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H pylori colocalises with MUC5AC in the human
stomach
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Abstract
Background—The bacterium Helicobacter pylori is able to adhere to and to
colonise the human gastric epithelium, yet
the primary gene product responsible as a
receptor for its adherence has not been
identified.
Aims—To investigate the expression of the
gastric mucins MUC5AC and MUC6 in
the gastric epithelium in relation to H
pylori colonisation in order to examine
their possible roles in the binding of H
pylori.
Patients—Seventy two consecutive patients suspected of having H pylori infection.
Methods—MUC5AC, MUC6, and H pylori
were detected in single sections of antral
biopsy specimens using immunohistochemical triple staining.
Results—MUC5AC was expressed in the
superficial epithelium and the upper part
of the gastric pits. MUC6 expression was
detected in the lower part of the gastric
pits. The expression of both mucins in the
epithelium was complementary. In each
patient, there was a sharply delineated
transition between MUC5AC and MUC6
producing cell populations. In all H pylori
positive patients there was a striking colocalisation of H pylori and MUC5AC; more
than 99% of the bacteria were associated
with either extracellular MUC5AC or the
apical domain of MUC5AC producing
cells.
Conclusions—H pylori is very closely
associated with extracellular MUC5AC
and epithelial cells that produce
MUC5AC. This indicates that MUC5AC,
but not MUC6, plays a role in the adhesion
of H pylori to the gastric mucosa.
(Gut 2000;46:601–607)
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The Gram negative bacterium Helicobacter
pylori has the unique ability to colonise the
human stomach. Infection is widespread with a
prevalence of more than 90% in some developing countries.1 Colonisation results in chronic
infection, and leads to gastric inflammation.2
The presence of the bacterium is associated
with peptic ulcer disease,3 atrophic gastritis,
gastric adenocarcinoma,4 5 and gastric MALT
lymphoma.6 H pylori does not invade the
gastric mucosa, but resides in the gastric mucus
layer of the superficial epithelium, and can

attach to gastric epithelial cells, with a
preference for the intercellular junctions.7 In in
vitro experiments, the attachment to the
epithelial cells has been shown to induce signal
transduction in gastric cells, with activation of
the transcription factor NF-êB.8–11 Subsequently, the cytokine interleukin 8 (an important T cell and neutrophil chemoattractant,
and critical mediator in the H pylori induced
inflammatory process) is produced. Thus,
physical contact of the bacterium with the epithelial cell plays a pivotal role in the outcome of
infection.12 It seems likely that homing to the
mucus layer and attachment to mucosal cells
are separate processes and may be mediated by
diVerent bacterial adhesins and host receptors.
An interesting example of this exists in
colonisation of the intestine by another Gram
negative bacterium, the enteropathogenic
Escherichia coli. This bacterium uses its pili to
bind specifically to intestinal mucin in various
models,13–15 possibly accounting for its colonisation pattern. The bacterial membrane protein intimin and a receptor, Hp90, on the
intestinal cell however mediate intimate adhesion to the intestinal cells. It has recently been
shown that this receptor is not of host cell origin but actually encoded by the bacterium and
translocated into the mammalian cell
membrane,16 and has thus been renamed Tir
(for translocated intimin receptor). This
intimin–Tir adhesion can of course not account for its tissue specificity. Thus, separate
interactions are involved in the tropism of this
E coli for the intestine, and adherence to the
intestinal cells. This provides yet another
instructive example of the multimolecular
nature of enteropathogen–host cell interactions.
H pylori resides only in an ecological niche of
mucus produced by gastric epithelium, so the
putative receptor has to be specific for gastric
mucus. Interestingly, it was shown that H pylori
is able to bind to gastric mucin in vitro.17 Mucin
is the most important structural component of
the mucus gel layer.18 19 These highly
O-glycosylated molecules form hydrated multimeric complexes. To date, nine human
epithelial mucin genes have been identified and
designated MUC1–4, MUC5B, MUC5AC, and
MUC6–8.19 Most of these genes are expressed
in a cell type and tissue specific manner.20–26
Several of these mucins show a tissue specific
regional distribution along the cephalocaudal
axis of the gastrointestinal mucosa. On the
other hand some of these, particular MUC1
Abbreviations used in this paper: HGM, human
gastric mucin.
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Materials and methods
PATIENTS

