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A b s t r a c t t 

Background Background 

Thee bacterium H. pylori is able to adhere to and to colonize the human 
gastricc epithelium, yet the primary gene product responsible as a receptor tor 
itss adherence has not been identified. 

Aims Aims 
Too investigate the expression of the gastric mucins MUC5AC and MUC6 in 
thee the gastric epithelium in relation to H. pylori colonization in order to 
examinee their possible roles in the binding of H. pylon. 

Patients Patients 
Seventyy two consecutive patients suspected of having H. pylori infection. 

Methods Methods 

MUC5AC,, MUC6, and H. pylori were detected in single sections of antral 
biopsyy specimens using immunohistochemical triple staining. 

Results Results 

MUC5ACC was expressed in the superficial epithelium, and the upper part of 
thee gastric pits. MUC6 expression was detected in the lower part of the 
gastricc pits. The expression of both mucins in the epithelium was comple-
mentary.. In each patient, there was a sharply delineated transition between 
MUC5AC-- and MUC6-producing cell populations. In all H. pylori -positive 
patientss there was a striking colocalization of H. pylori and MUC5AC; 
moree than 99% of the bacteria were associated with either extracellular 
MUC5ACC or the apical domain of MUC5AC-producing cells. 

Conclusions Conclusions 

H.H. pylori is very closely associated with extracellular MUC5AC and epithe-
liall  cells that produce MUC5AC. This indicates that MUC5AC, but not 
MUC6,, plays a role in the adhesion of H. pylori to the gastric mucosa. 
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Introduction n 
Thee Gram-negative bacterium Helicobacter pylori has the unique ability to 
colonizee the human stomach. Infection is widespread with a prevalence of 
moree than 90% in some developing countries.1 Colonization results in 
chronicc infection, and leads to gastric inflammation.2 The presence of the 
bacteriumm is associated with peptic ulcer disease,3 atrophic gastritis, gastric 
adenocarcinoma,4155 and gastric MAL T lymphoma.6 H. pylori does not invade 
thee 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 
intercellularr junctions.7 In m vitro experiments, the attachment to the 
epitheliall  cells has been shown to induce signal transduction in gastric cells, 
withh activation of the transcription factor N F - K B . S _ 1' Subsequently, the 
cytokinee mterIeukin-8 (an important T-cell and neutrophil chemoattractant 
andd critical mediator in the H. pylori-induced inflammatory process) is 
produced.. Thus, physical contact of the bacterium with the epithelial cell 
playss a pivotal role in the outcome of infection.12 It seems likely that hom-
ingg to the mucus layer and attachment to mucosal cells are separate processes 
andd may be mediated by different bacterial adhesins and host receptors. 
Ann interesting example of this exists in colonization of the intestine by 
anotherr Gram negative bacterium, the enteropathogenic Escherichia coli. 
Thiss bacterium uses its pili to bind specifically to intestinal mucin in various 
models,1~U133 possibly accounting for its colonization pattern. The bacterial 
membranee protein intimin and a receptor, Hp90, on the intestinal cell how-
everr mediate intimate adhesion to the intestinal cells. It has recently been 
demonstratedd that this receptor is not of host cell origin but actually encod-
edd by the bacterium and translocated into the mammalian cell membrane,16 

thuss renamed Tir (for translocated intimin receptor). This intimin-Tir adhe-
sionn can of course not account for its tissue specificity. Thus, separate 
interactionss are involved in the tropism of this E. coli for the intestine, and 
adherencee to the intestinal cells. This provides yet another instructive exam-
plee of the multimolecular nature of enteropathogen-host cell interactions. 
H,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.vitro.1717 Mucin is the most important structural component of the mucus gel 
layer.18,199 These highly O-glycosylated molecules form hydrated multi-
mericc complexes. To date, nine human epithelial mucin genes have been 
identifiedd and designated MUCl-4, MUC5B, MUC5AC, and AWC6-8.ll> 
Mostt of these genes are expressed in a cell type- and tissue-specific manner.20-

