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The specific etiology and pathogenesis of oral lichen planus (OLP) remain elusive, and
microbial dysbiosis may play an important role in OLP. We evaluated the saliva and tissue
bacterial community of patients with OLP and identified the colonization of bacteria
in OLP tissues. The saliva (n = 60) and tissue (n = 24) samples from OLP patients
and the healthy controls were characterized by 16S rDNA gene sequencing and the
bacterial signals in OLP tissues were detected by fluorescence in situ hybridization
(FISH) targeting the bacterial 16S rDNA gene. Results indicate that the OLP tissue
microbiome was different from the microbiota of OLP saliva. Compared with the healthy
controls, Capnocytophaga and Gemella were higher in OLP saliva, while Escherichia–
Shigella and Megasphaera were higher in OLP tissues, whereas seven taxa, including
Carnobacteriaceae, Flavobacteriaceae, and Megasphaera, were enriched in both saliva
and tissues of OLP patients. Furthermore, FISH found that the average optical density
(AOD) of bacteria in the lamina propria of OLP tissues was higher than that of the healthy
controls, and the AOD of bacteria in OLP epithelium and lamina propria was positively
correlated. These data provide a different perspective for future investigation on the
OLP microbiome.

Keywords: OLP, 16S rDNA gene, saliva, tissue, microbiome, fluorescence in situ hybridization

INTRODUCTION

Oral lichen planus (OLP) is a common oral mucosa disease characterized by chronic inflammation,
mainly affecting the buccal mucosa, tongue, gingiva, and lower lips (Scully and Carrozzo, 2008).
Females between 30 and 60 years are more vulnerable to OLP, which affects 0.5–2% of the general
population (Alrashdan et al., 2016; Olson et al., 2016). According to different clinical features, OLP
can be classified into two clinical subtypes: reticular OLP and erosive OLP. In histopathology, OLP
is mainly characterized by liquefaction degeneration of epithelial basal keratinocytes and band-like
layer infiltration of subepithelial lymphocytes (Olson et al., 2016). OLP has a certain malignant
potential and its malignant transformation rate is 0.1–2% (Crincoli et al., 2011); the World Health
Organization labeled it as a potentially malignant disorder (Tampa et al., 2018).
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The etiology and pathogenesis of the OLP are still poorly
understood, but they probably involve multiple factors such as
infections, autoimmunity, stress, drugs, and so on (Mostafa and
Tarakji, 2015). Besides that, oral hygiene, such as plaques and
calculus, will also aggravate the occurrence and development of
OLP (Crincoli et al., 2011). Oral microbial community plays an
increasingly important role in human oral and systemic health
(Gao et al., 2018), and microbial dysbiosis may induce or cause
chronic inflammation and infection. Studies have shown that
OLP may be concerned with viruses, Candida, and Helicobacter
pylori infection (Farhi and Dupin, 2010; Masaki et al., 2011).
Recently, a large number of studies have confirmed that the
microbial infection is a potential trigger or facilitator of the
pathogenesis of human autoimmune disease; the commensal
bacteria may participate in local and systemic immune response
processes and destroy the normal immune mechanism of the
body, such as rheumatoid arthritis, multiple sclerosis, Sjögren’s
syndrome, etc. (Alexander et al., 2014). Currently, non-invasive
microbial sampling of the OLP, including the collection of saliva
and swab samples, is relatively quick and easy to obtain, but
it is unclear whether these methods are a valid surrogate for
OLP tissue biopsy.

A recent study showed that the overall structure of the
salivary microbial community was not significantly affected by
the disease status, and the relative abundance of Porphyromonas
and Solobacterium in erosive OLP was significantly higher (Wang
et al., 2016). He et al. (2017) reported that the relative abundance
of Fusobacterium, Leptotrichia, and Lautropia on the surface of
the buccal mucosa of OLP patients was significantly higher, while
that of Streptococcus of the healthy controls was significantly
higher. Besides, Yun et al. (Choi et al., 2016) found that
Streptococcus decreased in the mucosal surface of OLP patients,
pointed out that bacteria could colonize the lamina propria
of OLP tissue, and proposed that intracellular bacteria in the
tissue may trigger T cell infiltration and provide targeted antigen.
However, the above samples typically have lower sensitivity or
specificity than tissue samples, and the species of microbiota
detected in OLP tissues have not been completely elucidated.

Few investigations to date have attempted to study bacteria in
OLP thoroughly. To our knowledge, no more data are available to
characterize the local microbiome in OLP tissue samples, which
is a critical step to well understand whether and how bacteria
play a role in the development of OLP. Most previous studies
on OLP microbial community were limited to the collection
of saliva and mucosal surface swabs of OLP patients. Due to
different colonization conditions of oral mucosal bacteria in
different sites, it is often not representative to collect single site
samples when OLP lesions occur in multiple sites of the oral
mucosa. Therefore, we analyzed the microbial composition and
community diversity of tissue samples from OLP patients who
underwent pathological biopsy and saliva samples from non-
invasive and low-risk methods.

