type epithelium in the 
esophagus is a consequence of reflux and not of 
congenital origin (Dahms and Rothstein, 1984; Hassall, 
1993). 

Pathogenesis of Barrett esophagus 

Metaplasia is a transition from the original tissue 
into another that is normally not encountered at that 
particular site. It is felt to be an adaptation to 
environmental noxious stimuli and is an acquired 
condition during life (Jankowski, 1993). This contrasts 
with ectopia (heterotopia) which is congenital and refers 
to misplacement of tissue that does not belong to the 
particular site. In the process of metaplasia, progenitor 
stem cells differentiate into a phenotype other than that 
normally constituting the organ. It has been speculated 
that in BE this muItipotential cell may originate either 
from the basal layer of adjacent intact squamous 
epithelium, or from the ducts of superficial esophageal 
mucous glands (Gillen et al., 1988). Recently, an 
intermediate stage in this transformation process has 
been characterized by electron microscopy (Sawhney et 
al., 1996). Within BE, a multilayered epithelium 
consisting of these transitional hybrid cells was shown to 
express concurrently both squamous and glandular 
cytokeratin markers (Boch et al., 1997). 

The association between GERD and BE is usually 
explained by a role of the gastric content, being 
constantly refluxed into the esophagus, and leading to 
inflammatory destruction of the esophageal squamous 
epithelium. However, it remains unclear why 
pathological gastro-esophageal reflux results in 
squamous esophagitis in some persons and in specialized 
columnar metaplasia in others. Probably, gastric acid 
alone does not contribute by itself to the development of 

BE, since BE is uncommon in patients with Zollinger
Ellison syndrome who have a normally functioning 
lower esophageal sphincter (LES) (Strader et al., 1995). 
A mechanically defective LES, as well as functional 
disorders (like frequent transient LES relaxations and 
motor disorders of the esophageal body) promote 
pathological gastro-esophageal reflux and/or poor 
esophageal clearance. The severity of acid reflux in 
patients with uncomplicated BE was not greater than in 
patients with reflux esophagitis of comparable age 
(Neumann and Cooper, 1994). It has been suggested that 
the depth of mucosal injury determines either squamous, 
or columnar re-epithelialization (Li et al., 1994). The 
degree of mucosal damage (as found in BE) increases 
when duodenal juice is refluxed into the esophagus 
(Kauer et al., 1995). The reflux of gastric juice 
contaminated with duodenal contents is probably the 
most important determinant for the mucosal injury in 
GERD and the ultimate development of BE in a subset 
of refluxers (Stein et al., 1992; Kauer et al., 1995). There 
is increasing interest in the role of bile, as one of the 
crucial components of BE-inducing reflux ate (Marshall 
et al., 1997). It may well be that a specific composition 
of the refluxate is responsible for the intestinal 
phenotype of columnar metaplasia in the esophagus. 
This duodenal-like composite is characterised by proteo
and lipolytic activity that theoretically might have at 
least three possible sources: 1) bile with pancreatic 
enzymes secreted to the duodenum; 2) enzymes 
produced by the gastric mucosa; and 3) Helicobacter 
pylori (H. pylori), 

Especially patients with duodeno-gastro-esophageal 
reflux ultimately seem to develop BE and its 
complications (Attwood et al., 1993). Previously, it has 
been suggested that bile and trypsin are not important in 
the pathogenesis of BE, since esophageal bile acid 
concentrations were shown not to be different in patients 
with normal esophageal lining or with BE, and trypsin 
was found in only 5% of the esophageal aspirates 
(Gotley et al., 1992). These data, at least concerning the 
role of bile, have recently been challenged by Vaezi et aL 
and by Kauer et al. who used more sophisticated 
technology (Kauer et al., 1995; Vaezi and Richter, 1995). 
The positive correlation between total bilirubin content 
and the concentrations of pancreatic enzymes contained 
in the esophageal refluxate suggests that bilirubin is a 
good tracer for duodenal reflux into the esophagus (Stipa 
et aI., 1997). Patients with BE had a higher prevalence of 
abnormal esophageal bilirubin exposure than patients 
with no injury (Kauer et al., 1995). Using a radioisotope 
technique it has been shown that duodeno-gastric reflux 
might be involved in the development of BE and might 
be related to complications of BE (Liron et aL, 1997). 
Patients after previous gastric resection form an optimal 
population to study duodeno-gastro-( esophageal) reflux. 
Bile and pancreatic enzyme concentrations of 
esophageal fluid samples were found to be higher in 
patients after gastrectomy compared to patients with an 
intact stomach. However, with regard to the prevalence 
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of BE, no significant differences were found between a 
group of patients after previous gastric surgery and a 
group of patients with an intact stomach (Parrilla et aI., 
1997). Moreover, previous gastric surgery rarely leads to 
esophageal adenocarcinoma (Birgisson et aI., 1997). 
This suggests that gastric surgery and its associated 
duodeno-gastric reflux do not playa role in the etiology 
and rising incidence of adenocarcinoma of the 
esophagus. Apparently, there must be factors other than 
bile and pancreatic juice, involved in the pathogenesis of 
BE. 

One of these factors could be gastric lipase. Lipase is 
an enzyme which is active both in the duodenum (of 
pancreatic origin), and in the stomach (of gastric origin). 
In adult humans, gastric lipase is the first lipolytic 
enzyme involved in the digestion of dietary lipids along 
the gastrointestinal tract. In healthy subjects, nearly 20% 
of lipids are digested by gastric lipase (Carriere et aI., 
1993). In contrast to enzymes of pancreatic origin, 70-
90% of gastric lipase activity can be recovered at pH 
values below 6 during a test meal (Carriere et aI., 1993). 
However, it has also been reported that, in the absence of 
food, simultaneous secretion of gastric acid counteracts 
the lipolytic activity of gastric lipase (Wojdemann et aI., 
1995). Experimental data on the protective role of 
gastric juice for the development of esophageal 
metaplasia and adenocarcinoma are of special interest in 
this regard (Ireland et aI., 1996). Human gastric lipase 
can be immunolocalized in the chief cells of the fundic
type gastric mucosa (Moreau et aI., 1988, 1989). 
Recently, the presence of pancreatic (acinar) metaplasia 
producing different pancreatic enzymes (trypsin, 
amylase, lipase) has been described in the gastric 
mucosa (Doglioni et aI., 1993). Not only focal, but also 
diffuse pancreatic metaplasia of the gastric mucosa has 
been observed (Stachura et aI., 1995). Pancreatic 
metaplasia most frequently occurs in the cardia, and it is 
associated with the presence of intestinal metaplasia at 
the GEl (Wang et aI., 1996). Pancreatic metaplasia has 
also been described in BE (Krishnamurthy and Dayal, 
1995). The extent of enzymatic activity originating from 
these metaplastic acinar cells, as well as the optimal pH 
spectrum, are not known. 

