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The oral microbiome in
young women at different
stages of periodontitis:
Prevotella dominant in
stage lll periodontitis

Yagiong Zhao', Yunzhi Feng', Qin Ye, Jing Hu, Yao Feng,
Zeyue Ouyang, Jie Zhao, Yun Chen, Li Tan, Ningxin Chen,
Marie Aimee Dusenge, Xiaolin Su and Yue Guo*

Department of Stomatology, The Second Xiangya Hospital, Central South University, Changsha,
Hunan, China

Objective: Periodontitis progression is related to the dynamic dysbiosis of oral
microbiome. We identified the dominant bacteria and the potential pathway in
young women with stage-Ill periodontitis.

Materials and methods: Samples of subgingival plaque were collected from 26
young women with periodontitis (20 with stage-1 and 6 with stage-IIl). Using
16S rRNA-sequencing, we determined the variation in oral bacterial
communities of the two groups, and identified the dominant bacteria of each
group. We used the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database to evaluate the signaling pathways related to the difference in oral
bacterial composition. The role of the dominant bacteria of stage-lll
periodontitis was investigated in vivo and in vitro using an endoplasmic
reticulum stress inhibitor.

Results: Young women with stage-| periodontitis had higher values for the
Chaol Index, Observed Species and Phylogenetic Diversity Whole Tree Index
than those for women with stage-IIl periodontitis. -diversity analyses revealed
that samples could be divided into different groups according to the
periodontitis stage. The most representative biomarkers of stage-lIll
periodontitis in young women were bacteria of the phylum Bacteroidetes, its
order, family and genera Bacteroidales, Prevotellaceae and Prevotella. The
KEGG database revealed that the change in oral bacterial composition of young
women with stage-Ill periodontitis may be related to protein processing in an
endoplasmic reticulum pathway. Salubrinal (an endoplasmic reticulum stress
regulator) controlled expression of Runx2, Collal, Ocnin mouse bone-marrow
mesenchymal cells. Salubrinal administration showed that moderate
endoplasmic reticulum stress inhibited alveolar bone loss in periodontitis
induced by Prevotella intermedia lipopolysaccharide.
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Conclusion: Differences between periodontitis stages were noted and bacteria
of Prevotella species were abundant in young women with stage-Ill
periodontitis. This phenomenon was related to protein processing in an
endoplasmic reticulum pathway.
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Introduction

Many types of microorganisms reside in the human oral cavity.
They include bacteria, fungi, viruses and archaea, which make up a
rich microbial community known as the “oral microbiome” (Zorba
et al., 2020). More than 1000 species of bacteria have been found to
colonize different surfaces of the gingiva, teeth and tongue (Human
Microbiome Project, 2012). In health, the oral microbiome and the
host are in a state of dynamic homeostatic equilibrium. However,
under certain conditions, such as reduced immunity and
fluctuations in hormone levels, this equilibrium is disturbed,
which can lead to a series of diseases, such as gingivitis,
periodontitis or systemic diseases, such as diabetes, cardiovascular
diseases, and adverse pregnancy outcomes (Kumar et al., 2003;
Sampaio-Maia et al., 2016; Dioguardi et al., 2020).

Sex steroid hormones (SHHs) are cholesterol-derived
molecules secreted into saliva and which reach oral tissues
such as the gums and periodontium (Cornejo Ulloa et al,
2021). The prevalence and severity of periodontitis is lower in
females in most age groups compared with those in males, which
may be related to different SHH levels in males and females
(Albandar, 2002). SHHs can regulate the composition and
behavior of oral microorganisms, which is an important factor
in oral microbiomes dysbiosis. Previously, we revealed sex-based
variations in the oral microbiomes with regard to periodontitis
(Zhao et al., 2021b; Zhao et al., 2021a). The dominant bacteria in
males with severe periodontitis were those of the genera
Pseudomonas and Papillibacter whereas, in females, they were
from the genus Tannerella and order Fusobacteriales (Zhao
et al, 2021b). For older patients with periodontitis, the
predominant bacterial genus was Haemophilus in males and
Campylobacter in females (Zhao et al., 2021a).

Endoplasmic reticulum (ER) stress refers to disequilibrium
between the cellular demand for the function and capacity of the
ER. ER stress participates in inflammation, bone loss and
degradation of the extracellular matrix. Upregulation of the ER
stress response in periodontitis has been observed (Domon et al.,
2009). ER stress induced by Porphyromonas gingivalis has been
shown to cause alveolar bone loss in an experimental model of
periodontitis (Yamada et al, 2015). Kimura and colleagues
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found that salubrinal (SAL) (2.0 mg/kg, once-daily) alleviated
ER stress and inhibited alveolar bone loss in an experimental
model of periodontitis (Kimura et al., 2021). SAL is a synthetic
compound that can reduce ER stress by increasing
phosphorylation of elF2a by suppressing protein phosphatase
(Boyce et al, 2005). SAL can upregulate expression of Runx2,
Ocn and Collol to induce osteoblast differentiation (Tanaka
et al., 2014). Previously, we found that ER stress occurred after
tooth extraction, and that a moderate degree of ER stress
promoted healing of alveolar bone after SAL treatment.
However, the regulatory effect of different concentrations of
SAL on periodontitis has not been studied. It has been reported
that ER stress is also affected by hormones and age, but the
mechanism of action is not known (Hu et al., 2016; Yang et al,,
2018; Gil-Hernandez and Silva-Palacios, 2020).

In the current study, samples of subgingival plaque from
young women with stage-I or stage-III periodontitis were
obtained. 16S rRNA-sequencing revealed the dominant bacteria
of stage-III periodontitis were those of the genus Prevotella.
Analyses of enrichment of signaling pathways using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database revealed
the dominant pathway of stage-III periodontitis to be “protein
processing in endoplasmic reticulum”. The regulatory effect of ER
stress on periodontitis caused by lipopolysaccharide (LPS) from
Prevotella intermedia was demonstrated in vivo and vitro.

Materials and methods
Ethical approval of the study protocol

The study protocol was approved by the Ethics Committee
of The Second Xiangya Hospital of Central South University
(Changsha, China). Recruited patients provided written

informed consent. The clinical trial registration number
is ChiCTR2100046828.

Exclusion criteria

Exclusion criteria were: (i) periodontal treatment in the last 6
months; (ii) tobacco smoking; (iii) systemic disease; (iv) use of
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antibiotics within the previous 1 month; (v) trauma; (vi) recent
surgery; (vi) pregnancy.

