
ORIGINAL RESEARCH
published: 21 September 2020
doi: 10.3389/fcimb.2020.00498

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 1 September 2020 | Volume 10 | Article 498

Edited by:

Zhibin Du,

Queensland University of

Technology, Australia

Reviewed by:

Shan Jiang,

The University of Hong Kong,

Hong Kong

Yu jie Zhang,

Tianjin Medical University General

Hospital, China

Fei Wei,

Queensland University of

Technology, Australia

*Correspondence:

Fuhua Yan

yanfh@nju.edu.cn

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Microbiome in Health and Disease,

a section of the journal

Frontiers in Cellular and Infection

Microbiology

Received: 28 January 2020

Accepted: 11 August 2020

Published: 21 September 2020

Citation:

Huang Y, Liao Y, Luo B, Li L, Zhang Y

and Yan F (2020) Non-surgical

Periodontal Treatment Restored the

Gut Microbiota and Intestinal Barrier in

Apolipoprotein E−/− Mice With

Periodontitis.

Front. Cell. Infect. Microbiol. 10:498.

doi: 10.3389/fcimb.2020.00498

Non-surgical Periodontal Treatment
Restored the Gut Microbiota and
Intestinal Barrier in Apolipoprotein
E−/− Mice With Periodontitis
Yuezhen Huang †, Ying Liao †, Binyan Luo, Lili Li, Yangheng Zhang and Fuhua Yan*

Nanjing Stomatological Hospital, Medical School of Nanjing University, Nanjing, China

Periodontitis has been associated with a variety of systematic diseases via affecting

gut microbiota. However, the influence of periodontal treatment on intestinal microbiota

is not known. Hyperlipidemia can significantly alter gut microbiota structure. It is

proposed that the presence of hyperlipidemia can influence the impact of periodontitis

on microbiota. This study was conducted to explore the influence of periodontitis

and periodontal treatment on the gut microbiota on the basis of hyperlipidemia.

Apolipoprotein E−/−(ApoE−/−) mice were ligatured to induced periodontitis and

non-surgical periodontal treatment was performed for half of them after 4 weeks of

ligation. Microbiota communities in the feces collected at 4, 5, 8 weeks after ligation were

investigated using next-generation sequencing of 16S rDNA. Bone loss at periodontitis

sites were analyzed using micro-computed tomography (Micro-CT). Morphology and

mucosal architecture injury of ileum tissue were observed with hematoxylin-eosin

staining. The serum lipid levels were assayed. The results showed that β-diversity

index in experimental periodontitis group was differed significantly from that of the

control group. Significant differences were found in β-diversity between the non-surgical

periodontal treatment group and the ligation group. The samples of the non-surgical

periodontal treatment group and the control group were clustered together 4 weeks

after periodontal treatment. Intestinal villus height and ratio of villus height to crypt depth

was found decreased after ligation and restored after non-surgical periodontal treatment.

Non-surgical periodontal treatment induced the colonization and prosper of butyrate-

producing bacteria Eubacterium, which was absent/not present in the ligation group. We

confirmed that periodontitis led to gut microbiota dysbiosis in mice with hyperlipidemia.

Non-surgical periodontal treatment had the trend to normalize the gut microbiota and

improved the intestinal mucosal barrier impaired by periodontitis in apoE−/− mice.

Keywords: periodontitis, gut microbiota, non-surgical periodontal treatment, hyperlipidemia, intestinal barrier

INTRODUCTION

Periodontal disease is a chronic inflammation of the periodontal supporting tissues resulting from
the dysbiosis of the dental biofilm that causes alveolar bone loss (Page et al., 1997). Periodontitis is
linked to several systemic inflammatory diseases such as obesity (Keller et al., 2015), cardiovascular
diseases (Tonetti et al., 2013), diabetes (Borgnakke et al., 2013), metabolic syndrome (Kaye et al.,
2016), and cancer (Ahn et al., 2012). On the other hand, The relationship between the gut
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FIGURE 2 | Effects of ligature placement and non-surgical periodontal treatment on periodontal tissue and serum lipid profile 8 weeks after ligation. (A) Micro–CT

reconstruction shows alveolar bone loss at the interproximal sites (red line) of maxillary second molars (buccal view). (B) Mesial/distal bone loss by micro CT. Values

are presented as mean ± SD (n = 5–8 per group). (****P < 0.0001;***P < 0.001;**P < 0.01). (C) Hematoxylin and eosin staining of maxillary second molar(arrow).

