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Barrett’s esophagus is a complication of chronic
gastroesophageal reflux disease and can be diag-
nosed when there is an endoscopic abnormality in
which a biopsy shows evidence of specialized co-
lumnar epithelium, characterized by the presence
of acid mucin–containing goblet cells. Much of the
controversy in this body of literature relates to the
complex anatomy of the esophagogastric junction
and the difficulty in precisely identifying this land-
mark at endoscopy. By definition, in Barrett’s
esophagus, the squamocolumnar junction is proxi-
mal to the esophagogastric junction. Although
fundic-type or cardiac-type (junctional) columnar
epitheliummay be present in Barrett’s esophagus, it
is only the presence of specialized columnar epithe-
lium that is diagnostic of this condition. Patients
with Barrett’s esophagus are at risk of progressing
to esophageal dysplasia and adenocarcinoma.
There are several problemswith using dysplasia as a
marker for increased cancer risk in these patients,
including problems with sampling error and intra-
and interobserver variation in the recognition of
dysplasia. It may be difficult to distinguish regener-
ative epithelial changes from dysplasia, low-grade
from high-grade dysplasia, and high-grade dyspla-
sia from intramucosal adenocarcinoma. Finally,
there are relatively few prospective data evaluating
the natural history of high-grade dysplasia. The
management of patients with Barrett’s-related dys-
plasia is controversial and varies from institution to
institution. Future emphasis should be on cost-
effective techniques for sampling as much of the
esophageal mucosa as possible in patients who are
at the highest risk of progressing to dysplasia and
adenocarcinoma. Identification of biomarkers that
identify such patients before the histologic recogni-
tion of dysplasia will be an area of intensive
research.
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Barrett’s esophagus (BE) is a complication of
chronic gastroesophageal reflux and results in the
replacement of the normal stratified squamous ep-
ithelium of the esophagus with columnar epithe-
lium of various types (1). The importance of diag-
nosing BE is related to its association with the
subsequent development of esophageal adenocar-
cinoma (2), the frequency of which has rapidly in-
creased over the past several decades (3, 4).
In order to properly diagnose BE, it is important

to understand the normal anatomy and histology of
the esophagogastric junction (EGJ), including the
lower esophageal sphincter (LES). The muscular
EGJ is the site at which the most distal portion of
the esophagus (the distalmost segment of the LES)
meets the proximal stomach. Endoscopically, one
can closely approximate the muscular EGJ by iden-
tifying the proximal margin of the gastric folds (5).
The mucosal EGJ, also known as the mucosal squa-
mocolumnar junction (SCJ) or Z-line, is the site at
which the squamous mucosa of the esophagus
meets columnar-lined mucosa. It is important to
understand, however, that the SCJ may be at the
same level as the muscular EGJ or may lie 1–2 cm
above the muscular EGJ in “normal” individuals.
Thus, cardiac and fundic-type mucosae may be
found within the distal few centimeters of the
esophagus in normal individuals and are presum-
ably related to physiologic reflux. Several studies
from the group at the University of Southern Cali-
fornia have shown that metaplastic cardiac-type
mucosa in the distal esophagus is quite common
and is strongly associated with acid reflux (6–8).

THE NORMAL GASTRIC CARDIA:

FACT OR FICTION?

The very existence of the gastric cardia as a nor-
mal structure has been the source of great contro-
versy. Most textbooks describe the gastric cardia as
a narrow strip of mucosa that separates the most
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distal portion of the esophageal squamous mucosa
from the acid-producing fundic mucosa (9). How-
ever, recent data from the University of Southern
California group suggest that the gastric cardia is
not a normal structure but rather that cardiac-type
mucosa is metaplastic (6–8, 10). Recently, Kilgore et
al. (11) evaluated the entire EGJ in 30 pediatric
autopsies from patients �18 years of age with no
known history of GERD or BE. In each case, the SCJ
and its relationship to the EGJ was meticulously
noted. In all cases, cardiac mucosa was present,
always on the gastric side of the EGJ, although it
was quite small, ranging from only 1 to 4 mm in
length. The results of this study support the concept
that the gastric cardia is present from birth as a
normal structure, although they do not preclude
the possibility that cardiac-type mucosa can arise
in the distal esophagus as a metaplastic phenome-
non, as proposed by others.

