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Periodontitis was an inflammatory disease associated with a dysbiosis of the
oral flora characterized by a chronic sustained inflammation inducing the
resorption of alveolar bone and leading to tooth loss. Type 2 diabetes
mellitus (T2D) was a metabolic disease caused by impaired insulin action.
The oral microbiome played a crucial role in modulating both the innate and
adaptive immune system during the trigger and exacerbation of periodontitis
and T2D. The bidirectional relationship of T2D and periodontitis had been the
focus of intensive research, but those were not well explored. In this
commentary, an in-depth analysis of the changes of microbiome and
bacterial metabolites in periodontitis with or without diabetes was described.
The promotion of periodontitis to T2D might involve inflammatory factors/
receptors, oxidative stress, microRNA and so on. The effect of diabetes on
periodontitis might involve adipose factor pathway, AGE/RAGE and RANK/
RANKL pathway etc. Generally, periodontitis and diabetes are closely related to
the microecological-epithelial interaction, soft tissue degradation, bone
coupling disorder, immune regulation and gene transcription. The viruses,
including HBV, HCV, HSV-1, Coronavirus, HCMV, EBV, HIV, phageome and
so on, played an important role in the development of T2D and periodontitis.
An in-depth understanding of the relationship between microbiome and host
was of great significance to clarify the bidirectional mechanisms, suggesting
that the periodontitis or T2D remission will have a positive impact on the other.
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1 Introduction

Periodontitis, a local inflammatory disease induced by oral
microorganisms, could cause alveolar bone destruction and
tooth loosening, which was the primary cause of tooth loss in
adults. More data suggested that periodontitis was associated
with systemic diseases such as diabetes, cardiovascular disease,
respiratory disease, nervous system disease, tumor and so on (1).
Local microbiota and host immune response were the most
important links in the occurrence and development of
periodontitis. Diabetes was mainly characterized by abnormal
glucose and lipid metabolism, more than 90% of which were type
2 diabetes mellitus (T2D). It was estimated that the number of
diabetes patients in the world will reach 642 million by 2040 (2).
Periodontitis was considered to be the sixth complication of
diabetes, and the occurrence of periodontitis could increase the
risk of diabetes by 27-53% (3). The relationship between
periodontitis and diabetes and the mechanism of flora on
immune regulation had always been the focus of the
stomatology research. In clinic, it was generally believed that
periodontal microbiome played an important role in the
regulation of immune system and substance metabolism in the
process of triggering and worsening of diabetes.

2 Oral microbiome

The occurrence and development of periodontitis were
closely related to host immune response, local microbiota and
their metabolites. The local immune response and periodontal
flora were in dynamic balance under physiological conditions.
When the colonization of key pathogens or changes in
microbiota happened, it could lead to an increase in the
pathogenicity of the whole community and the destruction of
local tissue homeostasis (3, 4). At this time, the host immune
response was overactivated, leading to the release of
inflammatory factors and immune cell infiltration, playing a
“bridge” role between diabetes and periodontitis.

2.1 Oral microbiome in periodontitis

Periodontitis was one of the common oral diseases. It was
believed that the special inflammation caused by “red complex”
(Porphyromonas gingivalis, Tannerella forsythensis and
Treponema denticola) which was the main cause in the past.
Microecological theory held that periodontitis was a non-specific
inflammation caused by flora imbalance and host immune
response in recent years. The difference of microbial
composition of subgingival plaque between patients with
periodontitis and healthy people was analyzed by 16S rRNA
sequencing. It was found that in patients with periodontitis,
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Proteobacteria, Firmicutes and Actinomycetes decreased.
However, Bacteroides and Fusobacteria increased, especially
the Synergistetes and Spirochaetes increased significantly (4, 5).
At the genus level, patients with periodontitis had relatively high
abundance of Porphyromonas, Fusobacterium, Treponema,
Nematogen, and Peptostreptococcus (6, 7). The recent study
also found that 39 species of bacteria, such as Tannerella,
Catonella, Eubacterium, Parvimonas, Hallella and so on, were
closely related to periodontitis (Figure 1A) (8). At the species
level, red complex and Fusobacterium nucleatum (F. nucleatum)
were the main bacteria causing periodontitis. Filifactor alocis was
also often detected in subgingival plaque of patients with
periodontal disease, which could participate in periodontal
tissue destruction through antioxidative stress and regulation
of amino acid metabolism (9). Functional microarray HumiChip
data showed that genes involved in amino acid metabolism,
glycosaminoglycan metabolism, pyrimidine metabolism and
virulence factors were abundant in periodontitis. However,
there was no significant difference in carbohydrate metabolism
(8) (Table 1).