Gastroduodenoscopy was performed on 72
consecutive patients referred to the endoscopy
unit of the Academic Medical Center in
Amsterdam for chronic upper abdominal complaints. These patients were enrolled in a
prospective study investigating the prevalence
of H pylori infection in patients on antacid
therapy, which was approved by the Ethics
Committee of the Academic Medical Center.
Biopsy specimens were taken from the antrum
of the stomach as part of these investigations.
Specimens were fixed in phosphate buVered
saline (PBS) buVered paraformaldehyde, and
embedded in paraYn. H pylori status was
determined by culturing the bacteria, and confirmed by an independent pathologist using
routine histology (haematoxylin and eosin
(H&E) stain). The histological grade of gastritis was scored according to the Sydney
classification.27
ANTIBODIES

To detect MUC5AC, we used either the mouse
monoclonal antibody 45M1 (Novocastra,
Newcastle-upon-Tyne, UK),28 rabbit polyclonal antihuman gastric mucin (anti-HGM),29 or
mouse monoclonal CLH2 kindly provided by
C A Reis.30 To detect MUC6, we used
MUC6.1, a polyclonal antibody raised in
rabbit,26 kindly provided by C de Bolós. For
MUC2 detection, WE9, a monoclonal antibody against MUC2,31 raised in mouse was
used, a kind gift of D K Podolsky. M3P, a polyclonal antibody against MUC3,23 was generously provided by Y S Kim. For staining of H
pylori we used either a rabbit polyclonal
antibody (DAKO, Glostrup, Denmark) or
pooled serum from seven H pylori immunised
rabbits, a gift of B Appelmelk.32

chemical triple staining method was developed.
ParaYn sections (6 µm) were deparaYnated.
Endogenous peroxidase was blocked using
1.5% H2O2 in PBS for 30 minutes at room
temperature, and washed in PBS. Sections
were heated for 10 minutes at 100°C in 0.01 M
sodium citrate pH 6.0 to enhance antigen
retrieval. After cooling on ice for 15 minutes
and washing in PBS, sections were blocked in
TENG-T (10 mM Tris, 5 mM EDTA, 0.15 M
NaCl, 0.25% gelatin, 0.05% (vol/vol) Tween20, pH 8.0) at room temperature. After washing in PBS, the rabbit anti-MUC6 polyclonal
antiserum (MUC6.1) was applied (1/200 dilution), and incubated overnight at 4°C. Thereafter, sections were washed in PBS, incubated
with a secondary biotinylated antibody (goat
antirabbit Ig/BIO, DAKO) in a 1/500 dilution
for one hour at room temperature, and washed
in PBS. Sections were incubated with ABcomplex (Vector Laboratories, Burlingame, California) for one hour at room temperature, and
washed with PBS. Enzyme activity was detected with diaminobenzidine (DAB, Sigma, St
Louis, Missouri), 5 mg of DAB, and 10 µl of
30% H2O2, in 10 ml 50 mM Tris pH 7.8,
resulting in a brown colour.
Subsequently samples were heated at 90–
100°C in 10 mM sodium citrate for five
minutes and after cooling, blocked with
TENG-T, and washed in PBS. Sections were
incubated overnight at 4°C, with a mixture of
mouse anti-MUC5AC (45M1) and rabbit
anti-H pylori antibodies in 1/50 and 1/5000
dilutions, respectively. On the third day,
sections were washed in PBS, and incubated
with a mixture of two secondary antisera, one
labelled with alkaline phosphatase and the
other biotinylated, at room temperature for one
hour (goat antirabbit Ig/AP, and goat antimouse Ig/BIO in 1/20 and 1/100 dilutions
respectively, DAKO). After washing in PBS,
sections were incubated for 30 minutes in
streptavidin â galactosidase (strep â-gal, Boehringer Mannheim, Mannheim Germany),
diluted 1/40 in PBS at room temperature. The
strep â-gal was detected using 1% X-gal
(DAKO) in iron phosphate buVer (0.02%
MgCl2.6H2O, 0.099% potassium ferricyanide,
0.127% potassium ferrocyanide) at 37°C for
15–30 minutes, resulting in a blue/turquoise
colour. After washing in Tris buVered saline,
the alkaline phosphatase was detected using
the Fast Red detection method (DAKO),
staining H pylori a reddish purple. Sections
were briefly counterstained with haematoxylin,
and mounted in Ultramount (DAKO), an
aqueous mounting medium. Two investigators
(GRvdB, KMAJT) scored the sections independently in a blinded manner. The distribution patterns of MUC5AC and MUC6 were
assessed, and the sections were evaluated for
the presence of H pylori, and when present, the
percentage of bacteria associated with
MUC5AC or MUC6 producing cells was
scored.