266 Several of these mucins show a tissue-specific regional distribution along 
thee cephalo-caudal axis of the gastrointestinal mucosa. On the other hand 
somee of these, particular MUCl and MUC4, are expressed in most regions of 
thee gastrointestinal tract. MUC7 is only expressed in the salivary glands,20 

MUC5BB is also expressed in the salivary glands and is the predominant 
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mucinn in the gallbladder,21 and MUC2 and MUC3 are expressed m the 
intestine.'- '-33 The secretory mucins MUC5AC and MUC6 are expressed in 
thee epithelium of the stomach. The superficial epithelium and the cells in the 
upperr part of the gastric pits produce MUC5AC.2 4-23 MUC6 expression is 
confinedd to the lower mucous neck cells and the cells of the antral 
g lands.2 4^ '2* * 
Ass H. pylori binds gastric mucin in vitro and seems to reside in the mucus lay-
err overlaying the MUC5AC-producing cells of the superficial epithelium, we 
soughtt to determine a possible colocalization of MUC5AC and H. pylori in 
thee human stomach. Furthermore, we were interested to determine if the 
presencee of the bacterium would alter the expression pattern of the gastric 
mucins,, MUC5AC and MUC6. 

Materialss & Methods 
Patients Patients 

Gastroduodenoscopyy was performed on 72 consecutive patients referred to 
thee endoscopy unit of the Academic Medical Center in Amsterdam for 
chronicc upper abdominal complaints. These patients were enrolled m a 
prospectivee study investigating the prevalence of H. pylori infection in 
patientss on antacid therapy, which was approved by the Ethics Committee of 
thee Academic Medical Center. Biopsies were taken from the antrum of the 
stomachh as part of these investigations. Specimens were fixed in phosphate 
bufferedd saline (PBS) buffered paraformaldehyde, and embedded in paraffin. 
H.H. pylori status was determined by culturing the bacteria, and confirmed 
byy an independent pathologist by routine histology (H&E stain). The histo-
logicall  grade of gastritis was scored according to the Sydney classification.-7 

Antibodies Antibodies 

Too detect MUC5AC, we used either the mouse monoclonal antibody 45M1 
(Novocastra,, Newcastle upon Tyne, England),-s rabbit polyclonal anti-
humann gastric mucin (anti-FiGM),29 or mouse monoclonal CLH2 kindly pro-
videdd by C.A. Reis.30 To detect MUC6, we used MUC6.1 a polyclonal anti-
bodyy 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 
kindd gift of D.K. Podolsky. M3P, a polyclonal antibody against MUC3,23 was 
generouslyy provided by Y.S. Kim. For staining of H. pylori we used either a 
rabbitt polyclonal antibody (DAKO, Glostrup, Denmark) or pooled serum of 
sevenn different H. />jy/or?-immunized rabbits, a gift of F. Namavar.32 

