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Abstract

The prevalence of Barrett’s oesophagus has risen over a short time
interval implying environmental in addition to genetic aetiological
factors. Bile salt effects from duodenogastro-reflux are assuming
increasing importance with deoxycholic and taurodeoxycholic acid
being particularly associated with Barrett’s oesophagus. The cellular
biology changes appear to follow a progression from initial inflam-
mation and oesophagitis to metaplasia and dysplasia through to
adenocarcinoma. Mechanisms of restitution include epidermal growth
factor mediated increases in epithelial thickness. This results in basal
stem cells becoming superficially placed and exposed further to
Tluminal refluxed bile salts. Immature stem cells result which undergo
mutation to a metaplastic glandular phenotype with intestinal meta-
plasia. P53 mutation increasingly occurs in progression to dysplasia
and carcinoma and may confer a survival advantage of these cell
clones by delaying apoptosis. Cell cycling gene mutations occur with
accumulation of cells in G2 phase. Disruption of cellular checkpoint
mechanisms in the mitotic process result in loss of heterozygosity
and aneuploidy including loss of the Y chromosome. Identical
mutations between adjacent areas of dysplasia and adenocarcinoma
supports clonal expansion as the mechanism of carcinogenesis. APC
tumour supressor genme mutations are conserved in synchronous
carcinomas in Barrett’s dysplasia and are associated with B-catenin
accumulation in the nucleus and cellular migration with invasion.
Cumulative genetic errors result in abnormal clones with metastatic
or angiogenic potential. When a clone with malignant potential
occurs adenocarcinoma can result completing the progression from
inflammation to metaplasia and dysplasia through to adenocarci-
noma. (Acta gastroenterol. belg., 2000, 63, 18-21).
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Introduction

The rising incidence of adenocarcinoma in the distal
oesophagus and gastric cardia over the last two decades
has been paralleled by increasing prevalence of Barrett’s
oesophagus(BE) (1). This change over the short time
span strongly implies environmental in addition to
genetic factors are important in the aetiology of this
condition (2). If these factors can be identified and
successfully managed, treatment of the pre-malignant
condition may be possible which is desirable as the
associated adenocarcinoma carries such a poor prog-
nosis. Acid reflux is a primary event in gastro-oeso-
phageal reflux disease (3) but there is increasing evidence
that other factors, particularly bile salt reflux are causal
in BE (4). This may explain the lack of impact proton
pump inhibitor therapy has achieved in the treatment
of established BE.
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The adenoma-carcinoma sequence (ACS) (5) is now
established in colonic carcinoma with transiation into
clinical practice by polyp surveillance and endoscopic
removal of pre-malignant lesions. A corresponding
predictable succession of events is likely in oesophageal
adenocarcinoma (Fig. 1) following an oesophagitis-
metaplasia-dysplasia-adenocarcinoma sequence (MCS).
Progression of BE to carcinoma occurring as rapidly
as 3 years in patients with Barrett’s oesophagus un-
dergoing fundoplication surgery (6). The key to im-
proving management of BE is successful identification
and treatment of pre-malignant stages in the sequence.
Cancers detected in surveillance programmes carry an
improved prognosis of 35-45% 5 year survival compared
with 5-15% in sporadic cancers even allowing for lead
time bias (7). Recent advances in the understanding of
molecular events in progression of Barrett’s metaplasia
to dysplasia and carcinoma give potential to identify
high risk patients allowing for selected surveillance to
improve effectiveness of screening and overall prognosis.