THE ENDOSCOPIC DIAGNOSIS OF BE

Endoscopically, it may be difficult for the gastro-
enterologist to definitively identify the presence of
BE for several reasons (12). First, the presence of a
hiatal hernia, a frequent accompaniment of BE,
makes identification of the muscular EGJ difficult.
Furthermore, there are no anatomic landmarks that
clearly define the region of the LES. Thus, it may
not be known either to the endoscopist or the pa-
thologist precisely where a biopsy specimen may
have come from in relation to the EGJ. A biopsy
from the vicinity of the EGJ with intestinal meta-
plasia could either represent BE or intestinal meta-
plasia of the most proximal portion of the stomach.

THE HISTOLOGIC DIAGNOSIS OF BE

In 1976, Paull et al. (13) described three different
types of epithelium in BE: fundic-type, cardiac-type
(junctional) and specialized columnar epithelium.
The cardiac and fundic types of Barrett’s epithelium
resemble their normal counterparts in the stomach,
except for the presence of some degree of mucosal
distortion, glandular atrophy, and mild inflamma-
tion (13, 14). A biopsy from the “distal esophagus”
with either of these mucosae is not diagnostic of BE
because, as stated earlier, these mucosae are fre-
quently found in the distal esophagus in the ab-
sence of intestinal metaplasia (9–11). If the endo-
scopic impression is clearly that of BE, then the
absence of intestinal metaplasia may simply be a
function of sampling error. Thus, although the pa-
thologist may not be able to make a definitive di-
agnosis of BE in this situation, the endoscopic im-
pression may still strongly suggest this diagnosis.
Fortunately, this problem is relatively rare, as Wein-

stein et al. (15) found nonintestinal tongues of co-
lumnar epithelium extending �2 cm into the lower
esophagus in �1% of 250 cases of BE that were
studied. If one performs an Alcian blue stain (pH
2.5), one may find isolated goblet cells that were not
readily identifiable on hematoxylin and eosin–
stained sections in areas that otherwise resemble
cardiac or fundic-type mucosae. When these mu-
cosae are found in a patient who is known to have
BE, they are typically present in the most distal
portion of the Barrett’s segment, often with the
following zones: specialized columnar epithelium,
found most proximally; fundic-type mucosa, found
most distally; and cardiac-type mucosa in between,
although a mosaic pattern may also be identified
(13).

The presence of specialized columnar epithe-
lium, characterized by acid mucin–containing gob-
let cells, has been accepted as diagnostic of BE,
regardless of the precise site of the biopsy within
the tubular esophagus (Figs. 1–4; 14, 15). In fact, the
American College of Gastroenterology and its Prac-
tice Parameters Committee recently provided a def-
inition of BE as “a change in the esophageal epi-
thelium of any length that can be recognized at
endoscopy and is confirmed to have intestinal
metaplasia by biopsy” (16). BE can be further (ar-
bitrarily) divided into short- (SSBE) and long-
(LSBE) segment BE on the basis of the length of
esophageal intestinal metaplasia: �3 cm and �3
cm, respectively (17, 18).

Histologically, specialized columnar epithelium
is characterized by two cell types: goblet cells and
columnar cells. Cytologically, goblet cells have dis-
tended, mucin-filled cytoplasm with a barrel-
shaped configuration. Histochemically, goblet cells
contain acid mucins (both sialo and sulfated mu-
cins), which stain positively with Alcian blue at pH
2.5. The columnar cells in between the goblet cells
may resemble either gastric foveolar cells or intes-

FIGURE 1. Barrett’s esophagus, characterized by the presence of
specialized columnar epithelium with goblet cells.
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tinal absorptive cells, at least at the light micro-
scopic level. Unlike normal gastric foveolar cells,
which contain neutral mucin, the columnar cells in
BE may contain Alcian blue–positive acid mucin
(“the columnar blues”; Fig. 5), although the inten-
sity of staining is not as intense as in the goblet cells
(19). Such cells should not be used as definitive
evidence of BE because unequivocal goblet cells are
required for this diagnosis.

BE: WHAT IS THE RISK OF PROGRESSION TO

DYSPLASIA AND ADENOCARCINOMA?