IMMUNOHISTOCHEMISTRY

To detect MUC5AC, MUC6, and H pylori in a
single section, for optimal investigation of their
possible colocalisation, an immunohisto-

IMMUNOHISTOCHEMICAL CONTROLS

Controls included staining of normal human
gastric tissue sections with antibodies against
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and MUC4, are expressed in most regions of
the gastrointestinal tract. MUC7 is only
expressed in the salivary glands,20 MUC5B is
also expressed in the salivary glands and is the
predominant mucin in the gallbladder,21 and
MUC2 and MUC3 are expressed in the
intestine.22 23 The secretory mucins MUC5AC
and MUC6 are expressed in the epithelium of
the stomach. The superficial epithelium and
the cells in the upper part of the gastric pits
produce MUC5AC.24 25 MUC6 expression is
confined to the lower mucous neck cells and
the cells of the antral glands.24–26
As H pylori binds gastric mucin in vitro and
seems to reside in the mucus layer overlaying
the MUC5AC producing cells of the superficial epithelium, we sought to determine a possible colocalisation of MUC5AC and H pylori
in the human stomach. Furthermore, we were
interested to determine whether the presence
of the bacterium would alter the expression
pattern of the gastric mucins, MUC5AC and
MUC6.
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Results
PATIENT CHARACTERISTICS

The 72 endoscopic procedures were performed
in 64 patients; eight patients underwent endoscopy twice, for evaluation of eradication treatment. Four of these eight patients were
successfully treated. Of the 72 biopsy specimens studied, 34 were from H pylori positive
patients, four after failed eradication treatment.
Thirty eight biopsy specimens were from H
pylori negative patients (19 after successful
eradication therapy). The presence of H pylori
was independently assessed by both culturing
the bacterium and by a pathologist. We were
able to detect the bacterium by immunohistochemistry in all infected patients, and thus the
concordance with the independent pathologist
and the microbiological detection method was
100%. The severity of gastritis was scored
according to the Sydney classification (table 1).
MUCIN EXPRESSION PATTERNS

In each patient, we examined the expression
patterns of MUC5AC and MUC6, and their
relation to H pylori colonisation of the gastric
mucus layer. We were able to visualise the
entire pit–gland axis in the antral mucosa of
each patient. Single sections were stained for
MUC5AC, MUC6, and H pylori using an
immunohistochemical triple staining method.
Virtually all epithelial cells of the superficial
epithelium and the antral glands express
mucin, either MUC5AC or MUC6.
The expression of MUC5AC was localised
to cells of the superficial epithelium of the
stomach and the upper parts of the gastric
glands (fig 1A–F). In separate experiments we
found that these cells were detected by each of
the antibodies used to detect MUC5AC (data
not shown). The anti-HGM antiserum and the
monoclonal antibody 45M1, which both recognise the MUC5AC precursor as well as the
mature MUC5AC molecules,28 29 gave near
indistinguishable results, staining the intracellular storage granules as well as the secreted
mucin (shown in fig 1 for 45M1). Based on the
immunohistochemical staining of consecutive
Table 1 Number of patients in each category according to
the Sydney classification
Activity
Normal
Focal
Mild
Moderate
Severe

Chronicity
Normal

Mild

Moderate

19

14

4/1
6
5
6
2

1/1
1

H pylori positive patients are denoted in italics.

Severe

2
5
5

antrum sections of many patients, it appeared
that the monoclonal antibody CLH2 only
stained the perinuclear region of MUC5AC
expressing cells (data not shown). This was in
accordance with the fact that CLH2 is only
able to recognise the MUC5AC precursor.30 As
45M1 was able to stain intracellular as well as
extracellular MUC5AC we chose to use this
antibody in our triple labelling experiments.
Using 45M1, the distribution of MUC5AC
staining among the epithelial cells appeared
uniform and continuous in all examined biopsy
specimens, and this basic expression pattern
was not aVected in H pylori infected patients
(compare fig 1A and C with D–F).
The anti-MUC6 antibody showed strong
perinuclear reactivity in the cells of the lower
parts of the antral glands (fig 1A–F, H–J). This
antibody is able to recognise the MUC6
precursor,
explaining
the
perinuclear
staining.26 We did not observe reactivity of the
anti-MUC6 antiserum with cells of the superficial epithelium or upper part of the glands in
any of the biopsy specimens. We found
complementary expression of MUC5AC and
MUC6 in each patient, but virtually no
colocalisation of both mucins (fig 1). The area
of transition between MUC5AC and MUC6
producing cells was always sharply delineated
(fig 1A–F, I).
In many H pylori positive patients we noted a
considerable decrease in the number of
MUC5AC expressing cells, concomitant with a
seeming increase in MUC6 producing cells
(compare, for example, fig 1C and D). This
apparent shift in number of MUC5AC and
MUC6 expressing cells did however not correlate with any change in staining intensity or
with the continuity of the staining patterns of
either mucin.
H PYLORI LOCALISATION