This study aimed to evaluate the microbial communities of
different sample types and whether there are differences between
them through bacterial 16S rDNA gene amplification sequencing,
to analyze the role of the microorganisms with high abundance
co-enrichment in the development of OLP of the two sample

types, and to locate the bacteria in OLP tissues by fluorescence
in situ hybridization (FISH). This could provide experimental
data for future studies on the potential correlation between saliva
and tissue microbiome of OLP patients and healthy people.

MATERIALS AND METHODS

Ethics Statement
This study was approved by the Ethical Committee of the
Affiliated Hospital of Stomatology, Nanjing Medical University
(permission number PJ2016−034−001) and the Institutional
Review Board of Nanjing Medical University (permission
number 2014−132). Written informed consent was obtained
from each participant and all procedures were conducted
following the Declaration of Helsinki.

Study Subjects
In this study, saliva samples were collected from 40 OLP patients
(20 reticular OLP and 20 erosive OLP) and 20 healthy controls.
Tissue samples were collected from 24 OLP patients (12 reticular
OLP and 12 erosive OLP) and eight healthy controls. All subjects
were enrolled from the Department of Oral Medicine of the
Affiliated Hospital of Stomatology at Nanjing Medical University
from November 2017 to May 2019. Based on the clinical and
histopathological diagnostic criteria for OLP proposed by the
World Health Organization in 1978 (Kramer et al., 1978) and
the criteria set forth by van der Meij and van der Waal (2003),
all subjects met the above criteria. The demographic and clinical
data of all subjects are shown in Tables 1, 2.

The study inclusion criteria were as follows: (i) 22–62 years
of age; (ii) no OLP treatment or prescription drug use at least
2 months before sampling; (iii) no history of antibiotic use at
least 1 month before sampling; (iv) no immunomodifier use
within 3 months before sampling; and (v) no history of serious
systemic disorders.

Individuals were excluded from the study for fulfilling any
of the following conditions: (i) other known oral mucosal
diseases; (ii) patients with tumor; (iii) lichenoid reactions caused
by drugs or amalgam filling; (iv) pregnancy, lactation, and
contraceptives; (v) use of any mouthwash within 7 days; (vi)
patients diagnosed as periodontitis, presence of visible caries, and
removable or fixed dentures.

Samples Acquisition and Storage
Collection of Saliva Samples
Due to the diurnal variation of saliva, saliva samples were
collected between 8 a.m. and 12 noon, to minimize the variability
in salivary flow and compositions. No consumption of any
food or beverage at least 1 h prior to sample collection was
necessary before conducting a comprehensive oral examination
of all subjects. After gargling, about 2.5 ml of spontaneous,
unstimulated whole saliva (UWS) samples was collected through
the technique suggested by Navazesh (1993) in a 5-ml sterile
DNA-free (RNA-free) conical tube from each subject; coughing
was prohibited during the period. All samples were transferred
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TABLE 1 | Demographic and clinical parameters of the saliva samples found no statistically significant differences in age (P = 0.526 b) and gender (P = 0.471
a) of each group.

Characteristics Healthy controls
(n = 20)

Reticular OLP
patients (n = 20)

Erosive OLP patients
(n = 20)

Age (mean ± SD) 40.35 ± 12.29 41.32 ± 10.06 44.37 ± 9.84

Male/female 6/14 8/12 6/12

Symptom score 0 0–2 0–3

Sign score 0 1 2–5

Body mass index (mean ± SD) 21.65 ± 2.85 23.44 ± 3.25 23.83 ± 3.65

Cigarette smoking/alcohol drinking 0 0 0

Number of remaining teeth (mean ± SD) 29.65 ± 2.85 29.05 ± 1.90 29.11 ± 1.70

TABLE 2 | Demographic and clinical parameters of the tissue samples found no statistically significant differences in age (P = 0.090 b) and gender (P = 0.800
a) of each group.

Characteristics Healthy controls (n = 8) Reticular OLP patients
(n = 12)

Erosive OLP patients
(n = 12)

Age (mean ± SD) 38.500 ± 13.554 47.429 ± 10.799 36.125 ± 14.126

Male/female 4/4 8/4 5/7

Sites (Buccal mucosa or tongue) Normal oral mucosa around
the tooth extraction wound
and sublingual cysts

7/5 8/4

to the laboratory on ice within 3 h, frozen, and stored at −80◦C
until further processing.