2.2 Oral microbiome in periodontitis
and diabetes

It was believed that hyperglycemia environment could
selectively promote the rapid growth of some pathogenic
bacteria in subgingival flora, thus increasing the susceptibility to
periodontitis and periodontal tissue destruction in patients in the
past (10, 11). Ganesan et al. found that Lactobacillus,
Corynebacterium, Pseudomonas in T2D (Figure 1B) increased
significantly. However, the relative abundance of four species of
bacteria (Porphyromonas, Treponema, Prevotella and Parvimonas)
decreased (12). Demmer et al. found that there was a negative
correlation between insulin resistance of T2D and Actinomyces,
Proteus and Firmicutes in subgingival plaque microbiome (13).
Recent studies had found that there was no difference in the effect
of T2D on the microflora of subgingival plaque in patients with
periodontitis, only the change of bacteria, such as the abundance
of “red complex” bacteria, F. nucleatum and Capnocytophaga
sputigena (C. sputigena) (14). C. sputigena was a kind of glycolytic
bacteria, which could digest glucose in gingival crevicular fluid. As
a consequence, the content was higher in patients with T2D and
periodontitis. Other studies had shown that the main difference of
periodontal microorganisms between T2D and periodontitis lied
in the pathogenicity of bacteria at the level of bacteria, or the
different response of the body to the flora (14). In addition,
periodontitis has also been associated with cardiovascular
diseases and considered a cardiovascular risk factor (15). The
periodontitis-associated pathogens could enhance the
development of T2D by exacerbating the dyslipidemia, the most
important risk factor for atherosclerosis (16, 17).
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FIGURE 1

The composition of the top 10 bacterial genera in relative abundance in patients with periodontitis and T2D. (A) The Tannerella, Catonella,
Eubacterium, Parvimonas, Hallella and so on were closely related to periodontitis. (B) The Lactobacillus, Corynebacterium, Pseudomonas in T2D
increased significantly. (C) The Fusobacterium, Peptostreptococcus, Filifactor shared with PD, and Parvimonas shared with PD and T2D.

At the same time, the subgingival dominant flora of
periodontitis patients with T2D (PD&T2D) had been
well investigated, and their results showed that the
Gemella, Streptococcus, Leptotrichia, Veillonella, TM7
and Terrahemophilus were specific, Fusobacterium,
Peptostreptococcus, Filifactor shared with PD, and
Parvimonas shared with PD and T2D (Figure 1C). Some
studies had also reported a significant increase in the
absolute abundance of C. sputigena (5), and other studies
had reported different dominant bacteria (13, 18). There was
still no consensus on the specific changes of oral bacteria
caused by diabetes though microbial sequencing technology
was widely used. Considering the degree and duration of
hyperglycemia, diet and oral hygiene and drugs and other
confounding factors affected the results, as well as the
limitations of sequencing methods, could also lead to
deviation (19). Some researchers had proposed three
possible pathways for diabetes to affect periodontal flora: 1.
the increase of glucose levels in the saliva of diabetic patients
would promote the growth of some bacterial species; 2.
diabetes would lead to oral dehydration and reduce
microbial diversity; 3. hyperglycemia might lead to oral
acidification and disrupt oral microbiota (2).
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3 Bacterial metabolites

The virulence factors of the microbiome were enriched, and
the abnormal metabolism of sugar, lipid and protein could
promote the imbalance of immunity in the periodontal region
in the state of periodontitis. However, the accumulation of
glycosylated metabolites, fat factors and the changes of
metabolic pathways regulated the host’s response to
periodontal pathogens in the state of diabetes.