Although all patients with BE are at an in-
creased risk for developing adenocarcinoma, cer-
tain patients are at higher risk than others. For
example, epidemiologic data suggest that the ma-
jority of patients with BE-associated adenocarci-
noma are older white males (1, 20). There is also
evidence to support the contention that only

those patients with specialized columnar epithe-
lium are at an increased risk of developing
Barrett’s-related adenocarcinoma (16, 21–23).
The presence of epithelial dysplasia, particularly
high-grade dysplasia (HGD), is also a risk factor
for synchronous or metachronous adenocarci-
noma (24–26). Several retrospective studies have
noted the frequency with which dysplasia is seen
both adjacent to and distant from Barrett’s-
related adenocarcinomas (1). Prospective studies
have also documented the progression from spe-
cialized columnar epithelium to HGD and, even-
tually, invasive adenocarcinoma (23, 27). Thus,
dysplasia is not only a marker of adenocarcinoma but
clearly is the preinvasive lesion. Finally, although it is
known that adenocarcinoma can arise in extremely
short segments of BE (28), some workers have pro-
posed that there is an increased risk of adenocarci-
noma as the length of the BE increases (29, 30).

FIGURE 2. Alcian blue and periodic acid-Schiff stain of a segment of
Barrett’s esophagus. The goblet cells are intensely Alcian blue positive
because of the presence of acid mucin. The cells between the goblet
cells are periodic acid-Schiff positive because of the presence of neutral
mucin. This is so-called incomplete intestinal metaplasia.

FIGURE 3. Complete intestinal metaplasia in a segment of Barrett’s
esophagus. The epithelium resembles small intestinal epithelium.
Goblet cells are readily identified.

FIGURE 4. Alcian blue and periodic acid-Schiff stain of Barrett’s
mucosa with complete intestinal metaplasia. The goblet cells are
intensely Alcian blue positive. The periodic acid-Schiff portion of the
stain outlines a primitive luminal brush border.

FIGURE 5. The “columnar blues.” Some of the cells on the surface
epithelium show Alcian blue positivity, but none of these cells have the
morphologic features of goblet cells. This is not diagnostic of Barrett’s
esophagus.

318 Modern Pathology



CANCER SURVEILLANCE IN BE

Although cancer surveillance is performed in
most institutions once a diagnosis of BE is ren-
dered, the true cost-benefit ratio of this endeavor is
still essentially unknown. In other words, does the
increased risk of adenocarcinoma in these patients
justify the cost of a cancer surveillance program,
particularly one that has so many inherent prob-
lems, as will be discussed below? Although this
issue has yet to be resolved, at our institution, pa-
tients are placed into a cancer surveillance program
once a diagnosis of BE has been clearly established,
with the surveillance goal being the identification of
epithelial dysplasia in a biopsy specimen, before
carcinoma has intervened. We essentially follow the
protocol proposed by Reid et al. (24), with four-
quadrant biopsies taken at intervals of �2 cm
throughout the length of the Barrett’s segment,
with additional biopsies of any endoscopic lesions,
using jumbo forceps (31).

HISTOPATHOLOGIC DIAGNOSIS OF DYSPLASIA

Dysplasia can be defined as the presence of neo-
plastic epithelium that is confined within the base-
ment membrane of the gland within which it arises
(32). Unlike inflammatory bowel disease–associ-
ated dysplastic lesions, most cases of Barrett’s-
related dysplasia do not closely resemble colonic
adenomas. Rather, the typical form of Barrett’s-
related dysplasia often arises in glands that retain
their normal configuration and often lack nuclear
stratification. Using the criteria defined by Riddell
et al. (32) for dysplasia arising in inflammatory
bowel disease, dysplasia in BE can be classified as
either low-grade or high-grade based on the degree
of the abnormality present. Thus, the possibilities
are as follows: (1) negative for dysplasia; (2) positive
for dysplasia, either low-grade or high-grade; or (3)
indefinite for dysplasia.