Collection of Tissue Samples
The tissue samples of OLP lesions were all from the representative
areas of the buccal mucosa or tongue of OLP patients, while
the healthy control tissues were obtained from normal oral
mucosa around the tooth extraction wound and sublingual
cyst. To reduce sample contamination, tissue samples were
fixed in 10% neutral-buffered formalin for 24 h within 1 h
after surgical resection and paraffin-embedded using standard
histology methods. Tissue samples were taken in duplicate; one
was cut into 8−µm−thick serial scrolls and placed into a sterile
2-ml centrifuge tube, which was stored separately at −20◦C for
16S rDNA sequencing, and the other was taken from six healthy
controls, five reticular OLP, and five erosive OLP for FISH and
hematoxylin and eosin (H&E) staining.

DNA Extraction and Polymerase Chain
Reaction (PCR) Amplification
Total genomic DNA was extracted from saliva and tissue samples
according to the manufacturer’s instructions using the E.Z.N.A. R©

Soil DNA Kit (Omega Bio-Tek, Norcross, GA, United States).
Polymerase chain reaction (PCR) products of all samples were
amplified by using the following parameters: denaturation at 95◦C
for 2 min, followed by 25 cycles of denaturation at 95◦C for
30 s, annealing at 55◦C for 30 s, elongation at 72◦C for 30 s,
and incubation at 72◦C for 5 min. The V3–V4 region of the
bacterial 16S rDNA gene was amplified by PCR using primers
341F: 5′-barcode-CCTAYGGGRBGCASCAG-3′ and 806R: 5′-
GGACTACNNGGGTATCTAAT-3′, where the barcode was an
eight-base sequence unique to each sample. PCR reactions
were performed in triplicate 20-µl mixture containing 4 µl of

5 × FastPfu Buffer, 2 µl of 2.5 mM dNTPs, 0.8 µl of each
primer (5 µM), 0.4 µl of FastPfu Polymerase, and 10 ng of
template DNA. Amplicons were extracted from 2% agarose
gels and purified using the AxyPrep DNA Gel Extraction
Kit (Axygen Biosciences, Union City, CA, United States)
according to the manufacturer’s instructions and quantified using
QuantiFluorTM-ST (Promega, United States).

Library Construction and Sequencing
Purified PCR products were quantified by Qubit R©3.0 (Life
Invitrogen), and every 24 amplicons whose barcodes were
different were mixed equally. The pooled DNA product was used
to construct the Illumina pair-end library following Illumina’s
genomic DNA library preparation procedure. Then, the amplicon
library was paired-end sequenced (2 × 300) on an Illumina
MiSeq platform (Shanghai BIOZERON Co., Ltd.) according to
the standard protocols.

H&E Staining and FISH on Tissue
Sections
Hematoxylin and eosin staining and FISH on tissue sections
only included 10 OLP patients and six healthy controls due to
insufficient tissue surplus. All formalin-fixed, paraffin-embedded
(FFPE) specimens were fixed onto uncoated slides, and the
slides were deparaffinized and then hydrated. For each subject,
two 4-µm-thick FFPE tissue biopsy sections were prepared, one
using standard H&E staining to identify and mark the lesion
site of interest, and the other using digoxigenin (DIG)-labeled
FISH analysis of 16S rDNA gene universal probe (Lim and Lim,
2017). The specific fluorescence signal of bacterial invasion in
the lesion tissue of OLP patients was detected compared with
healthy controls. FISH staining was performed as previously
described (Moter and Göbel, 2000). Briefly, FFPE tissue sections
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at 4-µm thickness were fixed on slides, dried in a lab oven with
thermostat set to 62◦C for 2 h, and then the slices are sequentially
placed into xylene I 15 min–xylene II 15 min–anhydrous ethanol
I 5 min–anhydrous ethanol II 5 min–85% alcohol 5 min–75%
alcohol 5 min; after that, the slides were rinsed with diethyl
pyrocarbonate (DEPC) 5 min and immersed in repair solution
for 5–10 min. After natural cooling, 20 µg/ml proteinase K
was added dropwise for digestion for 1–5 min, and phosphate
buffer saline (PBS) was washed for 3 × 5 min after pure water
washing. The pre-hybridization solution was added dropwise and
incubated at 37◦C for 1 h. Discard the pre-hybridization solution,
drop the hybridization solution containing the DIG probe, and
hybridize it overnight at 37◦C in a constant temperature box.
Hybridization was performed with unlabeled probes as negative
controls. The hybridization solution was washed away, 2× saline
sodium citrate (SSC), 37◦C for 10 min, 1 × SSC, 37◦C for
2 × 5 min, and 0.5 × SSC for 10 min at room temperature.
4’-6-Diamidino-2-phenylindole (DAPI) counterstain was applied
and incubated in the dark for 8 min. After washing, the anti-
fluorescence quenched sealer was added dropwise. The nucleus
of nucleic acid stain DAPI stained with non-specific staining
was blue under the ultraviolet laser, and the representative
positive signal carboxy-fluorescein (FAM) (488) was green.
The images were captured at a magnification of 200 times
and processed with the software Image-pro plus 6.0 (Media
Cybernetics, Inc., in Rockville, MD, United States). The positive
integrated optical density (IOD) and pixel AREA (AREA) of the
epithelial and lamina propria of each image were analyzed, and
the average optical density (AOD) of each sample was calculated,
AOD = IOD/AREA, the higher AOD, the higher the positive
expression level.

