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ABSTRACT 

 

Helicobacter pylori infects over 50 % of the world’s population, causing gastritis, and in 

some cases, peptic ulcer disease and gastric cancer. Adherence to the gastric surface 

occurs primarily through H. pylori outer membrane proteins (HOPs) and is essential for 

bacterial survival and establishment of infection. The Blood group Antigen-Binding 

Adhesin (BabA) is the best-characterized attachment protein, mediating adherence by 

binding to fucosylated carbohydrate structures on the surface of the gastric epithelium. 

H. pylori is highly adaptable to environmental changes that occur during stomach long-

term infection, however little is known about the effect of such changes on the 

adaptability and functionality of BabA adherence properties. The aim of this study was 

to evaluate how BabA-mediated binding properties of H. pylori isolates were affected 

during 20 years of chronic infection. Two H. pylori clinical isolates collected from a 

single individual, 20 years apart were studied for their Leb-binding properties using a 

combination of radioimmunoassay (RIA) and in situ histo- and cytochemistry. 

Our results demonstrated that H. pylori isolated after 20 years of infection had lost its 

Lewis b binding ability due to a nucleotide deletion in the babA gene, resulting in a 

translational frame shift and hence, a non-functional BabA protein. We also showed that 

the non-adherent isolate contains sub-populations of bacteria that express BabA and 

have therefore maintained the ability to bind to Leb-conjugate and adhere to human 

gastric mucosa in vitro.  

An additional adherence pattern was revealed when H. pylori bacterial cells were applied 

to human buccal epithelium cells (BEC), with all the isolates demonstrating attachment. 

These results suggest that H. pylori can express additional binding properties for 

adherence in the oral cavity which may contribute to re-infection as well as further 

transmission of the H. pylori infection.  
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INTRODUCTION 

 

Helicobacter pylori is a Gram-negative bacteria that infects more than half of the world’s 

population, resulting in a chronic gastric mucosal infection. However, a majority of H. 

pylori infections are asymptomatic or result only in mild symptoms such as dyspepsia. 

Due to periodic and fluctuating symptoms, the H. pylori infection often goes undetected 

for years and/or decades. 10-20 % of these infected individuals develop peptic ulcers and 

a further 1/100 of H. pylori infected individuals develop gastric cancer (Peek and Blaser, 

2002). Gastric cancer is the fifth most common cancer in the world and the third leading 

cause of cancer death worldwide, resulting in 723,000 mortalities annually (Ferlay et al., 

2013). 

 

Transmission 

H. pylori infection is primarily transmitted during early childhood, similar to 

Streptococcus mutans, and the established infection persists unless eradicated with 

antibiotics. The exact mode of H. pylori transmission has not yet been identified, however 

H. pylori can be cultured from saliva, stool and vomit (Parsonnet et al., 1999), providing 

evidence for an oral-oral or fecal-oral route of infection primarily between close family 

members. 

 

H. pylori in the oral cavity 

As transmission of H. pylori infection is believed to occur via the oral cavity, questions 

have been raised whether the mouth could be considered a secondary site for long-term 

colonization and infection, and therefore also a supplementary site to support long-term 

gastric infection. H. pylori was first successfully detected in the oral cavity in 1989, in 

dental plaque taken from an individual suffering from gastric disease related to H. pylori 

infection (Krajden et al., 1989), however, these results have been difficult to reproduce 

despite multiple attempts to culture H. pylori from dental plaque, saliva and oral mucosa 

(Namavar et al., 2001). Polymerase chain reaction (PCR) has widely been used to detect 

H. pylori presence in the oral cavity, however, results have been seen as somewhat 

unreliable as cell fragments and dead bacteria are included in amplification of DNA, 

increasing the risk for false-positive signals. Culturing of H. pylori is still considered the 



 4 

most reliable test for the detection of viable bacteria. This has proven to be particularly 

difficult with samples taken from the oral cavity due to the abundance and diversity of 

the oral microflora, which has also been documented as having an inhibiting effect on H. 

pylori growth (Ishihara et al., 1997).  