Participants

Study participants were women aged 20-44 years with >15
teeth. The stages of periodontal disease were determined based
on the standard of the Staging and Grading Periodontitis of The
American Academy of Periodontology (AAE) (Tonetti et al,
2018). The clinical attachment level at the site of greatest tooth
loss was recorded: 1-2 mm was defined as stage I, 3-4 mm as
stage I and =5 mm as stage III. Loss <4 teeth was recorded as
stage III whereas loss =5 teeth was diagnosed as stage IV.
Patients with stage-III or stage-IV periodontitis were
combined into a stage-IIT group.

Collection of subgingival plague and
extraction of bacterial DNA

Samples of subgingival plaque of the four first molars were
collected using a sterile Gracey scraper. Next, they were added to
phosphate-buffered saline (PBS), frozen immediately and stored
at —80°C. DNA from samples was extracted and quantified using
the DNeasy PowerSoil Kit (Qiagen, Hilden, Germany) and a
spectrometer (NanoDropTM 2000; Thermo Fisher Scientific,
Waltham, MA, USA). DNA quality was determined by
agarose-gel electrophoresis.

Sequencing of the V3-V4 region of
16S rRNA

16S rRNA-sequencing was done by OE Biotech (Shanghai,
China). The polymerase chain reaction (PCR) primers 343
forward (5'-TACGGRAGGCAGCAG-3’) and 798 reverse (5'-
AGGGTATCTAATCCT-3") were used to amplify the V3-V4
region. Thermal cycling conditions were an initial denaturation
at 94°C for 5 min followed by 26 cycles of 94°C for 30 s
(denaturation), 55°C for 30s (annealing) and 72°C for 20 s
(elongation), with a final extension at 72°C for 5 min.
Amplified products were detected by electrophoresis using 1%
agarose gels purified with AMPure XP beads (Agencourt;
Beckman Coulter, Fullerton, CA, USA), and quantified using
the Qubit dsDNA Assay Kit (Life Technologies, Carlsbad, CA,
USA). Amplified samples were pooled for sequencing on the
MiSeq platform (Illumina, San Diego, CA, USA). Raw paired-
end reads were analyzed by QIIME 1.9.1. Sequences were
clustered into identical operational taxonomic units (OTUs)
using VSEARCH 2.4.2 with > 97% identity. OTU taxonomy
was analyzed using a naive Bayesian classifier (Ribosomal
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Database Project classifier) and the SILVA database (www.arb-

silva.de/).

Bioinformatics analysis

a-diversity was measured using various indices (observed
species, Chao, Shannon, Simpson, Good’s Coverage,
Phylogenetic Diversity (PD) Whole Tree) and was compared
by the Student’s t-test and Kruskal-Wallis test. B-diversity was
analyzed by principal coordinates analysis (PCoA) and
nonmetric multidimensional scaling (NMDS) based on
unweighted UniFrac distances. The relative abundance of
dominant bacteria between different groups was compared
using the Wilcoxon rank-sum test. Linear discriminant
analysis effect size (LEfSe) was undertaken to discover different
biomarkers. The KEGG database (www.genome.jp/kegg/) was
used to predict the potential function of subgingival microbiota.

Preparation of LPS and SAL

LPS from lyophilized P. intermedia was purified by the
standard hot phenol-water method followed by treatment with
proteinase K, DNase and RNase to eliminate contaminating
proteins and nucleic acids, as described by Choi and colleagues
(Chot et al., 2014). The experimental steps were completed by
the Shanghai Bioresource Collection Center (Shanghai, China).
SAL (Tsbiochem, Shanghai, China) was dissolved in
dimethyl sulfoxide.

Cell culture and LPS treatment

Mouse bone-marrow mesenchymal cells (mBMSCs) were
cultivated in minimum essential medium-alpha supplemented
with 10% fetal bovine serum and penicillin (100 U/mL) and
streptomycin (100 pg/mL) at 37°C in a humidified incubator in
an atmosphere of 5% CO,. Cells were seeded in six-well culture
plates with 2 x 10° cells/well and incubated for 24 h to adhere.
Then, the cells were treated with P. intermedia LPS (20 uL/well)
with/without SAL (20, 100, 200 uM) for an additional 24 h.

Real-time reverse transcription-
quantitative polymerase chain
reaction (RT-PCR)

After incubation, total RNA was isolated using TRIzol®
Reagent (Invitrogen, Carlsbad, CA, USA) according to
manufacturer instructions. Synthesis of complementary-DNA
from total RNA was conducted using the PrimeScript  Strand
cDNA Synthesis Kit (Takara Biotechnology, Shiga, Japan). RT-PCR
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was carried out using a TB Green® Premix Ex TaqTM II kit (Takara
Biotechnology) with the LightCycler® 96 system (Roche, Basel,
Switzerland). With regard to thermal cycling, after denaturing at 95°
C for 30 s, PCR was undertaken for 40 cycles of 95°C for 5 s and 60°
C for 20 s. Expression of B-actin served as the internal control. The
sequences of primers (forward and reverse, respectively) were 5'-
CCTTCAAGGTTGTAGCCCTC-3" and 5-GGAGTAGTTCTC
ATCATTCCCG-3" for Runx2; 5-TGAACGTGGTGTACAA
GGTC-3" and 5'- CCATCTTTACCAGGAGAACCAT-3" for
Collal; 5'- CAAGCAGGAGGGCAATAAGGTAGTG-3" and 5'-
CGGTCTTCAAGCCATACTGGTCTG-3’ for Bglap.

Immunoblotting

Total protein from cells was prepared using lysis buffer,
followed by heating to 100°C for 5 min and then storage at
-80°C. Protein samples (20 pg) for each lane underwent sodium
dodecyl sulfate-polyacrylamide gel electrophoresis on 12% gels
and were transferred onto nitrocellulose membranes. The latter
were probed with primary antibodies (all at 1:1000 dilution) at
4°C overnight: COL1A1 (Affinity Biosciences, Cincinnati, OH,
USA), RUNX2 (Abcam, Cambridge, UK), OCN (Abcam) and [3-
actin (Proteintech, Chicago, IL, USA). Then, nitrocellulose
membranes were incubated with the corresponding
peroxidase-conjugated secondary antibodies. Immunoreactive
protein bands were detected using NcmECL Ultra Reagent
(NCM Biotech, Suzhou, China).

Animals

Eight-week-old C57BL/6] mice (SJA Laboratory Animals,
Changsha, China) were housed under specific pathogen-free
conditions with food and tap water available ad libitum. The
protocol for animal experiments was approved by the Experimental
Animal Ethics Committee of Second Xiangya Hospital.