The third possible source of proteo- and lipolytic 
activity in the stomach and/or in BE, might be H. pylori 
which by weakening of the integrity of the mucous layer 
can render the underlying epithelium more vulnerable to 
noxious luminal contents (Slomiany et aI., 1994). The 
microorganism is able to colonize not only the human 
stomach (thereby surviving in a strongly acidic gastric 
luminal environment), but also BE epithelium. The 
prevalence of H. pylori was found to be similar in 
patients with BE and in patients with esophagitis 
(Loffeld et aI., 1992). It was assumed that the finding of 
H. pylori in BE epithelium reflects a shift of the 
bacterium from the gastric antrum and/or corpus. 
However, as long as the lower esophageal sphincter 
(LES) is competent, none of the components of gastric 
juice (acidic niche for H. pylori) will be present in the 

esophagus. Moreover, duodeno-gastric (alkaline) reflux, 
which might be needed to induce BE in some cases, 
would eventually wipe out H. pylori from the stomach. 
The hypothetical role of H. pylori in the pathogenesis of 
BE is questioned. There is lack of any causal 
relationship between H. pylori infection either in the 
stomach or in the esophagus, and BE or subsequent 
adenocarcinoma (Csendes et aI., 1997; Quddus et aI., 
1997). The intriguing hypothesis that H. pylori 
"protects" against GEl cancer is based on a belief that 
the bacterium plays a suppressive role in the tumor 
progression. An experimental study in rats revealed the 
protective role of gastric acid for the development of 
esophageal adenocarcinoma (Ireland et aI., 1996). In 
humans, H. pylori in BE might rather be an epi
phenomenon of gastro-esophageal ( acidic) reflux and a 
sign of inflammation in the cardia (Morales et aI., 1997). 

A recent hypothesis has postulated a relationship 
between two events: on the one hand the biological 
sequence of LES relaxation (gastro-esophageal reflux) 
eventually leading to the development of BE, and on the 
other hand the time sequence of the increasing use of 
pharmaceutical agents that (un-) intentionally relax the 
LES (Wang et aI., 1994). For example, calcium-channel 
inhibitors (e.g. nifedipine) are used to treat arterial 
hypertension, but they are also effective in mild 
achalasia. It is also known that inhibition of nitric oxide 
synthesis, which is an inhibitory neurotransmitter of LES 
relaxation, facilitates mucosal injury (Stark and 
Szurszewski, 1992). Clinical states associated with nitric 
oxide deficiency are often accompanied by vaso
constriction, which can be reversed by nifedipine 
(Dijkhorst-Oei et aI., 1997). 

In the era of (over-)use of anti secretory drugs (Hz
receptor antagonists/proton pomp inhibitors), it is 
intriguing to speculate that gastric proteo- and/or 
lipolytic enzyme activity, unopposed by an acidic 
environment, together with LES incompetence and 
inflammation at the GEl, may be responsible for the 
development of BE even without duodeno-gastro
esophageal reflux. 

Intestinal metaplasia can be recognized by the 
presence of goblet cells, which are interspaced by 
numerous columnar cells. Intestinal metaplasia in the 
esophagus, as it was originally described for gastric 
intestinal metaplasia, can be generally divided into 
complete and incomplete types (Filipe, 1989). The 
columnar epithelial cells of the complete-type are well
differentiated, with a delicate brush border (absorption). 
The incomplete-type intestinal epithelium is immature, 
less differentiated than its completely intestinalized 
counterpart, and it is characterized by mucus-producing 
columnar cells (staining positive with alcian blue pH 
2.5). An additional feature of this immaturity is a 
disruption of the intercellular junctions. Most cells 
continue their vital activities, such as differentiation and 
proliferation, while maintaining homeostasis, through 
intercellular communication via gap junctions 
(Loewenstein, 1981). These gap junctions are 
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Table 1. Current data on genetic alterations involved in carcinogenesis of BE. 

METAPLASIA 
(without dysplasia) 

LOW-GRADE DYSPLASIA HIGH-GRADE DYSPLASIA ADENOCARCINOMA 

Growth Factors 

TGFa 

EGFR 

Mismatch Repair Genes 

microsatellite instability 

Tumor Suppressor Genes 

p53 mutations 

p53 LOH (17p) 

p53 protein accumulation* 

APC mutations 

APC LOH (5q) 

CDKN2 deletions 

CDKN2 LOH (9p) 

DPC4 mutations 

DPC4 LOH (18q) 

Oncogenes 

cyclin Dl (Arber et aI., 1996) 

c-erbB-2 

bcl-2 (Katadav 1997) 

c-myc (Abdelatif et aI., 1991) 

K-ras 

H-ras (Abdelatif et aI., 1991) 

N-ras (Meltzer et aI., 1990) 

src 

Cell adhesion molecules 

E-cadherin 

l3-catenin 

20% (al-Kasspooles 
etal.,1993) 

7% (Meltzer et aI., 1994) 

o (Schneider et aI., 1996; 
Gonzalez et aI., 1997) 

O(Gonzalez et aI., 1997) 

4% 

o (Gonzalez et aI., 1997) 

o (Gonzalez et aI., 1997) 

o (Gonzalez et al., 1997) 

72% 

o (Lagorce 1995) 
0,4% (Trautmann 1996) 

3-4 x higher than in 
controls (Kumble 1997) 

CD44H (Castella et aI., 1996) focal 

CD44v3 (Castella et aI., 1996) 

Aneuploidy (Reid et aI., 1993) 0 

o (Schneider et aI., 1996; 
Gonzalez et aI., 1997) 

21% 

o (Gonzalez et aI., 1997) 

o (Gonzalez et aI., 1997) 

9% (Gonzalez et aI., 1997) 