 

Virulence factors 

H. pylori carry a combination of recognized virulence markers, such as the Vacuolating 

Cytotoxin (VacA), that causes mitochondrial disruption in host cells (Jain et al., 2011), 

the Cag-Pathogenicity Island, coding for the effector molecule CagA (Censini et al., 

1996), and the ABO blood group antigen binding adhesin BabA (Ilver et al., 1998). Triple 

positive H. pylori strains (containing CagA, VacA and BabA) have been associated with 

higher risk of severe gastric disease (Gerhardt et al., 1999). 

H. pylori is unique in its exceedingly high recombination rate, a process able to define 

different scenarios of infection outcome. Intra- and inter-genomic recombination is the 

transfer of DNA and genes between different loci within the bacterial chromosome, and 

/or between H. pylori bacterial cells. These are processes that can equip the recipient 

bacterial cells with a combination of favorable properties for long-term survival in the 

host. The expression of virulence factors, changing of their properties, modification of 

the LPS antigens and phenotypic shifts select for the fittest clones and promote survival 

and persistence of the H. pylori infection (Salama et al., 2007). 

 

H. pylori Adherence and the BabA adhesin 

Bacterial attachment to gastric mucosa is critical to H. pylori, not only for obtaining 

nutrients from the host cell, but also for infiltration of host immune responses and the 

establishment of infection. This process is mediated by outer membrane attachment 

proteins, which act as adhesins, porins and membrane transporters (Backert et al., 2016). 

The best characterized of these adhesins are BabA and SabA (Sialic acid binding 

adhesin), the latter of which binds to sialylated (charged glycans) carbohydrate structures 

on the gastric mucosa, and are more abundant during mucosal inflammation (Mahdavi et 

al., 2002). The BabA adhesin binds to the carbohydrate structures that determine the well-

known human ABO-blood group system and their related Lewis structures (Borén et al., 

1993). These glycans, also referred to as histo-blood-group antigens are not only present 
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on red blood cells, but are also found in saliva, milk, tears and on gastric mucosal 

epithelial cells. Individuals can differ in their mucosal expression of these ABO-

carbohydrate structures depending on the action of secretor (Se) transferases, responsible 

for the synthesis of the ABO antigens, and Lewis (Le) transferases, needed for the 

modification of ABO structures that produce the Lewis antigens. Individuals with 

expressed ABO/Le antigens both on epithelial cells and in secretions are referred to as 

“secretors”. 

 

In order to survive and establish a persistent infection, H. pylori must adapt to both the 

harsh gastric conditions, such as extremely low pH of stomach lumen and regular 

epithelial cells shedding and also the series of changes that occur during different stages 

of inflammation and disease development.  

Regulation of BabA expression levels, binding affinity (strength) and receptor preference 

(specificity for different ABO-glycans), are some of the tools H. pylori makes use of to 

persist within the host. This results in a large sequence diversity, or polymorphism, in 

BabA among H. pylori clinical isolates (Aspholm-Hurtig et al., 2004). 

Little is known about the adaptive changes that may occur within a population of H. pylori 

in a host during long-term infection, as well as what implications these can have on the 

functionality of BabA. There is also a lack of understanding about the role of the oral 

cavity in transmission of H. pylori infection. Human buccal epithelial cells provide an 

almost unexploited source of primary cells displaying natural human glycosylation 

patterns expressing potential ligands for H. pylori attachment via the BabA adhesin.  

The specific aim of this study was to evaluate how BabA-mediated binding properties are 

affected by long-term infection in a chronically infected patient with H. pylori clones 

isolated 20 years apart. We also attempted to evaluate whether the binding patterns seen 

to gastric mucosa can be related to possible H. pylori deposits in the oral cavity, bound to 

buccal epithelial cells.  
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MATERIALS & METHODS 

Strains & cell culture 

Two sweeps of Helicobacter pylori, obtained from the Centre for Disease Control 

(Smittskyddsinstitutet, Solna) isolated 20-years apart from a chronically infected, 

asymptomatic patient were used in this study. For purposes of this study, these strains 

were named AD0 and AD20, respectively. A single clone isolate of Leb positive H. 