Gingival injection of LPS and
SAL administration

Mice were divided into four groups. One group received 5 g
of a solution of P. intermedia LPS (1 mg/mL) injected into the
gingiva via a syringe (1700 series; Hamilton, Bonadoz,
Switzerland) around the mandibular first molar every 48 h for
13 times in total. One group received a gingival injection of P.
intermedia LPS plus an intraperitoneal injection of SAL (0.143
mg/kg) 2 h before LPS injection. One group received a gingival
injection of P. intermedia LPS plus an intraperitoneal injection
of DMSO 2 h before P. intermedia LPS injection. The control
group was given a gingival injection of PBS only. Before injection
of LPS, anesthesia was induced with 1% pentobarbital sodium.
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Histology

Twenty-four hours after the 13th injection, the bilateral
mandibles were removed surgically, dissected and fixed in 4%
paraformaldehyde phosphate buffer solution for 48 h. Samples
were decalcified with 17% EDTA for 21 days and then embedded
in paraffin. Sections of thickness 4 um were prepared in a
mesiodistal orientation. Sections presenting the entire molar
roots were selected for staining (hematoxylin and eosin
(H&E)) and imaged on a Scan Scope GL optical microscope
(Axiocam 503 color; Zeiss, Wetzlar, Germany).

Staining with alkaline phosphatase (ALP)

After deparaffinization and rehydration, sections of
thickness 4 um were treated with an incubation solution
(sodium pentobarbital (0.2 g), calcium chloride (0.2 g), B-
sodium glycerophosphate (0.3 g), magnesium sulfate (0.4 g)
dissolved in double-distilled water (10 mL)) for 3 h at 37°C.
Then, sections were incubated with 2% cobalt nitrate for 5 min,
treated with ammonium sulfate solution for 10 s and
counterstained with 2% safranin. After dehydration with a
graded series of alcohol solutions, sections were observed
under light microscopy. Dark-brown particles were identified
as positive-stained areas.

Statistical analysis

Data are the mean + standard deviation. Statistical analyses
were carried out using one-way analysis of variance. A
comparison of two groups was assessed by Tukey’s post hoc
method. P < 0.05 was considered significant.

Results
General information of participants

Patients with stage-I periodontitis had a mean age of 33.10
(range, 27.38—38.82) years. Patients with stage-III periodontitis
had a mean age of 34.17 (range 26.68—41.66) years. There was no
significant difference in age between stage-I and -III groups (P
> 0.05).

Composition of the oral microbiota
varied according to the
periodontitis stage

The relative abundance of oral microbiota was assessed at
the level of the top-15 phyla and genera (Figures 1A, B).
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Compared with young women with stage-I periodontitis, the
relative abundance of bacteria of the phylum Bacteroidetes,
Fusobacteria, Firmicutes and Spirochaetes increased, whereas
those of Proteobacteria and Actinobacteria decreased, in young
women with stage-III periodontitis. At the genus level, the
relative abundance of bacteria from Fusobacterium, Prevotella,
Porphyromonas, Prevotella 2, Treponema_2, Prevotella 7 and
Alloprevotella was higher in the stage-III group than that in the
stage-I group, whereas the relative abundance of bacteria from
Leptotrichia, Corynebacterium, Capnocytophaga, Neisseria and
Aggregatibacter in the stage-III group was lower than that in the
stage-I group. The difference between patients with stage-I and
-IIT periodontitis with regard to the relative abundance at
phylum and genus levels is shown as a heatmap in Figures 1C, D.

Young women with stage-lll
periodontitis had a lower richness of oral
bacteria compared with that in women
with stage-| periodontitis

The observed species and Chaol Index were used to evaluate
community richness, which were higher in the stage-I group
compared with that in the stage-III group (P < 0.05) (Figures 2A,
B). The Good’s Coverage Index reached 0.986 and 0.988 in the
stage-I group and stage-III group, respectively, which indicated a
higher probability of species in the stage-III group (P < 0.05,
Figure 2C). The PD Whole Tree Index is an index to measure
diversity that takes into account evolutionary distance: it was
higher in the stage-I group (P < 0.05) (Figure 2D). No significant
difference was observed in the Shannon Index or Simpson Index
in terms of diversity (P > 0.05) (Figures 2E, F).

Assessment of variation in composition of oral microbial
colonies in young women with stage-I or stage-IIT periodontitis
was done based on PB-diversity (Figures 2G, H). PCoA
(Figure 2G) and NMDS (Figure 2H) revealed that the
composition of the oral bacterial community in young women
varied according to the stage of periodontitis.

Prevotella was the dominant
genus in young women with
stage-lll periodontitis

Analyses of species differences between young women with
stage-I or stage-III periodontitis were done by the Student’s t-
test (Figures 3A, B) and Kruskal-Wallis test (Figures 3C, D).
Those tests revealed the relative abundance of bacteria of the
phylum Bacteroidetes and genus Prevotella to be higher in young
women with stage-III periodontitis, whereas the relative
abundance of bacteria of the phylum Proteobacteria was
higher in young women with stage-I periodontitis.
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LEfSe was used to identify the taxa most likely to be different
in the oral bacterial community between young women with
stage-1 or -III periodontitis. The variation of enriched OM was
identified at phylum and genus levels (Figures 4A, B). The
predominant biomarkers in patients with stage-III
periodontitis were analyzed (Figures 4C, D). Bacteria of the
phylum Bacteroidetes, its order, family and genera Bacteroidales,
Prevotellaceae and Prevotella were abundant in young women
with stage-III periodontitis. Bacteria of the phylum
Proteobacteria and its class Gammaproteobacteria, along with
the phylum Actinobacteria and its class Actinobacteria, were
abundant in young women with stage-I periodontitis. Bacteria of
the genus Prevotella could be biomarkers for young women with
stage-III periodontitis.

Protein processing in an ER pathway was
increased in women with
stage-Ill periodontitis

The function of oral microbial communities was analyzed
using QIIME2 and PICRUSt2. At the L2 level, the signaling
pathways associated with the immune system and digestive
system were enriched in patients with stage-III periodontitis
(Figure 5A). At the L3 level, using the KEGG database, functions
associated with amino-acid metabolism and protein processing
in the ER were increased in women with stage-III
periodontitis (Figure 5B).

ER stress led to increased expression of
RUNX2, OCN and COL1A1 in mBMSCs
treated with P. intermedia LPS

After LPS stimulation, mRNA expression of Collal
(Figure 6A) was increased significantly (P < 0.05), whereas
expression of Bglap (Figure 6B) and Runx2 (Figure 6C) was
increased slightly, but not significantly so. Protein expression of
COL1Al, OCN and RUNX2 was upregulated after LPS
stimulation (P < 0.05) (Figures 6D-F).