33% (Schneider et aI., 1996) 

65% 

100% (Barrett et aI., 1996b)-

25%-38% 

o (Hardwick et aI., 1995) 

100% 

+ 
o (Meltze el aI., 1990; 
Lagorce et aI., 1995); 
4% (Trautmann et aI., 1996) 

reduced expression 

25% 

+ 

+ 

(Bongiorno 1995; Swami 1995) 

diffuse 75% 

7% 40% 

100% (Yacoub et aI., 1997) 

31 % (al-Kasspooles et aI., 
1993); 
64% (Yacoub et aI., 1997) 

13% (Keller et aI., 1995) 
22% (Meltzer et al., 1994) 
35% (Muzeau et aI., 1997) 

46% (Schneider et aI., 1996) 

90% (Gonzalez et aI., 1997) 
100% (Barrett et aI., 1996a) 

64% 

7% (Gonzalez et aI., 1997) 

60% (Gonzalez et aI., 1997) 
80% (Barrett et aI., 1996a) 

21% (Gonzalez et aI., 1997) 

64% (Barrett et aI., 1996a) 
91% (Gonzalez et aI., 1997) 

o (Barrett et aI., 1996c) 

46% (Barrett et aI., 1996c) 

11%-73%-

20% 40% 

+ 

o (Lagorce et aI., 1995) 
36% (Trautmann et aI., 
1996) 

+ 

6 x higher than in controls 
(Kumbl et aI., 1997) 20% 

(Jankowski et aI., 1992a) 

74% (Krishnadath et aI., 
1997) 

72% (Krishnadath et aI., 
1997) 

60% 

71 %; 86% {Nakamura et 
aI., 1994} 

Data on MCC, IRF-l, and Rb genes are not indicated in the Table, since reports on these genes inCluded both squamous cell carcinomas and 
adenocarcinomas of the esophagus; separation of the data was not possible. *: cumulative data (Jankowski, 1992; Ramel, 1992; Flejou, 1993; Younes, 
1993; Casson et aI., 1994; Hamelin et aI., 1994; Hardwick et aI., 1994; Jones et aI., 1994; Moore et aI., 1994; Rice et aI., 1994; Symmans et aI., 1994; 
Krishnadalh el aI., 1995). -: premalignant Barrett epithelium. -: (Jankowski et aI., 1992a; al-Kasspooles et al., 1993; Flejou et aI., 1994; Nakamura et 
aI., 1994; Hardwick et aI., 1995,1997; Duhaylongsod el aI., 1995) 
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occasional1y seen between absorptive columnar cells 
with villi (complete-type intestinal metaplasia), but not 
on the membranes of goblet cells (Ohkusa et aI., 1993). 
Non-intestinalized, gastric-type mucosa can prevent 
diffusion of potentially noxious substances from the 
foregut lumen, by these tight intercellular gap junctions 
(Powell, 1981). These tight junctions are markedly 
reduced or absent in intestinal metaplasia (Uchida et al., 
1995). Thus, noxious substances of the gastric refluxate 
can probably penetrate into a deeper layer of 
intestinalized (especially incomplete-type) mucosa of the 
esophagus (lamina propria), which may be a source of 
growth-factor-related signals for proliferation (see 
below) (Jankowski, 1993). 

Carcinogenesis in Barrett esophagus 

Why is the distinctive-type epithelium (especially 
incomplete-type intestinal metaplasia) in the esophagus 
or at the GEJ a soil from which adenocarcinomas arise? 
The rapid epithelial renewal after mucosal injury caused 
by the (duodeno-)gastro-esophageal reflux may explain 
some aspects of the malignant potential of this 
epithelium. 

Under normal circumstances cell proliferation is 
influenced by external growth stimuli which are 
transduced to the cell nuclei through growth factors and 
their receptors. Epidermal growth factor (EGF), its 
receptor (EGFR), and transforming growth factor alpha 
(TGFu) have been investigated extensively and are 
structurally and functionally related (Jankowski et al., 
1991; Poller et al., 1992; Yacoub et aI., 1997). Both EGF 
and TGFu have been demonstrated in BE mucosa, 
indicating the possibility of auto-/paracrine growth 
regulation. Intestinal-type BE is characterized by a 
greater expression of TGF-u, EGFR, and a higher 
proliferation rate as expressed by the Ki-67 labelling 
index, in comparison with normal gastric mucosa and 
with fundic- or cardiac-type BE epithelium (Jankowski 
et al., 1991). Amplification of the EGFR gene was found 
both in BE, and in over 30% of esophageal adeno
carcinomas (al-Kasspooles et al., 1993). Increased mito
genesis per se is felt to lead to increased mutagenesis 
(Ames and Gold, 1990). 

Cancer is a genetic disease, caused by an 
accumulation of genome alterations (genetic instability) 
and characterized by a dysregulation of cell proli
feration. In general, there are three genetic routes which 
contribute to genetic instability and uncontrolled 
neoplastic proliferation: 1) inactivation of DNA (mis
match) repair genes which normally limit the mutation 
rate of growth controlling genes; 2) inactivation of tumor 
suppressor genes which regulate cell growth by 
inhibition of proliferation; and 3) activation of 
oncogenes which stimulate cell growth. Recently, a 
fourth class of genes, mitotic checkpoint genes, was 
described (Cahill et al., 1998). These latter genes are 
dominant and lead to chromosomal instability 
(aneuploidy). Both the mismatch repair genes and the 

tumor suppressor genes are recessive genes. This implies 
that loss of both gene copies (by deletion and/or 
mutation) is necessary for their inactivation. The 
deletion of one allele leads to loss of heterozygosity 
(LOH). It has been suggested that allelic deletions of 
several loci on which tumor suppressor genes reside 
(p53, Rb, APC, MCC, and DCC) are important in the 
initiation and/or progression of most esophageal cancers 
(Huang et al., 1992). In case of a proto-oncogene 
(dominant gene), mutation of only one copy makes it 
(over-) active, and switches it into an oncogene. A 
constellation of several independent mutations occurring 
in one cell, gives this cell growth and survival advantage 
and promotes its neoplastic clonal expansion. In addition 
to subtle mutational changes and (micro-)deletions, 
gross chromosomal change is also encountered and both 
losses and gains can occur. Such genome perturbances 
lead to genetic instability as reflected by aneuploidy, 
which can be measured by flow cytometry or determined 
by karyotyping. Further progression of the malignancy 
and its invasion beyond the esophageal wall, as well as 
lymphatic and/or hematogenic spread, might be 
influenced by aberrations of cell adhesion molecules. 
Current data on genetic alterations involved in 
carcinogenesis of BE are summarized in Table 1. 