Magnification: ×50. Scale bars, 200µm. (D)TC, TG, HDL-C, LDL-C, and TC/HDL-C levels in the plasma samples from three groups of mice (n = 5–8 per group).

Con, control group; L, ligation group; NL, non-surgical periodontal treatment group; TG, total triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein

cholesterol; HDL-C, high-density lipoprotein cholesterol; TC/HDL-C, total cholesterol to high-density lipoprotein cholesterol total cholesterol. The rectangle marks the

alveolar bone.

Four weeks after the periodontal treatment, heatmaps clearly
identified the differences in gut microbial community clustering
between non-surgical periodontal treatment group (NL group)

and ligation group (L group) (Figure 4D). Significantly different
species at all level among the three groups at 5 and 8 weeks
were summarized in heatmaps (Figures 4E,F). The samples of
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FIGURE 3 | Sequencing analysis of the fecal microbiota obtained from ligatured and no treatment mice 4 weeks after ligation. (A) Diversity of bacterial species as

indicated by Chao1 rarefaction measure. Each box plot represents the median, interquartile range, minimum, and maximum values. (B) PCoA of fecal microbiota from

ligatured and no treatment mice. (Unweighted distance: R
2
= 0.187, p = 0.009 < 0.01, Adonis test). (C) Venn analysis of bacterial OTUs composition between two

groups (n = 6). (D–E) Proportional taxonomic assignments at the phylum level and genus level in stool samples from two groups. Only genus detected at mean

relative abundance top 20 are presented. OTUs, operational taxonomic units; ANOSIM, analyses of similarities; PCOA, principal coordinates analysis; F-4w-E,

experimental periodontitis group; F-4w-C, control group.

the control group were distinctly grouped into one cluster while
the NL group and L group were grouped into another cluster 1
week after the non-surgical periodontal treatment (Figure 4E).
Subsequently, 4 weeks after the periodontal treatment, the sample

of the NL group and the Con group were clustered together while
L group were distinctly clustered into another group (Figure 4F),
whichmeans NL group becamemore similar to the control group
compared to the L group over time.
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FIGURE 4 | Comparison of gut microbiota among the non-surgical periodontal treatment group, the ligation group and the control group in 5 and 8w. (A,B) Gut

microbiota structure was shown by PCoA. (5 week: R
2
= 0.344, p = 0.001; 8week: R

2
= 0.336, p = 0.001, Adonis test). (C,D) Heatmap calculated from the

unweighted UniFrac distance of the fecal samples of the three groups. (E,F) Heatmap cluster analysis of bacteria at all levels which have a contribution to group

differences. ANOSIM, analyses of similarities; PCOA, principal coordinates analysis; F-8w-C, control group; F-8w-L, ligation group; F-8w-NL, non-surgical periodontal

treatment group.
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Non-surgical Periodontal Treatment
Improve the Intestinal Mucosal Barrier
Impaired by Periodontitis in apoE−/− Mice
The intestinal barrier at 8 weeks was analyzed by morphologic
evaluation of intestinal villi and mucosal injury scores. Ligature-
induced-periodontitis mice showed a significantly compromised
intestinal barrier, as reflected by decreased intestinal villus height
and V/C (Figures 5A,B; p < 0.05). Intestinal crypt depth also
increased after periodontitis though the difference was not
significant (p > 0.05). As shown in Figure 5C, compared with
the control group, the mucosal injury scores were significantly
increased in the L group (P < 0.05), indicating intestinal mucosal
injury after periodontitis. Non-surgical periodontal treatment
showed a tendency to restore intestinal barrier, as reflected by
increased intestinal villus height and V/C, as well as decreased
intestinal crypt depth and mucosal injury scores compared to the
L group though these differences were not significant (p > 0.05).