Bioinformatic Analysis
Operational taxonomic units (OTUs) were clustered with 97%
similarity cutoff using UPARSE (version 7.11) and chimeric
sequences were identified and removed using UCHIME.
Afterward, the phylogenetic affiliation of each 16S rDNA gene
sequence was blasted against the Silva (SSU132) 16S rDNA
database and analyzed by Ribosomal Database Project (RDP)
Classifier2 using a confidence threshold of 70% (Amato et al.,
2013). Finally, an OTU table was obtained and based on the
taxonomic information; statistical analysis of the community
structure was performed at each classification level.

Clustering and Statistical Analysis
Usearch (version 103) was the main platform of clustering and
statistical analysis. The relative abundance of bacterial taxa in
each sample between groups was calculated and analyzed by the
Mann–Whitney U-test. Mothur v.1.21.1 (Schloss et al., 2009)
was conducted to reveal diversity analysis, including the Chao1
index and Shannon index. Beta diversity analysis was performed
using UniFrac (Lozupone et al., 2011) to compare the results of
principal component analysis (PCA), and the community ecology

1http://drive5.com/uparse/
2http://rdp.cme.msu.edu/
3http://drive5.com/uparse/

package, R-forge (Vegan 2.0) was used to generate PCA figures.
Linear discriminant analysis effect size (LEfSe) analysis used
the Kruskal–Wallis, Wilcoxon rank-sum test, and Spearman’s
rank correlation test to examine the changes and dissimilarities
among taxa. All statistical analyses were performed using SPSS
(version 23.0; SPSS Inc., Chicago, IL, United States). P < 0.05 was
considered statistically significant.

RESULTS

The healthy controls (n = 4) and the erosive OLP (n = 4) from
32 FFPE tissue samples of 16S rDNA gene sequencing did not
yield enough DNA to be detected or detectable PCR products
after 40 cycles of PCR. These samples were excluded from further
statistical analysis, which means that tissue samples, including
four healthy controls and 20 OLP patients, were eventually
analyzed. In the H&E staining and FISH of tissue samples, 10
OLP patients and six healthy controls were finally selected due
to insufficient tissue surplus.

After preprocessing with 60 saliva and 24 tissue samples,
1,923,413 and 969,405 high-quality sequences with an average
length of 434.73 and 411.77 bp were obtained, with an average of
32,057 and 40,392 sequences per sample. From these sequences,
22 and 30 known phyla, 111 and 196 known families, as well as
234 and 426 known genera were identified, respectively. A total
of 908 and 1299 OTUs were detected, and Good’s estimator of
coverage was 99.79 and 99.94%, suggesting that the results of 16S
rDNA identified by saliva and tissue libraries in this study could
represent the majority of bacterial sequences in the samples.

Basic Characteristics of Study Subjects
The basic information and characteristics of the study subjects
are shown in Tables 1, 2. All samples were tested by Pearson Chi-
square test (a) and one-way analysis of variance (b); there was no
age or gender bias among each group.

The Microbiota Profile of Saliva and
Tissue Samples
Alpha Diversity Analysis (Diversity Within Samples)
Alpha diversity was used to analyze differences in microbial
diversity. The Chao1 index (species richness) and Shannon index
(microbial diversity) between the healthy controls, reticular OLP,
and erosive OLP in saliva (Figure 1A) and tissue (Figure 1B)
samples did not show a significant difference, respectively
(P > 0.05). However, there were strong variations of the Chao1
index and Shannon index between OLP saliva and tissues
(P < 0.0001, Figure 1C). The results showed that compared
with tissues, the salivary bacterial diversity of OLP patients
significantly increased.