Mismatch repair genes and mlcrosatellite instability 

A generalized genetic instability (e.g. through 
mismatch repair gene defects) leading to an increased 
cellular mutation rate, may underlie an accumulation of 
genetic alterations (Loeb, 1994). Microsatellite 
instability (or replication error phenotype) is a newly 
recognized molecular phenotype of a substantial fraction 
of human cancers. The mismatch repair gene defects in 
these cancers can be recognized by microsatellite 
instability, i.e. alterations in regions of the genome 
consisting of short sequences of repeated DNA
nucleotides. At least four different human mismatch 
repair (MMR) genes (PMSl, PMS2, MLH1, MSH2) 
have been identified and constantly they are associated 
with microsatellite instability (Chung and Rustgi, 1995). 
Recently, the MSH6 gene was added to this group 
(Edelmann et al., 1997). Microsatellite instability was 
found in 13%-35% of BE-associated adenocarcinomas 
(Meltzer et al., 1994; Keller et al., 1995; Muzeau et al., 
1997). However, the majority of these tumors 
demonstrate a low level of microsatellite alterations, at 
only few loci. Therefore, genetic defects in the DNA 
mismatch repair system probably do not play an 
important role in esophageal adenocarcinomas (Gleeson 
et al., 1996; Muzeau et a1., 1997). 

Tumor suppressor genes 

Mutations of the p53 tumor suppressor gene appear 
to be the most common genetic lesion in cancer of adult 
humans. The product of an intact p53 gene, the so-called 
wild-type protein, restrains cells with damaged DNA 
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from entering the S-phase of the cell cycle at the G 1 
checkpoint, and thus allows for DNA repair. In detail, 
wild-type p53 protein provides its normal function by 
inducing various proteins leading to cell cycle arrest, 
DNA repair, and apoptosis (Fig. 1). Alterations of the 
p53 gene result in the production of a mutant peptide, 
which is deprived of its normal regulatory function of 
suppression of cell turnover. The mutant peptide is 
characterized by a prolonged half-life time due to 
increased post-translational stability, and therefore it can 
be visualized by immuno-histochemistry (IHC). In 
contrast, wild-type protein is normally not detectable by 
IRC due to a very short half-life time (Rodrigues et aL, 
1990). Undoubtly, the most reliable method to 
investigate p53 mutations is DNA sequencing. Although 
the senstitivity of IRC for detection of p53 mutations is 
relatively low, as critically reviewed by Ireland et aL, the 
obvious advantage of this rapid technique is its wide 
availability in most laboratories (Ireland et aL, 1997). 
Moreover, it may well be that IRC which explores p53 at 
the protein level is a better test in some cases because 
mechanisms other than mutation may lead to 
stabilization and dysfunction of the p53 protein. Several 
studies using IHC showed increasing p53 accumulation 
in the dysplasia-carcinoma progression of BE (Flejou et 
aL, 1993; Younes et aL, 1993; Hamelin et aL, 1994; 
Hardwick et aL, 1994; Jones et aL, 1994; Rice et aL, 
1994; Symmans et aL, 1994; Krishnadath et aL, 1995; 
Polkowski et aL, 1995). A similar trend was 
demonstrated in a large prospective multicenter study 
using DNA sequencing (Schneider et aL, 1996). 
However, no p53 mutations were found in metaplasia or 
low-grade dysplasia in patients with no concomitant 
invasive carcinoma (Schneider et aL, 1996; Gonzalez et 
al., 1997). LOH of the p53 gene locus was found in 3 out 
of 11 (27%) patients with low-grade dysplasia (Gonzalez 
et al., 1997). 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 (Younes et al., 1997). In patients with high
grade dysplasia and/or carcinoma, p53 mutations can be 
found even in diploid cell populations (Neshat et aL, 
1994). The most frequent site of LOH in esophageal 
adenocarcinoma is chromosome 17p at the p53 locus 
(Blount et al., 1991, 1994; Barrett et aL, 1996a,b,c). The 
17p allelic losses typically occur before 5q (which can 
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Fig. 1. p53 and cell cycle regulation. 

harbour the MCC-, the APC-, and the IRF-l-genes; see 
below) losses during neoplastic progression of BE, 
suggesting that p53 inactivation is a relatively early 
event (Ramel et aL, 1992; Blount et al., 1993). 

It is generally accepted that in BE, tumor 
progression via dysplasia into carcinoma is the result of 
a stepwise accumulation of genetic alterations, including 
specific mutations and a generalized increasing genetic 
instability. In this neoplastic process p53 is thought to be 
a key factor. It has been shown that p53 gene 
inactivation may be responsible for an accumulation of 
genetic alterations reflected by increased 4N 
(G2/tetraploid) cell populations which precede a 
progression to aneuploidy in BE (Galipeau et aL, 1996). 
The p53 tumor suppressor gene inactivation removes a 
block to the proliferation of cells that have suffered 
carcinogenic mutations, and allows for further 
carcinogenic hits when cells divide. Failure of p53 
results in unopposed stimulation by growth factors and 
oncogenes (like EGFR, c-erbB-2, and cyclin Dl; see 
below), and locks the "suicidal" pathway of apoptosis. 

The MCC (mutated in colorectal carcinoma) gene is 
located on chromosome 5q. LOH at the MCC locus 
occurred in 63% of cases with esophageal carcinoma. It 
has been suggested that allelic deletion involving MCC 
may not occur independently of deletions involving 
other tumor suppressor genes (p53, Rb, DCC) in human 
esophageal cancer (Huang et aL, 1992). Besides the 
MCC gene, the adenomatous polyposis coli (APC) gene 
is also a target of the LOH of chromosome 5q frequently 
observed in gastrointestinal malignancies. While 
mutations of the APC gene were found frequently in 
colorectal carcinoma, a low rate of APC mutations in 
esophageal carcinomas was subsequently identified 
(Powell et aI., 1994). Allelic losses of APC were not 
detected in patients with BE (metaplasia) or low-grade 
dysplasia (Gonzalez et aI., 1997). This raised the 
possibility that a gene distinct from APC may be the 
target of the frequent LOH of chromosome 5q, and that 
the concomitant loss of the APC gene may just result 
from a large deletion on this chromosome. This 
hypothesis was recently confirmed and the minimally 
lost region common for all cases with LOH at 
chromosome 5q was identified (5q31.1) as the Interferon 
Regulatory Factor 1 (IRF-l) gene locus (Ogasawara et 
a1., 1996). Thus, the IRF-l gene may be the true target of 
frequent deletions of chromosome 5q in esophageal 
adenocarcinomas. A possible cooperation of the p53 and 
IRF-l genes in response to DNA damage has been 
suggested (Tanaka et al., 1996). 

