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ABSTRACT
Background: A growing body of evidence demonstrates a different bacterial composition in 
the oral cavity of patients with oral lichen planus (OLP).
Patients and methods: Buccal swab samples were collected from affected and non-affected 
sites of six patients with reticular OLP and the healthy oral mucosa of six control subjects. 16S 
rRNA gene MiSeq sequencing and mass spectrometry-based proteomics were utilised to 
identify the metataxonomic and metaproteomic profiles of the oral microbiome in both 
groups.
Results: From the metataxonomic analysis, the most abundant species in the three sub
groups were Streptococcus oralis and Pseudomonas aeruginosa, accounting for up to 70% of 
the total population. Principal Coordinates Analysis showed differential clustering of samples 
from the healthy and OLP groups. ANCOM-BC compositional analysis revealed multiple 
species (including P. aeruginosa and several species of Veillonella, Prevotella, Streptococcus 
and Neisseria) significantly over-represented in the control group and several (including 
Granulicatella elegans, Gemella haemolysans and G. parahaemolysans) in patients with OLP. 
The metaproteomic data were generally congruent and revealed that several Gemella hae
molysans-belonging peptidases and other proteins with inflammatory and virulence potential 
were present in OLP lesions.
Conclusion: Our data suggest that several bacterial species are associated with OLP. Future 
studies with larger cohorts should be conducted to determine their role in the aetiology of 
OLP and evaluate their potential as disease biomarkers.
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Introduction

Oral lichen planus (OLP) is one of the most common 
oral mucosal diseases, with a global prevalence of 
0.49–1.43% [1,2]. The lesions are usually charac
terised by bilateral whitish striae forming a reticular 
pattern and erythema, but papules, plaques, and 
ulcerative features may arise. For the proportion of 
affected individuals with symptoms – around 40%– 
[3], this condition is exceptionally debilitating as the 
pain in the oral mucosa may be intense and wide
spread. Currently, there is no cure, but there are 
symptom-relieving preparations available. Patients 
with OLP also carry an increased risk of developing 
oral cancer of about 1.1% [4,5].

Despite a tremendous scientific effort to under
stand the aetiology behind OLP over the past two 
decades, the exact mechanism is yet to be elucidated. 
Previous studies have shown that T cells are involved 
in its pathogenesis, but their role in this specific 

process is unclear [6]. Presumably, a still unknown 
exogenous antigen, autoantigen, or superantigen eli
cits an inflammatory response in the oral epithelium 
leading to apoptosis of basal epithelial keratinocytes, 
which manifests as chronic inflammation [7]. OLP 
likely represents several different variants of oral 
lichenoid lesions. Therefore, the condition should be 
regarded as a reaction pattern with shared histo
pathological characteristics rather than a distinct dis
ease in the traditional sense. More plausible is the 
theory that multiple antigens, combined with various 
environmental factors, trigger an inflammatory 
response in genetically predisposed individuals 
where the antigen may vary among subjects. Thus, 
the aetiology is expected to be multifactorial, as in 
most other disease states, and not monocausal, which 
is the approach most researchers have used to 
study OLP.

Perturbations to the structure of complex com
mensal microbiota communities in, for example, 
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the gut and oral cavity modulate innate and adap
tive immune responses resulting in immune- 
mediated conditions such as inflammatory bowel 
disease and periodontitis, where an increase in the 
number or activity of pathogenic microbiota has 
been shown to cause microbial dysbiosis and 
immune alterations, or induce inflammatory path
ways [8,9]. Studies specific to OLP have demon
strated that intensive oral hygiene and plaque 
control may improve gingival lichen planus lesions 
[10,11] and that treatment with chlorhexidine and 
antibiotics can regress the lesions and relieve symp
toms considerably [12,13], suggesting a role for the 
oral microbiota in the onset or exacerbation of 
OLP. The involvement of the oral microbiome has 
been addressed in other inflammatory oral mucosal 
disorders such as recurrent aphthous stomatitis 
[14,15] and geographic tongue [16], as well as in 
other autoimmune diseases such as Sjögren’s syn
drome [17], rheumatoid arthritis [18], and systemic 
lupus erythematosus [19]. Interestingly, recent stu
dies on neurological and chronic pain disorders 
such as burning mouth syndrome also show invol
vement of the oral microbiota [20]. Although the 
exact role of the oral microbiome in the pathogen
esis of these conditions remains elusive, it is realis
tic to assume that it could also be implicated 
in OLP.