pylori CCUG 17875 (depicted as 17875/Leb) was used as a positive control (Ilver et al., 

1998), and H. pylori 17875 mutant with babA1babA2 deletion (or H. pylori DM) 

(Mahdavi et al., 2000), with SabA mediated binding to sialylated LewisX (sLex) 

glycans but no Leb-mediated binding was used as a negative control. All strains were 

cultured on Brucella agar plates (Difco) supplemented with 10 % Bovine blood 

(Svenska Labfab, Ljusne, Sweden), 1 % IsoVitox (Svenska Labfab, Ljusne, Sweden), 

Trimethoprim, Vancomycin and Amphotericin B before incubation at 37 °C in 

microaerophilic conditions (5 % O2 and 10 % CO2), for 4-9 days (Aspholm et al., 2006).  

 

Analysis of binding properties by Radioimmunoassay (RIA) with 125I-labelled Leb 

and sialylated LeX-glycoconjugates 

The Leb-HSA conjugate (IsoSep, Tullinge, Sweden) is produced by labeling human 

serum albumin Leb conjugates with 125I-isotope by the chloramine-T method (Aspholm 

et al., 2006). A conjugate concentration of 1 µg/mL of Leb-conjugate and 1 ng/ml of 125I-

labeled HSA-sLex conjugate were used in this study. Prior to the binding assay, bacterial 

suspensions were washed and re-suspended in phosphate-buffered saline (PBS) (pH 7.4) 

containing 1 % Bovine serum albumin (BSA) (Saveen Werner AB, Limhamn, Sweden). 

Bacterial suspensions were adjusted to an Optical Density of 0.1 at 600 nm 

(approximately 1x109 colony forming units, CFU/mL), and thereafter incubated for 2 

hours with a conjugate solution. Separation of the supernatant and bacterial pellet in the 

suspension was obtained by centrifugation for 10 minutes at 13,000 g, followed by 

detection of radioactivity levels in a gamma scintillation counter (Wizard 2, 2470 

Automatic gamma counter, PerkinElmer, Upplands Väsby, Sweden). The level of Leb-

mediated binding correlates with intensity of the radio signal in the pellet.  
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H. pylori binding to Alexa-labeled Leb-conjugate in vitro 

Leb conjugates were labelled with an Alexa Fluor 488 kit (Molecular probes, Life 

Technologies Corp., Oregon, USA), according to the manufacturers protocol. H. pylori 

strains were collected, washed in PBS and 0.05 % Tween-20, 3 times for 5 minutes, before 

adjusting to OD600 0.2. 2 µg of Alexa-labeled Leb-HSA conjugate was added to the 

suspensions followed by 2 hours incubation in the dark at room temperature. Samples 

were centrifuged at 5000 g for 5 minutes, and the pellet was re-suspended in a buffer, 

consisting of PBS, 0.05 % Tween-20 and 1 % periodate-treated BSA, before visualization 

with an upright fluorescent microscope (Carl Zeiss, Stockholm, Sweden).   

 

H. pylori binding to Leb-conjugate by Colony screening   

H. pylori isolates were grown on terazolium agar petri plates, containing 1 % 2,3,5-

triphenyl-terazolium chloride in water according to Aspholm et al., 2006.   

1 mL bacterial suspensions of H. pylori clones 17875/Leb and/or DM, and sweeps of H. 

pylori AD0 or AD20 were prepared in separate tubes containing pre-warmed Brucella 

broth. Suspensions were adjusted to OD600 0.1 (approximately 1x108 CFU/mL) and a 

dilution series was then made in Brucella broth to obtain 107, 106
,
 105 and 104 bacterial 

cells per mL. Next, 100 µL of bacterial suspensions from each dilution was spread over 

pre-warmed terazolium plates and placed in microaerophilic conditions until micro-

colonies were observed (period can vary for different strains, between 3-6 days).  