3.1 Microbiome metabolism in
periodontitis

Periodontal pathogens could produce a large number of
virulence factors, such as fimbriae, hemolysin, colonization
factor and so on, through functional gene detection and
clinical research verification (Table 1). Some proteases
synthesized and secreted by periodontal microorganisms could
be involved in protein degradation into amino acids and
peptides, because their concentration in gingival crevicular
fluid (GCF) of patients with periodontitis was significantly
higher than that of healthy people (20). These metabolites
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TABLE 1 The functional potentials in PD and PD with T2D communities.

Functional potentials

virulence genes
Amino acid metabolism

glycosaminoglycan degradation

colonization factor, fimbriae, hly, iuc, pap, pilin and srt

N-acetyl-D-galactosamine-4-sulfate 4-sulfohydrolase,

10.3389/fimmu.2022.885029

b-N-acetyl-D-hexosaminide N-acetylhexosaminohydrolase,

N-acetyl-D-glucosamine-6-sulfate 6-sulfohydrolase;

Pyrimidine metabolism thymidine phosphorylase, uridine phosphorylase;
Organic acids
Carbohydrate degradation Not significant
Lipid metabolism
carbohydrate metabolism inositol phosphate metabolism
Signal pathway* [PD with T2D] Two component system

cell motility*

*Prevalent in the periodontitis statein T2D and non-diabetic (ND).
PLP, pyridoxal-5-phosphate; ACP, B-ketoacyl-acyl-carrier-protein.

could be used as energy repositories for some special strain’s
dependent on oligopeptides (19). Proteoglycan was a linear
macromolecule formed by covalent and non-covalent bonds
between proteins and polysaccharides in the matrix, which
could form molecular sieves with tiny pores and limit the
diffusion of harmful substances. A significant increase in its
concentration was detected in patients with periodontitis (21). In
addition, organic acid metabolites such as butyric acid produced
by bacteria were enriched in periodontium. Butyric acid could be
produced by bacteria metabolizing amino acids, hexose or
pentose via anaerobic glycolysis. The concentration of butyric
acid in GCF of patients with periodontitis was significantly
higher than that of healthy controls, which was positively
correlated with the severity of periodontal disease (22). High
concentration of butyric acid might destroy the structure and
function of periodontal epithelial tissue and play an important
role in the occurrence and development of periodontitis.
Moreover, the genes related to butyric acid synthesis, such as
butyrate kinase and butyrate acetyl-CoA transferase coding
genes, were enriched in the subgingival plaque of patients with
periodontitis (8).

3.2 Microbiome metabolism of
periodontitis with diabetes mellitus

Recently, the research found that there were metabolic
pathways related to cell movement (bacterial movement,
flagellar assembly and bacterial chemotaxis) and signal
transduction pathways (two-component regulatory system)
involved in the pathogenesis of periodontitis microorganisms,
regardless of whether they were associated with diabetes or not
(14) (Table 1). There were three pathways that didn’t exist in
T2D but only existed in periodontitis, including lipid
metabolism (butyric acid metabolism) and two phosphate
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either lipid metabolism, arachidonic acid metabolism

b-ketoacyl-ACP synthase III, butyrate kinase, butyrate-acetoacetate CoA-transferase;

PD vs PD with T2D Reference
PD [Li]
Lysinedecarboxylase; L-alanine dehydrogenase; biosynthetic arginine decarboxylase, PLP-binding; argininosuccinate lyase
[Shi]

[PD, PD with T2D both] bacterial motility, flagellar assembly, bacterial chemotaxis

metabolic pathways of inositol (conversion between pentose
and glucuronic acid, ascorbic acid and aldehydes metabolism).
Microbial butyric acid had been used as the marker of
periodontitis, and butyric acid could affect the body’s
sensitivity to insulin (23). The study found that the oral
environment in periodontitis with poor blood glucose control
was conducive to the survival of sugar-fermenting bacteria,
especially those related to the production of propionic acid
and succinic acid. However, the number of bacteria related to
the formation of butyric acid and pyruvate decreased (24, 25).
Ascorbic acid and fat metabolic pathways had also been shown
to be associated with periodontitis and T2D.