The role of viral infections in the development of OLP 
has been studied extensively in the hepatitis C virus 
[21,22] and human papillomavirus [23,24], but studies 
on the association between oral bacteria and OLP are just 
emerging. There seems to be a shift in the mucosal 
bacterial composition and salivary microbiota in patients 
with OLP compared to healthy control subjects, as well as 
a difference between affected and non-affected sites in 
the same patient [25–29]. Additionally, certain species 
have been reported to damage the epithelial barrier, 
invade the lamina propria, and internalise epithelial 
cells or T cells, resulting in the production of specific 
T-cell chemokines [26]. Therefore, bacterial dysbiosis has 
been proposed to be a causative factor of periods of 
exacerbation in OLP and the clinical changes that occur 
to the lesions over time [28].

Our overall hypothesis is that in a particular group 
of patients with OLP, the lesions arise as an inflam
matory response to one/several antigens from one/ 
several oral bacterial species. By exploring the meta
taxonomic and metaproteomic profiles of the oral 
microbiome of affected and non-affected sites in 
patients with OLP compared to healthy controls, we 
hope to provide new insights into the aetiology of this 
condition, as adequate treatment regimens with 
a possible curative potential still lack today.

Materials and methods

Study population

Patients with OLP who attended regular follow-up 
appointments at the Clinic of Oral Medicine, Public 
Dental Health, Gothenburg, Sweden, were invited to 
participate in the study. Oral medicine specialists 
established the diagnosis of OLP following the clinical 
and histopathological criteria set by the World Health 
Organization [30]. We included only patients with 
bilateral reticular lesions, as we expected erythema
tous and ulcerative lesions to have a microbial com
position unrelated to the disease onset or 
exacerbation. Moreover, they had not received local 
or systemic treatment for OLP for at least six months 
before sampling. Patients who presented with differ
ent types of oral mucosal lesions, including lichenoid 
contact reactions observed at the lateral border of the 
tongue or on the buccal mucosa and adjacent to 
amalgam restorations, were excluded from the 
study. Further exclusion criteria were the use of anti
biotics or antibacterial mouth rinses in the previous 
six months, smoking or excessive alcohol consump
tion (i.e. more than three times weekly). After apply
ing the inclusion and exclusion criteria, we enrolled 
six patients with OLP (females, n = 4; mean age, 57.6  
years; age range, 38–71). As a control group, we 
included six age- and gender-matched volunteers 
(females, n = 4; mean age, 57.1 years; age range, 38– 
66) with no oral mucosal lesions.

Sampling procedures

Three samples were taken from patients with OLP: 
two from OLP lesions located at each side of the 
buccal mucosa (OLP) and one from non-affected oral 
mucosa (buccal sulcus or labial commissure) (H-OLP). 
Two samples were taken from the control subjects (H): 
one from each side of the healthy buccal mucosa. The 
participants were prevented from brushing their teeth, 
drinking, and eating for at least one hour before sam
pling. The same oral medicine specialist (JR-S) col
lected all the samples with Copan ESwabTM 480C 
(Copan Diagnostics Inc., Murrieta, CA, USA) using 
a standardised technique according to the manufac
turer’s protocol. In brief, the sterile swab was used to 
obtain bacteria by stroking with gentle downward 
pressure ten times in one direction, turning the swab 
180°, and stroking ten times in the same manner. Each 
swab was placed in the sterile Liquid Amies Medium 
(1 ml) provided by the manufacturer and stored at 4°C 
immediately after the sampling procedure. Within 2  
hours, the samples were homogenised with a vortex 
for 10 seconds and transferred to two lysis tubes con
taining skimmed milk, tryptone, glucose, and glycerine 
(STGG) medium (500 µl to each tube) and stored at 
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−20°C until subsequent processing. The samples were 
coded, rendering the biochemical analysts blind to 
group status.