After single colonies were established on the terazolium plates, a nitrocellulose 

membrane (BioRad, Hercules, CA, USA) was gently applied to the surface with bacterial 

colonies, washed 5 times with PBS-Tween-20 and then treated for 1 hour with a blocking 

solution (Tris-buffered saline buffer, TBS, and 1.5 % gelatine + 1 % BSA). Membranes 

were then incubated with 0.5 µg/mL biotinylated Leb-HSA glycoconjugate for 2 hours, 

washed with PBS-Tween-20 3 times for 10 minutes and incubated for 1 hour with 

streptavidin-peroxidase (Roche, Stockholm) (1:5000 in TBS + 1.5% gelatine + 1 % BSA) 

at room temperature. Finally, membranes were washed 3 times in TBS buffer for 10 

minutes and developed with 4-chloro-1-naphtol (Sigma-Aldrich). Colonies with a color 

change of red to dark grey were defined as positive in Leb-binding.  
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FITC labeling of H. pylori cells to be used in vitro binding assay  

Bacterial cells were harvested in PBS (pH 7.4), washed 3 times and adjusted to OD600 1.0. 

Samples were pelleted and re-suspended in the equivalent volume of 0.1 M carbonate 

buffer before 10 µl of Fluorescein isothiocyanate, FITC (10 mg/mL dissolved in dimethyl 

sulfoxide, DMSO), was added to the samples for each mL of solution. After 8 minutes of 

incubation in the dark, excess FITC was removed by washing bacterial cells 5 times in 

PBS-Tween, with centrifugation at 5000 rpm for 5 minutes. Bacteria were re-suspended 

in a buffer consisting of PBS, 0.05 % Tween-20 and 1 % periodate-treated BSA, aliquoted 

and then stored in -20 °C prior to the binding assay.  

 

H. pylori adhesion to human gastric mucosa in vitro 

5 µm thick histo-tissue sections of human antrum biopsies, imbedded in paraffin were 

first deparaffinized, rehydrated and then blocked with 1 % BSA in PBS Tween-20 for 1 

hour/ overnight.  

To study the biochemical nature of the H. pylori ligand, the human gastric histo-tissue 

sections were exposed to periodate or protease treatment prior to application of FITC 

labeled bacteria. 

Periodate treatment: 100 µL of periodate solution was applied to histo-tissue sections. For 

de-sialylation, histo-tissue sections were incubated for 10 minutes on ice with 10 mM 

periodate solution, pH 5.5. Complete de-glycosylation was achieved by 1 hour of 

incubation with 10 mM periodate solution, pH 4.5 at room temperature. In both cases, 

immediately after periodate treatment, histo-tissue sections were washed with PBS-

Tween and blocked with 1 % periodate-treated BSA in PBS-Tween-20 overnight.  

Suspensions of FITC-labeled bacteria, OD600 0.2, were then applied to treated/untreated 

histo-tissue sections for 2 hours of incubation in the dark, at room temperature. Unbound 

bacteria were removed by washing three times in PBS-Tween (v/v 0.02 % Tween-20). 

Samples and images were analyzed using an upright fluorescent microscope (Carl Zeiss, 

Stockholm, Sweden).   

 

H. pylori adhesion to human buccal mucosa in vitro 

Buccal epithelial cells (BECs) for analysis were collected from a volunteer of known 

positive secretor status and a binding assay was performed according to Strömberg and 
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Borén, 1992, with minor modifications. Cells were collected in PBS (pH 7.4) by scraping 

the inside of the cheek area with a sterile Cytobrush Plus Cell collector (CooperSurgical, 

Inc. Berlin, Germany) before washing 3 times at 1.5 rpm for 3 minutes. Buccal mucosal 

cells were finally resuspended in 900 µL of 1 % paraformaldehyde, transferred onto a 

glass microscope slide and incubated for 20 minutes at room temperature. After removing 

solution from the slides, BECs were rehydrated by submerging in 70 % and then 50 % 

ethanol followed by 3 rounds of washing, first with deionised water, and then with PBS. 