Besides, LEfSe analysis was used to determine the key
alteration of gut flora in mice. (P < 0.05, LDA score > 2.0).
The results emphasized the role of a butyrate-producing bacteria
Eubacterium. This specific genus was found abundant in the
control group. Eight weeks after ligation, it was removed from gut
microbiota. Four weeks after non-surgical periodontal treatment,
it was again found to colonize and prosper in gut (Table 1).
Furthermore, The Spearman correlation heat map analyzed the
important patterns and relationships among the dominant taxa.
There were positive correlations between Eubacterium and the
genus enriched in the control group and negative correlations
between Eubacterium and the genus enriched in the L group
(Figure 5D).

Alteration in the Taxa of Gut Microbiota
After Ligature-Induced-Periodontitis and
Non-surgical Periodontal Treatment
In order to identify which species are responsible for the
significant differences, LEfSe algorithm and Kruskal–Wallis test
were used. We used a logarithmic LDA score cutoff of 2.0 to
identify important taxonomic differences among three groups.
The results suggested that Gemell, Allobaculum, Barnesiella,
Sporobacter was significantly enriched in the Ligation group (L
group) both 5 and 8 weeks after ligation whereas decreased in
the NL group after non-surgical periodontal treatment.While the
relative abundances of genera Turicibacter and Bifidobacterium
displayed the most increase 1 and 4 weeks after non-surgical
periodontal treatment, respectively (Figures 6A–D). In order
to analyze the relationship between the gut microbiota and
alveolar bone resorption, we performed a correlation analysis
between the abundance of significantly altered bacteria at the
genus level and alveolar bone resorption at 8 weeks. The results
showed that significantly enriched genus in the L group such as
Allobaculum, Sporobacter, and Barnesiella was positively related
to the mesial and (or) distal bone loss. The significantly enriched
genus Paraprevotella, Eubacterium, Parabacteroides, Alistipes,
and Enterorhabdus in the control group was negatively correlated
with the mesial and distal bone loss (Figure 6E).

Ligature-Induced-Periodontitis and
Non-surgical Periodontal Treatment
Altered Gut Microbial Function of apoE−/−

Mice
PICRUSt based on closed-reference OTU was used to predict
the abundances of functional categories according to the the
Kyoto Encyclopedia of Genes and Genomes (KEGG) ortholog
(KO) database. A LEfSe analysis was performed to investigate
whether the differences in gut microbiome composition also had
functional consequences concerning the expression of certain
genes. A total of 51 KOs were identified with significantly
different abundances in the gut microbiome among three groups
1 weeks after non-surgical periodontal treatment (Figure 7C)
and 3 KOs were identified 4 weeks after periodontal treatment
(Figure 7A). At level 2 of KEGG pathways, Carbohydrate
Metabolism were elevated in the L group (F-5w-L) at 5
weeks. Conversely, Folding Sorting and Degradation was
predicted at higher levels in the microbiota from the non-
surgical periodontal treatment group (F-5w-NL) (Figure 7D).
However, no distinct pathway was found at 8 weeks at level
2. In the level 3 KEGG pathways, at 5 weeks, Fructose and
mannose metabolism, Other ion coupled transporters, Pyruvate
metabolism, Glycolysis Gluconeogenesis, Toluene degradation,
Tyrosine metabolism, Ether lipid metabolism, RIG I like receptor
signaling pathway, PPAR signaling pathway, Linoleic acid
metabolism were higher in the gut microbiome of the L group (F-
5w-L), whereas the microbial gene functions related to Oxidative
phosphorylation, Chaperones, and folding catalysts, Terpenoid
backbone biosynthesis, Translation proteins, Nucleotide excision
repair, RNA polymerase were higher in the intestinal microbiome
of the non-surgical periodontal treatment group (F-5w-NL)
(Figure 7E). At 8 weeks, Phenylalanine tyrosine and tryptophan
biosynthesis was higher in the gut microbiome of the L group
(F-8w-L) (Figure 7B).