Duodeno-gastric reflux and Barrett’s oesophagus

Gastro-oesophageal reflux of acid in uncomplicated
BE is no greater than in patients with reflux oesophagitis
indicating that factors other than acid reflux alone are
important in the pathogenesis of BE (8). High levels
of duodeno-gastric reflux and alkaline oesophageal
reflux (9) imply a role of pancreatic secretions or bile
salts. Deoxycholic acid (4) and taurodeoxycholic
acid (10) have recently been demonstrated as the sig-
nificant bile salts associated with BE. The presence of
bile salts in refluxate is associated with BE rather than
oesophagitis alone as BE patients have bile salt gas-
trooesophageal reflux either alone or mixed with
acid (10). Quantity and quality of reflux appears im-
portant with the prevalence of BE approximately six
times higher in patients with reflux symptoms for more
than 10 years compared to less than 1 year (11). The
length of BE is also associated with the degree of reflux
as patients with long segment BE (> 3cm) have sig-
nificantly decreased lower oesophageal sphincter pres-
sures compared to patients with short segment BE
(<3 cm) (12).



Fig. 1. — Barrett’s metaplasia carcinoma sequance (MCS).
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This is a schematic representation of molecular biological events during progression of MCS. These events may not necessarily
occur in every case nor indeed in this exact order. However this sequence represents the best consensus of current hypothesis.

Oesophageal inflammation and Barrett’s oesopha-
gus

The relationship between oesophageal inflammation
and Barrett’s changes is complex with proximal inflam-
mation but distal location of carcinoma. This is reflected
in the cytokine response with increased pro-inflamma-
tory IL-8 proximally and anti-inflammatory IL-10
distally (13). This confirms earlier studies showing
another pro-inflammatory cytokine, TGF-B in higher
levels proximally (14). At a cellular level the initial
epithelial damage from gastro-oesophageal reflux affects
cells in the superficial compartment of the oesophageal
mucosa resulting in increased cell loss. Regeneration
with restitution of the epithelium occurs by increased
cellular replication. As a protective mechanism the
proliferative zone expands to maintain or increase
epithelial thickness. The trophic effect of locally pro-
duced epidermal growth factor (EGF) (15) results in
folding of the basal epithelium and papillae formation
with the basal functional stem cells bccoming more
superficially placed and so more accessible to refluxed
acid and bile toxins (16). When oesophageal mucosal
restitution mechanisms are overwhelmed by excessive
acid and bile injury the expression of epidermal growth
factors results in increased immature stem cell produc-
tion in place of native squamous epithelium.

Barrett’s metaplasia

Immature stem cells from oesophageal squamous
mucosa appear to undergo mutation with the devel-
opment of a metaplastic glandular phenotype (17). This
Barrett’s metaplastic cell line is unique being pluripo-
tential and giving rise to intestinal, gastric, Paneth and
neuroendocrine cells (16). 3 individual types of meta-
plasia are recognisable, intestinal, junctional and cardiac
although in vivo BE comprises of all 3 cell types in
a mosiac pattern. The contribution of each cell type
is affected by the type of refluxate (15) with predom-
inant acid reflux leading to acid resistant cell lines as
acid sensitive cells are damaged and undergo apoptosis.
It has been postulated that bile reflux may promote
bile resistant intestinal metaplasia and it is this mucosal
type that predominates in acid suppressed patients. It
is unclear at present which metaplastic cell line has the
highest dysplastic and carcinogenic potential but sup-
pressing acid alone will not prevent development of
bile resistant cell lines.

The proliferation of Barrett’s metaplasia is rapid with
increased expression of multiple growth factors and
inducible nitric oxide synthetase (18) and maximal
colonisation of the oesophagus by metaplastic cells is
rapid and can occur within 3 years of initiation (19).
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Barrett’s dysplasia