DNA extraction and sequencing

Samples were extracted using the MagNa Pure LC 
DNA Isolation kit II and a MagNa Pure Instrument 
(Roche Molecular Systems Inc., Pleasanton, CA, 
USA). The protocol was used as indicated by the 
manufacturer with some modifications following 
Dzidic et al [31]. In brief, samples were lysed using 
3 × 10-second cycles of ultrasound and enzymatic 
digestion with an enzyme cocktail of lysozyme (100  
mg/ml), lysostaphin (5 kU/ml), and mutanolysin (2.5 
kU/ml). Finally, proteins were degraded using 
Proteinase K. Then, the DNA was resuspended in 
100 μl of ultrapure DNAse-free water.

After measuring the DNA by fluorimetry, the V3- 
V4 hypervariable region of the 16S rRNA gene was 
amplified using universal primers optimised for 
Illumina sequencing, following Dzidic et al [31]. 
The library was constructed using the Metagenomic 
Sequencing Library Preparation Illumina protocol 
(Part #15044223, Rev. A) and sequenced with the 
standard procedure recommended by the manufac
turer at the sequencing service in FISABIO (Valencia, 
Spain) using 2 × 300 bp paired-end sequencing with 
an Illumina MiSeq instrument. Data has been depos
ited in the SRA database (Bioproject: PRJNA598825).

16S rRNA gene data analysis

Reads were analysed as previously described by 
Hernandez et al [32], using DADA2 [33]. Briefly, 
paired reads were filtered, end-trimmed, denoised, 
and merged before adapters and primers were filtered 
out. Singletons and PCR chimeras were removed. The 
remaining reads were assigned to a taxon using the 
SILVA non-redundant database [34]. Reads were 
compared by blast, and those ≥97% identical were 
considered amplicon sequence variants (ASVs). 
Rarefaction curves and diversity analyses were per
formed using the same number of reads for all sam
ples. ANCOM-BC approach was used to normalize 
and compare the abundance of taxons to account for 
the compositional nature of 16S ribosomal rRNA 
sequencing data [35].

Protein digestion

Samples collected were thawed and the MolYsis™ kit 
(MolYsis Basic5 kit, Molzym GmbH & Co., Bremen, 
Germany) was used to remove human biomass, 
according to the supplier’s protocol, with minor 
modifications [36]. The resulting bacterial pellets 
were resuspended in 150 µl ammonium bicarbonate 

(20 mM) buffer containing 1% sodium deoxycholate 
(SDC) final concentration (from 5% stock solution in 
20 mM ammonium bicarbonate). Bacterial cells were 
lysed by bead beating, and the supernatants were 
collected. Trypsin (2 µg/ml, 100 µl ammonium bicar
bonate, 20 mM pH 8) was added, and samples were 
digested for approximately 8 h at 37°C. Sodium deox
ycholate was removed by acidification with 40 µl 10% 
FA (formic acid), samples were centrifuged at 
10,000×g for 5 minutes, and the supernatants were 
transferred to new tubes. The supernatants contain
ing peptides were then desalted (Pierce™ Peptide 
Desalting Spin Columns, Thermo Fisher Scientific, 
Waltham, MA, USA) according to the manufacturer’s 
instructions.

Proteomic analysis and protein identification

The peptide samples and fractions were dried, recon
stituted in 3% acetonitrile and 0.2% formic acid, and 
analysed on a QExactive HF mass spectrometer inter
faced with the Easy-nLC1200 liquid chromatography 
system (Thermo Fisher Scientific). Peptides were 
trapped on an Acclaim Pepmap 100 C18 trap column 
(100 μm x 2 cm, particle size 5 μm, Thermo Fischer 
Scientific) and separated on an in-house packed ana
lytical column (75 μm x 35 cm, particle size 3 μm, 
Reprosil-Pur C18, Dr Maisch), using a gradient 
from 5% to 80% acetonitrile in 0.2% formic acid 
over 90 min at a flow of 300 nL/min. The instrument 
operated in a data-dependent mode where the pre
cursor ion mass spectra were acquired at a resolution 
of 60,000, m/z range 400–1600. The ten most intense 
ions with charge states 2 to 4 were selected for frag
mentation using HCD at a collision energy setting of 
28. The isolation window was set to 1.2 Da and 
dynamic exclusion to 20 s and 10 ppm. MS2 spectra 
were recorded at a resolution of 30,000 with 
a maximum injection time set to 110 ms.