Then, cells were treated with different doses of SAL in the
presence of LPS. SAL (20 and 200 uM) groups had similar
mRNA expression of Collal (P > 0.05) (Figure 6A). The 100-
UM SAL group had similar mRNA expression of Collal as that
of the LPS group (P > 0.05), which was higher than that of the
20- and 200-uM SAL groups (P < 0.05) (Figure 6A). Protein
expression of COL1A1 was higher in the 20- and 100-uM SAL
groups than that in the LPS group and 200-uM SAL group (P <
0.05) (Figure 6D).

The highest mRNA expression of Bglap appeared in the 100-
UM SAL group compared with that in the other groups (P <
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Composition of the oral microbiome between samples from women with
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ple information, and the vertical denotes information on species

annotation. Colors indicate the relative abundance of a microbial community

0.0.5) (Figure 6B). The 20- and 200-uM SAL groups had similar
mRNA expression of Bglap (P > 0.05), which was lower than that
in the LPS group (P < 0.05) (Figure 6B). The 100-uM SAL group
had higher protein expression of OCN compared with that in the
20- and 200-uM SAL groups (P < 0.0.5) (Figure 6L).
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The 100-uM SAL group had higher mRNA expression of
Runx2 compared with that in the LPS group or 20-uM SAL
group (P < 0.05) (Figure 6C). RUNX2 expression from high to
low was in the order 100, 20 and 200 UM of SAL, all of which
were higher than that in the LPS group (P < 0.05) (Figure 6F).
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(G) principal coordinates analysis (PCoA) and (H) non-metric multidimensional scaling (NMDS) were used to analyze similarity in microbial communities.

SAL inhibited alveolar bone loss in
periodontitis induced by P. intermedia
LPS by regulating ER stress

The schedule used to induce periodontitis and SAL treatment is
shown as Figure 7. Histology of periodontal-tissue specimens
revealed differences in periodontal structure and bone mass
between the first molar and second molar according to H&E
staining (Figure 6G). Images (x40 magnification) showed that the
distance from the cement-enamel junction to the alveolar bone
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crest in the LPS group was higher than that in the control group and
SAL group (Figure 6G). ALP staining showed that, compared with
the control group, ALP expression increased in the LPS group and
SAL group, and was especially high in the SAL group (Figure 6H).

Discussion

We discovered differences in the composition and
abundance of oral bacteria of young women with stage-I or
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FIGURE 3

Species difference between samples from women with stage-I and stage-Ill periodontitis by the Student's t-test (A, B) and Kruskal-Wallis test

(C, D) at the phylum (A, C) and genus (B, D) levels.

-IIT periodontitis. Women with stage-I periodontitis had higher
o-diversity. Analyses of 3-diversity indicated that samples could
be divided into different groups according to the periodontitis
stage. Bacteria of the genus Prevotella could be biomarkers in
young women with stage-III periodontitis based on the Student’s
t-test, Kruskal-Wallis test and LEfSe. The KEGG database
suggested that the change in the oral bacterial community in
young women with stage-III periodontitis may be related to
protein processing in an ER pathway. Next, we applied SAL a
regulator of ER stress, to explore its effect on periodontitis
caused by P. intermedia LPS. Administration showed that
moderate ER stress could inhibit alveolar bone loss in
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periodontitis by upregulating expression of RUNX2, COL1A1
and OCN.

Studies have shown that Streptococcus gordonii was more
dominant in oral bioflim of males; Porphyromonas gingivalis
exhibited higher relative abundance in oral biofilm of females
(Benn et al,, 2022). M. Minty, et al. found Porphyromonas and
Capnocytophaga were overrepresented in the male salivary
samples compared with female saliva (Minty et al., 2021). Our
findings revealed significant differences in the oral microbiota of
young women at different stages of periodontitis. In our study,
the increased phylum Bacteroidetes, its order, family and genus
Bacteroidales, Prevotellaceae and Prevotella in the young women
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LEfSe results on the oral microbiome in different groups. (A) Histogram of the LDA scores between women with stage-| or stage-IIl
periodontitis. Samples from women with stage-| periodontitis enriched taxa are indicated with a positive LDA score (green), and taxa enriched in
samples from women with stage-IIl periodontitis have a negative score (red). The threshold on the logarithmic LDA score for discriminative
features was set to 3.0. (B) Taxonomic cladogram obtained from LEfSe. The cladogram reports the taxa (highlighted by small circles and by
shading; red indicating samples of stage-I periodontitis, green indicating samples of stage-Ill periodontitis and yellow indicating a non-
significant relationship) showing different abundance values. (C, D) represent predominant biomarkers in patients with stage-Ill periodontitis.

with stage III periodontitis accounted for the periodontal intermedia, which is related to one of its virulence factors:
destruction. Prevotella is a genus of Gram-negative anaerobic protease dipeptidyl peptidase IV (Fteita et al, 2015). Murata
bacteria which have black colonies (Shah and Collins, 1990). The and colleagues found that P. intermedia reduced the ALP activity
oral cavity has the greatest diversity of known species of in pre-osteoblasts (Murata et al., 1997). P. intermedia LPS
Prevotella among body sites (Tett et al., 2021). P. intermedia is stimulates the differentiation and activity of osteoclasts, and
closely related to periodontal disease (Braga et al., 2010). In increases the release of matrix metalloproteinases to participate

young women, due to fluctuations in SHH levels, the biological
behavior of P. intermedia is also affected (Fteita et al., 2014;
Cornejo Ulloa et al,, 2021). Estradiol enhances the toxicity of P.
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in bone destruction (Guan et al., 2009). However, the pathogenic
mechanism of P. intermedia in periodontitis needs to be

further explored.
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stage-Ill periodontitis were clustered into heatmaps.
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Pathway enrichment analysis. At the L2 (A) and L3 (B) level, using the KEGG database, the differences in all samples of women with stage-| or
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ABC Transporters
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The KEGG database revealed that protein processing in the
ER was one of the most enriched pathways in young women
with stage-III periodontitis. ER stress occurs if the intracellular
demand for protein synthesis exceeds the capacity of the ER
(Oakes and Papa, 2015). ER stress is closely related to bone
metabolism (Chen et al., 2020; Xu et al., 2020). SAL is an
inhibitor of elF20. dephosphorylation, and reduces ER stress
(Boyce et al,, 2005). Previously, we found that ER stress occurred
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in alveolar bone formation after tooth extraction, and that SAL
application promoted the expression and arrangement of type-I
collagen and promoted osteogenic differentiation by reducing
ER stress (Chen et al., 2020). Liu et al. also found that SAL
regulated ER stress to promote angiogenesis and bone healing in
2017). SAL significantly
alleviated the symptoms of postmenopausal osteoporosis, such

ischemic osteonecrosis (Liu et al.,

as reduced bone mineral density and bone volume fraction (Li
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et al., 2019). Increased ER stress has also been observed in
periodontitis (Domon et al., 2009). Therefore, we applied SAL to
regulate ER stress in periodontitis and investigated if it
promoted bone formation and reduced bone resorption in
periodontitis in vitro and vivo.
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Periodontitis was the inflammation and destruction of the
tooth-supporting structures. The mechanisms begun with the
release of endotoxins by bacteria, such as LPS (Kim et al., 2020),
and included secretion of inflammatory mediators, activation of
osteoclastogenesis, inhibition of osteogenesis, alveolar bone
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The flowchart of the experimental procedure.