The combination of blood glucose with proteins, lipids and
nucleic acids could increase the level of advanced glycation end
products (AGEs). The levels of serum total cholesterol,
triglyceride, low density lipoprotein and free fatty acids in
diabetic patients also increased along with the severity of
periodontitis (24, 26, 27). The hyperglycemia of T2D patients
could also increase the AGEs of periodontal tissue, then combine
with RAGEs on the surface of immune cells, and induce the
release of inflammatory cytokines, thus promoting periodontal
destruction (28, 29). It could also promote the increase of gram-
negative anaerobes, which could be used as evidence to explain
the increased risk of periodontitis in patients with diabetes (30).

In addition, obesity-related metabolic syndromes such as
insulin resistance, insulin sensitivity and dyslipidemia were
important factors in the pathogenesis of periodontal disease.
Adipocytes could release pro-inflammatory cytokines: IL-6, IL-1
and tumor necrosis factor oo (TNFa); adipokines; other
intracellular signals: reactive oxygen species, which directly
affected the pathogenesis of periodontal tissue inflammation
and progress (31). Adipokines, the adipocyte-derived bioactive
substances, were molecules produced and secreted by
adipocytes, which were mainly composed of leptin, resistin,
lactone and adiponectin. Leptin could inhibit the production
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of insulin through negative feedback. Resistin could induce
insulin resistance and cause disorders of glucose and lipid
metabolism (32). However, adiponectin has the protective
effects of anti-inflammation and anti-diabetes (24).

4 Immune regulation of
periodontitis microbiome and
diabetes mellitus

The two-way relationship between diabetes and periodontitis
was mainly manifested in that untreated periodontitis could
stimulate the production of antibodies by bacteria, induce the
production of proinflammatory cytokines and then act on
immune cells, thus promoting insulin resistance. In addition,
uncontrolled diabetes could aggravate the destruction of bone and
supporting tissue, exacerbate the progress of periodontitis by
changing periodontal microbiota, causing local immune
dysfunction, etc. However, there was not enough evidence to
explain the mechanism by which periodontitis microbiome
affected the disease state of diabetes. It was inferred that it might
be the secretion of many inflammatory factors and immune cell
infiltration caused by periodontal microbial infection, which acted
as a bridge between diabetes and periodontitis (27). In addition, it
might also be systemic inflammation caused by direct migration
and colonization of periodontal microorganisms to distant
organs (33).

10.3389/fimmu.2022.885029

4.1 Immunomodulatory effect of
periodontitis microbiome on diabetes

The immune system was involved in maintaining the
dynamic balance between the host and the symbiotic
microflora. However, the imbalance of periodontal flora and
the accumulation of metabolites would excessively activate the
host immune response (Figure 2), resulting in the secretion and
cascade amplification of a large number of pro-inflammatory
cytokines. Besides, it could mediate the recruitment, activation
and differentiation of specific immune cells and eventually lead
to periodontal and distant organ inflammation and tissue
destruction, causing long-term low-grade inflammatory state
of the host and promoting the progress of a variety of diseases
such as diabetes (32).

4.1.1 Cytokines

The network of cytokines in the pathogenesis of
periodontitis was very complex. In addition, there was great
heterogeneity in the inflammatory response among individuals.
Periodontitis could promote the secretion of a variety of
inflammatory factors, including TNF-a, IL-1B, IL-6, IL-8,
monocyte chemoattractant protein-1, chemokine-5,
intercellular adhesion molecule-1 and vascular cell adhesion
molecule-1 (34). Some of the above inflammatory factors had
clear pro-inflammatory and tissue destruction effects, such as IL-
1, IL-6 and TNF-o.. The binding of TNF-a to its receptor would