Principal Component Analysis (PCA) (Diversity
Between Samples)
The weighted UniFrac phylogenetic distance matrices were
used to calculate the beta diversity, indicating the difference
in bacterial community structure, which can be seen in Bray–
Curtis distance PCA plots (Figure 2). From Figure 2A,
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FIGURE 1 | Box plot: Alpha diversity among healthy controls, reticular OLP, and erosive OLP. (A) Chao1 index and Shannon index among healthy controls, reticular
OLP, and erosive OLP in saliva samples. (B) Chao1 index and Shannon index among healthy controls, reticular OLP, and erosive OLP in tissue samples. (C) Chao1
index and Shannon index between saliva and tissue samples. Box plots show the top quartile, median, and bottom quartile; “ + ” means the average value and “•”
means the outlier. N.S. means no statistical difference. The P-value was obtained by the Mann–Whitney U-test.
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FIGURE 2 | Principal component analysis (PCA) of saliva and tissue microbiota based on the weighted unifrac distance matrix. (A) Each point represents reticular
OLP (green circle), erosive OLP (blue circle), and healthy controls (red circle) for each saliva sample. PC1 explained 12.36% of the variation, and PC2 explained
7.69% of the variation. (B) Each point on behalf reticular OLP (green diamond), erosive OLP (red circle), and healthy controls (blue square) for each tissue sample.
PC2 explained 22.05% of the variation, and PC3 explained 2.69% of the variation. (C) Each point represents OLP saliva (red circle) and OLP tissue (blue square).
PC2 explained 5.87% of the variation, and PC3 explained 1.85% of the variation. Each point represents a sample and is colored by sample type. The more similar
samples are, the closer they are in the graph.

the result indicated that there was no obvious separation
between healthy controls, reticular OLP and erosive OLP,
and there was no statistical difference in the weighted
measurement in saliva (P = 0.146). However, the OLP
group was completely separated from the healthy controls
in tissue (Figure 2B), and the weighted measurements of
healthy controls and OLP (P = 0.004), healthy controls
and reticular OLP (P = 0.001), and healthy controls and
erosive OLP (P = 0.002) were also statistically different.
Except for reticular OLP and erosive OLP, which has no
statistically significant difference in the weighted measurement
(P = 0.150), this indicates that the overall structure of
the bacterial community in the population was significantly
different, while the structure of reticular and erosive OLP
microbial community was not significantly different. There was
a partial overlap between saliva and tissue samples of OLP
patients (Figure 2C) and significant difference in the weighted
measurement (P = 0.001), suggesting that OLP microorganisms
between saliva and tissue samples were partially close to each
other but still different.

Changes of Microbiota at the Phylum,
Family, and Genus Levels in Saliva and
Tissues
Bacterial communities in OLP and healthy controls were
analyzed at different taxonomic levels (Figure 3). Represented
phylum in saliva and tissue samples was Proteobacteria. At
the family level, the saliva microbiota was dominated by
Neisseriaceae, followed by Prevotellaceae, Pasteurellaceae, and so
on. Caulobacteraceae was shown to be the major family in tissue
samples, followed by Sphingomonadaceae, Burkholderiaceae,
and so on. Neisseria had the highest average relative abundance
at the genus level in saliva samples. Compared with healthy
controls, the average relative abundance of 11 genera, such as
Capnocytophaga, Gemella, and Granulicatella, was significantly

higher in OLP saliva (P < 0.05). In the tissue samples, 41
genera such as Escherichia–Shigella, Phyllobacterium, and
Megasphaera were significantly higher in OLP than those in
the healthy controls (P < 0.05). In particular, compared with
healthy controls, Phyllobacterium and Megasphaera were not
only significantly higher in both reticular and erosive OLP
tissues (P < 0.05), but also higher in reticular and erosive
OLP saliva (P > 0.05). In tissue samples, Escherichia–Shigella,
Bacteroides, and so on only existed in OLP (P < 0.05). At
the species level, in the saliva samples, the average relative
abundance of Prevotella saccharolytica JCM 17484, Lactobacillus
plantarum, Lactobacillus sp. ARSOA BB, and Neorhizobium
huautlense in the OLP was significantly higher than those
in the healthy controls (P < 0.05). In tissue samples, the
average relative abundance of seven known species including
Methylobacterium aquaticum, Achromobacter xylosoxidans
subsp. Xylosoxidans, Sphingomonas mali, Pseudomonas
poae, Tsukamurella tyrosinosolvens, Rhodopseudomonas
pentothenatexigens, and Megasphaera elsdenii DSM 20460
was significantly higher in OLP than that in the healthy controls
(P < 0.05).

Bacterial Community Structures of Saliva
and Tissue Samples
Saliva Samples of Healthy Controls and the OLP
To further identify the specific bacterial taxa related to OLP,
we used the linear discriminant analysis (LEfSe) to compare
the microbiota of OLP and healthy controls. Figure 4A
shows the greatest difference in taxa between the two groups.
Overall, two phyla, two classes, five orders, seven families,
and 11 genera were detected to be different from each
other. The bacteria that play an important role in OLP
with the significant difference in abundance were Firmicutes
at the phylum level, Leuconostocaceae, Flavobacteriaceae,
Mycoplasmataceae, and so on at family level. At the taxonomic
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FIGURE 3 | Comparison of average relative abundance of major phyla and genera (>0.2%) in healthy controls (H), reticular OLP (R), and erosive OLP (E) in saliva and
tissue samples. (A) Comparison of the phylum level among the three groups. (B) Comparison among the top eight genera of the three groups. (C) Comparison of
9–30 genera of the three groups. a: H vs R; b: H vs E; c: R vs E; red letters indicate P < 0.05.