resorption by osteoclasts, and degradation of ligament fibres by
matrix metalloproteinases (Kinane et al., 2017; Alqranei and
Chellaiah, 2020; Zhou et al., 2021). Interesting, a single-cell RNA
sequencing found the fractions of BMSCs, pre-osteoblasts, and
osteoblasts were higher in periodontitis than after initial
periodontal therapy (Chen et al., 2022). And in the
periodontal microenvironment, bone-marrow mesenchymal
cells are pluripotent stem cells, which can transform into pre-
osteoblasts, osteoblasts and osteocytes. Therefore, we chose
BMSCs as the object of further study on the mechanisms in
vitro. First, we used different concentrations of SAL to explore
the effect of its regulation of ER stress on osteogenesis: moderate
ER stress promoted osteogenesis and upregulated expression of
COLI1A1, OCN and RUNX2. Studies have shown that ER stress
exists in the pathogenesis of periodontitis (Domon et al., 2009).
And relatively low concentration of SAL can slightly inhibit ER
stress in periodontitis and promote osteogenesis, which was
consistent with our previous research results (Chen et al., 2020).
Contrary to our results, Yokota et al. discovered that SAL (1-5
uM) inhibited osteoclastogenesis and stimulated
osteoblastogenesis in BMSCs (Yokota et al., 2013). Some
scholars have also found that higher concentrations of SAL
alleviated degradation of the extracellular matrix and the
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inflammatory response in human periodontal ligament cells
induced by P. gingivalis LPS (Bai et al,, 2016). This finding
may be due to the inconsistent sensitivity of different cells to SAL
and the complexity of inflammatory microenvironment. We
applied SAL to a periodontitis model and observed its effect on
bone resorption: alveolar bone resorption was inhibited and ALP
activity was higher in the SAL group. Previously, we applied this
concentration (0.143mg/kg) of SAL to a tooth-extraction model
and found that the osteogenesis was improved in the extraction
socket (Chen et al.,, 2020). Kimura et al. observed attenuation of
alveolar bone resorption and loss of attachment level after 12
weeks of applying SAL (Kimura et al., 2021).

There is moderate evidence that P. intermedia is a pathogen
associated with periodontitis (Gambin et al., 2021), but we found
that its pathogenic component, LPS, promoted osteogenesis and
upregulated expression of COL1A1, OCN and RUNX2 in vitro.
Other scholars have also found that various components of
bacteria have roles in promoting osteogenesis. Injection of killed
bacterial species into the intramedullary canal of the tibia has
been shown to increase bone mass significantly, and a low dose
of killed bacteria has a stronger osteogenic effect (Croes et al,
2019). Lipoteichoic acid (cell-wall component of Gram-positive
bacteria) can accelerate fracture healing in mice with bone
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defects (Flu et al., 2020). Scholars have also found that LPS of
various types of bacteria can inhibit bone formation. LPS from P.
intermedia and P. gingivalis has been shown to increase
osteoclast differentiation and inhibit osteoblastic differentiation
(Murata et al,, 1997; Xing et al., 2010). Monasterio et al. found
that Aggregatibacter actinomycetemcomitans LPS induced
alveolar bone resorption and expression of receptor activator
of nuclear factor kappa-B ligand in periodontitis (Monasterio
et al,, 2018). We found that P. intermedia LPS led to resorption
of alveolar bone in vivo, which was inconsistent with the results
of in vitro experiments. This finding may be related to a variation
of cell types and a complex microenvironment in the
periodontitis model.

Intervention of P. intermedia LPS promoted COL1Al
expression. Previously, we found that type-I collagen plays an
important part in osteogenesis regulation through the Irs-1/
miRNA-342 axis (Guo et al, 2016). Previously, we observed,
using transmission electron microscopy, that if ER stress was
inhibited, the arrangement of type-1 collagen around the ER was
more ordered, which promoted bone formation (Chen et al,
2020). Therefore, changes in levels of type-I collagen are the key
to the promotion of bone formation by mild inflammation, but
the specific mechanism has yet to be investigated. The other cells
contained in mechanisms of periodontitis need to further verify
and study.

Conclusions

The composition of oral microbiota varied in the different
stages of periodontitis. Bacteria of the genus Prevotella could be
biomarkers in young women with stage-III periodontitis, and
their abundance was related to protein processing in an
ER pathway.

Data availability statement

The data presented in the study are deposited in NCBI under
the BioProject accession number PRINA893254.

Ethics statement

The studies involving human participants were reviewed and
approved by The Medical Ethics Committee, The Second
Xiangya Hospital, Central South University, China. The
patients/participants provided their written informed consent
to participate in this study. The animal study was reviewed and
approved by The Institutional Animal Care and Use Committee
(IACUC), The Second Xiangya Hospital, Central South
University, China.

Frontiers in Cellular and Infection Microbiology

13

10.3389/fcimb.2022.1047607

Author contributions

YZ and YunF performed experiments, designed and
supervised experiments and analyzed data. YZ and QY
performed experiments, collected data and co-wrote the
manuscript. YG provided conceptual input and edited the
manuscript. JH, YaoF, and ZO contributed to formal analysis
and resources. JZ, YZ, and LT contributed to software and
visualization. NC, MD, and XS performed animal experiments.
All authors took part in drafting, revising or critically reviewing
the article and gave final approval of the version to be published.