Using the triple staining method, we were able
to study the relation between mucin expression
in the stomach and H pylori colonisation. We
found a striking colocalisation of H pylori with
MUC5AC in each of the patients infected with
the bacterium (fig 1E–I). In all biopsy material,
more than 99% of the bacteria were associated
with extracellular MUC5AC, or closely associated with MUC5AC producing cells (fig 1E–I).
We never detected more than 1% of H pylori
associated with the MUC6 producing cells in
the gastric glands. If bacteria were detected in
the proximity of MUC6 producing cells, this
was always in the area of transition between
MUC5AC and MUC6 producing cells (fig 1I).
In most sections we observed dense colonisation by H pylori of the MUC5AC producing
epithelium, with a uniform distribution until
the margins of MUC5AC containing mucus
(fig 1E, F, I). The bacterium abruptly disappeared at the area of transition to MUC6
expression. In two of the sections examined
some of the bacteria were detected in a
transected gastric pit containing MUC6 only
(data not shown). Although this was very rarely
observed, it provided an essential positive control for the ability to detect the purple stained
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MUC2 and MUC3, and staining of normal
human duodenum sections with anti-MUC2,
anti-MUC3, anti-MUC5AC, and anti-MUC6.
This showed that anti-MUC5AC and antiMUC6 reacted specifically with gastric mucins, whereas anti-MUC2 and anti-MUC3
reacted exclusively with duodenal epithelium,
but not with gastric epithelium. Also, when
each of the primary or secondary antibodies
were omitted no immunoreactivity was observed with any of the detection methods.
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Figure 1 Immunohistochemical staining of sections of human stomach. All sections were immunohistochemically triple
stained using antibodies against MUC5AC, MUC6, and H pylori. Detection of MUC5AC yielded a turquoise blue
colour. MUC6 was detected using a DAB staining, staining MUC6 brown. Detection of H pylori yielded a reddish purple
staining. All sections were counterstained with haematoxylin. (A) Section from an individual without H pylori infection.
Note the complementary expression of MUC5AC and MUC6 within the epithelium. There is some yellow/orange staining
in the mucosa. This is caused by erythrocytes that appear yellow/orange in this particular quadruple staining. (B) Higher
magnification of A showing the transition zone of MUC5AC and MUC6 expression. (C) Distribution of MUC5AC and
MUC6 along the pit–gland axis in a H pylori negative patient. (D) A H pylori positive patient at the same
magnification as C (the bacteria cannot be discerned at this magnification in this patient). Notice in C and D that the
glands have approximately the same length, but that the number of MUC6 expressing cells has increased, whereas the
number of MUC5AC expressing cells has diminished. (E) and (F) Sections of H pylori positive patients, showing heavy
infection of the mucus layer and epithelium. The star indicates a gland that is shown at higher magnification in panel I.
(G–I) Higher magnifications of sections from H pylori positive patients. Notice in E–I that the H pylori bacteria
colocalise with MUC5AC and with MUC5AC producing cells, but not with MUC6. (J) Section of a H pylori negative
patient (after successful eradication of the bacterium), showing a focal area of intestinal metaplasia (im). Notice that the
areas of intestinal metaplasia contain characteristic “intestinal type” goblet cells, but stained neither for MUC5AC nor
MUC6. Arrows in E–G and I indicate purple stained, clustered H pylori bacteria. In all patients the detection of H pylori
in the sections was in accordance with the culturing of the bacterium and routine histology using H&E staining. Original
magnification × 62.5 (A); × 125 (B); × 62.5 (C); × 62.5 (D); × 31 (E); × 31 (F); × 250 (G); × 250 (H); × 50 (I); ×
125 (J).
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Discussion
The mechanism underlying the tissue specificity of bacterial adhesion is poorly understood.
As this host cell type dependent colonisation is
the first step in the infectious process for most
bacteria, it is important to elucidate the underlying mechanisms. In general, the mucous gel
of the gastrointestinal tract is thought to be an
important barrier in the cytoprotection against
pathogenic organisms. In recent years however,
it has become increasingly clear that a range of
epithelial pathogens can use mucin, its most
important structural component, to colonise
this mucus barrier. However, many diVerent
mucins are expressed along the gastrointestinal
tract, and we now show for the first time that a
bacterium preferentially associates with one of
these mucins.
The bacterium H pylori is adapted to an
environment of gastric mucus. In the duodenum, gastric metaplasia is very likely a prerequisite for the presence of the bacterium,33–35 and
reports exist of H pylori colonisation of gastric
metaplastic tissue in Meckel’s diverticula,36 37
and even in the rectum.38 Although the
prevalence of H pylori colonisation at these distant sites of gastric metaplasia is low, these
cases provide very interesting examples of the
organism’s specificity for gastric type epithelium. Additionally, areas of complete intestinal
metaplasia in the stomach mucosa provide a
hostile environment to H pylori, as this
bacterium is generally not detected in the
mucus overlaying this epithelium, nor attached
to these metaplastic epithelial cells.
From the above, it follows that the putative
receptor responsible for H pylori colonisation of
the stomach should meet the following criteria:
(i) present in mucus; (ii) specific for mucus
produced by gastric type epithelium; (iii) not
present in mucus overlaying areas of complete
intestinal metaplasia; (iv) not present in the
normal duodenum; and (v) present in areas of
gastric metaplasia in the duodenum. A number
of diVerent receptors for H pylori have been
characterised in vitro (for review see Moran39);
importantly none of them meets the necessary
criteria.
In the present study we focused on the
distribution of two important gastric epithelial
secretory gene products and their relation to
the colonisation pattern of H pylori. We
hypothesised that MUC5AC could be a
putative H pylori receptor which could account
for its colonisation pattern.