The progression of metaplasia to dysplasia in Bar-
rett’s oesophagus is associated with a number of cellular
changes including chromosomal mutations, cell cycling
alterations and cell adhesion abnormalities. The devel-
opment of high grade from low grade dysplasia is likely
to result from a number of these cellular events with
carcinoma only resulting when a particular sequence
of cytogenetic combinations occurs. The progression
of low to high grade dysplasia and carcinoma is
reflected in the finding that high grade dysplastic lesions
have a 4 to 8 fold increased risk of developing
carcinoma compared to low grade dysplasia (20). High
grade dysplasia appears to represent an irreversible
terminal event as 509% of high grade dysplastic lesions
are immediately adjacent to adenocarcinoma (21). Iden-
tical mutations of the p53 tumour suppressor gene
between these areas supports clonal expansion rather
than multifocal field change as the mechanism of such
carcinogenesis. pS3 mutations occur increasingly during
MCS and are found in 5-109% of cases with indeter-
minant dysplasia, 65% of cases with low grade dysplasia,
75% of cases with high grade dysplasia and up to 90%
of cases with adenocarcinoma (22). p53 may effect the
proliferation / apoptosis ratio allowing delay of apop-
tosis in dysplastic cells with conferred survival over
native squamous epithelium (23).

Cell cycling is altered with reduced regulatory con-
trols induced by mutations in the cell cycle genes.
Mutations are found in pl6 (chromosome 9p21),
increased cyclin D1 expression and accumulation of
cells in G2 phase (24). These cell cycle changes are
associated with alterations in the expression of growth
factors, including TGFo. (25) and stimulation of the
epidermal growth factor receptor.

Alteration in chromosomal number occurs by dis-
ruption of cellular check-points in the mitotic process
resulting in loss of entire chromosomes with loss of
heterozygosity and aneupoloidy (26). The Y chromo-
some in particular is lost in the Barrett’s MCS and
is absent in 9% of Barrett’s metaplasia, 38% of
indefinite dysplasia and 1009 of high grade dyspla-
sia (27). The significance of this is uncertain but the
male preponderance of Barrett’s oesophagus and oeso-
phageal adenocarcinoma is interesting.

Adenocarcinoma in Barrett’s oesophagus

Genetic mutation of the APC tumour suppressor
gene with loss of heterozygosity occurs in dysplastic
clones of Barrett’s cell lines (28). This is associated with
reduced B-catenin degradation and subsequent accum-
ulation. B-catenin has been shown to accumulate with
transition factors in the nucleus and can facilitate
epithelio-mesenchymal transition with associated mi-
gration and invasion (29). Such genetic alterations are
found to be conserved in synchronous invasive carci-
nomas in Barrett’s dysplasia (30). Further mutations
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result in expression of. metalloproteinases (31) and
tumour cell motility factors resulting in failure of cells
to adhere to neighbouring cells. Cumulative genetic
errors result in clones of abnormal cells and increase
the population of cells with metastatic or angiogenic
potential. With the development of an unsuppressed
malignant clone of cells adenocarcinoma results and
the sequence of progression from oesophagitis, meta-
plasia and dysplasia through to adenocarcinoma is
complete.

Conclusions

The metaplasia-carcinoma sequence in Barrett’s oeso-
phagus involves environmental factors particularly bile
salt reflux via duodenogastric reflux which initiates
cellular damage at the squamo-columnar junction.
Marked inflammation results with mechanisms of
restitution overwhelmed. Immature stem cells can result
with intestinal metaplasia and the onset of Barrett’s
oesophagus which include bile resistant cell lines.
Chromosomal mutations, cell cycling alterations and
cell adhesion abnormalities are associated with progres-
sion of metaplasia to low grade and then high grade
dysplasia. APC tumour suppressor gene mutations and
B catenein accumulation accompany the development
of adenocarcinoma. The progression of inflammation
with oesophagitis through metaplasia and dysplasia to
adenocarcinoma then completes the metaplasia adeno-
carcinoma sequence (MCS).

References

1. PRACH AT, MACDONALD TA., HOPWOOD D.A., JOHN-
STON D.A. Increasing incidence of Barrett’s oesophagus: education,
enthusiasm or epidemiology. Lancet, 1997, 350 : 933,

2. KIM R., WEISSFELD J.L., REYNOLDS J.C., KULLER L.H. Etiology
of Barrett’s metaplasia and esophageal adenocarcinoma. Cancer Epide-
miology, Biomarkers & Prevention, 1997, 6 (5) : 369-77.