Funding

This study was supported by the National Natural Science
Foundation of China (81800788 and 81773339), Hunan
Provincial Science and Technology Department (2017WK2041
and 2018SK52511), Health Commission of Hunan Province
(202208043514), Natural Science Foundation of Hunan
Province (2022]JJ30062), Natural Science Foundation of
Changsha City (kq2202403 and kq2202412), Fund for the
Xiangya Clinical Medicine Database of Central South University
(2014-ZDYZ-1-16), Education and Teaching Reform Research
Project of Central South University (2020jy165-3), Research
Project on Postgraduate Education and Teaching Reform of
Central South University(2021JGB072), Open Sharing Fund for
the Large-scale Instruments and Equipment of Central South
University and the Fundamental Research Funds for the Central
Universities of Central South University.

Acknowledgments

The authors are grateful to the informants for taking the
time to participate in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1047607
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhao et al.

References

Albandar, J. M. (2002). Periodontal diseases in north america. Periodontology
2000. 29, 31-69. doi: 10.1034/j.1600-0757.2002.290103.x

Alqgranei, M. S., and Chellaiah, M. A. (2020). Osteoclastogenesis in periodontal
diseases: Possible mediators and mechanisms. J. Oral. Biosci. 62 (2), 123-130. doi:
10.1016/j.j0b.2020.02.002

Bai, Y., Wei, Y., Wu, L., Wei, J., Wang, X., and Bai, Y. (2016). C/ebp B mediates
endoplasmic reticulum stress regulated inflammatory response and extracellular
matrix degradation in Ips-stimulated human periodontal ligament cells. Int. J. Mol.
Sci. 17 (3), 385. doi: 10.3390/ijms17030385

Benn, A. M. L., Heng, N. C. K., Thomson, W. M,, Sissons, C. H., Gellen, L. S.,
Gray, A. R, et al. (2022). Associations of sex, oral hygiene and smoking with oral
species in distinct habitats at age 32 years. Eur. J. Oral. Sci. 130 (1), €12829. doi:
10.1111/e0s.12829

Boyce, M., Bryant, K. F., Jousse, C., Long, K., Harding, H. P., Scheuner, D., et al.
(2005). A selective inhibitor of eif2alpha dephosphorylation protects cells from er
stress. Sci. (New. York. NY). 307 (5711), 935-939. doi: 10.1126/science.1101902

Braga, R. R,, Carvalho, M. A, Brufia-Romero, O., Teixeira, R. E., Costa, J. E.,
Mendes, E. N, et al. (2010). Quantification of five putative periodontal pathogens in
female patients with and without chronic periodontitis by real-time polymerase
chain reaction. Anaerobe. 16 (3), 234-239. doi: 10.1016/j.anaerobe.2010.02.007

Chen, Y., Guo, Y., Li, J., Chen, Y. Y., Liu, Q,, Tan, L., et al. (2020). Endoplasmic
reticulum stress remodels alveolar bone formation after tooth extraction. J. Cell
Mol. Med. 24 (21), 12411-12420. doi: 10.1111/jemm.15753

Chen, Y., Wang, H., Yang, Q., Zhao, W., Chen, Y., Ni, Q,, et al. (2022). Single-
cell RNA landscape of the osteoimmunology microenvironment in periodontitis.
Theranostics. 12 (3), 1074-1096. doi: 10.7150/thno.65694

Choi, E. Y., Jin, J. Y., Choi, J. I, Choi, I. S., and Kim, S. J. (2014). Dha suppresses
prevotella intermedia lipopolysaccharide-induced production of proinflammatory
mediators in murine macrophages. Br. J. Nutr. 111 (7), 1221-1230. doi: 10.1017/
S0007114513003681

Cornejo Ulloa, P., Krom, B. P., and van der Veen, M. H. (2021). Sex steroid
hormones as a balancing factor in oral host microbiome interactions. Front. Cell.
Infect. Microbiol. 11, 714229. doi: 10.3389/fcimb.2021.714229

Croes, M., Kruyt, M. C,, Boot, W., Pouran, B., Braham, M. V., Pakpahan, S. A,,
et al. (2019). The role of bacterial stimuli in inflammation-driven bone formation.
Eur. Cells Mater. 37, 402-419. doi: 10.22203/eCM.v037a24

Dioguardi, M., Crincoli, V., Laino, L., Alovisi, M., Sovereto, D., Mastrangelo, F.,
et al. (2020). The role of periodontitis and periodontal bacteria in the onset and
progression of alzheimer’s disease: A systematic review. J. Clin. Med. 9 (2), 495. doi:
10.3390/jcm9020495

Domon, H., Takahashi, N., Honda, T., Nakajima, T, Tabeta, K., Abiko, Y., et al.
(2009). Up-regulation of the endoplasmic reticulum stress-response in periodontal
disease. Clin. Chim. Acta; Int. ]. Clin. Chem. 401 (1-2), 134-140. doi: 10.1016/
j.cca.2008.12.007

Fteita, D., Kénonen, E., Giirsoy, M., Soderling, E., and Giirsoy, U. K. (2015).
Does estradiol have an impact on the dipeptidyl peptidase iv enzyme activity of the
prevotella intermedia group bacteria? Anaerobe. 36, 14-18. doi: 10.1016/
j.anaerobe.2015.09.002

Fteita, D., Kénonen, E., Séderling, E., and Giirsoy, U. K. (2014). Effect of
estradiol on planktonic growth, coaggregation, and biofilm formation of the
prevotella intermedia group bacteria. Anaerobe. 27, 7-13. doi: 10.1016/
j.anaerobe.2014.02.003

Gambin, D. ], Vitali, F. C,, De Carli, J. P., Mazzon, R. R,, Gomes, B., Duque, T.
M., et al. (2021). Prevalence of red and orange microbial complexes in endodontic-
periodontal lesions: A systematic review and meta-analysis. Clin. Oral. Investig. 25
(12), 6533-6546. doi: 10.1007/s00784-021-04164-4

Gil-Hernandez, A., and Silva-Palacios, A. (2020). Relevance of endoplasmic
reticulum and mitochondria interactions in age-associated diseases. Ageing Res.
Rev. 64, 101193. doi: 10.1016/j.arr.2020.101193

Guan, S. M., Shu, L., Fu, S. M., Liu, B., Xu, X. L., and W, J. Z. (2009). Prevotella
intermedia upregulates mmp-1 and mmp-8 expression in human periodontal
ligament cells. FEMS Microbiol. Lett. 299 (2), 214-222. doi: 10.1111/j.1574-
6968.2009.01748.x

Guo, Y., Tang, C. Y., Man, X. F,, Tang, H. N, Tang, J., Wang, F,, et al. (2016).
Insulin receptor substrate-1 time-dependently regulates bone formation by
controlling collagen ioi2 expression via mir-342. FASEB J. 30 (12), 4214-4226.
doi: 10.1096/j.201600445RR