Periodontitis

Microbiome
Hyper-active immune cells

FIGURE 2

Cytokines

Metabolites

J
L ppRs

TLRs
Cytokines receptors

T cells B cells

DC

l]uantity and activity

The immunoregulatory effect of periodontitis microbiome and metabolites on diabetes: The imbalance of periodontal microbiome and the
accumulation of cytokines and metabolites in periodontitis mediate the recruitment, activation and differentiation of specific immune cells
including: PMN, MNP, DC, T cells and B cells, through PRRs, TLRs and cytokines receptors, causing long-term low-grade inflammatory state of
the host and promoting the progress of diabetes. PMN, polymorphonuclear neutrophil; MNP, mononuclear phagocytic cells; DC, dendritic cells;

PRRs, pattern recognition receptors; TLRs, Toll-like receptors.
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induce pancreatic B-cells apoptosis in a time-dependent and
dose-dependent manner (35). In addition, the other part was
closely related to the differentiation and maturation of specific
immune cell subsets, which could cooperatively activate and
recruit specific immune cells and initiate adaptive immune
response. In addition, the high expression of C-reactive
protein (CRP) could be detected in the serum of patients with
periodontitis. CRP could destroy the intracellular insulin signal
and lead to the accumulation of insulin resistance,
hyperglycemia and advanced glycation end products. The
increase of CRP level could also be detected in the serum of
T2D mice with periodontitis, which not only promoted
periodontal inflammation, but also accelerated the
development of diabetes (36, 37).

4.1.2 Innate immunity

In fact, innate immune response was the first line of defense
of gingival epithelium against pathogenic microorganisms. It
could identify invading microorganisms and trigger an immune
response to eliminate them. Innate immune cells included the
neutrophil polymorphonuclear leukocytes (PMNs), monocytes,
macrophages, dendritic cells (DCs), natural killer cells and so on.
They mainly recognized pathogen-related molecular patterns of
pathogenic microorganisms through a series of pattern
recognition receptors (PRRs) and promoted intracellular signal
transduction. As one of the main effector cells of periodontal
innate immune, PMNs could kill and scavenge periodontal
pathogenic microorganisms (24). The number of PMNs in jaw
bone marrow of periodontitis mouse model increased
significantly. The detection of monocytes found that poor
blood glucose control in T2D patients led to a more than two-
fold increase in the proportion of monocytes, and the level of
hemoglobin Alc (HbAlc) was positively correlated with the
proportion of monocytes (38). Macrophages could differentiate
from infiltrating monocytes in periodontitis. Macrophages could
be polarized into M1 and participated in the elimination of
microorganisms in the initial stage of periodontitis. In the
recovery stage of periodontitis, macrophages could be
transformed from M1 to M2 and apoptotic PMN cells could
be eliminated through efferocytosis (26). Induced by P.
gingivalis, macrophages played a role in insulin resistance in
T2D patients by triggering inflammatory responses such as
TNF-o and IL-6. DCs cells had the potential to prevent the
onset of diabetes and assist in maintaining the balance of
immune cells. Periodontitis significantly reduced the number
of CD11b+DC cells in cervical lymph nodes and spleen in T2D
mice (28).

4.1.3 Adaptive immunity

After being stimulated by microorganisms, innate immune
cells and periodontal tissues could secrete a series of cytokines,
which could induce immature T cells of CD4+ to differentiate
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into different subsets, including helper T cells: Thl, Th2 and
Th17 (27, 39). Different T cell subsets and related inflammatory
factors played different roles in periodontal immunity, such as
enhancing the control of periodontal flora and mucosal barrier,
and promoting the destruction of soft tissue and hard tissue. In
addition, the balance and differentiation of T cell subsets could
also affect the progress and prognosis of periodontitis (27). The
role of T cells was still controversial, and there was little specific
evidence to reveal the function of specific CD4+T cell subsets in
periodontitis. B cells were also involved in the inflammatory
process of periodontal tissue. The presence of periodontitis
could increase the number of T and B cells in gingival tissue
and blood of T2D patients, B cells could further induce
osteoclast differentiation, and the proinflammatory cytokine
profile secreted by B cells of periodontitis patients was similar
to that of T2D patients, such as TNF-o and IL-1, which could
promote periodontitis and diabetes (20, 40). Recent studies had
shown that the colonization of P. gingivalis, F. nucleatum and P.
intermedius could increase the activity of adaptive immune CD4
+T, CD8+T and B cells in cervical lymph nodes and blood of
T2D mice (28). Lipopolysaccharide (LPS) produced by P.
gingivalis could reduce the proportion of B cell apoptosis by
activating TLR2-and TLR4-dependent pathway. Some
researchers speculated that memory B cells could also secrete
inflammatory factors to regulate periodontal soft tissue and bone
tissue-related inflammation. However, it still needed to be
further confirmed (29).