In low-grade dysplasia (LGD), crypt architecture
tends to be preserved with only minimal distortion,
and cytologically atypical nuclei are limited to the
basal half of the crypts (Figs. 6–7). The nuclei tend
to show variable hyperchromasia, overlapping cell
borders with nuclear crowding, and irregular nu-
clear contours. Dystrophic goblet cells may be seen,
although typically goblet cell numbers are markedly
reduced in dysplastic foci. Separation of LGD from
regenerative changes will be discussed below.

Simply put, HGD shows more severe cytologic
atypia and architectural complexity than is present
in LGD, and in some cases this distinction is quite
difficult (Fig. 8). Architecturally, there tends to be
more crypt complexity in HGD, sometimes with a
villiform configuration of the mucosal surface
and/or branched or cribriform crypts. Cytologically,

the cells show more nuclear pleomorphism and
hyperchromatism than is seen in LGD, and there
often is nuclear stratification to the crypt luminal
surface.

Separation of intramucosal adenocarcinoma
(IMC) from HGD is important, but in some cases, it
is exceedingly difficult. By definition, in IMC, neo-
plastic cells have penetrated through the basement
membrane and infiltrate into the lamina propria,
typically as single cells or in small clusters. Given
the presence of lymphatic channels within the
esophageal mucosa, there is a small but definite
risk of regional lymph node metastasis in patients
with IMC (33, 34). Therapeutic strategies that are
based on the histologic separation of HGD from
IMC should be looked at with skepticism, given the
great difficulty in such histologic separation (35).

A diagnosis of “indefinite for dysplasia,” much to
our clinical colleagues’ dismay, is a legitimate one.
The differentiation of regenerative changes from
true dysplasia, particularly in a background of in-
flammation or ulceration, is at times difficult, if not

FIGURE 6. Low-magnification view of a focus of low-grade dysplasia
in Barrett’s esophagus. This focus is recognizable at low magnification
because of the pronounced nuclear hyperchromasia.

FIGURE 7. High-magnification view of low-grade dysplastic glands in
Barrett’s esophagus. There is variable nuclear hyperchromasia, irregular
nuclear contours, and overlapping nuclei.
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impossible. Thus, if the pathologist is unsure as to
whether the epithelial changes are regenerative or
truly dysplastic, a diagnosis of indefinite for dyspla-
sia should be made. In some cases, glandular atypia
may be striking in the absence of definitive cyto-
logic atypia in the surface epithelium, and under
these circumstances, a diagnosis of indefinite for
dysplasia is acceptable as well (described further
below).

DISTINGUISHING BETWEEN REGENERATIVE

CHANGES AND DYSPLASIA

Because Barrett’s mucosa is metaplastic, there is
a “baseline atypia” that is always present and in a
sense must be overlooked in order to make a diag-
nosis of dysplasia. This baseline atypia is most pro-
nounced in the glands at the base of the mucosa
and does not involve the surface epithelium. In
addition, biopsies from Barrett’s mucosa are not
infrequently inflamed, often with both acute and
chronic inflammatory cells. As in the case of active
chronic inflammatory bowel disease, neutrophil-
mediated epithelial injury can induce regenerative
cytologic changes that may be difficult to differen-
tiate from dysplasia. There are some general rules
that are useful in distinguishing between these con-
ditions, as outlined below.

One should be conservative about making a di-
agnosis of dysplasia in the face of active inflamma-
tion. Although neutrophils can be found within dys-
plastic epithelium, the changes have to be
convincing in order to make a definitive diagnosis
of dysplasia. Otherwise, a diagnosis of indefinite for
dysplasia is appropriate unless the changes are
clearly regenerative.

The low-magnification appearance of the mu-
cosa is extremely important. True dysplasia usually
draws attention at low magnification because of the

consistent presence of nuclear hyperchromasia.
Obviously, confirmation of cytologic atypia at a
higher magnification is necessary. In addition, the
cytologic alterations should be present on the sur-
face epithelium, not just in the glandular compart-
ment. In a well-oriented specimen, it is fairly
straightforward to determine whether these cyto-
logic alterations involve the surface epithelium.
However, in a tangentially sectioned biopsy speci-
men, this evaluation can be difficult.