DISCUSSION

In this study, we showed that periodontal disease induced
disturbance of gut microbiota in apoE−/− mice with
hyperlipidemia. Microbiological shift implicates functional
alteration and therefore altered inflammation status in intestines.
Non-surgical periodontal treatment triggered modulation of gut
microbiota, helping recovery to a healthy microbiome situation.
Meanwhile, non-surgical periodontal treatment strengthened the
intestinal mucosal barrier which was impaired by periodontitis,
resulting in a stronger non-specific immune function.

In our study, apoE−/− mice with periodontal disease after
4 weeks of ligation established a disturbed gut microbiome.
Lower alpha-diversity in the gut microbiome was observed in
the experimental periodontitis group compared with control
group, although no significant difference between groups was
found. Other investigation also showed that patients with
periodontal diseases tend to present reduced diversity in the gut
microbiota (Lourenςo et al., 2018). In accordance with these
data, some findings have shown that lower alpha diversity is
a reliable indicator of disease-associated dysbiosis (Turnbaugh
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FIGURE 5 | Non-surgical periodontal treatment improve the Intestinal Mucosal Barrier Function of apoE−/− mice with periodontitis. (A) Representative images of

hematoxylin and eosin staining indicating the intestinal barrier integrity of the ileum (scale bar = 50µm) and (B) quantitative analysis of the morphologic features of the

intestinal villus of the ileum. (C) The mucosal injury scores in the groups. (D) Spearman correlation analysis of the three groups. Bar graphs: Values are presented as

mean ± SD. n = 5–8 per group. *P < 0.05, **P < 0.01. V/C, intestinal villus height to intestinal crypt depth; Con, control group; L, Ligation group; NL, non-surgical

periodontal treatment group.

et al., 2009; Cho and Blaser, 2012; Langille et al., 2013; Duvallet
et al., 2017). Besides, we found that Firmicutes increased in
abundance in the periodontitis group compared to the control
group. Lourenςo et al. shows a tendency of Bacteroidetes to
decrease and Firmicutes to increase in individuals with chronic
periodontitis compared to the individuals presenting periodontal
health (Lourenςo et al., 2018). Higher Firmicutes/Bacteroidetes
ratio in the gut microbiome with other systemic inflammatory

conditions has also been reported (Ley et al., 2005; Koren et al.,
2010; Nakajima et al., 2015) corroborating our results.

According to Lourenςo et al. it was not possible to distinguish
participants to chronic periodontitis group and healthy control
group based on the β-diversity of the gut microbiota (Lourenςo
et al., 2018). Yet in our study, significant differences were found
in β-diversity between experimental periodontitis group and
control group based on the unweighted UniFrac distance. This
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TABLE 1 | Significantly altered microbiota of Eubacterium at 8 weeks in three groups.

Taxonname Mean (F-8w-C) Mean (F-8w-L) Mean (F-8w-NL) p-value fdr

g__Eubacterium 0.000426617 0 0.000386429 0.003002526 0.096297222

F-8w-C, control group; F-8w-NL, non-surgical periodontal treatment group; F-8w-L, ligation group; g, genus.