4.2 Immune regulation of diabetes
mellitus on periodontitis microbiome

Diabetes could regulate the host’s response to periodontal
pathogens by changing its structure and metabolites AGE, fat
factor (see part 2.2), cytokines, bone metabolism and immune
response, and participate in the immune regulation of
diabetes to periodontitis microflora (Figure 3). In addition,
T2D increased periodontal inflammation and alveolar bone
loss in the host. Receptor activator of NF-xB (RANK) binded
to its ligand and participated in bone metabolism, which
coincided with the increase in the number and activity of
osteoclasts (32, 41).

4.2.1 Cytokines

Interleukin was a key medium in the link between
periodontitis and diabetes. It had been found that there were
high levels of IL-10, IL-6 and IL-17 in the serum of patients with
periodontitis or T2D. These cytokines were related to the
destruction of intracellular insulin signal and production of
insulin resistance. The high expression of these cytokines
could also be detected when periodontitis coexisted with T2D
(42, 43). A clinical study of 130 subjects found that there was no
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FIGURE 3

Diabetes metabolism and its immune regulation effect on periodontitis: diabetes regulates the host's response to periodontal pathogens by
changing its structure and metabolites AGE, fat factor, cytokines, bone metabolism and immune response, and participate in the immune
regulation of diabetes to periodontitis microflora. PMN, polymorphonuclear neutrophil; MNP, mononuclear phagocytic cells; DC, dendritic cells;
PRRs, pattern recognition receptors; TLRs, Toll-like receptors; RANK, Receptor activator of NF-xB; AGEs, advanced glycation end products; LDL,

low density lipoprotein; HDL, high density lipoprotein; TC, total cholesterol.

difference in the levels of serum IL-17, IL-1 and TNF-o
between patients with T2D and periodontitis or periodontitis
only (44, 45). However, the ratio of pro-inflammatory to anti-
inflammatory factors, such as TNF-0/IL-4 and IL-6/IL-4, was
significantly increased. As a consequence, the researchers
suggested that serum cytokine ratio rather than absolute
cytokine levels could be used as an indicator of systemic pre-
inflammatory state in patients with T2D and periodontitis. In
addition, the expression of IL-34 in GCF and serum of patients
with T2D and periodontitis was also significantly increased. IL-
34 could increase the levels of IL-6 and chemokines in human
whole blood (23).
inflammatory state of the whole body. In addition, IL-34 also

Together, they could aggravate the

played an important role in the process of bone fracture induced
by RANKL, and was also related to insulin resistance (46). Other
cytokines also changed in the presence of both diseases, such as
increased expression of IFN-y in GCF of patients with
periodontitis and diabetes.

4.2.2 Innate immunity

Exploring how diabetes affected the immune response of
periodontal tissue to specific periodontal pathogens contributed
to clarify the mechanism of diabetes promoting periodontitis.
The combination of RAGE receptors expressed by macrophages
and AGEs produced by T2D could activate monocytes,
macrophages and endothelial cells, and induce the release of
proinflammatory cytokines (47). Higher levels of CD14+CD16+
monocytes could be detected in peripheral blood of patients with
poorly controlled T2D periodontitis (38). However, there was no
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direct evidence for the role of monocytes and macrophages in
patients with T2D periodontitis. In addition, the number of
neutrophils in GCF increased significantly in patients with T2D
periodontitis and induced high periodontal inflammation.
Moreover, studies had shown that the increase of high
inflammatory phenotype of monocytes and the changes of
adhesion, chemotaxis and phagocytosis of neutrophils would
lead to delayed clearance of bacteria, continuous accumulation
of periodontal anaerobic microorganisms and oral flora
imbalance (48).

