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For more than a quarter of a century it has been widely
accepted that the majority of gastric cancers arise through
a multistep process starting with chronic gastritis and progressing through atrophy, intestinal metaplasia (IM), and
dysplasia to invasive carcinoma.1 Corpus atrophy results in
hypochlorhydria, which favours carcinogen formation,
while atrophic gastritis and metaplasia are hyperproliferative states that favour mutagenesis. Thus atrophy and
metaplasia are generally held to be premalignant conditions although the strength of the association is disputed.
More recently, it has been established that infection with
Helicobacter pylori is a major risk factor for gastric carcinogenesis and, in keeping with this, infection has been
directly implicated in the development of atrophy and
IM.2–4 This poses the question “Can eradication of H pylori
reverse these premalignant conditions and interrupt the
atrophy-carcinoma sequence?” In order to answer the
question one first has to understand the biology and natural history of these conditions and then explore the possibilities for their reversal.
The nature of atrophy
Atrophy in the stomach is conventionally (and simply)
defined as “loss of glands”. Such loss may follow ulceration
with destruction of the glandular layer or, more frequently,
result from a prolonged inflammatory process in which
multiple glandular units separately undergo destruction.
However, atrophy can also be thought of as “a loss of specialised cells”. Under this broader definition it is possible to
include loss of parietal and chief (zymogenic) cells without
glandular destruction. Such partial or “pre-atrophy” has
been described in human autoimmune gastritis5 and is frequently encountered in animal models of both autoimmune gastritis6 and chronic Helicobacter infection.7 In these
latter situations oxyntic cells are replaced within the intact
glandular tubules by mucous neck cells (MNC). More
interestingly, partial loss of parietal cells and replacement
by MNC is a frequent but largely unrecognised finding in
the inflamed corpus in H pylori gastritis.8 MNC were originally considered to be a transit cell population intermediate between stem cells and the fully diVerentiated parietal
and chief cells. However, the repertoire of trefoil peptides
and growth factors produced by MNC indicate that they
are a distinct cell lineage which share the properties of
other mucosally protective cell lineages in the gastrointestinal tract.9 Furthermore, it is apparent that proliferation of MNC explains the appearance of new glands
formed in the wake of atrophy, so-called “pyloric metaplasia”.
There are two principal routes to atrophy, one in which
the stem cell compartment and/or glands are destroyed
either by direct injury or as a consequence of the host
inflammatory cell response, and the second when selective
destruction of specialised epithelial cells occurs with preservation of stem cells. Both routes may apply in chronic H
pylori infection; on the one hand bacterial toxins or, more