Cytologically, dysplastic epithelium tends to
show variable nuclear hyperchromasia and pleo-
morphism. In other words, cells tend to look differ-
ent from their neighbors, with some showing nu-
clear hyperchromasia and irregular nuclear
contours when compared with surrounding cells
within the same crypt. In contrast, although both
nuclear hyperchromasia and pleomorphism may
be seen in repair, the changes tend to be less severe
and more uniform, with cells resembling their
neighbors within the same crypt or in adjacent
crypts. Thus, the cytologic atypia associated with
repair is more uniform than in dysplasia. Dysplastic
cells also tend to have a higher nuclear-to-
cytoplasmic ratio as well, as irregular nuclear con-
tours. Although regenerative cells may have nuclear
size similar to those seen in dysplasia, there tends
to be a commensurate increase in the amount of
cytoplasm, such that the nuclear-to-cytoplasmic ra-
tio is normal or only mildly increased. In addition,
regenerative cells tend to have round and regular
nuclear contours.

SAMPLING ERROR AND OBSERVER VARIATION

IN THE DIAGNOSIS OF BARRETT’S-RELATED

DYSPLASIA

In any given case, dysplasia may be diffusely dis-
tributed throughout a BE segment, or the changes
may be focal, sometimes limited to a small area of
one fragment in a patient with multiple specimens.
When dysplasia is diffuse, using the 4-quadrant bi-
opsy technique previously described, there will be a
high frequency of detecting the dysplastic foci.
However, even using this rigorous sampling tech-
nique, small foci of dysplasia can be left un-
sampled. The need for thorough sampling is further
emphasized by the fact that many examples of HGD
or early adenocarcinoma arising in BE are not as-
sociated with a grossly recognizable lesion (24, 31).
Given this sampling error, once a diagnosis of dys-
plasia is made, subsequent biopsies without dys-
plasia should not lull the gastroenterologist into a
false sense of security, provided that the original
diagnosis was correct.

Another problem facing the pathologist and the
gastroenterologist (and for that matter, the thoracic

FIGURE 8. High-magnification view of a focus of high-grade
dysplasia in Barrett’s esophagus. There is marked cytologic atypia with
nuclear stratification to the luminal surface and cytologic atypia that
goes beyond that which is seen in low-grade dysplasia.
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surgeon and ultimately the patient) is both the
intra- and interobserver variation in the diagnosis
of dysplasia. Given the subtle gradation of changes
from baseline atypia to LGD to HGD, it is not sur-
prising that this variation exists. Reid et al. (36)
found this variation to be most striking at the low
end of the histologic spectrum—that is, in distin-
guishing negative for dysplasia from LGD or indef-
inite for dysplasia. The study by Reid et al. (36)
describes observer variation in terms of percentage
agreement, which does not account for agreement
that is likely to occur by chance alone. A more
recent study by Montgomery et al. (37) using kappa
statistical analysis (which does account for agree-
ment that occurs by chance alone) confirmed a
high degree of intra- and interobserver variation in
the separation of these diagnoses, even among pa-
thologists with a special interest in gastrointestinal
pathology.

NATURAL HISTORY OF HIGH-GRADE

DYSPLASIA

As previously mentioned, HGD is frequently seen
in the mucosa adjacent to invasive esophageal ad-
enocarcinomas and is felt to represent the imme-
diate precursor lesion. However, HGD also is a
marker of synchronous or metachronous adenocar-
cinoma in these patients. For example, in approxi-
mately 30 to 40% of esophagi resected for HGD, an
unsuspected adenocarcinoma is identified (21, 22,
27, 31, 38). In fact, in our own experience at the
Cleveland Clinic Foundation, even with extensive
preoperative sampling, patients with a preoperative
diagnosis of HGD in the absence of a grossly iden-
tifiable lesion still had a deeply invasive carcinoma
in the esophagectomy specimen in 33% of cases
(31). However, Reid et al. (39) reported excellent
success at detecting early carcinomas arising in
Barrett’s-related HGD in patients who were fol-
lowed with four-quadrant 1-cm endoscopic biopsy
protocols that were performed at closely timed in-
tervals. In a recent prospective study of patients
with unifocal HGD with long-term follow-up by
Weston et al. (40), 8 (53%) of 15 patients progressed
to either invasive carcinoma or multifocal HGD.
Those investigators concluded that unifocal HGD
has a high risk for progressing to multifocal HGD or
invasive carcinoma and discouraged an observa-
tional approach when this diagnosis is rendered.