Hu, C. C,, Chang, C. H., Hsiao, Y. M., Chang, Y., Wu, Y. Y., Ueng, S. W. N, et al.
(2020). Lipoteichoic acid accelerates bone healing by enhancing osteoblast
differentiation and inhibiting osteoclast activation in a mouse model of femoral
defects. Int. J. Mol. Sci. 21 (15), 5550. doi: 10.3390/ijms21155550

Frontiers in Cellular and Infection Microbiology

14

10.3389/fcimb.2022.1047607

Hu, W., Ma, Z, Di, S, Jiang, S.,, Li, Y., Fan, C, et al. (2016). Snapshot:
Implications for melatonin in endoplasmic reticulum homeostasis. Br. J.
Pharmacol. 173 (24), 3431-3442. doi: 10.1111/bph.13651

Human Microbiome Project. (2012). Structure, function and diversity of the
healthy human microbiome. Nature 486 (7402), 207-214. doi: 10.1038/
naturel1234

Kim, E. N, Kim, T. Y., Park, E. K,, Kim, J. Y., and Jeong, G. S. (2020). Panax
ginseng fruit has anti-inflammatory effect and induces osteogenic differentiation by
regulating Nrf2/HO-1 signaling pathway in In vitro and In vivo models of
periodontitis. Antioxidants 9 (12), 1221. doi: 10.3390/antiox9121221

Kimura, F., Miyazawa, K., Hamamura, K., Tabuchi, M., Sato, T., Asano, Y., et al.
(2021). Suppression of alveolar bone resorption by salubrinal in a mouse model of
periodontal disease. Life Sci. 284, 119938. doi: 10.1016/j.1f5.2021.119938

Kinane, D. F., Stathopoulou, P. G., and Papapanou, P. N. (2017). Periodontal
diseases. Nat. Rev. Dis. Primers. 3, 17038. doi: 10.1038/nrdp.2017.38

Kumar, P. S., Griffen, A. L., Barton, J. A, Paster, B. J., Moeschberger, M. L., and
Leys, E. J. (2003). New bacterial species associated with chronic periodontitis. J.
Dental Res. 82 (5), 338-344. doi: 10.1177/154405910308200503

Li,J., Li, X, Liu, D., Hamamura, K., Wan, Q., Na, S,, et al. (2019). Eif2o. signaling
regulates autophagy of osteoblasts and the development of osteoclasts in ovx mice.
Cell Death Dis. 10 (12), 921. doi: 10.1038/s41419-019-2159-z

Liu, D., Zhang, Y., Li, X,, Li, ], Yang, S, Xing, X,, et al. (2017). Eif2c signaling
regulates ischemic osteonecrosis through endoplasmic reticulum stress. Sci. Rep. 7
(1), 5062. doi: 10.1038/s41598-017-05488-6

Minty, M., Loubiéres, P., Canceill, T., Azalbert, V., Burcelin, R., Terce, F., et al.
(2021). Gender-associated differences in oral microbiota and salivary biochemical
parameters in response to feeding. J. Physiol. Biochem. 77 (1), 155-166. doi:
10.1007/s13105-020-00757-x

Monasterio, G., Castillo, F., Ibarra, J. P., Guevara, J., Rojas, L., Alvarez, C,, et al.
(2018). Alveolar bone resorption and thl/th17-associated immune response
triggered during aggregatibacter actinomycetemcomitans-induced experimental
periodontitis are serotype-dependent. J. Periodontol. 89 (10), 1249-1261. doi:
10.1002/JPER.17-0563

Murata, T., Ansai, T., Takehara, T., Kobayashi, S., and Haneji, T. (1997). Extracts
of prevotella intermedia and actinobacillus actinomycetemcomitans inhibit
alkaline phosphatase activity in osteoblastic cells in vitro. Oral. Dis. 3 (2), 106—
112. doi: 10.1111/j.1601-0825.1997.tb00021.x

Oakes, S. A., and Papa, F. R. (2015). The role of endoplasmic reticulum stress in
human pathology. Annu. Rev. Pathol. 10, 173-194. doi: 10.1146/annurev-pathol-
012513-104649

Sampaio-Maia, B., Caldas, I. M., Pereira, M. L., Pérez-Mongiovi, D., and Araujo,
R. (2016). The oral microbiome in health and its implication in oral and systemic
diseases. Adv. Appl. Microbiol. 97, 171-210. doi: 10.1016/bs.aambs.2016.08.002

Shah, H. N,, and Collins, D. M. (1990). Prevotella, a new genus to include
bacteroides melaninogenicus and related species formerly classified in the genus
bacteroides. Int. J. Syst. Bacteriol. 40 (2), 205-208. doi: 10.1099/00207713-40-2-
205

Tanaka, K., Kaji, H., Yamaguchi, T., Kanazawa, I., Canaff, L., Hendy, G. N, et al.
(2014). Involvement of the osteoinductive factors, tmem119 and bmp-2, and the er
stress response perk-eif2c-atf4 pathway in the commitment of myoblastic into
osteoblastic cells. Calcified. Tissue Int. 94 (4), 454-464. doi: 10.1007/s00223-013-
9828-1

Tett, A., Pasolli, E., Masetti, G., Ercolini, D., and Segata, N. (2021). Prevotella
diversity, niches and interactions with the human host. Nat. Rev. Microbiol. 19 (9),
585-599. doi: 10.1038/s41579-021-00559-y

Tonetti, M. S., Greenwell, H., and Kornman, K. S. (2018). Staging and grading of
periodontitis: Framework and proposal of a new classification and case definition. J.
Clin. Periodontol. 89 (Suppl 1), S149-s161. doi: 10.1002/JPER.18-0006

Xing, Q., Ye, Q., Fan, M., Zhou, Y., Xu, Q., and Sandham, A. (2010).
Porphyromonas gingivalis lipopolysaccharide inhibits the osteoblastic
differentiation of preosteoblasts by activating notchl signaling. J. Cell Physiol.
225 (1), 106-114. doi: 10.1002/jcp.22201

Xu, L., Zhang, W., Zhang, X. H., and Chen, X. (2020). Endoplasmic reticulum
stress in bone metastases. Front. Oncol. 10, 1100. doi: 10.3389/fonc.2020.01100

Yamada, H., Nakajima, T., Domon, H., Honda, T., and Yamazaki, K. (2015).
Endoplasmic reticulum stress response and bone loss in experimental periodontitis
in mice. J. Periodontal. Res. 50 (4), 500-508. doi: 10.1111/jre.12232