FIGURE 6 | Taxonomic differences and correlation analysis of gut microbiota in Con group, L group, and NL group. Cladogram using LEfSe method indicating the

phylogenetic distribution of gut microbiota in three groups at 5 weeks (A) and 8 weeks (C). LEfSe analysis revealed significant bacterial differences in gut microbiota

among the three groups at 5 weeks (B) and 8 weeks (D). The LDA scores (log10)>2 and P < 0.05 are listed. (E) Heatmap of Spearman correlation analysis between

the altered genera and alveolar bone resorption. Distal, distal bone loss; Mesial, mesial bone loss; LDA, Linear discriminant analysis; o, order; f, family; g, genus;

F-5w-C, control group; F-5w-NL, non-surgical periodontal treatment group; F-5w-L, ligation group; F-8w-C, control group; F-8w-NL, non-surgical periodontal

treatment group; F-8w-L, ligation group.
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FIGURE 7 | Functional predictions for the intestinal microbiome of the ligation group, the non-surgical periodontal treatment group and the control group at 5weeks

and 8weeks. The KOs with significantly different abundances at 5 weeks (C) and 8 weeks (A) are shown. (D) Significant KEGG pathways at level 2 at 5 weeks.

Significant KEGG pathways at level 3 at 5 weeks (E) and 8 weeks (B). The LDA scores (log10)>2 and P < 0.05 are listed. F-5w-C, control group; F-5w-NL,

non-surgical periodontal treatment group; F-5w-L, ligation group; F-8w-C, control group; F-8w-NL, non-surgical periodontal treatment group; F-8w-L, ligation group;

KO, KEGG orthologs.
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might partially due to the high level of “between-individual”
differences in microbial community (Costello et al., 2009).
Indeed in human the diversity of intestinal microflora could be
affected by multiple factors including diet, smoking, obesity, etc
(Lourenςo et al., 2018). We used mice in our experiment and
strictly controlled the diet, living environment of the mice. All
of the mice live in the same environment and eat the same food.
Thus, confounding factors as diet, smoking, obesity, and stress
were ruled out. Additionally, it is well-known that apoE-deficient
mice have hypercholesterolemia (Zhang et al., 1992). The gut
microbiota diversity and composition were remarkably changed
in apoE KO mice compared with WT mice on normal chow (Liu
et al., 2018). Thus, periodontitis might be more likely to cause
intestinal bacterial disorder under hyperlipidemia, which means
that the gut microbiota might be more susceptible to interference
if disturbed.

Intestinal villus height, crypt depth, V/C, and mucosal injury
scores are used to evaluate the integrity of intestinal morphology
function (Wen et al., 2019). Detrimental agents, for instance,
bacterial toxins, and metabolites can damage the gut epithelial
wall once dysbiosis of the microbiota occurs and noxious bacteria
become predominant (Cho and Blaser, 2012). Corroborating our
results that the intestinal barrier in L group impaired while the
gut microbiota were disturbed. We also found that butyrate-
producing bacteria Eubacterium (Louis et al., 2010; Moens et al.,
2017) disappeared in the L group. Fructans-containing diet
which fermentation products are mainly short-chain fatty acids
increased jejunal villus height and crypt depth in rats (Kleessen
et al., 2003). Koch et al. Reported that butyrate supplementation
elevated growth of the small intestinal mucosa (Koch et al., 2019).
Thus, Eubacterium may also play a pivotal role in the protction
of intestinal barrier in our study. Besides, butyric acid has a
positive influence on the mucosal barrier integrity and anti-
inflammatory effect by decreasing proinflammatory cytokine
concentrations, furthermore, it stimulates the maturation and
proper differentiation of colonocytes. Bacteria that produce
butyric acid suppress growth of neoplastic cells and cause their
apoptosis (Rakowska et al., 2016). Additionally, it provides
energy to the gut epithelium and regulates host-cell responses
(Louis et al., 2010). Therefore, Eubacteriummight play a key role
in relating periodontal diseases to systemic diseases.