Identification was performed using Proteome 
Discoverer version 2.4 (Thermo Fisher Scientific). 
The database search was performed using the 
Mascot search engine v. 2.5.1 (Matrix Science, 
London, UK), matching with the ‘3042 microbiome 
+Gemella’ ‘3042_combined_210322’ (Supplemental 
file) with MS peptide tolerance of 5 ppm and frag
ment ion tolerance of 30 mmu. Tryptic peptides were 
accepted with one missed cleavage, and methionine 
oxidation was set as a variable modification. Target 
decoy was used with the strict FDR threshold of 1% 
and exported into Microsoft Excel (Microsoft, 
Redmond, WA, USA). The mass spectrometry pro
teomics data have been deposited to the 
ProteomeXchange Consortium via the PRIDE [37] 
partner repository with the dataset identifier 
P×D033687.
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Statistical analysis

Rarefaction curves, heatmaps, principal coordinates 
analyses (PCoA), Canonical Correspondence Analysis 
(CCA), and Wilcoxon rank-sum statistical tests were 
performed with R (R Foundation for Statistical 
Computing, Vienna, Austria) using the packages 
Vegan [38] and ade4 [39]. For PCoA analyses, data 
were first normalized using ANCOMBC and then 
Euclidean distances were calculated. Due to the small 
sample size, non-corrected p-values and species with 
>0.1% abundance were used when multiple compari
sons were performed.

Ethical considerations

The study was approved by the Regional Ethical 
Committee in Gothenburg, Sweden (Dnr 775–16) 
and the Swedish Data Inspection Board. Written 
informed consent was obtained from all patients.

Results

Clinical characteristics of study participants

Five patients with OLP and four controls had a systemic 
or extraoral disease. Only three subjects from the control 
group used regular medications (Table 1). One OLP 
patient and two controls used nasal glucocorticoids (flu
ticasone propionate and budesonide) to treat asthma and 
allergic asthma symptoms as needed. Although overall 
dental health was not examined in detail, no participant 
suffered from severe caries or periodontal disease in 
advanced stages or used removable dental prostheses.

Metataxonomic profiling

Biological replicates from patients with OLP and 
controls yielded similar results in bacterial com
position (Supplementary Figure S1). Thus, means 
from these two samples were calculated and used 
for each subject for statistical comparisons.

After quality filtering, on average, 7.5 × 104 ±1.2 × 104 

reads were obtained per sample (OLP, 7.5 × 104; H-OLP, 
8.8 × 104; and H, 7.6 × 104) and annotated using the 
DADA2 program to the most similar ASVs at the differ
ent taxonomic levels. The most abundant species in the 
three sample types were Streptococcus oralis (23–47%) 
and Pseudomonas aeruginosa (10–23%), which together 
accounted for up to 70% of the total population 
(Figure 1). The remaining bacterial community was 
formed by 383 species, of which Gemella haemolysans, 
Rothia mucilaginosa, Actinobacillus pleuropneumoniae, 
Haemophilus influenza, Streptococcus salivarius, 
Streptococcus mitis, Haemophilus parainfluenzae, and 
Veillonella parvula presented the highest percentages 
(ranging from 2% to 9%) (Figure 1).

Several approaches were used to compare the bacterial 
communities sampled from the different groups (OLP, 
H-OLP, and H) (Figure 2). Firstly, rarefaction curves 
were calculated in the three sample groups. The results 
showed asymptotic curves, indicating that most bacterial 
diversity was covered at the analysed sequencing depth. 
When the mean curves were compared (Figure 2A), the 
control group (H) showed a higher estimated number of 
species than patients with OLP (OLP and H-OLP), but 
the difference was not statistically significant. A non- 
significant lower number of species was also found in 
non-affected oral mucosa of patients with OLP (H-OLP) 
compared to affected sites (OLP) according to the rar
efaction curves (Figure 2A), which was also confirmed by 
richness and diversity indices (Figure 2B). Samples were 
also plotted in a PCoA to show the differences in bacterial 
composition between samples (Figure 2C). Although 
there was some variability among individuals, sample 
clustering of the same group was observed, and the 
secondary component of the analysis separated OLP 
and H-OLP individuals from the controls. This suggested 
that microbial communities differed between patients 
with OLP and healthy individuals, and therefore more 
detailed analyses were performed to identify organisms 
potentially associated with OLP and health.