Immunohistochemistry Immunohistochemistry 

Too detect MUC5AC, MUC6, and H. pylori in a single section, for optimal 
investigationn of their possible colocalization, an immunohistochemical 
triplee staining method was developed. Paraffin sections (6 /Jm) were deparaf-
finated.. Endogenous peroxidase was blocked using 1.5% FbOi in PBS for 30 
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minn at room temperature (RT), and washed in PBS. Sections were heated for 
100 min at 100"C in 0.01 M sodium citrate pH 6.0 to enhance antigen retrieval. 
Afterr cooling on ice for 15 min and washing in PBS, sections were blocked in 
TENG-TT (10 inM Tris, 5 mM EDTA, 0.15 M NaCl, 0.25% gelatin, 0.05% 
(v/v)) Tween-20, pH 8.0) at RT. After washing in PBS, the rabbit anti-
MUC66 polyclonal antiserum (MUC6.1) was applied (1:200 dilution), and 
incubatedd overnight at 4°C. Thereafter, sections were washed in PBS, incu-
batedd with a secondary biotinylated antibody (goat anti-rabbit Ig /BIO, 
DAKO )) in a 1:500 dilution for 1 h at RT, and washed in PBS. Sections were 
incubatedd with ABcomplex (Vector laboratories, Burlingame, CA) for 1 h at 
RT,, and washed with PBS. Enzyme activity was detected with diaminoben-
zidinee (DAB, Sigma, St Louis, MO), 5 mg of DAB, and 10 ^1 of 30% H 2 0 2 , 
inn 1 0 ml 50 mM Tris pH 7.8, resulting in a brown color. Subsequently sam-
pless were heated at 90-100°C in 10 mM sodium citrate for 5 min and after 
cooling,, blocked with TENG-T, and washed in PBS. Sections were incubat-
edd overnight at 4°C, with a mixture of mouse anti-MUC5AC (i.e. 45M1), and 
rabbitt anti-//, pylori antibodies in 1:50 and 1:5000 dilutions, respectively. On 
thee third day, sections were washed in PBS, and incubated with a mixture of 
twoo secondary antisera, one labeled with alkaline phosphatase and the other 
biotinylated,, at RT for 1 h (goat anti-rabbit Ig/AP, and goat anti-mouse 
Ig/BI OO in 1:20 and 1:100 dilutions respectively, DAKO) . After washing in 
PBS,, sections were incubated for 30 min in streptavidin /ï-galactosidase 
(strepp /?-gal, Boehringer Mannheim, Mannheim Germany) diluted 1:40 in PBS 
att RT. The strep 0-gal was detected using 1% X-gal (DAKO) in iron phos-
phatee buffer (0.02% MgCl2.6H.O, 0.099% potassium ferricyanide, 0.127% 
potassiumm ferrocyanide) at 37°C for 15-30 min, resulting in a blue/ turquoise 
color.. After washing in Tris-buffered saline, the alkaline phosphatase was 
detectedd using the Fast Red detection method (DAKO), staining H. pylori 
inn a reddish purple. Sections were briefly counterstained with hematox-
illine,, and mounted in Ultramount (DAKO), an aqueous mounting medium. 
Twoo investigators (GRvdB, KMAJT) scored the sections independently in a 
blindedd manner. The distribution patterns of MUC5AC and MUC6 were 
assessed,, and the sections were evaluated for the presence of H. pylori, and 
whenn present, the percentage of bacteria associated with MUC5AC- or 
MUC6-producingg cells was scored. 

tmmunohistochemicattmmunohistochemicat controls 

Controlss included staining of normal human gastric tissue sections with 
antibodiess against MUC2 and MUC3, and staining of normal human duo-
denumm sections with anti-MUC2, -MUC3, -MUC5AC and -MUC6. This 
showedd that anti-MUC5AC and anti-MUC6 reacted specifically with gastric 
mucins,, whereas anti-MUC2 and anti-MUC3 reacted exclusively with duo-
denall  epithelium, but not with gastric epithelium. Also, when each of the pri-
maryy or secondary antibodies were omitted no immunoreactivity was 
observedd with any ol the detection methods. 
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Tablee 1 . Number of patients in each category according to the Sydney classi-
fication. . 

rmal l 

19 9 
0 0 
0 0 
0 0 
0 0 

Chronicity y 

Mild d 

14 4 
0 0 

11 / 1 
1 1 
0 0 

Moderate e 

4 / 7 7 
6 6 
5 5 
6 6 
2 2 

Sev< < 

0 0 
2 2 
0 0 
5 5 
5 5 

Normal l 
Focal l 
Mild d 
Moderate e 
Severe e 

H.H. py/o/v'-positive patients are denoted in italics. 

Results s 

PatientPatient characteristics 

Thee 72 endoscopic procedures were performed in 64 patients; eight patients 
underwentt endoscopy twice, tor evaluation oi eradication treatment. Four of 
thesee eight patients were successfully treated. Of the 72 biopsies studied, 34 
weree from H. Pylori-posh'we patients, four after failed eradication treatment. 
Thirtyy eight biopsies were from H. pylori -negative patients (19 after suc-
cessfull  eradication therapy). The presence of H. pylori was independently 
assessedd by both culturing the bacterium and by a pathologist. We were 
ablee to detect the bacterium by immunohistochemistry in all infected 
patients,, and thus the concordance with the independent pathologist and the 
microbiologicall  detection method was 100%. The severity of gastritis was 
scoredd according to the Sydney classification (Table 1). 