Recently, a large study of patients with BE-related
HGD from the Hines VA Hospital (Hines, IL) sug-
gested that surveillance endoscopy with biopsy is a
valid and safe follow-up strategy for patients with
HGD without cancer (41). Of 1099 patients with BE,
79 (7.2%) initially had HGD, including 34 patients
with prevalent HGD and 45 patients who subse-

quently developed HGD (incident HGD) without
evidence of cancer. In 4 of these 79 patients, rigor-
ous endoscopy and biopsy detected an unsus-
pected adenocarcinoma within the 1st year after
detection of HGD (“the hunt”). Of the 75 patients
with HGD who remained without detectable cancer
after the 1 year of intensive searching, 12 patients
(16%) subsequently developed carcinoma during a
mean surveillance period of 7.3 years. Eleven of the
12 patients who developed carcinoma were consid-
ered cured with surgical or ablation therapy. From
these data, those investigators concluded that BE-
related HGD without detectable carcinoma follows
a relatively benign course in the vast majority of
patients. It is interesting that of the 1099 patients
with BE, 737 had LGD, a number that far exceeds
that of any other previously published study. One
experienced gastrointestinal pathologist inter-
preted all of the biopsy specimens over a 20-year
period. Although the results of this study are pro-
vocative, additional prospective studies with long-
term follow-up in patients with nonsurgical man-
agement of HGD are required, a task that may be
difficult to reproduce.

MANAGEMENT OF BARRETT’S-RELATED

DYSPLASIA

The management of patients with Barrett’s-
related dysplasia is controversial and varies from
institution to institution. Given the paucity of pro-
spective data on the natural history and time course
of the dysplasia–carcinoma sequence, there is no
standard way to manage these patients. At our in-
stitution, the current management plan is a modi-
fication of the recommended guidelines proposed
by Reid et al. (24) Once a diagnosis of BE is made,
patients are followed with yearly endoscopy with
biopsy. If a diagnosis of indefinite or LGD is ren-
dered, patients are generally placed on anti-reflux
therapy in order to reduce the intensity of inflam-
mation and reactive epithelial changes that could
be misinterpreted as dysplasia. After anti-reflux
therapy, our gastroenterologists generally repeat
endoscopy with biopsy in 3–6 months. If the repeat
biopsies are negative, we repeat endoscopy with
biopsy at 3–6 month intervals until two consecutive
negative interpretations are encountered, followed
by a return to yearly surveillance. However, if in-
definite or LGD persists, we continue a program of
3–6 month surveillance until dysplasia progresses.

Although the management of HGD is controversial,
at our institution, we consider esophagectomy if a
diagnosis of HGD is confirmed. Confirmation can be
obtained either by review and agreement by an expe-
rienced gastrointestinal pathologist or by immediate
re-endoscopy and biopsy with a diagnosis of HGD
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(42). Given our relatively low mortality rate from
esophagectomy (around 2%), we believe this proce-
dure is indicated in operative candidates with HGD.

ADJUNCTIVE TECHNIQUES IN SCREENING FOR

BARRETT’S-RELATED DYSPLASIA

Several adjunctive techniques have been pro-
posed as having a possible role in the screening for
dysplasia in patients with BE, given the limitations
and imperfections of routine light microscopy.
DNA content, as measured by flow cytometric
methods, has been studied in the dysplasia–carci-
noma sequence in patients with BE, the results of
which have been conflicting. In 1987, Reid et al. (43)
found an increased prevalence of DNA aneuploidy
and elevated S-phase fraction with increasing se-
verity of the histologic abnormality. In 1992, Reid et
al. (23) prospectively studied 62 patients with BE by
both histology and flow cytometry. Interestingly, 9
of 13 patients who had aneuploidy or increased
G2/tetraploid populations in their initial biopsy
specimens developed HGD or carcinoma, with a
mean follow-up interval of 34 months. None of the
49 patients without aneuploidy or increased G2/
tetraploid populations progressed to HGD or carci-
noma. In a more recent prospective study by Reid et
al. (44), patients with negative, indefinite, or LGD
with neither aneuploidy nor increased 4N fraction
had a zero rate of 5-year cumulative cancer inci-
dence, compared with 28% for those with either
aneuploidy or increased 4N. Patients with baseline
increased 4N, aneuploidy, and HGD had 5-year
cancer incidences of 56%, 43% and 59%, respec-
tively. In contrast to the results obtained by Reid et
al. (44), Fennerty et al. (45) found discordance be-
tween flow cytometric abnormalities and dysplasia
in patients with BE. Thus, further studies are nec-
essary to explore the possibility of flow cytometry as
a diagnostic adjunct in Barrett’s-related dysplasia.