A compositional analysis by ANCOM-BC revealed 
many species over-represented in samples from healthy 

Table 1. Demographics and clinical characteristics of the study population (N = 12).
Participant Gender Age (yr) Diseases Medications

OLP patient
1 F 71 Atopic dermatitis; vitiligo None
2 M 62 Asthma Salmeterol and fluticasone propionate (prn)
3 M 60 None None
4 F 59 Hypertension; breast cancer None
5 F 56 Nephrolithiasis None
6 F 38 Endometriosis; depression None
Control
1 F 66 None None
2 M 64 None None
3 M 62 Asthma; depression Budesonide (prn); citalopram
4 F 57 Allergic asthma Budesonide and albuterol (prn)
5 F 56 Hypertension; backpain Candesartan; zopiclone; and NSAIDs
6 F 38 Depression Citalopram; mirtazapine

OLP, oral lichen planus; prn, as needed. 
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individuals (Figure 3), including P. aeruginosa, four 
species of Veillonella, four species of Prevotella, three 
species of Streptococcus and two species of Neisseria. In 
contrast, a few species were over-represented in dis
eased sites, including Granulicatella elegans, 
Streptococcus parasanguinis, Gemella haemolysans and 
Gemella parahaemolysans. G. haemolysans was 3.4 
times over-represented in patients with OLP compared 
to the controls, and its abundance reached almost 10% 
in the communities associated with OLP lesions.

Except for Streptococcus oralis, which appeared at 
higher levels in H-OLP, bacterial communities did 
not significantly differ between affected and non- 
affected sites of patients with OLP, suggesting that 
H-OLP sites were already affected by an equivalent 
bacterial dysbiosis and opening the possibility that 
bacteria uniquely associated with patients with OLP 
could be used as disease biomarkers.

Metaproteomic profiling

To identify putative protein biomarkers in OLP 
lesions, we used mass spectrometry to detect the 
bacterial proteins expressed in our samples and com
pare their presence between affected and non-affected 
oral mucosa of patients with OLP. Consequently, 
peptides were annotated using a protein database 
based on the Human Oral Microbial Database 
(Supplementary Table S1), confirming the presence 
of bacteria identified by 16S rRNA sequencing. Most 
peptides corresponded to basic metabolic functions 
such as the 30S and 50S ribosomal subunits, DNA/ 
RNA metabolism, or ABC transporters. Other pep
tides were annotated as hypothetical proteins, and 
their annotation could not be refined. Several 

peptides were putatively annotated as belonging to 
G. haemolysans, previously detected by our 16S rRNA 
analysis as a potential OLP biomarker. Also, many 
peptidases were found in the proteome data, poten
tially having a virulence function (Supplementary 
Table S2). Interestingly, some bacteria associated 
with the OLP group were identified in the metapro
teome that were not amplified by the 16S rRNA gene 
sequencing approach, including the pathogen 
Mycoplasma fermentans.

Discussion

Diverse factors, including genetic predisposition, 
immunological disturbances, infection, mechanical 
trauma, and stress, contribute to the etiopathogenesis 
of OLP. All these factors may result in microbial 
dysbiosis and alterations of metabolites leading to 
immune dysregulation and loss of integrity of the 
oral mucosa [40]. Previous studies have shown sig
nificant changes in the oral microbiome of patients 
with OLP [25–45]. Furthermore, a recent study 
reported reduced oral microbiota diversity and 
increased mucosal inflammation correlated with dis
ease severity [46]. Also, histopathological features of 
OLP, such as atrophy, hyperkeratosis, acanthosis, and 
liquefaction of the basal layer, suggest barrier dys
function [40]. In the present pilot study, we analysed 
the metataxonomic and metaproteomic profiles of 
the oral microbiome of patients with OLP and 
healthy individuals since a microbial signature for 
OLP is currently lacking. Several bacterial species, 
peptidases, and other proteins with inflammatory 
and virulence potential were identified in OLP 
patients.