4.2.3 Adaptive immunity

Adaptive immunity was also important for the progression
of diabetes and periodontitis. However, the evidence for changes
in lymphocyte function in patients with diabetic periodontitis
was also limited. Immunohistochemistry showed that Th17 and
regulatory T cells (Tregs) increased in patients with periodontitis
and diabetes (27, 49). They could be recognized by monocytes
under the mediation of TLR2/4, and then activated CD4+T cells
and Th17/IL-17 axis in gingival tissue, and induced the increase
of IL-17 secretion when periodontal pathogens invaded the
diabetic body (43). Treg cells were the main regulators of
immune tolerance, which could inhibit the induction,
proliferation and effector function of Thl7 cells, restore
immune balance, and play a core role in controlling the
disease progression of T2D (42, 44, 45). In recent studies,
single cell sequencing analysis of gingiva from healthy people,
patients with chronic periodontitis and patients with T2D
periodontitis showed that the gingival immune cells were
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mainly T cells, B cells were relatively rare, and there was no
significant difference in the number of subtypes among different
populations. According to the relative proportion of cells from
high to low were CD4+T cells (about 25%), CD8+T cells (about
20%) and B cells (about 8%). However, the function of immune
cells was different. For example, myeloid cells in gingival tissue
of patients with T2D periodontitis could produce higher levels of
IFN-v and IL-10, while CD4+T could produce higher levels of
IL-8. It was suggested that the difference in the function of
gingival immune cells might be the root cause of the increased
risk and severity of patients with T2D periodontitis (50).

5 Viruses in periodontitis and type-2
diabetes mellitus

5.1 Viruses in type-2 diabetes mellitus

T2D, a complex metabolic disease, had been shown to
involve alteration of the oral and gut microbiota. Previous
studies had primarily focused on changes in the bacterial
microbiome, while ignoring the virus infection and alteration
of virome in type-2 diabetes mellitus. Actually, the link between
viruses and type 2 diabetes was stronger than we thought. A
study had investigated changes in the extracellular phageome
from fecal samples with or without T2D. The abundance of 58
species of phage (including Brochothrix_phage_NF5,
Enterococcus_phage_phiFL2A, Streptococcus_phage PH10, and
Streptococcus_phage_7201) was significantly different between
T2D patients and nondiabetic controls, especially, the phages
specific to Enterobacteriaceae hosts (51). Another larger study
also had showed that a decreased gut viral richness and diversity
was found in obese subjects with T2D (ObT2) compared with
lean controls. Besides, 17 differentially abundant viruses were
identified between the two groups (52). In addition, the chronic
hepatitis C virus (HCV) infection was associated with an
increased risk of developing insulin resistance and T2D had
been shown in some cross-sectional and longitudinal studies, via
affecting glucose metabolism and interfering with host innate
immune response (53). On the contrary, insulin resistance (IR)
and T2D accelerated the histological and clinical progression of
chronic hepatitis C and reduced the early and sustained
virological response to interferon-alpha-based therapy. The
association of virus infection in T2D was also common. A
community-based study (9621 participants) had shown that
HBV/HCV coinfection was significantly correlated with blood
glucose levels and 28% of participants with HBV/HCV
coinfection developed T2D (54). Furthermore, the association
of virus infection (HCV and HSV-1) in T2D and Alzheimer’s
disease (AD) had been reported in few recent studies (55).
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At present, the outbreak of COVID-19 (Coronavirus
disease 2019) infection had been defined as a global
pandemic by the World Health Organization (WHO), and
the COVID-19 patients with T2D had higher rates of severe
illness and mortality than those without T2D (56). After
COVID-19 invaded the human body, it bound to the
angiotensin-converting enzyme 2 (ACE2) receptors of
cells, adipocytes and liver cells, directly damaging islet beta
cells, fat, and liver cells, further aggravating insulin resistance
(57). COVID-19 could bind to the ACE2 receptors of islet
alpha cells to reduce the protective effect of ACE2/Ang (1-7)/
Mas in P cells, aggravating the damage and dedifferentiation
of B cells (58). In vivo, the inflammatory storm and systemic
inflammatory response syndrome caused by COVID-19 could
activate Toll-like receptors, imbalance of Th1/Th2 and Th17/
Tregs, leading to pancreatic -cell damage and the occurrence
of acute diabetes (59, 60). On the contrary, the complement
system mediated B lymphocytes producing of specific
antibodies against the virus. For the balance impairments of
humoral immune function in diabetic patients, the levels of
complement C3 and C4 decreased. Then, the insufficient
production of immunoglobulins might increase the risk of
COVID-19 infection.