. SPECHLER S.J. Barrett’s esophagus. Sem. Oncol., 1994, 21 : 431-47.

4. JANKOWSKI J.A., WHITTLES C.E., MODHWADIA D., BOUL-

w

acids modify the biology of Barrett’s metaplasia. Gur, 1999, 44 (suppl. 1) :
A46, W181.

5. FEARON E. VOGELSTEIN B. A genetic model for colorectal tumo-
rigenesis. Cell, 1990, 61 : 759-67.

6. MCDONALD M.L., TRASTEK V.F., ALLEN M.S., DESCHAMPS C.,
PAIROLERO P.C. Barrett’s esophagus : does an antireflux procedure
reduce the need for endoscopic surveillance ? J. Thorac Cardiovasc. Surg.,
1996, 111 (6) : 1135-8.

7. STREITZ J. M., ANDREWS C.W,, ELLIS F.H. Endoscopic surveillance
of Barrett’s esophagus. Does it help ? J. Thorac Cardiovasc. Surg., 1993,
105 : 383-87.

8. NEUMANN C.S., COOPER B.T. 24 hour ambulatory oesophageal pH
monitoring in uncomplicated Barrett’s oesophagus. Gut, 1994, 35 (10):
1352-55.

9. STEIN H.J., HOEFT S., DEMEESTER T.R. Functional foregut abnor-
malities in Barrett’s oesophagus. J. Thorac Cardiovasc. Surg., 1993,
105 (1) - 107-11.

10. NEHRA D., HOWELL P, WILLIAMS C.P.,, PYE J.K., BEYNON J.
Toxic bile acids in gastro-oesophageal reflux disease : influence of gastric
acidity. Gut, 1999, 44 : 598-602.

11. LIEBERMANN D.A., OEHLKE M., HELFAND M. Risk factors for
Barrett’s esophagus in community-based practice. Am. J. Gastro, 1997,
92 (8) : 1293-97.

12. LOUGHNEY T., MAYDONOVITCH C.L., WONG R.K. Esophageal



Genetic versus environmental interactions

20.

21.

22.

manometry and ambulatory 24-hour pH monitoring in patients with short
and long segment Barrett’s esophagus. Am. J. Gastro, 1998, 93 (6) : 916-9.

. FITZGERALD R.C., ONWUEGBUSI B., SAEED I.T., BURNHAM

W.R., FARTHING M.J.G. Differential degree of inflammation and
cytokine expression in distal compared with proximal Barreit’s oesophagus
may explain site specific disease complications. Gut, 1999, 44 : A16, W182.

. JANKOWSKI J. Altered gene expression of growth factors and their

receptors during esophageal tumorigenesis. Gastro Clin. Bio, 1994, 18 :
DA40-5.

. JANKOWSKI J., WRIGHT N.A.,, MELTZER S., TRIADAFILOPOU-

LOS G., GEBOES K., CASSON A, KERR D., YOUNG L.S. Molecular
evolution of the metaplasia dysplasia adenocarcinoma sequence in the
esophagus (MCS). Am. J. Pathol., 1999, 154 : 965-74.

. JANKOWSKI J., WRIGHT N.A. Epithelial stem cells in the gastroin-

testinal tract ; structure, function and adaption. Sem. Cell. Biol., 1992,
3:445-56.

. HANBY A, JANKOWSKI J., ELIA G., POULSOM R., WRIGHT N.A.

Expression of trefoil peptides pS2 and human spasmolytic polypeptide
(hSP) in Barrett’s metaplasia and the native oesophageal epithelium
differentiates secretory lineages. J. Pathol., 1994, 168 : 210-16.

. WILSON K.T., FU S, RAMAUJAM K.S., MELTZER S.J. Increased

expression of inducible nitric oxide synthetase and cyclooxygenase-2 in
Barrett’s esophagus and associated adenocarcinomas. Cancer Res., 1998,
58 : 2929-34.

