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1  Introduction 

 

Leukoplakia and oral lichen planus (OLP) are the most frequent OPMDs in our clinical 

practice at the Department of Oral Medicine, Faculty of Dentistry, University of Szeged. Both 

disorders appear as whitish coloured hyperkeratosis, similarly to some other OPMDs. From 

the point of view of clinical differential diagnostics, this group of OPMDs belongs to a 

„Potentially malignant and malignant” subgroup (leukoplakias, submucosal fibrosis, lichen 

planus, lupus erythematosus, epidermoid carcinoma, verrucous carcinoma) of so called 

„White lesions”. The group of „White lesions” also includes additional subgroups, such as the 

„Congenital”, „Aquired infectious and non-infectios”, and „Other” subgroups containing 

diseases with different etiologies. The possible causes of the whitish colour of „White 

lesions” include hyperkeratosis, pseudomembranous infection or inflammation. Due to this 

heterogeneity of diseases with the same clinical feature, clinical diagnostics of white lesions 

could be very difficult. Thus, quite frequently, pathological, immunological or 

microbiological support is needed to set up a proper diagnosis, prognosis and treatment plan.  

 

Leukoplakia is defined as ″A white plaque of questionable risk having excluded (other) 

known diseases or disorders that carry no increased risk for cancer″. Leukoplakia is six times 

more common among smokers than among non-smokers. These lesions are divided into 

homogenous (simplex) and non-homogenous types. The non-homogenous types based on the 

cellular variability are verrucous leukoplakia, nodular leukoplakia and erythroleukoplakia. 

Proliferative verrucous leukoplakia (PVL) is a subtype of verrucous leukoplakia that shows 

resistance to treatment and a high rate of malignant transformation. It is more frequent among 

elderly women, in many cases without smoking and consumption of alcohol in the anamnesis. 

Distinct histopathological changes, like hyperkeratosis with or without dysplasia, may 

accompany the transition of PVL to verrucous hyperplasia and verrucous carcinoma. There 

are conflicting results regarding the association of leukoplakia and human papilloma virus 

(HPV) infection. The role of torque teno virus (TTV), Epstein-Barr virus (EBV) and Candida 

albicans in leukoplakia development and carcinogenesis remains to be clarified, too. 

Additionally, it was suggested that specific bacterial infections like Helicobacter pylori, or the 

intracellular Mycoplasma salivarium could also be involved in this process. As to the putative 

role of bacterial infection in oral carcinogenesis, one may speculate that it could be a process 

analogous to Helicobacter pylori infection of stomach which predisposes to the development 
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of gastric cancer. Thus, an in vivo murine model of Helicobacter pylori induced mucosal 

lesions could potentially mimic the lesions caused by other bacteria or bacterial communities 

on oral mucosal surfaces. As a matter of fact, a disbalance in the oral microbial flora may play 

a role in the development of leukoplakia and carcinogenesis, as suggested by the association 

of periodontal inflammation with leukoplakia and a changing bacterial flora in the saliva and 

on the oral mucosal surfaces of patients with OPMD.  

Lichen planus (LP) is a chronic, idiopathic, inflammatory disease of the oral mucosa or the 

skin, presenting as a white lesion when it affects the oral cavity (oral lichen planus, OLP). A 

crucial aspect of the pathomechanism of OLP is the accumulation of CD8+ T lymphocytes 

under the basal cell layer of the oral mucosa, which causes DNA damage and keratinocyte 

apoptosis by antigen-specific cell-mediated immune response. CD8+ T cells degrade the 

basement membrane as well. According to the most accepted hypothesis, chronic stimulation 

from inflammatory and stromal cells provides the initial signal which leads to the 

uncontrolled growth of epithelial cells. Additionally, oxidative stress induced DNA damage 

could also lead to neoplastic changes, but the initial event leading to this signal cascade 

activation has not been characterized yet. Based on several lines of evidence, viral, fungal, 

and bacterial antigens have all been suggested as a potential initiating factor in LP. If there is 

a relationship between the bacterial flora and OLP, the question is whether the trigger area is 

in the oral cavity, or at another area of the body, such as the skin and the genitals, the 

gastrointestinal tract, the larynx or the eyes. If oral bacterial infection could initiate OLP 

development, it is not clear whether a single bacterial species could initiate the OLP 

transformations, or the interaction of several species elicits this process. Additionally, the 

disturbed balance of the normal bacterial flora could also be involved in the initial steps of 