Figure 1. Microbiota associated with the buccal mucosa in healthy individuals and patients with Oral Lichen Planus (OLP). 
Sampling points are represented with lines, and the proportions of the bacterial species corresponding to each sample type are 
plotted in pie charts. Bacteria below 1% proportion were included in the ‘others’ category. H, healthy controls; OLP, affected 
sites; H-OLP; unaffected sites.

JOURNAL OF ORAL MICROBIOLOGY 5



Although evidence suggests that the oral micro
biome of patients with OLP is significantly different 
compared to healthy individuals, the relatively few 
studies that have been published on this topic show 
divergent results. This could be attributed to 

numerous reasons, including the sample size, study 
design (cross-sectional vs longitudinal; lack of control 
groups), sampling method (saliva, oral rinse/ 
mouthwash, swabs, and tissue biopsy, among others), 
and other methodological variables related to sample 

Figure 2. Differences in bacterial diversity and composition between healthy and OLP-associated oral samples. A, the number of 
amplicon sequence variants (ASVs) detected every 1000 reads plotted in rarefaction curves. B, Bar-graphs represent the richness index 
(Chao1) calculated for each sample type and the diversity index (Shannon) and their corresponding standard deviations. C, a Principal 
Coordinates Analysis (PCoA) plot based on the relative abundance of species-level ASVs. H, OLP, and H-OLP were differentiated using 
different shapes. Colours are used to associate affected (OLP) and unaffected (H-OLP) regions from the same patient.
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processing and data analysis. These variations also 
hinder the comparison of the results. Notably, most 
studies on OLP have used saliva samples to identify 
bacteria. Although saliva could be a reliable and 
practical source in the search for disease biomarkers 
as it captures the microbiota from all ecological 
niches of the oral cavity, it has been demonstrated 
that local or tissue samples (swabs and biopsies) are 
preferred in the investigation of potential etiopatho
genic microorganisms in oral mucosal and non- 
mucosal diseases [45–49]. To date, only seven studies, 
including this, have collected tissue samples, i.e. biop
sies, buccal swabs, or cytobrush, to analyse the oral 
microbiome of patients with OLP [26–28,43,45,50].

Previous studies have reported the differences in the 
microbial composition of OLP patients and healthy 
individuals using different approaches such as DNA- 
DNA hybridisation, PCR-denaturing gel electrophor
esis or 16S rRNA gene sequencing [25,29,44]. Some of 

these focused on saliva, but most used oral swabs. In 
general, Fusobacterium and Capnocytophaga were asso
ciated with OLP lesions, whereas Streptococcus species 
were more associated with the oral mucosa of healthy 
controls. In agreement with this, in our study, several 
Streptococcus species were found to be more abundant 
in healthy individuals. Contrarily, S. parasanguinis, 
Fusobacterium periodonticum and Capnocytophaga 
granulosa were associated with OLP lesions compared 
to non-affected sites. Finally, and in agreement with 
previous reports using oral swabs [28,51] and saliva 
samples [45], we found a significant increase of 
Gemella in OLP patients both by Illumina sequencing 
and metaproteomics. The potential role of this bacter
ium in the development of OLP should be further 
investigated, given the recent data linking 
G. haemolysans with different infectious and inflamma
tory conditions ranging from allergies [31] to endocar
ditis, meningitis [52], and lactational mastitis [53].