Blocking was carried out for 30 minutes in 1 % periodate-treated BSA in PBS-Tween-

20. FITC labelled bacteria with OD600 0.2 were applied to the attached BECs and 

incubated for 30 minutes at room temperature. Careful washing with PBS was carried out 

on a rocking table, 3 times for 5 minutes. Cells were finally stained with DAPI (4′, 6-

diamidino-2-phenylindole) before analysis under the microscope (Carl Zeiss, Stockholm, 

Sweden.) with a FITC filter at 488 nm. 

 

SDS-PAGE and Immunoblot detection of BabA protein 

Bacterial suspensions prepared in PBS-Tween with OD600 1.0 were centrifuged for 10 

minutes at 13,000 rpm before mixing with SDS sample buffer (2 % SDS, 2 % β-

mercaptoethanol, 5 % glycerol, 40mM Tris, pH 6.8), and incubating for 5 minutes at 

100°C. Extracts were then separated on 7.5 % Tris-HCL ReadyGels (Bio-Rad 

Laboratories, Hercules, USA) at 200 V for 1 hour. Separated proteins were blotted onto 

PVDF membranes (Bio-Rad) at 25 V for 1 hour. Membranes were blocked with 5 % skim 

milk for 1 hour before incubation with primary anti-BabA antibody, AK253 (Yamaoka 

et al., 2002) followed by secondary antibodies of HRP-goat anti-rabbit  

(DakoCytomation, Denmark AS). Visualization of bands with Chemiluminescent 

Substrate (Thermo Scientific, USA) was carried out on Amersham Hyperfilm™ ECL (GE 

Healthcare Limited, UK), and developed with a Kodak Image Station 2000R. 

 

babA sequence analysis 

Total DNA was extracted from H. pylori bacterial cells according to the Tissue DNA 

Kit (Omega Bio-Tek, Inc.). PCR of housekeeping genes glr and cysS was performed 

with pairs of primers 5133/6544 and cysR/cysF respectively (Dailidiene et al., 2004).   
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PCR of babA gene was performed with primers HypDF1/1539R. Amplified products 

were then separated on 1 % agarose gel, purified with a Gel extraction kit (Omega Bio-

Tek, Inc.) and sequenced by Eurofins MWG, Germany. Alignment of sequences was 

carried out using ClustalW in the BioEdit software.   

 

Ethical considerations 

Bacterial samples were kindly donated from Lars Engstrand’s group from 

Smittskyddsinstitutet at Karolinska Institutet, Stockholm, Sweden. Ethical issues 

regarding bacterial samples and how they were obtained have been considered and 

consent was given by the Ethics Forum at the Department of Odontology, Umeå 

University, for the anonymous samples, AD0 and AD20, to be used in the present series 

of experiments. All samples are identified by a code with no link to the patient from whom 

they were obtained. H. pylori is also considered safe to handle in the laboratory. We 

believe that by using these strains we can make a contribution to the understanding of 

BabA adaptation and the role of the oral cavity as a possible reservoir for H. pylori, 

possibly benefiting future treatment strategies.  

 

Literature search 

Relevant articles about H. pylori and BabA and H. pylori in the oral cavity were found 

through the PubMed database. The following search terms were used: Helicobacter 

pylori, blood group antigens, bacterial adhesins and buccal mucosa. 

 

RESULTS 

 

Binding properties of H. pylori AD0 and AD20 clinical isolate. 

Radio Immuno Assay (RIA) for characterization of binding properties of H. pylori AD0 

and H. pylori AD20 revealed high BabA mediated binding activity in the AD0 sweeps 

(53.7 %), whereas no binding was detected in the AD20 sweeps (0.1 %) (Fig. 1a). In 

order to detect an alternate mode of binding, e.g. SabA mediated binding to sLex glycan, 

RIA with SLex-HSA was performed, however, no binding to sLex was detected in either 

AD0 or in AD20 (Fig. 1a). The series of RIA tests conclusively show that AD0 exhibits 

high binding strength for Leb-structures but does not bind sialylated structures. 
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To better understand if the H. pylori sample AD20 had developed alternative adherence 

properties, the sample was further analyzed for the ability to adhere to human gastric 

mucosa in vitro. As a positive control, and in accordance with the positive Leb-RIA 

results, FITC-labeled AD0 sweeps showed strong attachment to gastric mucosal epithelial 

pits and epithelium, whereas the AD20 sweep showed very low/or negligible binding 

(Fig. 1b). 