MOLECULAR ALTERATIONS IN THE BARRETT’S

METAPLASIA–DYSPLASIA–CARCINOMA

SEQUENCE

The colorectal adenoma–carcinoma sequence
model has become the paradigm for understanding
an accumulation of molecular genetic alterations in
a neoplastic process. Over the past several years,
numerous studies have evaluated the molecular
evolution of the metaplasia–dysplasia–carcinoma
sequence in BE, and similar to the case with colo-
rectal adenoma–carcinoma paradigm, there ap-
pears to be an accumulation of molecular genetic
alterations that are central to the progression of this
sequence (46). However, because an inflammatory
and metaplastic process forms the basis of the

Barrett’s-related sequence, at least at the concep-
tual level, this sequence is more akin to that seen in
ulcerative colitis–related dysplasia and carcinoma.

For virtually every marker examined, there is an
increased frequency of abnormality of that marker
as one progresses along the dysplasia–carcinoma
sequence. Certain abnormalities are consistently
related to earlier events in this sequence, whereas
others appear to be later markers. For example,
altered expression of growth factors, including cy-
clin D1 expression (chromosome 11q13; 47) and
hypermethylation or mutation of p16 (chromosome
9p21; 48), seems to be a critical early event. In
addition, increased telomerase RNA and protein
has been identified not only in early dysplastic le-
sions but in nondysplastic BE as well (49, 50). In
contrast, alterations of p53 (51–53) and inhibition
of apoptosis, possibly mediated by Fas-Fas ligand
(54), seem to be later events in this sequence.

Studies similar to the one recently reported by
Wu et al. (55) will no doubt continue to be pub-
lished in the coming years, further refining our
understanding of the genetic alterations in the
Barrett’s-related dysplasia–carcinoma sequence.
One of the important potential clinical uses of this
knowledge will be defining the “magic bullet”
marker that will allow identification of those pa-
tients with BE who are truly at risk of progressing
along this sequence. Such a marker could allow
separation of those patients with BE who are very
unlikely to ever have their disease progress and who
thus are unlikely to benefit from continued endo-
scopic surveillance. Until such a marker is found,
most would advocate endoscopic surveillance with
biopsy in all patients with documented esophageal
intestinal metaplasia, a very time- and effort-
consuming endeavor, not to mention one with as-
tronomical medical costs involved. The ability to
target those patients with Barrett’s esophagus who
are at much greater risk for progressing to dysplasia
or carcinoma would be highly valued by gastroen-
terologists, pathologists and, most important, pa-
tients with long-standing gastroesophageal reflux
disease and known intestinal metaplasia.
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Book Review

Özcan S, editor: Diabetes Mellitus-Methods
and Protocols, 208 pp, Totowa NJ, Humana
Press, 2003 ($99.50).

This book, published in the well-known series
Methods in Molecular Medicine, contains de-
tailed experimental protocols contributed by
well-known research diabetologists. The book is
divided into 20 chapters, each of which is de-
voted to one aspect of diabetes research, gener-
ally falling in two categories: research dealing
with insulin production and research dealing
with insulin action. Topics that are covered in-
clude isolation of the islets of Langerhans, ad-
enoviral transfer into islet cells, measurement of

insulin-stimulated glucose uptake, and so on. All
the methods used for each protocol have been
tested by the contributors and are relatively easy
to follow. At the end of each chapter there are
notes addressing possible pitfalls or problems
with interpretation. The most important refer-
ences are included.

This is a typical methods book designed for
laboratory usage. As such it will be of interest to
basic scientists and clinical researchers studying
diabetes, a disease affecting 6.2% of Americans.

Jadranka Popović
Children’s Mercy Hospital
Kansas City, Missouri
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