MucinMucin Expression Patterns 

Inn each patient, we examined the expression patterns of MUC5AC and 
MUC6,, and their relation to H. pylori colonization of the gastric mucus lay-
er.. We were able to visualize the entire pit-gland axis in the antral mucosa of 
eachh patient. Single sections were stained for MUC5AC, MUC6 and H. 
pyloripylori using an immunohistochemical triple staining method. Virtually all 
epitheliall  cells of the superficial epithelium and the antral glands express 
mucin,, either MUC5AC or MUC6. 
Thee expression of MUC5AC was localized to cells the superficial epithelium 
off  the stomach and the upper parts of the gastric glands (Fig. 1A-F). In sep-
aratee experiments we found that these cells were detected by each of the anti-
bodiess used to detect MUC5AC (Data not shown). The anti-HGM antiserum 
andd the monoclonal antibody 45M1, which both recognize the MUC5AC 
precursorr as well as the mature MUC5AC molecules,-8'"9 gave near indis-
tinguishablee results, staining the intracellular storage granules as well as 
thee secreted mucin (Shown in Fig. 1 for 45MI). Based on the immunohis-
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tochemicall  staining of consecutive antrum sections of many patients, it 
appearedd that the monoclonal antibody CLH2 only stained the perinuclear 
regionn of MUC5AC expressing cells (Data not shown). This was in accor-
dancee with the fact that CLH2 is only able to recognize the MUC5AC pre-
cursor.300 As 45M1 was able to stain intracellular as well as extracellular 
MUC5ACC we chose to use this antibody in our triple labeling experiments. 
Usingg 45M1, the distribution of MUC5AC staining among the epithelial cells 
appearedd uniform and continuous in all examined biopsies, and this basic 
expressionn pattern was not affected in H. pylori-ïniecteó patients (com-
paree Fig. 1A and 1C with 1D-F). 
Thee anti-MUC6 antibody showed strong perinuclear reactivity in the cells of 
thee lower parts of the antral glands (Fig. 1A-F and 1H-J). This antibody is 
ablee to recognize the MUC6 precursor, explaining the perinuclear staining.26 

Wee did not observe reactivity of the anti-MUC6 antiserum with cells of the 
superficiall  epithelium or upper part of the glands in any of the biopsies. We 
foundd complementary expression of MUC5AC and MUC6 in each patient, 
butt virtually no co-localization of both mucins (Fig. 1). The area of transi-
tionn between MUC5AC- and MUC6-producing cells was always sharply 
delineatedd (Fig. 1A-F, and II) . 
InIn many H. pylori-positive patients we noted a considerable decrease in the 
numberr of MUC5AC expressing cells, concomitant with a seeming increase 
inn MUC6-producing cells (compare e.g. Fig. 1C and ID) . This apparent 
shiftt in number of MUC5AC and MUC6 expressing cells did however not 
correlatee with any change in staining intensity or with the continuity of the 
stainingg patterns of either mucin. 