OLP activation. Based of the above, we have investigated the oral mucosal microbial 

colonisation of our patients. We have found that the OPMD showed altered bacterial 

composition compared to the healthy mucosa.  
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2 Objectives 

 

The general objective was to investigate the microbiome and microbiota of the OPMD with 

unknown etiology. 

 

Our specific objectives were:  

 

1. To analyse and compare the microbiome of the clinically healthy and OPMD-

affected oral mucosal tissues by metagenome sequencing technique. 

 

We hypothesized, that the microbiome of clinically healthy and OPMD-affected 

tissues are different, i.e. pathogenic bacteria are overrepresented in the mucosal 

samples of OPMD affected tissues. 

 

2. To analyse and compare the microbiota of the healthy and OPMD oral mucosal 

tissues by MALDI-TOF MS analysis of cultured bacteria.  

 

We hypothesized, that the data obtained by MALDI-TOF MS will be comparable 

to the results of metagenome sequencing.  

 

3.  To verify inflammatory histopathological changes after the mucosal infiltration by 

H. pylori, a bacterium of known tumorigenic potential, in an in vivo murine 

experimental model. 

 

We hypothesized, that if OPMDs are caused or triggered by bacteria, the 

histopathological changes in OPMD lesions may be similar to the changes in 

H.pylori induced gastric mucosal inflammation and cancer. 

 

4. To compare our results with existing research.  

 

We hypothesized, that the bacterial alterations in OPMD lesions will be 

comparable those suggested by the current literature for OSCC. 
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3 Materials and Methods 

 

In our experimental setup, we examined the oral microbiome and microbiota of patients 

diagnosed with OPMD. To make the pathological diagnosis, hematoxylin and eosin stained 

sections were made from punch biopsy specimens of affected mucosal area. We compared the 

microbiome and microbiota of healthy and non-healthy mucosal surfaces. To gain comparable 

data, we applied two different methods: the metagenome sequencing of total DNA purified 

from tissue specimens and MALDI-TOF MS analysis from cultured bacteria. We found more 

differences besides the overlapping results of two methods. Although Fusobacterium 

nucleatum was detected by metagenomic sequencing in OPMD biopsies, it could not be 

detected by MALDI-TOF in OPMD swab samples cultivated in vitro. To resolve this 

discrepancy, we made qPCR identification of Fusobacterium nucleatum - a bacterium 

implicated in carcinogenesis. Colony forming units (CFUs) were calculated by comparing the 

means of thresold cycles to those of serial dilution samples of control F. nucleatum cultures. 

Finally, we used an experimental murine model to study mucosal lesions elicited by 

Helicobacter pylori and compared the histopathological alterations observed to the OPMD 

affected mucosa. We performed light-microscopic evaluation of hematoxylin-eosin and 

Giemsa stained sections. 

 

4 Results 

 

4.1 Metagenome sequencing 

 

There were no significant differences in the distributions of taxonomic domains between the 

healthy tissue and the OPMD lesion. 6.78% of bacterial domains were detected in healthy 

area compared 6.87% of bacterial domains in white lesions of oral mucosa. Metagenome 

sequencing revealed that the bacterial diversity in the OPMD biopsies was higher compared to 

the healthy oral mucosa. Within the Bacteria domain Firmicutes, Fusobacteria, 

Proteobacteria, Actinobacteria, Bacteroidetes phyla were present in the healthy oral mucosa. 