The secretory mucins MUC5AC and
MUC6 are expressed in gastric epithelium. In
studies investigating mucin expression in the
gastrointestinal tract, these mucins have only
been found in the stomach, and they are
normally not expressed in the oesophagus or
intestines. The cells of the superficial epithelium and the upper part of the gastric pits produce MUC5AC, whereas cells of the gastric
glands and the lower part of the gastric pits
express MUC6. The presence of MUC5AC in
the superficial gastric epithelium makes it an
attractive putative receptor for the tissue
specific colonisation displayed by H pylori, as
this bacterium is known to reside in this habitat.
We have shown, and to our knowledge for
the first time, that expression of MUC5AC and
MUC6 is complementary in the human stomach, and that gastric epithelial cells specifically
express only one of both mucins. Interestingly,
we also observed that H pylori colonises the
mucous gel layer overlaying cells producing
MUC5AC and that the bacterium does not
associate with cells producing MUC6. In all
sections of the 34 H pylori positive biopsy
specimens examined, we noted a clear demarcation of the extent of H pylori colonisation.
This demarcation always corresponded to the
sharply
delineated
transition
between
MUC5AC and MUC6 producing cell populations, even in densely colonised biopsy specimens. No clear diVerence in staining intensity
of either MUC5AC or MUC6 was observed in
any of the examined biopsy specimens, and the
expression of both mucins was always found to
be continuous. Importantly, we did not detect
any MUC6 expression in superficial epithelial
cells in these patients. This contrasts with earlier findings by Byrd et al,40 who reported aberrant expression of MUC6 in the surface
epithelium of 21 of 29 H pylori infected
patients as well as focal areas where surface
mucous cells did not stain with anti-MUC5AC
antibodies. We showed that H pylori can cause
a shift in the relative sizes of the two gastric
epithelial cell populations, expressing either
MUC5AC or MUC6, as was observed in
several H pylori infected patients. Although we
observed the same tendency of the gastric epithelium to produce increased numbers of
MUC6 positive cells, as did Byrd et al,40 this
never resulted in the expression of MUC6 in
surface mucous cells. We have no explanation
why our results are at variance with those of
Byrd et al, other than diVerences in reagents
and methodology to detect the mucins. Mechanistically, the observed change in the size of the
MUC5AC and MUC6 producing cell populations by our group and Byrd’s work could be
caused by an altered turnover of one or both
cell populations, or alternatively by a change in
mucin expression.
The H pylori binding receptor that has been
characterised most carefully so far is Lewis B
(Leb), a blood group antigen, and a terminal
carbohydrate chain on glycoproteins and glycolipids. The aYnity of H pylori towards this
carbohydrate was shown in an in situ adherence assay.41 In this assay fresh H pylori adhered