H.H. pylori localization 

Usingg the triple staining method, we were able to study the relationship 
betweenn mucin expression in the stomach and H. pylori colonization. We 
foundd a striking co-localization of H. pylori with MUC5AC in each of the 
patientss infected with the bacterium (Fig. 1E-I). In all biopsy material more 
thann 99% of the bacteria were associated with extracellular MUC5AC, or 
closelyy associated with MUC5AC producing cells (Fig. 1E-I). We never 
detectedd more than 1% of H. pylori associated with the MUC6 producing 
cellss in the gastric glands. If bacteria were detected in proximity of MUC6 
producingg cells, this was always in the area of transition between MUC5AC 
andd MUC6 producing cells (Fig. II) . In most sections we observed dense col-
onizationn by H. pylori of the MUC5AC producing epithelium, with a uni-
formm distribution until the margins of MUC5AC containing mucus (Figs IE, 
IF,, and I I ) . The bacterium abruptly disappeared at the area of transition to 
MUC66 expression. In two of the sections examined some of the bacteria were 
detectedd in a transected gastric pit containing MUC6 only (Data not shown). 
Althoughh this was very rarely observed, this provided an essential positive 
controll  for the ability to detect the purple-stained bacteria against the 
brownn background of DAB stained MUC6. 
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Figuree 1 . Immunohistochemical staining of sections of human stomach. All sec-
tionss were immunohistochemically triple stained using antibodies 
againstt MUC5AC, MUC6, and H. pylori. Detection of MUC5AC yielded a 
turquoisee blue color. MUC6 was detected using a DAB-staining, staining 
MUC66 brown. Detection of H. pylori yielded a reddish purple staining. All 
sectionss were counterstained with hematoxyline. (A) Section from an 
individuall without H. pylori infection. Note the complementary expres-
sionn of MUC5AC and MUC6 within the epithelium. There is some yel-
low/orangee staining in the mucosa. This is caused by erythrocytes that 
appearr yellow/orange in this particular quadruple staining. (B) Higher 
magnificationn of A showing the transition zone of MUC5AC and MUC6 
expression.. (C) Distribution of MUC5AC and MUC6 along the pit-gland 
axiss in a H, pylori-negative patient. (D) A H. pylori-positive patient at the 
samee magnification as C (The bacteria cannot be discerned at this 
magnificationn in this patient). Notice in C and D that the glands have 
approximatelyy the same length, but that the number of MUC6 express-
ingg cells has increased, whereas the number of MUC5AC expressing 
cellss has diminished. (E) and (F) Sections of H. pylori-positive patients, 
showingg heavy infection of the mucus layer and epithelium. The aster-
iskss indicate glands that are shown at higher magnification in panels G 
andd I. (G-l) Higher magnifications of sections form H. pylori-positive 
patients.. Notice in E-l that the H. pylori bacteria co-localize with MUC5AC 
andd with MUC5AC-producing cells, but not with MUC6. (J) Section of a 
H.. pylori-negative patient (i.e. after successful eradication of the bac-
terium),, showing afocal area of intestinal metaplasia (im). Notice that the 
areass of intestinal metaplasia contain characteristic 'intestinal-type' 
goblett cells, but stained neither for MUC5AC or MUC6. Arrows in E-G, 
andd I indicate purple stained, clustered H. pylori bacteria. In all patients 
thee detection of H. pylori in the sections was completely in accordance 
withh the culturing of the bacterium and routine histology using H&E 
staining.. (Original magnifications: A, 62.5x; B, 125x; C, 62.5x; D, 62.5x; 
E,, 31x; F, 31x; G, 250x; H, 250x; I, 50;J, 125x) 

Inn 2 patients we found focal areas of intestinal metaplasia. H. pylori was 
absentt in these areas. It has previously been shown that areas of intestinal 
metaplasiaa show abundant expression of MUC2 and MUC3, the predominant 
intestinall  mucins, and not MUC5AC or MUC6.23 As expected, we did not 
detectt MUC5AC or MUC6 expression in these cells (Fig. 1JJ. We did, 
however,, detect endogenous alkaline phosphatase activity on the brush bor-
derr of these cells as typical for intestinal cells (Data not shown). 