In the OPMD biopsies the same phyla were identified in descending order of relative 

abundance; however, two additional phyla, Fibrobacteres and Spirochaetes were observed, 

too. Metagenome sequencing detected 18 different bacterial species in healthy tissue and 43 

species in the OPMD lesion, whereas 8 bacterial species were detected in both samples. The 

ratio of Streptococci to all oral bacteria was not significantly different in the healthy tissue 
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compared to the OPMD lesion. The relative abundance of Streptococcus mitis dramatically 

decreased in OPMD, as compared to the healthy tissue. The ratio of Fusobacterium nucleatum 

was markedly increased in the OPMD lesions, as compared to the healthy tissue detected by 

metagenome sequencing. 

 

4.2 MALDI-TOF MS 

 

MALDI-TOF MS analysis detected 41 different bacterial species in healthy tissue and 36 

species in the lesion. 25 bacterial species were detected in both samples. In metagenome 

sequencing detected Fusobacterium nucleatum was not presented in OPMD samples. 

 

4.3 Fusobacterium nucleatum qPCR of healthy oral mucosa and the OPMD 

samples. 
 

In vitro bacterial cultures of oral swab samples from healthy mucosa and OPMD lesions (used 

for MALDI-TOF MS analysis) were assayed using Fusobacterium nucleatum-specific qPCR. 

OPMD showed a significantly higher colonization by F. nucleatum compared to healthy 

mucosa. 

 

4.4 Murine model of mucosal lesion caused by bacterial infection 

 

Long-term H. pylori infection of positive control (infected, untreated) mice show H. pylori 

foveolar colonization in gastric fundus sample, and the intra-epithelial mononuclear lymphoid 

elements of the mucosa are noted. We did not detect lichenoid infiltration of lymphoid cells, 

in contrast to the histological findings described in the case of lichen, or in several cases of 

verrucous leukoplakias in humans. 

 

5 Discussion 

 

Actinomyces spp., Veilonella spp., Fusobacterium spp., Prevotella spp., Streptococcus spp., 

and Corynebacterium spp. were represented in our OPMD samples, similarly to OSCC with 

mentioned putative role in carcinogenesis. Gemella spp. as a suggested spp with putative role 

in OSCC carcinogenesis was found also in our OPMD samples, but was represented in higher 



11 
 

rate in healthy mucosa. We did not find in our OPMD samples bacteria characteristic for 

OSCC, such as Serratia liquefaciens, Klebsiella pneumoniae, Citrobacter freundii, 

Enterococcus faecalis, Propionibacterium spp., Clostridium spp., Porphyromonas spp., 

Bacteroides ureolyticus/gracilis, Clavibacter michigenensis, Ralstonia insidosa, 

Peptostreptococcus stomatis, Johnsonella ignova, Enterobacteriaceae (family), Tenericutes 

(phylum), Stomatoccus spp. 

Regarding the putative role of distinct oral bacteria in tumorigenesis, the association of 

Fusobacterium nucleatum with colorectal carcinoma and oral carcinoma was documented. 

Moreover, it was suggested that a distinct subspecies of F. nucleatum, such as F. nucleatum 

subsp. polymorphum may play an etiopathogenetic role in oral carcinogenesis. We observed 

that the relative abundance of Streptococcus mitis decreased dramatically in the pathological 

niche of OPMD. Since Streptococcus species are characteristic components of the oral flora, 

the quantitative analysis of these bacteria is indispensable for the understanding of 

pathological processes. Streptococci comprise of a wide variety of bacterial species that 

interact with other members of the oral microbiome. It was suggested that S. mitis is involved 

in the maintenance of a healthy oral flora by affecting adhesion and biofilm formation by 

periodontal pathogens to. Decreased relative abundance of S. mitis and an increased relative 

abundance of F. nucleatum may play a role in the transition of OPMDs to oral cancer. 