likely, proteases released by activated polymorphs could
destroy glandular epithelium and stem cells10 while on the
other autoantibodies are produced which react with
epitopes on the proton pump in parietal cells.11
The nature of intestinal metaplasia
Metaplasia represents a non-neoplastic change in cellular
phenotype that usually arises in response to a sustained
adverse environment. The altered phenotype is either a
consequence of somatic mutation in stem cells or of epigenetic events which produce divergent diVerentiation in
progeny cells. The subsequent emergence of the altered
phenotype as the dominant population is a result of selection pressures exerted by the changed microenvironment.12 13 The pattern of gene expression determining cell
phenotype is under the control of a complex hierarchy of
transcription factors of which homeodomain proteins are
important members. These proteins are themselves
regulated by homeobox genes whose expression is pivotal to
cellular diVerentiation and organogenesis.14 Thus the
homeobox genes Cdx-1 and Cdx-2 are normally only
expressed in the intestine but a corresponding transcription factor (CDX-1 protein) is present in IM in the stomach.15 However, whether such expression results from a
mutation in stem cells or epigenetic changes has not been
determined. Certainly a wide range of genetic changes
including telomere reduction, microsatellite instability, and
mutations in p53, APC, and k-ras have been described in
IM, even before the onset of dysplasia.16
IM can be divided into three subtypes which are likely to
diVer in their histogenesis and relationship to
carcinogenesis—namely, type I (complete) which closely
resembles small intestine, type II (incomplete—goblet cell
metaplasia), and type III (incomplete—“colonic” type).
Interestingly, it is the latter type that harbours most genetic
changes17 18 and the only IM phenotype that carries a
higher risk for gastric cancer.19
Is reversibility possible?
In any consideration of reversibility of atrophy a distinction
has to be made between replacement of lost glands and
regeneration of specialised cells within intact glands. In the
latter situation the stem cell compartment is preserved and
removal of an injurious factor could lead to regeneration of
parietal and chief cells and full restoration of function. This
has been clearly demonstrated in an animal model where
withdrawal of a drug that induced selective loss of parietal
cells was followed by complete restitution of the oxyntic
mucosa.20 Where glands and their associated stem cells
have been completely destroyed, replacements would have
to arise from adjacent intact pit gland units. In the
developing mammalian stomach, multiplication of oxyntic
glands occurs through a process of budding, duplication,
Abbreviations used in this paper: IM, intestinal metaplasia;
MNC, mucous neck cell.
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Does reversal of atrophy and IM occur?
There are several impediments to the proper assessment of
reversibility, which include failings in histological interpretation, sampling errors, and “spontaneous regression”.
When there is deep infiltration of the glandular layer by
chronic inflammatory cells, separation of the glands can
produce a spurious impression of atrophy. Resolution of
inflammation subsequent to eradication of H pylori will
lead, over several months, to a return to normal gland density. This is not reversal of atrophy but histological
misinterpretation. Likewise, the assumption that a few
small mucosal samples are representative of the whole is
highly suspect when dealing with multifocal processes.
Thus there are inherent diYculties in comparing atrophy
and IM between baseline and follow up endoscopies.
Finally, even in the absence of treatment, all follow up
studies on chronic gastritis show apparent regression in a
minority of subjects. In a large cohort follow up study in
Colombia,26 “regression” rates for the change from atrophy
to normal (or superficial gastritis) and from IM to atrophy
were 7.5 and 4.4/100 person years, respectively. While
there was a net overall progression, the importance of sampling errors in giving rise to these results was emphasised.
Given that sampling errors will always confound
histological interpretation it might be thought that indirect
measures of atrophy would oVer a more accurate estimate,
but this approach is also flawed. It is now clearly
established that hypochlorhydria and changes in serum
pepsinogen I and II ratios can result from corpus
inflammation alone.27 Thus some patients with profound
hypochlorhydria show a substantial increase in acid output
after eradication of H pylori attributable to resolution of
inflammation and not to regeneration of oxyntic glands.28