The frequency of LOH involving chromosome 18q 
in esophageal adenocarcinoma was estimated at 43% 
(Barrett et al., 1996a). The principal target genes for 
these allelic losses may be DCC (deleted in colorectal 
carcinoma) or DPC4 (deleted in pancreatic carcinoma). 
In about one fourth of the patients with squamous cell 
esophageal carcinoma the DCC gene is deleted (Miyake 
et aI., 1994). However, there is a lack of data on the 
DCC gene status in esophageal adenocarcinoma. The 
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DPC4 gene is similar in sequence to genes implicated in 
a TGFB-like signalling tumor suppressor pathway. The 
locus of the DPC4 tumor suppressor gene has been 
identified at 18q21.1 (Hahn et aI., 1996). Mutational 
analysis of the DPC4 gene as well as allelic loss at 
18q21.1 have been investigated in diploid and aneuploid 
cell populations of (pre-)malignant BE of 35 patients 
(Barrett et al., 1996c). Allelic loss was found in 16 
patients (46%), including 7 patients with premalignant 
BE only. Moreover, allelic loss was present not only in 
aneuploid but also in diploid cells of three patients. 
Mutational analysis of DPC4 did not reveal any 
inactivating alterations in the gene of these patients. 
Thus, allelic losses at 18q are frequent in the neoplastic 
progression of BE, but the targeted gene remains to be 
identified. 

The retinoblastoma (Rb) susceptibility gene protein 
is permanently present in normal cells, and its activity 
depends on phosphorylation by cyelin-dependent kinases 
(cdk). In the GO phase, dephosphorylated Rb binds to, 
and holds inactive, gene regulatory proteins that 
stimulate transcription of target genes (such as myc) 
required for cell proliferation. Phosphorylated Rb 
releases the stimulating proteins that activate 
proliferation (Alberts et al., 1995) (Fig. 2). The Rb gene 
resides on chromosome 13q, and allelic losses of this 
chromosome were estimated at 43% in esophageal 
adenocarcinoma (Barrett et aI., 1996a). LOH of Rb, as 
well as point mutations of this gene, were found in 
patients with esophageal carcinomas (predominantly 
squamous cell) (Huang et aI., 1993). In another study on 
esophageal carcinoma, 17% of tumor samples did not 
show expression of the Rb protein (Jiang et aI., 1993). 
Other investigators reported absence of the Rb protein in 
esophageal tumors, none of which had aberrations of the 
p53 gene (Esteve et al., 1993). 

The CDKN2 (MTSl) gene encodes a 16 kDa protein 
which belongs to a family of cdk inhibitors (Fig. 2). 
Inactivation of this gene may lead to uncontrolled cell 

cdk inhibitors: 
CDKN2 (p16) 
WAF (p21) 
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Fig. 2. Mechanism of cyclin 01 action. Cell cycle progression into S
phase requires activation of specific cyclin-dependent kinases (COl<) in 
association with cyclin 01. This active complex phosphorylates the 
retinoblastoma (Rb) susceptibility gene protein. Phosphorylated Rb 
protein releases transcription factors (S-phase effectors). 

growth. The CDKN2 gene is located on chromosomal 
band 9p21, a locus at which frequent allelic loss occurs 
in cell lines of esophageal squamous cell carcinomas. In 
one study from Japan esophageal (squamous cell) 
carcinomas frequently showed CDKN2 gene mutations, 
unlike gastric adenocarcinomas (Igaki et aI., 1995). In 
other series of esophageal carcinomas (including 
adenocarcinomas) reported from Europe, neither allelic 
loss nor CDKN2 gene mutations were detected (Esteve 
et aI., 1996). However, in a more recent study 
specifically on Barrett adenocarcinoma both 9p21 LOH 
and homozygous deletions of the CDKN2 gene were 
found in 91 % (10/11) and 21% (3/14) of tumors, 
respectively (Gonzalez et aI., 1997). These genetic 
alterations were not present in patients with non
dysplastic BE and in 91% (10/11) of patients with low
grade dysplasia (Gonzalez et aI., 1997). This contrasts 
with the finding by Barrett et al. (1996b) who detected 
allelic loss of 9p21 within premalignant epithelium in all 
seven (100%) patients, before cancer had developed. 
Allelic loss of 9p21 preceded the development of 
aneuploidy in 13 out of 15 patients (87%) who had 
aneuploid cell populations detected in premalignant 
epithelium. About one fourth of aneuploid populations 
with 9p21 loss had somatic mutations in the remaining 
CDKN2 allele. The same mutations and 9p21 allelic 
losses were also found in the corresponding diploid cells 
from premalignant epithelium. These results suggest that 
9p21 allelic losses and CDKN2 mutations are early 
events (occurring in diploid cells prior to aneuploidy and 
cancer) during neoplastic progression of BE (Barrett et 
aI., 1996b). Hypermethylation of the promoter region of 
p16 together with 9p21 LOH is an alternative 
mechanism for inactivation of MTSI gene occuring in 
38% of esophageal (Barrett) adenocarcinomas (Wong et 
aI.,1997). 