 

Characterization of the Biological Binding Sites in Gastric Mucosa 

To better understand if the H. pylori sample AD20 has developed alternative adherence 

properties for binding to human gastric mucosa, the AD0 and AD20 sweeps were 

further analyzed for their ability to adhere to human gastric mucosa in vitro.  

In order to confirm that the AD0 and AD20 sweeps mode of binding is exclusively 

glycan-mediated, histo-tissue sections were subjected to periodate treatments before 

incubation with FITC labeled bacteria. Of particular relevance, and correlating with 

RIA results, FITC labeled AD0 sweeps showed strong adherence to gastric mucosal 

epithelial pits and epithelium, while low/no binding was found for the AD20 sweeps 

(Fig. 2).  AD0 did not lose adherence when tissues were de-sialylated with periodate 

under mild conditions (pH 5.5 on ice for 10 min), (Fig. 2b). However, Bacterial AD0 

binding to de-glycosylated (treatment at pH 4.5, at room temperature for 1 hour), gastric 

mucosa was completely lost (Fig. 2c). 

The series of in vitro tests conclusively show that AD0 does not utilize sialylated 

structures for binding and that adherence is fully dependent on fucosylated ABO-

structures.  

 

Verification of Common Genetic Ancestry 

PCR was carried out to detect the level of phylogenetic identity of the conserved glr and 

cysS housekeeping genes in the AD0 and AD20 isolates. 100 % identity of glr and cys in 

AD0 and AD20 showed that these isolates originated from the same ancestor and excludes 

the possibility of a mixed strain H. pylori infection.  
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Identification of Leb-binding Subpopulations of AD20  

Although the H. pylori AD20 sweep was negative for Leb binding in RIA as well and to 

gastric mucosal tissue sections, we presumed that within a majority of non-binders, there 

may be subpopulations of H. pylori bacterial cells, with an intact ability to bind Leb. To 

identify such putative “Leb-binders”, suspensions of AD0 (positive control) and AD20 

sweeps were incubated with fluorescent Alexa-labeled Leb-HSA conjugate. As expected, 

almost all bacterial cells of the AD0 sweep bound to the Leb-conjugate, however, we 

were also able to detect single bacterial cells of the AD20 sweeps that were positive for 

binding to Alexa-Leb-conjugates (Fig 3). 

To isolate these Leb-binders in the AD20 sweep, we proceeded with a bacterial colony 

membrane screening, where the bacterial colonies were probed with Leb-conjugate. The 

screening procedure revealed two bacterial sub-populations, identified as “dark” (“D”) 

and “light” (“L”) bacterial colonies according to the color intensity of colonies on the 

plate during culture. Both “D” and “L” phenotypes were isolated, purified as single clones 

and tested for Leb-binding by RIA. Single clones of phenotype “D” (AD20D) and single 

clones from AD0 (Clone 6) were both positive for Leb-binding albeit 6-fold lower than 

the original sweep (9 % and 21 % respectively). In contrast, no Leb-binding was detected 

by the AD20 “L” clones (Fig. 1a). Next, the AD20D and AD20L clones were tested for 

attachment to human gastric mucosa in vitro. The FITC labeled AD20D bacterial cells 

demonstrated intensive binding, while the AD20L bacterial cells did not attach to gastric 

mucosa tissue sections (Fig. 1b). 