Sampling errors are even more problematic in the
assessment of IM. However, targeted biopsies from the
margins of peptic ulcers and the subsequent “scar” clearly
demonstrate that IM (usually of types I and II) frequently
develops in regenerating epithelium and regresses with
time.29
What are the prospects for intervention?
With the realisation that H pylori plays a central role in gastric carcinogenesis the notion of intervention by eradication
of infection has become increasingly attractive. Elimination
of inflammation will have its own beneficial consequences
but can atrophy and IM be expected to regress?
The published studies examining the reversibility of
atrophy and IM following eradication of H pylori have
yielded conflicting results. In general the longer the follow
up the more likely the study will reveal regression of atrophy but the magnitude of change is small. The consensus of
recent studies on IM status is that there is no discernible
change. A more substantial benefit is claimed in the first
reported randomised intervention trial of the eVects of H
pylori eradication and dietary supplementation with
vitamin C or â-carotene.30 This was carried out in a high
incidence gastric cancer region (in Colombia) on 852
infected subjects who had atrophic gastritis and/or IM at
entry and who were biopsied at 36 and 72 months following intervention treatment. The authors concluded that
elimination of H pylori produced “a marked and statistically significant increase in the rate of regression of the
precursor lesions”. But similar relative risks were obtained
for the other treatments alone and, as Blot has pointed
out,31 it is disturbing that anti-H pylori treatment was eVective when given alone but conveyed no (added) benefit
when given with vitamin C or â-carotene. Although the
results are promising, Blot concluded that in view of the
lack of consistency, the findings should be interpreted with
caution. Perhaps further caution is called for when it is
appreciated that a change from IM at baseline to multifocal atrophic gastritis at follow up qualifies as “regression”
according to their histological protocol.
While true regression of atrophy and IM depend on the
capacity of the mucosa to regenerate specialised glandular
tissue, at least proper identification and elimination of the
cause could be expected to prevent progression. However,
it is clear that atrophy and IM have a number of causes—
bile reflux, dietary irritants, and autoimmunity, as well as H
pylori infection. Removal of infection may therefore be
insuYcient to produce reversal.
It seems most likely that regeneration of normal oxyntic
glands following true glandular atrophy with replacement
fibrosis will at least be limited. Likewise, restoration of
normal diVerentiation in IM is improbable in the presence
of stable mutations in stem cells. In eVect, certain forms of
atrophy and IM have passed a “point of no return” and
reversal becomes impossible. In my view the hope that
intervention by elimination of H pylori will of itself lead to
substantial reversal of atrophy and IM is an unrealistic
expectation. However, a more realistic outcome has been
established already. H pylori eradication leads to resolution
of inflammation, elimination of DNA damage by reactive
oxygen species, a reduction in cell turnover, a rise in acid
output in hypochlorhydric subjects, and a gradual return of
ascorbic acid secretion into the gastric juice. These proven
consequences could be much more important in the
prevention of gastric cancer than the hoped for reversal of
atrophy and IM.
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fission, and separation.21 Whether or not a similar process
occurs in the adult is debatable. It seems clear that most
regeneration following gland loss involves the MNC
lineage but there is evidence, albeit from a small number of
subjects, to indicate that full restoration of oxyntic glands
can follow atrophy.22 When atrophy is combined with IM
the scope for reversal is further limited. In IM the pit gland
units are replaced by neocrypts in which the stem cell
compartment is situated, as in the normal intestine, at the
base of the crypt. While budding of intestinalised crypts is
a distinct possibility it would be highly unlikely to give rise
to normally arranged oxyntic glands, and would merely
lead to expansion of the metaplastic foci.
IM is more likely to be reversible if it develops as an
adaptation to an adverse factor that can be identified and
removed. For instance, cytokines from chronic inflammatory cells and in particular Th2 helper lymphocytes may be
responsible for “adaptive” IM in H pylori infection.23 Certainly, intestinal cells cannot be colonised by the organism
and will therefore enjoy a survival advantage. However, IM
can have other causes (for example, bile reflux, high salt
diet, and alcohol) some of which may be acting synergistically. This means that even in H pylori infected subjects,
factors other than infection could be provoking or accelerating the metaplastic change. If IM is a consequence of
stable somatic mutations in stem cells, changes in the
immediate mucosal environment may not achieve reversal.
While somatic mutation could be a factor in all types of IM
it is interesting that the genetic lesions found in type III IM
are similar to those found in gastric dysplasia (intraepithelial neoplasia).16–18 24 These findings cast further doubt on
the potential reversibility of this particular subtype of IM.
Even when IM is a consequence of epigenetic changes, for
example those resulting from methylation of genes involved
in cell diVerentiation,25 the scope for reversal may be
strictly limited.

4

Dixon

16 Tahara E. Molecular biology of gastric cancer. World J Surg 1995;19:484–8.
17 Ochiai A, Yamauchi Y, Hirohashi S. p53 mutations in the non-neoplastic
mucosa of the human stomach showing intestinal metaplasia. Int J Cancer
1996;69:28–33.
18 Hamamoto T, Yokozaki H, Semba S, et al. Altered microsatellites in
incomplete-type intestinal metaplasia adjacent to primary gastric cancers. J
Clin Pathol 1997;50:841–6.
19 Wu M-S, Shun C-T, Lee W-C, et al. Gastric cancer risk in relation to
Helicobacter pylori infection and subtypes of intestinal metaplasia. Br J
Cancer 1998;78:125–8.
20 Goldenring JR, Ray GS, CoVey RJ, et al. Reversible drug-induced oxyntic
atrophy in rats. Gastroenterology 2000;118:1080–93.
21 Hattori T, Fujita S. Fractographic study on the growth and multiplication of
the gastric gland of the hamster. Cell Tissue Res 1974;153:145–9.
22 Oberhuber G, Wuendisch T, Rappel S, et al. Significant improvement of
atrophy after eradication therapy in atrophic body gastritis. Pathol Res Pract
1998;194:609–13.
23 Ishikawa N, Wakelin D, Mahida YR. Role of T helper 2 cells in intestinal
goblet cell hyperplasia in mice infected with Trichinella spiralis.
Gastroenterology 1997;113:542–9.
24 Tahara E. Carcinogenesis and progression of human gastric cancer. Trans
Soc Pathol Jpn 1993;119:265–72.
25 Sugimura T, Ushijima T. Genetic and epigenetic alterations in carcinogenesis. Mutat Res 2000;462:235–46.
26 Correa P, Haenszel W, Cuello C, et al. Gastric precancerous process in a
high risk population: cohort follow-up. Cancer Res 1990;50:4737–40.
27 El-Omar EM, Oien K, El-Nujumi A, et al. Helicobacter pylori infection and
chronic gastric acid hyposecretion. Gastroenterology 1997;113:15–24.
28 Iijima K, Ohara S, Sekine H, et al. Changes in gastric acid secretion assayed
by endoscopic gastrin test before and after Helicobacter pylori eradication.
Gut 2000;46:20–6.
29 Silva S, Filipe MI, Pinho A. Variants of intestinal metaplasia in the evolution
of chronic atrophic gastritis and gastric ulcer. A follow up study. Gut 1990;
31:1097–104.
30 Correa P, Fontham ETH, Bravo JC, et al. Chemoprevention of gastric
dysplasia: Randomized trial of antioxidant supplements and antiHelicobacter pylori therapy. J Natl Cancer Inst 2000;92:1881–8.
31 Blot WJ. Preventing cancer by disrupting progression of precancerous
lesions. J Natl Cancer Inst 2000;92:1868–9.