A family of polypeptides, known as transforming 
growth factor beta (TGFB), is the most potent auto
/paracrine inhibitor of the cell cycle progression of 
epithelial cells. An escape of malignant cells from 
TGFB-mediated control is postulated to be an important 
step in tumor progression. These factors act by binding 
to three types of cell surface receptors (RI, RII, and RIII) 
(Brattain et aI., 1996). There is increasing evidence that 
the gene encoding TGFB-RII acts as a tumor suppressor 
gene in colon carcinomas displaying microsatellite 
instability (Markowitz et aI., 1995). Mismatch repair 
failure makes the TGFB-RII gene particularly prone to 
mutations and may provide one of the pathways for the 
development of intestinal-type gastric carcinoma (Chung 
et aI., 1996). Recently, loss of expression of the TGFB
RII gene was shown to be the predominant mechanism 
through which TGFB-RII is inactivated in esophageal 
cancer (Garrigue-Antar et aI., 1996). An association 
between microsatellite instability and TGFB-RII 
inactivation has been assumed in the development of 
colorectal and gastric cancers, but the role of TGFB-RII 
in the progression of adenocarcinoma arising in BE still 
needs to be clarified. 



935 
Barrett esophagus and cancer 

Oncogenes 

The mutated versions of human cellular genes 
(proto-oncogenes) are termed oncogenes. The proto
oncogenes encode a group of proteins that are normally 
involved either in signal transduction (from the plasma 
membrane to the nucleus; Fig. 3) or the regulation of 
gene expression. The activating mutations of oncogenes 
increase the activity of these proteins, which results in an 
excessive stimulus that facilitates uncontrolled cellular 
proliferation. 

The cyclin D1 gene is a candidate proto-oncogene. 
The cyclin D1 gene encodes the regulatory subunit of 
the cyclin D1-dependent kinase required for phospho
rylation of the Rb protein (Fig. 2). eyclin D1 is an 
important regulator of the G 1-S phase transition in the 
cell cycle. Aberrant expression of cyelin D1 on the 
gene-, mRNA-, and/or protein-level is commonly 
observed in malignancies of diverse histogenesis 
(Bartkova et at, 1995). Using immunohistochemistry, 
increased nuclear expression of the cyelin D1 protein 
was found in 46% of both dysplastic and non-dysplastic 
samples of BE (Arber et aI., 1996). The authors 
suggested that cyelin D1 overexpression might 
predispose BE epithelium to malignant transformation, 
and that it is an early event in the carcinogenesis of 
esophageal adenocarcinomas. 

The c-erhB-2 proto-oncogene (also known as HER2/ 
neu) encodes a 185-kDa transmembrane glycoprotein 
with intrinsic tyrosine kinase activity that is homologous 
to, but distinct from, the EGFR (Schechter et aI., 1984). 
The c-erhB-2 protein is activated by specific ligands 
(neu-differentiation/activating factor, heregulin), but the 
intracellular mitogenic signal-transduction pathway is 
incompletely understood. Aberrant c-erhB-2 protein 
overexpression governed by amplification of the c-erhB-
2 oncogene occurs in several human adenocarcinomas. 
The prevalence of c-erhB-2 overexpression in 
esophageal adenocarcinoma varies widely between 11 % 
and 73% (Jankowski et aI., 1992a; al-Kasspooles et aI., 
1993; Flejou et aI., 1994; Nakamura et aI., 1994; 
Duhaylongsod et aI., 1995; Hardwick et a1., 1995, 1997). 
Since c-erhB-2 overexpression was demonstrated in a 
proportion of invasive adenocarcinomas but in none of 
the dysplastic areas, it has been suggested that it is a late 
event in the dysplasia-carcinoma sequence of BE 
(Hardwick et aI., 1995). 

The three isoforms (H-, K-, and N-) of ras proteins 
are cytoplasmic mediators which transmit transduction 
signals from upstream tyrosine kinases to downstream 
serine/threonine kinases ultimately leading to a change 
in gene expression. Mutational activation of K-ras proto
oncogenes into oncogenes is thought to promote cell 
growth even in the absence of extracellular stimuli, and 
may thereby contribute to initiation and/or progression 
of tumors (Waldmann and Rabes, 1996). Analysis of 46 
resection specimens with various grades of dysplasia 
and/or invasive cancer in BE did not show any K-ras 
gene mutations (Lagorce et at, 1995). However, other 

investigators found amplification of the K-ras gene in 4 
out of 10 esophageal adenocarcinomas (Galiana et aI., 
1995). Analysis of K-ras mutations in an early phase of 
carcinogenesis (dysplasia) revealed that this is a rare 
event (Meltzer et aI., 1990; Trautmann et aI., 1996). H
ras was overexpressed in high-grade dysplasia and 
carcinoma, but not in low-grade dysplasia or non
dysplastic BE (Abdelatif et aI., 1991). Moreover, 4 
patients in whom a relative increase in H-ras expression 
was observed, progressed to invasive carcinoma. 

The activated cytoplasmic phosphorylation cascade 
induces an activation of the gene sequence from early
(like myc) to late-response genes in the nucleus (Fig. 3). 
When the myc-proto-oncogene is activated by mutation, 
it prevents the cell from entering the GO-resting phase. 
Expression of myc was not detected in non-dysplastic 
BE mucosa, but its overexpression was consistently 
observed in all grades of dysplasia and carcinoma 
(Abdelatif et al., 1991). 

Src family kinases are a group of non-receptor 
tyrosine kinases that mediate signal transduction 
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Fig. 3. Signal transduction from the cell membrane to the nucleus. 
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pathways involved in the growth and differentiation of 
normal tissues. Considerable evidence suggests a role of 
these proteins in the neoplastic progression within 
various organ systems including the gastrointestinal tract 
(Banker et al., 1996). The src-specific activity was found 
to be 3-4 fold higher in BE and 6-fold higher in eso
phageal adenocarcinoma than in control tissues. It was 
suggested that src activation occurs prior to the 
development of dysplasia or carcinoma in BE (Kumble 
et al., 1997). Three out of 15 (20%) esophageal adeno
carcinomas were found to be c-src-positive (Jankowski 
et al., 1992a). 