 

Expression of BabA 

To confirm that the AD20 “D” clones do indeed use BabA for Leb binding and for 

attachment to gastric mucosa, we tested whole bacterial cell protein extracts for the 

presence of the BabA protein by use of immunoblots and BabA antibodies. The results 

showed that the AD0 sweep and single clone (CL6) as well as the AD20D clone, all 

expressed BabA protein. In contrast, the AD20 sweep and the AD20L clone, both 

negative for binding to gastric mucosa in vitro, are also devoid of BabA protein (Fig 

3B).  
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BabA sequence analysis 

To understand what changes occurred in the babA gene that resulted in a loss of BabA 

protein expression in the AD20 series, we used Polymerase Chain reaction (PCR) to 

amplify and DNA-sequence the babA gene. BabA sequencing revealed that Leb-binders 

and Leb-non-binders differed in their babA sequence, where non binders contained a 

frame-shift mutation in the amino acid sequence in BabA. The mutation resulted in a 

premature termination of BabA protein synthesis by the insertion of a STOP-codon 

resulting in the production of a non-functional BabA protein. 

 

H. pylori binding to buccal epithelium  

In order to learn if H. pylori can attach to oral mucosa, FITC labeled H. pylori bacterial 

cells of AD0 and AD20 sweeps and the single clones were applied to buccal epithelium 

cells (BECs). The BECs proliferate by columnar morphology, where most of cells facing 

the oral cavity lumen, are nonviable. Collection of BECs by gentle rubbing of the buccal 

surface with a cotton swab will subsequently provide a mix of viable and less viable cells. 

Bacterial binding to three BECs was therefore quantified visually. Interestingly, the best 

bacterial binding was seen with AD20D and AD20 sweep, whereas AD20L displayed 

minimal binding to the buccal epithelial cells (Fig 4). 

Thus, H. pylori cells from both AD0 and the AD20 sweeps bind to BECs, in contrast to 

binding to histo-tissue sections of gastric mucosa, where only AD0 demonstrated efficient 

attachment.  

 

DISCUSSION 

 

Adherence to the gastric mucosa is essential for H. pylori to be able to establish a chronic 

infection in the human host. Tight adherence to the epithelium enables H. pylori to avoid 

elimination due to the rapid turnover of the gastric mucosa during peristalsis and food 

ingestion. This close association with human gastric cells also allows H. pylori to replicate 

and gain essential nutrients they otherwise would not be able to synthesize on their own. 

During chronic infection, changes in the gastric environment, such as an increased acid 

secretion with resulting reduction in gastric pH, as well as dynamic changes in glycan 

receptor availability and composition makes it essential for H. pylori to readily adapt its 
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properties, in order to successfully thrive and maintain infection. Adaptation in BabA-

mediated binding properties has previously been illustrated where H. pylori strains, 

denoted specialists, bound to blood group O antigens (Leb) alone, whereas other strains 

bound to the full series of blood group A, B and O antigens (Aspholm-Hurtig et al., 2004). 

This difference was later found to be due to a single amino acid substitution in the 

carbohydrate binding domain of BabA, a loci which is high in genetic diversity and where 

point mutations can change binding preferences (Moonens et al., 2016).  

 

Our experimental series showed that the H. pylori isolated after 20 years of chronic 

infection, denoted H. pylori AD20, lost its ability to bind to Leb. By PCR-amplification 

and DNA sequencing of the babA gene, we demonstrated a variant of H. pylori adaptation, 

where a nucleotide deletion mutation caused a phase-off in babA gene expression, 

resulting in the loss of both its Leb-binding property and expression of BabA protein. 

Similar loss of Leb-binding due to a frame-shift has only previously been reported in 

different animal models. In experiments with Rhesus macaques, gerbils and mice 

experimentally infected with H. pylori, Leb-binding and expression of BabA was also 

seen to be lost during the course of infection (Styer et al., 2010; Solnick et al., 2004). 

Despite being deduced from animal models, the loss of BabA was seen as a mechanism 

of adaptation to changes in local environment, caused by ongoing inflammatory processes 

combined with a periodic variation in the availability of relevant binding sites for BabA 

(Styer et al., 2010).   