www.gutjnl.com

Gut: first published as 10.1136/gut.49.1.2 on 1 July 2001. Downloaded from http://gut.bmj.com/ on January 26, 2021 by guest. Protected by copyright.

1 Correa P, Haenszel W, Cuello C, et al. A model for gastric cancer epidemiology. Lancet 1975;ii:58–60.
2 Asaka M, Kato M, Kudo M, et al. Atrophic changes of gastric mucosa are
caused by Helicobacter pylori infection rather than aging: studies in
asymptomatic Japanese adults. Helicobacter 1996;1:52–6.
3 DeLuca VA, West AB, Haque S, et al. Long-term symptom patterns, endoscopic findings, and gastric histology in Helicobacter pylori-infected and
uninfected patients. J Clin Gastroenterol 1998;26:106–12.
4 Maaroos HI, Vorobjova T, Sipponen P, et al. An 18-year follow-up study of
chronic gastritis and Helicobacter pylori association of CagA positivity with
development of atrophy and activity of gastritis. Scand J Gastroenterol 1999;
34:864–9.
5 Stolte M, Baumann K, Bethke B, et al. Active autoimmune gastritis without
total atrophy of the glands. Z Gastroenterol 1992;30:729–35.
6 Claeys D, Karapetian O, Saraga M, et al. Mouse mammary tumor virus
superantigens and murine autoimmune gastritis. Gastroenterology 1994;107:
924–33.
7 Sakagami T, Dixon M, O’Rourke J, et al. Atrophic gastric changes in both
Helicobacter felis and Helicobacter pylori infected mice are host dependent
and separate from antral gastritis. Gut 1996;39:639–48.
8 Schmidt PH, Lee JR, Joshi V, et al. Identification of a metaplastic cell lineage
associated with human gastric adenocarcinoma. Lab Invest 1999;79:639–
46.
9 Hanby AM, Poulsom R, Playford RJ, et al. The mucous neck cell in the
human gastric corpus: a distinctive, functional cell lineage. J Pathol
1999;187:331–7.
10 Farinati F, Cardin R, Degan P, et al. Oxidative DNA damage accumulation
in gastric carcinogenesis. Gut 1998;42:351–6.
11 Claeys D, Faller G, Appelmelk BJ, et al. The gastric H+, K+-ATPase is a
major autoantigen in chronic Helicobacter pylori gastritis with body
mucosa atrophy. Gastroenterology 1998;115:340–7.
12 Slack JMW. Epithelial metaplasia and the second anatomy. Lancet
1986;ii:268–71.
13 Slack JMW. Stem cells in epithelial tissues. Science 2000;287:1431–3.
14 James RJ. Homeodomain proteins and cell phenotype. Gastroenterology
1997;113:680–6.
15 Silberg DA, Furth EE, Taylor JK, et al. CDX1 protein expression in normal,
metaplastic, and neoplastic human alimentary tract epithelium. Gastroenterology 1997;113:478–86.