Gut: first published as 10.1136/gut.46.5.601 on 1 May 2000. Downloaded from http://gut.bmj.com/ on November 29, 2021 by guest. Protected by copyright.

bacteria against the brown background of DAB
stained MUC6.
In two patients we found focal areas of intestinal metaplasia. H pylori was absent in these
areas. It has previously been shown that areas
of intestinal metaplasia show abundant expression of MUC2 and MUC3, the predominant
intestinal mucins, and not MUC5AC or
MUC6.25 As expected, we did not detect
MUC5AC or MUC6 expression in these cells
(fig 1J). We did, however, detect endogenous
alkaline phosphatase activity on the brush border of these cells as typical for intestinal cells
(data not shown).
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pattern. However, we did observe a shift in
MUC5AC and MUC6 producing cell populations in some but not all of the H pylori infected
patients with a relative increase in MUC6 producing cells. The pathophysiological meaning
of this finding remains unclear.
The authors would like to thank Dr C A Reis for the CLH2
antibody, Prof. D K Podolsky for the WE9 antibody, Dr C de
Bolós for the MUC6.1 antibody, Prof. Y S Kim for the M3P
antibody, and Dr B Appelmelk for the anti-H pylori antibody.
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to fixed sections of human gastric tissue. Both
soluble Leb and a monoclonal antibody to Leb
interfered with this adhesion. The bacterial
adhesin responsible for Leb antigen binding,
BabA, has recently been identified.42 Although
a pathophysiological role remains to be shown
for infection of the human stomach, the BabA–
Leb interaction may be an important factor in
the outcome of infection, as it increased the
severity of gastritis in transgenic mice expressing human Leb.12 Nevertheless, both transgenic
animals and their controls were colonised.
Importantly, Leb does not fulfil the five above
mentioned criteria. Although Leb is present in
gastric mucus, as a carbohydrate side chain of
mucin, it is also expressed in the normal
oesophagus,43 the duodenum,43 44 and in areas
of intestinal metaplasia.45 46 Indeed, it was
shown that Leb does not seem to play a critical
role in the colonisation process of H pylori in
experiments in other model systems both in
vitro and in vivo.47 48
It is not unimportant to place two technical
aspects of our results in perspective. Firstly, we
have found a strong colocalisation of H pylori
and MUC5AC. Yet we cannot exclude that the
bacterium does not bind to MUC5AC directly.
It is also possible that the bacterium associates
with molecules that colocalise with MUC5AC.
MUC5AC provides the structural framework
for the gastric mucus layer. Therefore, it seems
likely that the bacterium may try to get a foothold onto either the MUC5AC itself or to a
molecule physically associated with MUC5AC.
We are unable to discriminate between these
possibilities. Secondly, our anti-MUC6 antibody only recognises the MUC6 precursor,
and not the mature MUC6. Therefore, the
bacteria could be associated with secretory
MUC6 that is not recognised by the antiMUC6 antibody. The most important counterargument is that the H pylori bacteria are not
associated with the MUC6 producing cells, or
located anywhere near the MUC6 producing
cells in the lower part of the gastric glands, as
one would expect when the bacteria associate
to secretory MUC6.
In conclusion, we have provided the first evidence that MUC5AC constitutes an attractive
candidate for the gastric mucus specific H
pylori receptor. In the present study we have
shown that MUC5AC fulfils the necessary criteria in the human stomach: (i) MUC5AC is
the structural component of the superficial
gastric mucous gel layer; (ii) the expression of
MUC5AC is specific for superficial gastric epithelial cells, MUC5AC is not expressed in normal duodenum or intestinal metaplasia of the
duodenum; (iii) in the stomach, the colonisation pattern of H pylori matches the area
expression of MUC5AC >99%, the bacterium
colocalises with extracellular MUC5AC as well
as with the apical domain of MUC5AC
producing epithelial cells, and not with MUC6.
It remains to be shown whether MUC5AC is
expressed in gastric metaplasia in the duodenum. This seems likely, however, as MUC5AC
expression is highly specific for gastric epithelial cells. Finally, we did not observe any gross
disturbances in the gastric mucin expression
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