Commensal bacteria in gut has significant functions. For
example, it helps strengthen intestinal integrity, occupy the niche,
and stimulating the immune system which protects from the
proliferation of potential pathogens (Rakowska et al., 2016). Yet
Gemell, Allobaculum, Barnesiella, Sporobacter were significantly
enriched after ligation in our study. Hence, they may also have
an important impact on the relation of periodontal diseases
and systemic diseases. Lourenςo et al. characterize the gut
microbiome of individuals with different periodontal conditions
and found that a subset of OTUs significant correlate with
bleeding and periodontal tissue destruction (Lourenςo et al.,
2018). In accordance with these data, we observed that most
genus enriched in the L group and the control group correlated
with the mesial and distal bone loss. 16S rRNA gene sequencing
only categorized microbiota at genus level so that more detailed
information at species level cannot be discovered. In addition,
the abundance alteration of some microbes could not be properly

explained due to the fact that microbiota is characterized by
transient stability and dynamic balance. Shotgun metagenome
analysis can provide deeper analysis of species. Thus, shotgun
metagenomics would be needed to study microbiota alteration
in more detail.

In the current study, non-surgical periodontal treatment
modulates the gut microbiota. The composition of intestinal
microbiome was significantly different after non-surgical
periodontal treatment. Interestingly, 1 week after the periodontal
treatment, there was no apparent distinction between the non-
surgical periodontal treatmen (NL group) and the ligation group
(L group) while the control group could clearly distinguished
from the NL group and the L group in the heatmap which
evaluate the similarity of each sample composition. Contrarily,
4 weeks after the periodontal treatment, notable differences
could see between the non-surgical periodontal treatment
group (NL group) and the ligation group (L group). The results
indicated that the intestinal microbiota gradually change over
time after the non-surgical periodontal treatment. Furthermore,
the heatmaps which summarized significantly different species at
all level shows that the non-surgical periodontal treatment group
(NL group) and the control (Con group) were clustered together
while L group were distinctly clustered into another group 4
weeks after the periodontal treatment. These findings suggested
that the intestinal micobiota restored partially toward the healthy
state before periodontitis. Besides, Non-surgical periodontal
treatment showed a tendency to improve intestinal barrier.
Butyrate-producing bacteria Eubacterium was also increased
after the non-surgical periodontal treatment in our study. So
the periodontal treatment is very important for periodontitis
patients especially with systematic diseases associated with
intestinal microbiota.

Previous studies reported altered serum lipid levels in
patients with periodontitis and hyperlipidemia after periodontal
treatment (Duan et al., 2009; Fu et al., 2016). However, in our
study, serum lipid levels had no significant difference among
three groups. It might because that the experiment time–one
month after periodontal treatment was not long enough to affect
the serum lipid levels. Or it may because that the gut microbiota
disturbed by periodontitis had not fully recovered. It is apparent
that larger longitudinal clinical trials are needed to determine the
impact of longer periodontal treatment on the improvement of
systemic health.

Our results also showed that periodontitis and periodontal
treatment display different functional profiles of the gut
microbiome. Shotgun metagenome analysis can provide more
detailed information in the functional analysis. Therefore,
shotgun metagenomics would be needed to study the functional
changes in the intestinal microbiota after periodontitis and
periodontal treatment in more detail.

In conclusion, our study confirmed that gut microbiota
dysbiosis occurs in apoE−/− mice with periodontitis and was
partially resolved after non-surgical periodontal treatment. Non-
surgical periodontal treatment modulates the intestinal mucosal
barrier which was impaired by periodontitis. Periodontitis
and non-surgical periodontal treatment altered gut microbial
function of apoE−/− mice. We also found correlations between
alveolar bone resorption and specific microorganisms of the
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gut microbiota. This study also provides the basis for further
mechanistic and interventional studies to prevent or reverse
the systemic diseases associated with gut microbiota and
periodontitis. However, there is a limitation of this study
due to the sequencing method we have chosen. 16S rRNA
gene sequencing detected gut microbiota community change
at genus level. To achieve more accurate assignment, shotgun
metagenomics are needed in further study. Besides, Large clinical
studies using metagenomics sequencing are also needed in
the future.
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