In contrast to the sequencing data, overrepresentation of Fusobacterium nucleatum was not 

detected in the OPMD samples with MALDI-TOF MS. Detection of Fusobacterium 

nucleatum by qPCR in the very same samples that were used for MALDI-TOF analysis 

revealed that the sensitivity and specificity of culturing followed by MALDI-TOF MS 

examination for F. nucleatum was in our case low. The results obtained from the different 

methods used indicated that metagenome sequencing yielded a more diverse bacterial 

community in OPMD than MALDI-TOF MS.  

The effect of mucosal inflammation caused by immunresponse of immune cells against 

bacteria may also contribute to tumorigenesis. Histopathologically, we can examine the 

presence of mucosal histologycal and cellular alterations, accumulation of inflammatory cells 

and bacterial invasion. 

To compare the histopathological inflammational signs of our OPMD tissue samples, we 

checked a known mucosal infection wich increase the risk of malignant transformation - 

inflamed gastric mucosa of Helicobacter pylori infected mice. In the murine model, there 
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were numerous of mononuclear lymphoid elements in the inflamed mucosa. That chronic 

inflammation may lead to formation of tumorigenic microenvironment. In OPMD there are 

both supporting as well as negative evidences for a connection with H. pylori infection. In 

our animal model we detected the signs of inflammation in H. pylori infected gastric 

mucosa. 

 

6 Conclusion 

 

Although our work is not suitable to answer the „Chicken or the Egg” problem – that the 

suggested microbial changes are cause or effect of OPMD - in all aspects, but we have found 

that the bacterial colonization of mucosa has already altered in OPMD tissues. Some 

alterations correlate with results of the studies about the putative role of bacteria in OSCC 

development. Our most conspicouos finding was that Fusobacterium nucleatum is 

overrepresented in OPMD tissue samples. Fusobacterium nucleatum was implicated in 

malignant transformation of mucosal cells of gastrointestinal tract, especially in the colon, and 

several studies suggest a similar role for F. nucleatum and other pathogenic bacteria in oral 

mucosal cells.  

    

1. We found that the microbiome of clinically healthy and OPMD affected oral tissues are 

different: pathogenic bacteria were overrepresented in the mucosal samples of OPMD 

affected tissues. Our results showed that Fusobacterium nucleatum, a bacterium 

implicated in tumorigenesis, is overrepresented in the samples from OPMD affected 

regions. In addition, we observed an increased bacteral diversity in OPMD, compared to 

the microbiota of healthy oral mucosa. These observations may form the basis of novel 

therapeutic approaches preventing oral carcinogenesis in a subset of patients with 

OPMD. 

 

2. The comparison of MALDI-TOF MS and metagenome sequencing provided partially 

overlapping results. 
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3. We found inflammatory signs both in human OPMD samples and in an in vivo murine 

model of H. pylory-infected gastric mucosa. This may indicate that one can’t exclude 

a potential role for H. pylori infection or inflammation elicited by other oral 

bacteria could play a role in the transition of OPMD to carcinoma in humans. 

 

4. Comparison of the microbiome of OPMD samples analysed in our study and the 

microbiome/microbiota of OSCC lesions reviewed in the literature revealed that a wide 

variety of non-overlapping sets of bacterial taxa were found to be associated with OSCC 

lesions. Fusobacterium nucleatum emerged from the data as the best potential 

candidate contributing to the transition of OPMD to OSCC. 

 

 

6.1 Summary of accomplished objectives 

 

1.  Pathogenic bacteria are overrepresented in the mucosal samples of OPMD affected 

tissues. 

 

2. Specificity and sensitivity of metagenome sequencing and cultivation based MALDI-

TOF MS is markedly different to oral bacteria. 

 

3. Helicobacter pylori caused gastric inflammation in mice could be an experimental 

model of bacterial inflammation triggered carcinogenesis of oral mucosal surfaces. 

(Keeping the limitations caused by differences between subjects and modellorganisms 

in mind.) 

 

4. Fusobacterium nucleatum emerged from the data as the best potential candidate 

contributing to te transition of OPMD to OSCC. 
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