Unlike most oncogenes which increase the rate of 
cellular proliferation, the bcl-2 protein decreases the rate 
of (programmed) cell death by preventing apoptosis. If 
the bcl-2 gene is overexpressed together with oncogenes, 
which induce proliferation, the excess progeny cells will 
survive because secondary apoptosis is now prevented. 
Balance between bcl-2 and bax-l determines apoptotic 
activity, and normally this balance is in favor of bax-l. 
By upregulation of bax-l, p53 pushes the cell into the 
apoptotic pathway (Fig. 1). The bcl-2 protein has been 
found abnormally overexpressed as an early event in the 
dysplasia-carcinoma sequence of gastric cancer. 
However, in 36 esophageal resection specimens 
containing BE mucosa, bcl-2 immunoreactivity was not 
seen in any of the cases with or without dysplasia or 
carcinoma (Goldblum and Rice, 1995). In contrast to this 
report, bcl-2 overexpression resulting in inhibition of 
apoptosis was found predominantly early in the 
dysplasia-carcinoma sequence of BE (Katada et al., 
1997). Positive bcl-2 staining was seen in 72% of lesions 
with metaplasia, 100% with low-grade dysplasia, 25% 
with high-grade dysplasia, 40% with well- or moderately 
differentiated adenocarcinoma, and 20% with poorly 
differentiated adenocarcinoma. These authors suggested 
that the prolongation of cell survival promotes neoplastic 
progression, and that cells acquire other ways of 
avoiding apoptosis as malignancy appears. Mismatch 
repair defects may also induce mutations in bax-l, 
thereby avoiding apoptosis (Yamamoto et al., 1997). 

Cell adhesion molecules 

Cadherins are a family of transmembranous 
glycoproteins responsible for calcium-dependent 
intercellular adhesion. E-cadherin has been considered a 
key factor in the intercellular physical adhesion of 
cancer cells (Shiozaki et al., 1991). The cytoplasmic 
domain of E-cadherin forms complexes with 0.-, B-, and 
y-catenin!plakoglobin, which are essential for the 
adhesive function by connecting cadherin to other 
integral membrane proteins, such as Na+!K+-ATPase 
(Takayama et al., 1996). There is a significant 
correlation between reduced expression of E-cadherin 
and loss of tumor differentiation (Shiozaki et al., 1996). 
Loss of or reduced E-cadherin expression may play a 
role in the progression of Barrett metaplasia to 
adenocarcinoma (Swami et al., 1995). E-cadherin 

function is downregulated through the tyrosine 
phosphorylation of B-catenin induced by growth factors 
(EGFR) or oncoproteins (c-erbB-2). Reduced expression 
of E-cadherin was found in 86% of esophageal 
adenocarcinomas, in correlation with stage of disease 
(Bongiorno et al., 1995). Reduced B-catenin expression 
was observed in 72% of these cancers and this was 
adversely correlated with survival, independent of stage 
(Krishnadath et al., 1997). 

The CD44 protein family has been implicated in 
lymphocyte homing, cell-extracellular matrix 
interactions, tumor invasiveness, and dissemination 
(Lesley et al., 1993). This cell surface glycoprotein is 
expressed as multiple isoforms in many normal and neo
plastic tissues (Sy et aI., 1997). CD44 and its abnormal 
transcripts have been described in both squamous and 
glandular type of esophageal carcinoma. It has been 
suggested that especially CD44v3 may playa role in the 
development of esophageal carcinoma of both squamous 
and glandular types (Castella et al., 1996). 

Diagnostic dilemmas associated with dysplasia in 
Barrett esophagus 

Unlike various research tools (e.g. p53 and an
euploidy), dysplasia in BE is presently the only 
clinically accepted marker of neoplastic potential. In the 
course of time, patients with dysplasia progress to 
carcinoma (Miros et al., 1991). Therefore, patients with 
Barrett metaplasia are offered endoscopic surveillance 
(Provenzale et aI., 1994). When a diagnosis of low-grade 
dysplasia is made, the surveillance should be intensified 
by shortening the time intervals between consecutive 
endoscopies and by applying more aggressive biopsy 
sampling (Tytgat and Hameeteman, 1992; Tytgat, 1995). 
It has been generally accepted that high-grade dysplasia 
indicates occult presence of or imminent progression 
into invasive carcinoma (Altorki et aI., 1991; Pera et aI., 
1992; Rice et aI., 1993; Rusch et aI., 1994; Edwards et 
aI., 1996; Heitmiller et aI., 1996). When the diagnosis of 
persistent high-grade dysplasia is confirmed by two 
independent GI pathology experts in a patient fit for 
major surgery, a so-called 'prophylactic' esophagectomy 
should be undertaken in an institution with low 
postoperative mortality. However, the effectiveness of 
such therapeutic strategy is hampered by substantial 
diagnostic variability in grading dysplasia (Reid et aI., 
1988; Sagan et aI., 1994). 

Dysplasia is usually defined as a process of 
unequivocal neoplastic proliferation, with loss of 
differentiation and/or maturation gradient (Riddell et aI., 
1983; Hermanek, 1987). The diagnosis of high-grade 
dysplasia or intramucosal carcinoma can be made with a 
high inter-observer reproducibility between expert 
pathologists (85-87%), especially if they come from the 
same institution (Sagan et aI., 1994). However, 
diagnostic variability creates a difficult problem in lower 
grades of dysplasia (Reid et aI., 1988). It can be difficult 
to distinguish reactive inflammatory changes from 
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genuine dysplasia. This can be partially overcome by 
microscopic re-assessment after short-term anti-reflux 
medical therapy. However, we do not deal with distinct 
categories, but with a continuous spectrum from 
metaplasia, through low-, (intermediate-), and high
grade dysplasia to invasive carcinoma. Because of lack 
of definitive histological criteria and their loose 
interpretation, both intra- and inter-observer variability 
are inherent to this scoring system. 

With all shortcomings of the 'gold standard' (i.e. 
subjective grading of dysplasia on H&E-stained 
sections) in mind, some new possibilities have become 
available recently. Dysplasia, by definition, represents 
loss of a differentiation/maturation gradient. Mucin 
histochemistry (like alcian blue pH 2.5/PAS) allows for 
demonstration of maturation loss in BE (Lapertosa et al., 
1992). Moreover, features of differentiation and/or 
maturation can be objectively evaluated by means of 
morphometry. Morphometry enables the measurement of 
geometric features of tissue components, like 
stratification of nuclei within the epithelium and nuclear 
size-related features (nuclear area and nuclear volume) 
(Baak et al., 1991). It has been shown that, using 
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morphometry, incomplete intestinal metaplasia of the 
gastric mucosa should be classified as, and is 
comparable to low-grade dysplasia (Tosi et al., 1993). If 
the same holds true for BE, then morphometry might 
also be useful as an additional diagnostic tool for 
grading dysplasia. 