FIGURE 4 | LEfSe analysis cladogram of saliva and tissue samples between the healthy controls and the OLP. (A) Saliva samples’ LEfSe analysis cladogram.
(B) Tissue samples’ LEfSe analysis cladogram. Colored nodes from the inner to the outer rings, respectively, represent the level of phylum (p), class (c), order (o),
family (f), and genus (g); only the level of class to family was labeled and annotated on the right side of the cladogram. Differences were indicated by different colors:
green for healthy controls, red for OLP, and yellow for non-significant. The diameter of each circle was proportional to the abundance of the taxa.

level of the genus, there were Capnocytophaga, Gemella,
Granulicatella, and so on.

Tissue Samples of Healthy Controls and the OLP
Linear discriminant analysis (LEfSe) was used to determine
which taxa could explain the changes observed by UniFrac
in the tissue samples (Figure 4B). A total of five phyla, 14
classes, 28 orders, 54 families, and 86 genera were found

to be different between the two groups. Acidobacteria,
Chloroflexi, and Patescibacteria were significantly enriched
in OLP, and at the family level, there were Bacteroidaceae,
Flavobacteriaceae, Sphingobacteriaceae, and so on. At the genus
level, discriminative genera between health and disease were
as follows: in healthy controls, Streptococcus, Micrococcus,
Sphingobium, and so on; in OLP, Escherichia–Shigella,
Megasphaera, Phyllobacterium, and so on.
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Pearson Correlation Heatmap Analysis
of the Bacterial Genera With Average
Relative Abundance > 0.2% in Saliva and
Tissue Samples Between Healthy
Controls and the OLP
From Figure 5A, we found that Bacteroides and Lactobacillus
were the most positively correlated (ρ = 0.87), whereas
Fusobacterium and Streptococcus were the most negatively
correlated (ρ = −0.48) in saliva samples between healthy
controls and the OLP. However, Pelagibacterium and
Curvibacter were the most positively correlated (ρ = 0.99),
while Stenotrophomonas and Sphingomoas were the most
negatively correlated (ρ = −0.77) in tissue samples between
healthy controls and the OLP (Figure 5B).

FISH of Tissue Samples
Fluorescence in situ hybridization is an effective approach for
locating the spatial distribution of bacteria in tissue samples. In
healthy controls, reticular OLP, and erosive OLP, the bacterial
signal in the epithelia was stronger than that in the lamina
propria. Compared with the healthy controls, the epithelial and
lamina propria of reticular and erosive OLP both had strong
bacterial signals (Figure 6A). AOD of bacteria in OLP lamina
propria was significantly higher than that in healthy controls
(P = 0.0420, Figure 6B), while no difference was observed in
the epithelial (P = 0.9578, Figure 6B). There was a significant
positive correlation between the AOD within the epithelial and
lamina propria of the OLP (r = 0.6695, P = 0.0342, Figure 6C),
but not in the healthy controls (r = 0.3214, P = 0.4976,
Figure 6C).

DISCUSSION

To date, studies of the OLP addressing microbial communities
have been largely focused on OLP patients with mucosal surface
swabs (He et al., 2017) and saliva (Wang et al., 2016). Studies on
microbial aspects in OLP tissues have only reported Mycoplasma
salivarium (Mizuki et al., 2017); knowledge about the community
structure and composition of bacterial flora in OLP tissues was
still lacking. We not only studied the microbial characteristics
of the two sample types but also studied the effect of the
difference between them on the microbial profiles of the OLP,
aiming to determine and characterize the microbiota of OLP
saliva and tissues. Moreover, alpha diversity analysis showed
that there was no significant difference in microbial richness or
diversity in saliva and tissues among healthy controls, reticular
OLP, and erosive OLP, respectively, which was in line with the
results from Wang et al. (2016) of saliva samples. However,
there was a difference in the beta diversity of tissue samples
between OLP and healthy controls, representing more inter-
group variation.

Our study analyzed bacterial communities in OLP tissues
and compared the relationship between the overall oral
microenvironment and the microenvironment of the local lesion
area. In this paper, we provided evidence that the diversity

and composition of microbial communities in OLP saliva and
tissue samples were significantly different. Compared with OLP
tissues, OLP saliva showed significantly higher alpha diversity.
Saliva and tissue samples of OLP patients showed significantly
different alpha diversity from each other, suggesting that OLP
tissues also contained bacteria from the mucosal surface. We
speculated that the bacteria on the mucosal surface of OLP
tissues may pass through the damaged epithelium to subepithelial
tissue, and over time, these bacteria may develop into a unique
bacterial community.