Figure 3. Heatmap showing differentially abundant genera of the buccal mucosal microbiota between healthy controls and 
patients with OLP. Both biological replicates were included for all samples; healthy controls (H), affected (OLP), and unaffected 
(H-OLP). The relative abundance of each species was normalized by ANCOM-BC, and their location clustered by their occurrence 
pattern in the three groups. Coloured circles indicate statistically significant differences between groups. * was used to highlight 
statistical differences using adjusted p-values.
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Proteomic analysis using mass spectrometry has been 
performed previously in saliva samples of patients with 
OLP [54–57] but never through bacterial swabs as in the 
current study. Since Veillonella tobetsuensis, V. atypica, 
V. dispar and V. parvula were significantly reduced in 
patients with OLP, we hypothesised that the low propor
tion of this bacterium could be related to the develop
ment of the disease. This could represent an interesting 
biomarker, as Veillonella species use lactate as a carbon 
source, suggesting that the oral mucosa of patients with 
OLP could have reduced lactic acid levels. Furthermore, 
significantly higher proportions of other acidogenic and 
acidophilic bacteria, such as Lactobacillus, Atopobium, or 
Scardovia [58], were also found in healthy individuals. It 
should be noted that lactic acid not only results from 
bacterial metabolism but can also be overproduced by 
human lactate dehydrogenase activity in different muco
sal tissues under stress conditions [59]. Therefore, lactate 
levels should be further analysed in OLP patients, as well 
as its potential use as a disease biomarker. In summary, 
although there is a high heterogeneity among these stu
dies, it seems that an acidogenic and acidophilic com
munity –as suggested by higher levels of lactate 
producers or users like Veillonella, Lactobacillus, or 
Atopobium– prevails in the oral mucosa of healthy 
individuals.

Metaproteomic profiling of patients with OLP 
(affected and non-affected sites) and controls showed 
peptides corresponding to basic metabolic functions 
such as the 30S and 50S ribosomal subunits, DNA/ 
RNA metabolism, or ABC transporters. This is prob
ably due to the dynamic range of the peptide con
centrations that had been detected, implying that 
most hits correspond to housekeeping and highly 
expressed proteins. Remarkably, peptides belonging 
to G. haemolysans, a putative OLP biomarker, were 
detected. Among these, several peptidases were 
found, and two of them, one corresponding to an 
endopeptidase La and the other to an insulinase 
family protein, were identified in OLP lesions. 
Similarly, a Sapep family Mn(2+)-dependent dipepti
dase and an M17 family metallopeptidase were 
detected in OLP lesions.

Among the detected proteins, an LCP family pro
tein belonging to G. haemolysans is an evident viru
lence factor of several bacterial species, including 
Streptococcus suis, Staphylococcus aureus, and 
Mycobacterium tuberculosis [60]. Of note, several pep
tide hits corresponded to potential pathogens that the 
16S rRNA sequencing data had not detected, perhaps 
because the wide-range primers extensively used for 
this kind of analysis do not properly amplify some 
bacteria with skewed genomic compositions like 
Mycoplasma fermentans [61]. The potential pathogenic 
role of this species in OLP should be explored, as it is 
considered a parasite of mucosal membranes, can be 
located intracellularly, and has been involved in several 

conditions, including chronic infections [62]. In addi
tion, peptidases are accepted as common virulence 
factors used by bacteria to degrade host tissues. Thus, 
we also recommend future studies to evaluate the 
potential role of these peptidases in patients with 
OLP. It must also be considered that the short length 
of the peptides, the low coverage, and the database 
used might influence the annotation of peptides. 
Hence, future investigations with higher coverage and 
statistical power should confirm these results. Finally, 
it should be highlighted that, in this study, we did not 
implement protocols involving quantitative proteomic 
approaches. Mass spectrometry is not quantitative 
per se, so protocols involving label-free or labelling 
approaches should be applied to reach solid conclu
sions on differences in abundance. Another limitation 
of our study is the lack of a negative control during 
sampling and DNA extraction. Although we did 
include a negative control in the sequencing plaque, 
it is possible that P. aeruginosa is not part of the 
microbiota associated with the samples studied, con
sidering that this bacterium is commonly regarded as 
a potential contaminant in oral samples. Finally, 
although an overall oral examination was performed 
in all participants, we cannot exclude the presence of 
interproximal caries lesions on contacting approximal 
surfaces or early-stage periodontal disease, which 
could influence the oral microbial composition.

In conclusion, considering the limitations of this study 
and the small sample size due to strict inclusion criteria, 
our findings suggest that several bacterial species could be 
associated with OLP. However, further longitudinal, 
properly controlled studies with larger cohorts, analysing 
tissue samples, are needed to understand the role of the 
oral microbiome in the pathogenesis of this condition 
and determine whether the presented microorganisms 
are valid disease biomarkers for OLP.
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