Another feature of dysplasia is increased proli
feration. This can be assessed by counting the mitotic 
figures on H&E sections, or by using special stains 
which enable the demonstration of cells that have 
entered the cell cycle (Nucleolar Organizer Regions 
Antigen AgNORs; Proliferating Cell Nuclear Antigen -
PCNA; Ki67; MIB1). Flow cytometry for this purpose is 
discouraged because of the loss of histological context 
(Fennerty et al., 1989). With the use of proliferative 
markers it is possible to localize rapidly dividing cells 
within dysplastic epithelium. In BE epithelium, the 
proliferative compartment is normally restricted to the 
bottom of the crypts (progenitor stem cells) (Eastwood, 
1995). An expansion of this zone ( Le. an upward shift of 
proliferating cells towards the luminal surface) is a 
characteristic feature of premalignant mucosa of the 
gastrointestinal tract (Wesdorp et al., 1981). The 

H&E 
dysplasia? 

I 
I I 

Indefinitel Metaplasia 
I Inflammation r » only 

I I I I 
! 1 surveillance, 

low-grade low- I high-grade high-grade 
re-assessment 

I 
every 2 years 

0(-1 r» following maximal 
disagreement antireftux treatment 

biopsies in 4 quadrants 

I I I 
every 2 cms 

I I I I 0(- --- -- I -» 
I I 1 

intensive surveillance I 
Ki67 immunoquantitation 

I and confirmation by 2nd I Indefinite I every (half) year stratifICation index expert pathologist 
multiple biopsies I (morphometry) I I I 

I I I 
I 

I : I 
I 1 

L. ~ -_. i optional: repeat biopsy 
after 3 months of p53 I 
antireflux therapy immunoquantitation 

I 'persistent' I 
I I 

l I I 

evaluation of general 
condition 

('fit for major surgery') 
and life expectancy 

I 
'prophylactic' 

esophageal resection 
(in experienced hands) 

Fig. 4. Potential application of additional diagnostic tools for grading of dysplasia in patients with Barrett esophagus. 
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assessment of proliferative activity has also been well 
documented in the dysplasia-carcinoma sequence of BE 
(Iftikhar et al., 1992; Jankowski et al., 1992a,b; Reid et 
aI., 1993; Gillen et al., 1994; Hong et aI., 1995; Yacoub 
et al., 1997). The most widely accepted proliferative 
parameter is the labelling index, defined as the 
proportion of positively labelled cells to the total number 
of cells (within the proliferative compartment). 
However, the assessment of the labelling index is based 
on counting a large number of cells under the 
microscope. This procedure needs standardized training 
in scoring and its reproducibility is limited (Roe et al., 
1996). This might explain discrepancies in the average 
values of the labelling index reported in the literature. 
Therefore, a (time-) effective and reproducible method 
for the assessment of the proliferative activity is needed. 
Using computerized immunoquantitation of Ki67 by 
stereo logy with systematic random sampling, it has been 
shown that area percentage of positive nuclei is an 
attractive alternative to labelling index (Polkowski et al., 
1997). 

Proliferation is partly controlled by tumor suppressor 
genes (e.g. p53). Alterations of the p53 gene are 
frequently found in esophageal adenocarcinoma arising 
in BE. Therefore, in these tumors a positive correlation 
between p53 protein dysfunction and increased 
proliferative activity (as assessed with Ki67) can be 
expected. In addition, the use of a proliferative marker 
like Ki67 in combination with the assessment of the p53 
protein status might be of help to discriminate between 
different grades of dysplasia in BE. This combination 
may be of special interest, since Ki67 assessment may to 
some extent have an additional value to p53 IHC. There 
is now increasing evidence that p53 IHC can give false 
positive results, and therefore it is not the optimal way to 
assess the p53 gene status (Baas et al., 1996; Soong et 
aI., 1996). Moreover, although the p53-dependent path
way is common, it is certainly not the only pathway 
giving rise to esophageal adenocarcinoma. Consequent
ly, high indices of proliferation in combination with p53-
IHC-negativity may underline the need for additional 
investigation of the p53 gene (LOH of 17p, DNA 
sequencing), but also of other genetic pathways 
(activation of oncogenes). 

Given the potential inaccuracy of p53 IHC, should 
we abandon this technique from the routine pathological 
practice? Several aspects of this dilemma have recently 
been addressed in a series of Editorials, and it has been 
suggested that "the number of positive cells may be 
more meaningful than positivity per se" (Wynford
Thomas, 1992; Hall and Lane, 1994). This brings up the 
important issue as to whether objective quantitative 
analysis of p53 IHC (measurement of molecular cell 
features = cytometry) could possibly be an adjunct to the 
conventional grading of dysplasia in BE. When the 
pathologist is not sure about the presence of dysplasia 
(often due to inflammatory andlor reactive changes), the 
diagnosis of 'indefinite for dysplasia' is made. There is 
evidence that p53 immunoquantitation might be of help 

to distinguish between this category and 'genuine' 
dysplastic areas (Polkowski et al., 1995). 

Morphometry allows for measuring geometric 
characteristics of tissue components that constitute the 
morphological picture of dysplasia (Baak et al., 1991). 
Computerized quantitation of features associated with 
differentiation (stratification, nuclear size-related 
features) and proliferation (mitotic activity, Ki67), as 
well as p53 immunoquantitation (cytometry of a 'key 
gene' product in BE) can be assessed with various 
combinations to obtain objective diagnostic information. 
The potential of such features to discriminate between 
different grades of dysplasia could be used for the future 
refinement of histological criteria in grading dysplasia. 
Since grading of dysplasia in BE carries important 
clinical consequences for the individual patient 
(intensification of endoscopic surveillance, 'prophylactic 
esophagectomy'), this would obviously be of value. It 
has been shown that assessment of Ki67 area % and 
stratification index are the most powerful parameters for 
discrimination between different grades of dysplasia in 
BE (Polkowski et a\., 1998). An algorythm for the 
potential application of quantitative pathology in grading 
of dysplasia in patients with BE is proposed in Fig. 4. 
Before this algorythm can be applied, the reproducibility 
and accuracy of the computerized quantitative 
pathological methods should be assessed on endoscopic 
biopsy material. Finally, the clinical value of this 
algorythm should be tested in a prospective clinical 
study with long term follow-up. 
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