Low tissue microbial diversity may be due to the overgrowth
of potential pathogens, which may trigger or exacerbate
disease states. Inflammation or immune imbalance caused by
OLP may also create an unfavorable growth environment for
microorganisms, thus reducing the bacterial diversity of OLP
tissues. The microbiota of OLP saliva and tissues was also
significantly different. Compared with the healthy controls,
Capnocytophaga, Gemella, and so on were higher in OLP
saliva, while Escherichia–Shigella, Megasphaera, and so on
were higher in OLP tissues. This result demonstrated that
the differences in the composition of bacterial communities
could be attributed to environmental factors and disease
susceptibility. Saliva may represent the change of the whole
oral microflora, which was susceptible to the influence of oral
hygiene and oral diseases. Different microenvironments may
be the driving factors for the different bacterial community
structures. An alternative explanation for these differences
might be homing to saliva samples contains rich planktonic
bacteria on the mucosal surface of OLP lesions, while
tissue samples contain more intracellular bacteria or biofilm-
related bacteria.

Besides, we also found some enrichment of higher
abundant taxa in OLP saliva and tissues, including the family
Carnobacteriaceae, Flavobacteriaceae, Caulobacteraceae, and
Veillonellaceae, as well as the genus Megasphaera, Sphingomonas,
and Delftia. Compared with healthy controls, they were
significantly higher in OLP tissues, and also higher in OLP
saliva, but there was no statistical difference. Yun et al. believed
that OLP may be associated with microbial infections (Baek
and Choi, 2018), while the high levels of Flavobacteriaceae,
Veillonellaceae, Delftia, and Megasphaera were thought to be
associated with inflammation and infectious diseases, such as
infective endocarditis (Tomida et al., 2019), bacterial vaginosis
(Tabatabaei et al., 2019), pancreatic cancer (Mei et al., 2018), and
periodontitis (Kumar et al., 2005).

The pathogenesis of OLP was related to the imbalance of
TH1/TH2; Toll-like receptors-2 (TLR2) has been found to
promote an inflammatory response by inducing TH1/TH2
imbalance (Wang et al., 2018). Janardhanam et al. (2012) found
that TLR2 messenger RNA (mRNA) was significantly lower in
OLP epithelial cells and decreased in UWS epithelial cells of
OLP patients. In fecal samples from patients with functional
gastroenteropathy, Carnobacteriaceae was inversely correlated
with the expression of TLR2 (Dong et al., 2017) and correlated
with the immune status of leukemia patients (Wang et al.,
2014). Besides, Veillonellaceae has been found to be associated
with juvenile idiopathic arthritis involving autoimmune
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FIGURE 5 | Pearson correlation matrix visualization of saliva and tissue samples between healthy controls and OLP. (A) Pearson correlation matrix visualization of
saliva healthy controls and OLP with genera average relative abundance > 0.2%. (B) Pearson correlation matrix visualization of tissue healthy controls and OLP with
genera average relative abundance > 0.2%. In the figure, the larger the circle, the higher the correlation coefficient. The correlation with P > 0.01 was left blank; red
represented positive correlation and blue represented negative correlation. The correlation value ranged from -1.00 (blue) to 1.00 (red).

FIGURE 6 | Fluorescence in situ hybridization localized bacterial distribution in tissue samples. (A) Fluorescence in situ hybridization of healthy controls (n = 6),
reticular OLP (n = 5), and erosive OLP (n = 5). White arrow represents the epithelia, and red arrow represents the lamina propria. Fluorescent signal FAM (488) was
green, and the nucleus was blue. H&E, hematoxylin and eosin staining. FISH, fluorescence in situ hybridization. (B) Comparison of AOD of bacteria in the epithelial
and lamina propria between the healthy controls and the OLP. (C) Correlation plots of AOD of bacteria in the epithelial and those in the lamina propria of the healthy
controls and the OLP. (r and P were obtained through Spearman’s rank correlation test). The black bar indicates the median of each group. N.S. means no statistical
difference. P < 0.05 was obtained by the Mann–Whitney U-test.

diseases, and increased in patients with non-enthesitis-
related arthritis (Di Paola et al., 2016) and schistosomiasis
(Ajibola et al., 2019) associated with downregulation of TH2
immune response.

This study found that Megasphaera was significantly higher
in both reticular and erosive OLP tissues than in the healthy
controls, and was also higher in reticular and erosive OLP

saliva than in the healthy controls. Megasphaera may be
associated with viral infection (Lu et al., 2017), contributing
to host immune defense, such as activating T cell-dependent
immune response. Besides that, Megasphaera, Sphingomonas,
and Caulobacteraceae were known to be associated with
cancer. For instance, Sphingomonas increased in patients with
colitis-related cancer (Yu, 2018) and played a dominant role
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in patients with immunoglobulin A nephropathy (Watanabe
et al., 2017), possibly leading to the activation of mucosal
immune response due to interaction with potential host genetic
factors. Megasphaera and Caulobacteraceae could serve as a
microbial biomarker for lung cancer (Lee et al., 2016) and
breast carcinogenesis (Meng et al., 2018). It is worth noting
that the higher levels of the above taxa in the OLP might
be thought of as a potential microbial biomarker of the
OLP.