5.2 Viruses in periodontitis

A large number of viral genome replications could be
detected in the periodontal sites of patients with periodontal
disease, including herpes virus, human immunodeficiency virus
(HIV), hepatitis virus (HBV and HCV), influenza virus etc.
Epstein-barr virus (EBV) and human cytomegalovirus (HCMV)
had higher detection rates in chronic and invasive periodontitis,
indicating that herpes virus played a role in severe periodontitis
(61). In addition to direct damage to cells and interfere with host
immune system, virus infection in periodontitis could also act in
synergy with periodontal pathogens, such as P. gingivalis. The
detection and comparison of P. gingivalis in HIV-1 positive
patients and healthy controls had showed that the activity of P.
gingivalis was more active in the former. Butyric acid, a
metabolite of P. gingivalis, could act as a negative regulator of
the enzymatic activity of histone deacetylase (HDAC). Butyric
acid inhibited catalytic action of HDAC and induced
transcription of silenced genes including HIV-1 provirus,
greatly reactivating the latently-infected HIV-1 (62). Butyric
acid also activated latent EBV via promoting ZEBRA
expression of EBV provirus (63). While promoting related
viral replication, periodontal pathogens could promote their
own proliferation with the help of virus, leading to the
prolongation of periodontitis.
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5.3 Viruses in periodontitis and type-2
diabetes mellitus

The virus infection in T2D and periodontitis had been reported
in few recent studies. Poor glycemic control in type 2 diabetic
subjects had a higher frequency of EBV in shallow periodontal
pockets (64). Another cross-sectional study involved a total of 120
patients had shown that EBV-1 was predominant with poor
glycemic status patients and the most significant levels of EBV-1
were detected in periodontitis with T2D (65). In addition, the
increase of microRNA-146a and microRNA-155 in oral cavity
induced by T2D and periodontitis was predicted to upregulate
the expression of ACE2, the essential SARS-CoV-2 entry receptors,
modulating host antiviral response. And it might suggest that T2D
with periodontitis patients had a higher chance of infection (66).

In conclusion, viral infection played an important role in the
development of T2D and periodontitis, especially in the former.
The virus infection was more likely to occur when there were
two diseases at the same time. In the process of diagnosis and
treatment of related diseases, the potential role of viruses should
be fully considered, and the combined treatment of bacterial and
viral infections would be another new idea for the treatment of
periodontitis and T2D when necessary.

6 Prospect

The relationship between diabetes and periodontitis highlighted
the importance of early diagnosis in the later treatment. The control
of blood sugar could improve the periodontal condition of diabetic
patients, and the treatment of periodontal infection could reduce
the incidence of diabetic complications. Although we had
understood the interaction of these two diseases in the past few
years, most of this knowledge was descriptive. At present, the
research on the relationship between periodontitis and diabetes
was mainly focused on the screening of differential microbiota, the
changes of immune regulation and substance metabolism. The
promotion of periodontitis to diabetes might involve inflammatory
factors/receptors, oxidative stress, microRNA and other
mechanisms to be clarified; the effect of diabetes on periodontitis
might involve adipose factor pathway, AGE/RAGE and RANK/
RANKL pathway and so on. Generally speaking, the effects of
periodontitis and diabetes on microecological-epithelial interaction,
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