Yang, D, Jiang, T., Liu, J., Hong, J., Lin, P., Chen, H,, et al. (2018). Hormone
regulates endometrial function via cooperation of endoplasmic reticulum stress
and mtor-autophagy. J. Cell Physiol. 233 (9), 6644-6659. doi: 10.1002/jcp.26315

frontiersin.org


https://doi.org/10.1034/j.1600-0757.2002.290103.x
https://doi.org/10.1016/j.job.2020.02.002
https://doi.org/10.3390/ijms17030385
https://doi.org/10.1111/eos.12829
https://doi.org/10.1126/science.1101902
https://doi.org/10.1016/j.anaerobe.2010.02.007
https://doi.org/10.1111/jcmm.15753
https://doi.org/10.7150/thno.65694
https://doi.org/10.1017/S0007114513003681
https://doi.org/10.1017/S0007114513003681
https://doi.org/10.3389/fcimb.2021.714229
https://doi.org/10.22203/eCM.v037a24
https://doi.org/10.3390/jcm9020495
https://doi.org/10.1016/j.cca.2008.12.007
https://doi.org/10.1016/j.cca.2008.12.007
https://doi.org/10.1016/j.anaerobe.2015.09.002
https://doi.org/10.1016/j.anaerobe.2015.09.002
https://doi.org/10.1016/j.anaerobe.2014.02.003
https://doi.org/10.1016/j.anaerobe.2014.02.003
https://doi.org/10.1007/s00784-021-04164-4
https://doi.org/10.1016/j.arr.2020.101193
https://doi.org/10.1111/j.1574-6968.2009.01748.x
https://doi.org/10.1111/j.1574-6968.2009.01748.x
https://doi.org/10.1096/fj.201600445RR
https://doi.org/10.3390/ijms21155550
https://doi.org/10.1111/bph.13651
https://doi.org/10.1038/nature11234
https://doi.org/10.1038/nature11234
https://doi.org/10.3390/antiox9121221
https://doi.org/10.1016/j.lfs.2021.119938
https://doi.org/10.1038/nrdp.2017.38
https://doi.org/10.1177/154405910308200503
https://doi.org/10.1038/s41419-019-2159-z
https://doi.org/10.1038/s41598-017-05488-6
https://doi.org/10.1007/s13105-020-00757-x
https://doi.org/10.1002/JPER.17-0563
https://doi.org/10.1111/j.1601-0825.1997.tb00021.x
https://doi.org/10.1146/annurev-pathol-012513-104649
https://doi.org/10.1146/annurev-pathol-012513-104649
https://doi.org/10.1016/bs.aambs.2016.08.002
https://doi.org/10.1099/00207713-40-2-205
https://doi.org/10.1099/00207713-40-2-205
https://doi.org/10.1007/s00223-013-9828-1
https://doi.org/10.1007/s00223-013-9828-1
https://doi.org/10.1038/s41579-021-00559-y
https://doi.org/10.1002/JPER.18-0006
https://doi.org/10.1002/jcp.22201
https://doi.org/10.3389/fonc.2020.01100
https://doi.org/10.1111/jre.12232
https://doi.org/10.1002/jcp.26315
https://doi.org/10.3389/fcimb.2022.1047607
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhao et al.

Yokota, H., Hamamura, K., Chen, A., Dodge, T. R., Tanjung, N., Abedinpoor, A.,
et al. (2013). Effects of salubrinal on development of osteoclasts and osteoblasts
from bone marrow-derived cells. BMC Musculoskelet. Disord. 14, 197. doi: 10.1186/
1471-2474-14-197

Zhao, Y. Q,, Zhou, Y. H,, Zhao, ], Feng, Y., Gao, Z. R,, Ye, Q,, et al. (2021b). Sex
variations in the oral microbiomes of youths with severe periodontitis. J. Immunol.
Res. 2021, 8124593. doi: 10.1155/2021/8124593

Zhao, J., Zhou, Y. H., Zhao, Y. Q., Feng, Y., Yan, F.,, Gao, Z. R,, et al.
(2021a). Gender variations in the oral microbiomes of elderly patients with

Frontiers in Cellular and Infection Microbiology

15

10.3389/fcimb.2022.1047607

initial periodontitis. J. Immunol. Res. 2021, 7403042. doi: 10.1155/2021/
7403042

Zhou, C. C, Xu, R. S.,, Wu, Z. P,, Zhang, Z. W., Yuan, Q., Zou, S. J., et al. (2021).
Osteogenesis, osteoclastogenesis and their crosstalk in lipopolysaccharide-induced
periodontitis in mice. Chin. J. Dental Res. 24 (1), 33-39. doi: 10.3290/
j.cjdr.b1105871

Zorba, M., Melidou, A., Patsatsi, A., loannou, E., and Kolokotronis, A. (2020).
The possible role of oral microbiome in autoimmunity. Int. J. Women’s. Dermatol.
6 (5), 357-364. doi: 10.1016/j.ijwd.2020.07.011

frontiersin.org


https://doi.org/10.1186/1471-2474-14-197
https://doi.org/10.1186/1471-2474-14-197
https://doi.org/10.1155/2021/8124593
https://doi.org/10.1155/2021/7403042
https://doi.org/10.1155/2021/7403042
https://doi.org/10.3290/j.cjdr.b1105871
https://doi.org/10.3290/j.cjdr.b1105871
https://doi.org/10.1016/j.ijwd.2020.07.011
https://doi.org/10.3389/fcimb.2022.1047607
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	The oral microbiome in young women at different stages of periodontitis: Prevotella dominant in stage III periodontitis
	Introduction
	Materials and methods
	Ethical approval of the study protocol
	Exclusion criteria
	Participants
	Collection of subgingival plaque and extraction of bacterial DNA
	Sequencing of the V3-V4 region of 16S rRNA
	Bioinformatics analysis
	Preparation of LPS and SAL
	Cell culture and LPS treatment
	Real-time reverse transcription-quantitative polymerase chain reaction (RT-PCR)
	Immunoblotting
	Animals
	Gingival injection of LPS and SAL administration
	Histology
	Staining with alkaline phosphatase (ALP)
	Statistical analysis

	Results
	General information of participants
	Composition of the oral microbiota varied according to the periodontitis stage
	Young women with stage-III periodontitis had a lower richness of oral bacteria compared with that in women with stage-I periodontitis
	Prevotella was the dominant genus in young women with stage-III periodontitis
	Protein processing in an ER pathway was increased in women with stage-III periodontitis
	ER stress led to increased expression of RUNX2, OCN and COL1A1 in mBMSCs treated with P. intermedia LPS
	SAL inhibited alveolar bone loss in periodontitis induced by P. intermedia LPS by regulating ER stress

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