Interestingly, when analyzing the tissue samples, we found
that Escherichia–Shigella only existed in the OLP. Escherichia–
Shigella associated with the pro-inflammatory state was increased
in ulcerative colitis, and inflammatory state may be related
to host immunity–microbial interaction (Xu et al., 2018). The
increase of Escherichia–Shigella in patients with autoimmune
disease, hypothyroidism, and Hashimoto’s thyroiditis may be
associated with the increase of the serum circulating antibody
level (Ishaq et al., 2017). A cross-sectional study by Zucoloto
et al. (2019) suggested that the anxiety level was directly
related to OLP severity, and Jiang et al. (2018) reported that
excessive growth of Escherichia–Shigella in patients with a
generalized anxiety disorder may exacerbate anxiety, and the
resulting exotoxins could contribute to inflammatory conditions
(Maes et al., 2007).

There was no statistical difference in saliva for health-related
Streptococcus, while Streptococcus was significantly higher in
tissue samples from healthy controls. He et al. (2017); Wang
et al. (2016), and Yun et al. (Choi et al., 2016) have also
reported the same findings in saliva and the mucosal surface.
Streptococcus salivarius, as an ideal candidate for oral probiotics
(Wescombe et al., 2009), did not initiate infection in healthy
individuals and may help to establish immune homeostasis
and regulate host inflammatory response. In saliva, we found
that Fusobacterium and Streptococcus were the most negatively
correlated in the Pearson correlation matrix. This result was
consistent with He et al. (2017), who found a significant increase
of Fusobacterium and a decrease of Streptococcus on the buccal
mucous surface of the OLP.

By FISH, we found that the AOD of bacteria in the lamina
propria of OLP tissues was significantly higher than that of the
healthy controls, and the AOD of bacteria in the epithelial and
lamina propria of OLP was significantly positively correlated. It
suggested that the epithelial barrier function was impaired in
local lesions of OLP, and bacteria could invade into the lamina
propria through the epithelia of OLP tissues. Notably, this finding
was consistent with the results of the in situ hybridization of Yun
et al. (Choi et al., 2016) using a universal probe targeting bacterial
16S rRNA labeled with DIG. However, 16S rDNA sequencing
did not amplify bacterial rDNA in some tissue samples, which
may be related to the low bacterial biomass in some tissue
samples. FISH had higher accuracy than 16S rDNA sequencing
and was not easily affected by pollutants. Moreover, FISH was
not only simple, rapid, and inexpensive, but also able to directly
locate and identify biofilm in tissues, with higher reliability
(Frickmann et al., 2017).

Our current study still has several limitations. First, a
small sample size we studied may be insufficient to detect

slight differences between groups, so further in-depth studies
should be confirmed on a larger cohort to obtain more
accurate and comprehensive findings. Second, due to ethical
limitations, we could not sample the buccal mucosa or tongue
of the “healthy” non-disease control population, so we had
to collect the normal oral mucosa tissues around the tooth
extraction wound and sublingual cyst of healthy controls. In
fact, the PCR amplification of the 16S gene especially in the
case of some tissue samples proved relatively difficult; Joss
et al. (2015) failed to generate sufficient 16S amplicon from
three of 22 subjects by improving PCR amplicon yield and
the overall yield of 16S amplicon. Liu et al. (2018) found
that 14 of the 16 negative controls failed amplification and
bacterial DNA could not be detected. Abreu et al. (2012) also
encountered a similar problem. However, PCR amplification of
the 16S gene in the FFPE tissue samples was more difficult.
Joss et al. (2015) also suggested that the failure to detect
16S amplicon of bacteria could not exclude other biological
processes such as viruses and archaea that may be involved
in the occurrence and development of diseases. Finally, the
sensitivity of FISH was lower than PCR, and the presence of
autofluorescent particles in certain tissues may produce false-
positive results (Prudent and Raoult, 2019). Therefore, it is
necessary to further study the species and gene expression
differences of the microbiome through macro transcriptome and
other research methods.

CONCLUSION

In conclusion, our results suggest that the diversity and
composition of microbial communities in tissues and saliva
samples from the OLP are different, and the presence of the
above unusual taxa is mostly related to immune status and
inflammation that may worsen the local microenvironment of
the OLP. On the other hand, the role of microorganisms in the
occurrence and development of diseases lies in the imbalance
in the microbial community composition, rather than their
existence. Study the specific bacteria in the diseased tissues
of OLP patients and how they play an important role in the
pathogenesis and development of the disease, which may be a
biological approach to prevent OLP.
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