. CAMERON A.J.,, LOMBOY C.T. Barrett’s esophagus : age, prevalence

and extent of columnar epithelium. Gastroenterology, 1992, 103 (4):
1241-5.

MORALES T.G., BHATTACHARYA A., JOHNSON C. SAM-
PLINER R.E. Is Barrett’s esophagus associated with intestinal metaplasia
of the gastric cardia ? Am. J. Gastroenterol., 1997, 92 : 1818-22.

REID B.J., BLOUNT P.L., RUBIN C.E., LEVINE D.S., HAGGITT R.C,,
RABINOVITCH P.S. Flow cytometric and histological progression to
malignancy in Barrett’s oesophagus : prospective endoscopic surveillance
of a cohort. Gastroenterology, 1992, 102 : 12129,

YOUNES M., LEBOVITZ R M., LECHAGO L.V.,, LECHAGO J. p53

23.

24.

25.

26.

27.

28.

29.

30.

31.

21

protein accumulation in Barrett’s metaplasia, dysplasia and carcinoma :
a follow-up. Gastroenterology, 1993, 105 : 1637-42.

KATADA N., HINDER R.A, SMYRK T.C., HIRABAYASHI N,
PERDIKIS G., LUND R.J., WOODWARD T., KLINGER P.J. Apoptosis
is inhibited early in the dysplasia-carcinoma sequence of Barrett’s eso-
phagus. Arch. Surg., 1997, 132 : 728-32.

REID B.J., SANCHEZ C.A., BLOUNT P.L., LEVINE D.S. Barrett’s
esophagus : cell cycle abnormalities in advancing stages of neoplastic
progression. Gastroenterology, 1993, 105 : 119-29.

BRITO M., FILIPE M.I, LINEHAN J., JANKOWSKI J. Transforming
growth factor « expression in gastro-oesophageal tumorigenesis may reflect
altered processing of the precursor peptide. Int. J. Cancer, 1995, 60 : 27-32.
MENKE-PLUYMERS M.B,, MULDER A H., HOP W.C,, VAN BLAN-
KENSTEIN M., TILANUS H.W. Dysplasia and aneuploidy as markers
of malignant degeneration in Barrett’s oesophagus. Gur, 1994, 35(10):
1348-51.

BARRETT M.T., GALIPEAU P.C., SANCHEZ C. A, EMOND M.J,
REID B.J. Determination of the frequency of loss of heterozygosity in
esophageal adenocarcinoma by cell sorting, whole genome amplification
and microsatellite polymorphisms. Oncogene, 1996, 12 : 1873-78.

WU T.T.,, WATANABE T., HEITMILLER R., ZAHURAK M., FORAS-
TIERE A.A., HAMILTON S.R. Genetic alterations in Barrett’s esophagus
and adenocarcinomas of the esophagus and esophagogastric junction
region. Am. J. Pathol., 1998, 153 : 287-94.

JANKOWSKI J., BRUTON R., SHEPERD N., SANDERS S. Catenin
regulated transcription provides a global mechanism for cancer progression.
Mol. Pathol., 1997, 50 : 1-3.

NESHAT K., SANCHEZ C.A., GALIPEAU P.C.,, BLOUNT PL,
LEVINE DS, JOSLYN G., REID B.J. p53 mutations in Barrett’s
adenocarcinoma and high grade dysplasia. Gastroenterology, 1994, 106 :
1589-95.

JANKOWSKI J., HOPWOOD D., DOVER R., WORMSLEY K.G.
Development and growth of normal, inflamed, metaplastic and dysplastic
esophageal mucosa : biological markers of neoplasia. Furo J. Gastroenterol.
& Hepatol., 1993, 5 : 235-46.

Acta Gastro-Enterologica Belgica, Vol. LXIII, January-March 2000