Discussion n 

Thee mechanism underlying the tissue specificity of bacterial adhesion is 
poorlyy understood. As this host cell type dependent colonization is the 
firstt step in the infectious process for most bacteria, it is important to elu-
cidatee the underlying mechanisms. In general, the mucus gel of the gas-
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trointestinall  tract is thought to be an important barrier in the cytoprotection 
againstt pathogenic organisms. In recent years however, it has become 
increasinglyy clear that a range of epithelial pathogens can use mucin, its 
mostt important structural component, to colonize this mucus barrier. 
However,, many different mucins are expressed along the gastrointestinal 
tract,, and we now show for the first time that a bacterium preferentially asso-
ciatess with one of these mucins. 
Thee 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 
thee bacterium,33"35 and reports exist of H. pylori colonization of gastric meta-
plasticc tissue in Meckel's diverticula,36-37 and even in the rectum.,R Although 
thee prevalence of H. pylori colonization at these distant sites of gastric meta-
plasiaa is low, these cases provide very interesting examples of the organism's 
specificityy for gastric type epithelium. Additionally, areas of complete intesti-
nall  metaplasia in the stomach mucosa provide a hostile environment to H. 
pylori,pylori, as this bacterium is generally not detected in the mucus overlaying this 
epithelium,, nor attached to these metaplastic epithelial cells. 
Fromm the above, it follows that the putative receptor responsible for H. 
pyloripylori colonization of the stomach should meet the following criteria: (i) pre-
sentt in mucus, (ii)  specific for mucus produced by gastric type epithelium, 
(Hi)(Hi)  not present in mucus overlaying areas ot complete intestinal metaplasia, 
(iv)(iv) not present in the normal duodenum, and (v) present in areas of gastric 
metaplasiaa in the duodenum. A number of different receptors for H. pylori 
havee been characterized in vitro (for review see Moran39), importantly' none 
off  them meets the necessary criteria. 
Inn the present study we focussed on the distribution of two important gas-
tricc epithelial secretory gene products and their relation to the colonization 
patternn of H. pylori. We hypothesized that MUC5AC could be a putative H. 
pyloripylori receptor that could account for its colonization pattern. 
Thee secretory mucins MUC5AC and MUC6 are expressed in gastric epithe-
lium.. In studies investigating mucin expression in the gastrointestinal tract, 
thesee mucins have only been found in the stomach, and they are normally not 
expressedd in the esophagus or intestines. The cells of the superficial epithe-
liumm and the upper part of the gastric pits produce MUC5AC, whereas cells 
off  the gastric glands and the lower part of the gastric pits express MUC6. The 
presencee of MUC5AC in the superficial gastric epithelium makes it an 
attractivee putative receptor for the tissue-specific colonization displayed by 
H.H. pylori, since this bacterium is known to reside in this habitat. 
Wee show, and to our knowledge for the first t ime, that expression of 
MUC5ACC and MUC6 is complementary in the human stomach, and that gas-
tricc epithelial cells specifically express only one of both mucins. Interestingly, 
wee also observed that H. pylori colonizes the mucous gel layer overlaying 
cellss producing MUC5AC and that the bacterium does not associate with 
cellss producing MUC6. In all sections of the 34 H. pylori-positive biopsies 
examined,, we noted a clear demarcation of the extent of H, pylori colo-
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nization.. This demarcation always corresponded to the sharply delineated 
transitionn between MUC5AC- and MUC6-producing cell populations even 
inn densely colonized biopsy specimens. No clear difference in staining 
intensityy of either MUC5AC or MUC6 was observed in any of the examined 
biopsyy specimens, and the expression of both mucins was always found to be 
continuous.. Importantly, we did not detect any MUC6 expression in super-
ficiall  epithelial cells in these patients. This contrasts with earlier findings by 
Byrdd et d/.,40 who reported aberrant expression of MUC6 in the surface 
epitheliumm of 21 of 29 H. pylori-\niected patients as well as focal areas 
wheree surface mucous cells did not stain with anti-MUC5AC-antibodies. We 
showedd that H. pylori can cause a shift in the relative sizes of the two gastric 
epitheliall  cell populations, expressing either MUC5AC or MUC6, as was 
observedd in several H. pylori-\niecxeo. patients. Although we observed the 
samee tendency of the gastric epithelium to produce increased numbers of 
MUC6-positivee cells, as did Byrd and co-workers,40 this never resulted in the 
expressionn of MUC6 in surface mucous cells. Presently, we have no expla-
nationn why our results are at variance with those of Byrd etal., other then dif-
ferencess in reagents and methodology to detect the mucins. Mechanistically, 
thee observed change in the size of the MUC5AC- and MUC6-producing cell 
populationss by our group and Byrd's work could be caused by an altered 
turnoverr of one or both cell populations, or alternatively by a change in 
mucinn expression. 