We also identified a subpopulation of H. pylori cells within the AD20 non-binding 

bacterial sweep that had maintained expression of BabA, and hence preserved the ability 

to bind to Leb. We might speculate that these clones contain additional properties that 

favor survival during extreme conditions, allowing them to out-live the rest of the 

population in a case of “survival of the fittest”. These clones may then pose a threat to the 

host as stress and other factors have the ability to trigger a re-establishment of virulent 

infection along with associated symptoms and development of gastric disease. 

Another possible explanation is that H. pylori AD20 developed alternative binding 

mode(s) after loss of Leb binding properties. For evaluation of additional binding 

mechanisms relevant for the human/primate specific pathogen H. pylori, we established 

a binding assay using human primary BECs, isolated from the buccal mucosa of a positive 
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secretor volunteer expressing ABO/Leb in saliva and the oral cavity. The assay with 

BECs displayed an alternative binding mode for H. pylori where bacterial cells from both 

AD0 and AD20 sweeps, as well as single clones AD0-clone 6 and AD20D and AD20L 

bound to the BECs. The adherence patterns to the BECs were more heterogeneous 

compared to that seen on gastric mucosa, possibly due to the different levels of viability 

among the collected BECs.  

A putative limitation of this study relates to the low number of viable BECs collected and 

obtained for the experimental series. Repeated experiments with extended numbers of 

viable BECs would have been favorable in order to make significant and reliable 

conclusions. However, our results highlight a potential novel mode of adherence to 

mucosal cells in the oral cavity of interest for future research. 

We demonstrated that a H. pylori population (AD20L) isolated from gastric mucosa 

biopsies contains bacterial cells with preferential binding to human buccal epithelium 

cells. 

Our findings are consistent with previous results suggesting that the oral cavity provides 

a niche for H. pylori colonization (Dowsett et al., 2003). Although a specific niche within 

the oral cavity has yet to be identified, the mechanism behind H. pylori colonization and 

survival in the oral cavity has been hypothesized as being largely due to the organization 

of advanced and complex dental subgingival biofilms (Wang et al., 2014). 

Such an oral reservoir of “super-adapted” H. pylori may contribute in the transmission of 

the infection between individuals, but may also provide a reservoir for re-infection in 

individuals already treated with antibiotics against a diagnosed H. pylori infection.  

A greater understanding in general is required about the role of the oral cavity in persistent 

H. pylori infections, a research field that may perhaps be of particular relevance for the 

dental sciences and especially so on how preventative measures and treatment should be 

modified to include possible oral infection sites for H. pylori in certain individuals 

(Zendehdel et al., 2005).  
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Figure 1. In vitro adhesion of H. pylori to human gastric mucosa and Leb binding by 

radioimmunoassay (RIA); A) Percent binding of H. pylori AD0 and AD20 sweeps incubated 

with 125I-radiolabelled Leb and sLex HSA-conjugates. The AD0 and AD20 sweeps were 

compared with H. pylori reference strains DM (binds sLex) and 17-1 (binds Leb). B) FITC-

labeled H. pylori strains, OD600 0.2, incubated on histo-tissue sections for 2 hours in the dark 

at RT.  
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Figure 2.  In vitro adhesion to human gastric mucosa; FITC-labelled sweeps of H. 

pylori AD0 (A-C) and AD20 (D-F) to untreated mucosa (left panel), di-sialylated 

mucosa (central panel) and de-glycosylated mucosa (right panel). 
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Figure 3. Identification of Leb-binding sub-populations; a) H. pylori sweeps 

AD0 and AD20, OD600 0.2, incubated with Alexa 488 labelled Leb conjugates 

revealing Leb-binding sub-populations (arrows) in AD20. Samples and images 

analysed using an upright fluorescent microscope (Zeiss).  

b) BabA protein in SDS-PAGE. Separated bacterial whole cell protein extract 

with anti-BabA antibody, AK253. Visualization of bands was performed with 

Chemiluminescent Substrate and a Kodak Image Station 2000R. 
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Figure 4. Binding assay to buccal epithelial cells (BEC) by H. pylori in vitro. 

Examples of FITC-labelled H. pylori strains incubated on buccal epithelial cells.  

Samples and images analysed using an upright fluorescent microscope (Zeiss).  
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