Thee H. pylori binding receptor that has been characterized most carefully so 
tarr is Lewis B (Leb), a blood group antigen, and a terminal carbohydrate chain 
onn glycoproteins and glycolipids. The affinity of H. pylori towards this car-
bohydratee was demonstrated in an in situ adherence assay.41 In this assay 
freshh H. pylori adhered to fixed sections of human gastric tissue. Both soluble 
Lebb and a monoclonal antibody to Leb interfered with this adhesion. The bac-
teriall  adhesin responsible for Leb antigen binding, BabA, has recently been 
identified.422 Although a pathophysiological role remains to be shown for 
infectionn of the human stomach, the BabA- Leb interaction may be an 
importantt factor in the outcome of infection, since it worsened the severity 
off  gastritis in transgenic mice, expressing human Leb.12 Nevertheless, both 
transgenicc animals and their controls were colonized. Importantly, Leb does 
nott fulfil l the five above-mentioned criteria. Although Leb is present in 
gastricc mucus, as a carbohydrate side chain of mucin, it is also expressed in 
thee normal esophagus,43 the duodenum4-5-44 and in areas of intestinal meta-
plasia.45,466 Indeed, it was shown that Leb does not seem play a critical role in 
thee colonization process of H. pylori in experiments in other model systems 
bothh in vitro, and in i?iVo.47* 48 

I tt is not unimportant to place twTo technical aspects of our results in per-
spective.. Firstly, we have found a strong co-localization of H. pylori and 
MUC5AC.. Yet, we cannot exclude that the bacterium does not bind to 
MUC5ACC directly. If is also possible that the bacterium associates with 
moleculess that co-localize with MUC5AC. MUC5AC provides the structural 
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frameworkk for the gastric mucus layer. Therefore, it seems likely that the bac-
teriumm may try to get a foothold onto either the MUC5AC itself or to a 
moleculee physically associated with MUC5AC. We are unable to discriminate 
betweenn these possibilities. Secondly, our anti-MUC6 antibody only rec-
ognizess the MUC6 precursor, and not the mature MUC6. Therefore, the bac-
teriaa could be associated with secretory MUC6 that is not recognized bv the 
anti-MUC66 antibody. The most important counterargument is that the H. 
pyloripylori bacteria are not associated with the MUC6-producing cells, or locat-
edd anywhere near the MUC6-producmg cells in the lower part of the gastric 
glands,, as one would expect when the bacteria would associate to secretory 
MUC6. . 
InIn conclusion, we provide the first evidence that MUC5AC constitutes an 
attractivee candidate for the gastric mucus specific H. pylori receptor. In 
thee present study we show that MUC5AC fulfil s the necessary criteria in the 
humann stomach. Because; (/) MUC5AC is the structural component of the 
superficiall  gastric mucus gel layer; (/'/) the expression of MUC5AC is specific 
forr superficial gastric epithelial ceils, MUC5AC is not expressed in normal 
duodenumm or intestinal metaplasia of the duodenum; (Hi) in the stomach, the 
colonizationn pattern of H. pylori matches the area expression of MUC5AC 
moree than 99%, the bacterium colocalizes with extracellular MUC5AC as 
welll  as with the apical domain of MUC5AC producing epithelial cells, and 
nott with MUC6. It remains to be shown whether MUC5AC is expressed in 
gastricc metaplasia in the duodenum. This seems likely however as MUC5AC 
expressionn is highly specific for gastric epithelial cells. Finally, we did not 
observee any gross disturbances in the gastric mucin expression pattern. 
However,, we did observe a shift in MUC5AC- and MUC6-producing cell 
populationss in some but not all of the H. pylori-mïecxeó patients with a rel-
ativee increase in MUC6 producing cells. The pathophysiological meaning of 
thiss finding remains unclear. 
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