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Abstract
Over the past 15 years, there has been intense 
research interest in periodontitis and its asso-
ciations with several systemic conditions and 
how periodontitis can modify the expression 
of those diseases. The area that looks forward 
in those relationships is called periodontal 
medicine. Offenbacher described periodontal 
medicine as a discipline that focuses on the 
investigation of associations between peri-
odontal diseases and systemic diseases and 
their biological plausibility in human popula-
tions and in animal models. It has been 
reported that periodontal disease may inde-
pendently increase the risk of diabetes melli-
tus, cardiovascular disease, preterm or 
low-weight delivery, or rheumatoid arthritis. 
On the other hand, periodontitis is a chronic 
infection, which pathogenesis is orchestrated 
by multiple factors. Within those factors, 
genetics and epigenetics may have an impor-
tant role in the pathogenesis. Epigenetics is a 
new area in research that is defined as genetic 
control by factors other than an individual’s 
DNA sequence via silencing certain genes 
while promoting others. These processes 

involve regulating transcription factor and 
access to chromatin, as well as microRNA 
(miRNA) and long noncoding RNA (lncRNA) 
regulating the expression of mRNA.  In this 
chapter, we are going to deal with periodonti-
tis pathogenesis, the role of epigenetics in its 
process, and the new connections of periodon-
titis and some systemic conditions by the 
expression of some epigenetic factors. This 
basic knowledge drives to know how to under-
stand the possible connections and some tar-
gets to cope with in the future.

3.1	 �Introduction

Periodontitis is a chronic inflammatory disease 
characterized by periodontal attachment and 
alveolar bone loss that eventually may lead to 
tooth loss. It is considered the most prevalent 
chronic inflammatory disease that affects 46% of 
adults older than 30 years in the USA [1], where 
the prevalence of severe periodontitis is over 11% 
[2]. The primary etiological factor of periodonti-
tis is the presence of specific bacteria organized 
in dental biofilm that leads to the triggering of 
several signaling routes that prompts the initia-
tion of immune response mechanisms. The 
microflora that causes periodontitis is somehow 
complex, in which there are over 700 different 
bacterial species. In the recent years, some 
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clinical studies have defined key pathogens that 
present a crucial role in the initiation and pro-
gression of periodontitis [3, 4], demonstrating 
that their presence is a risk factor for ongoing 
attachment loss. Among those bacterial species, 
Aggregatibacter actinomycetemcomitans and 
Porphyromonas gingivalis are the most relevant 
pathogens in periodontitis. Both species exhibit a 
wide range of virulent factors that could activate 
several signaling pathways, inducing a humoral 
immune host response [5, 6].

While periodontopathogenic bacteria are the 
main cause in the activation of immune response, 
other elements such as genetics and environmen-
tal factors may influence or modulate the host 
response to bacterial burden [7–9].

3.1.1	 �Molecular Regulation 
of the Immune Response

In gene expression, its central dogma is based on 
the DNA transcription into mRNA, which serves, 
in turn, as template for the protein synthesis [10]. 
The immune response model at the transcrip-
tional stage starts with an external stimuli, such 
as bacterial burden, which gives rise to a signal-
ing cascade within the cell cytoplasm, activating 
the binding of promoters and enhancers that reg-
ulates some DNA sequences. These assembles 
activate in turn the transcription machinery as 
well as the expression of specific genes. At this 
time, certain DNA sequence alterations, muta-
tions, and polymorphisms may come out to alter 
transcription factors binding to specific areas of 
gene expression regulation.

Regarding the protein structure, the changes 
might occur within the coding regions of the gene 
(exons), leading to changes in the position and 
sequence of amino acids in the protein structure. 
In this sense, some novel processes in this basic 
model have been depicted in a recent study [11] 
that have suggested synergistic mechanisms 
between transcriptional activators bound to pro-
moters and enhancers in different layers that are 
superimposed, leading to different stages in gene 
modification that may occur.

It has been identified specific mechanisms to 
be rapidly turned on and off in response to that 

external stimuli [11]. Those have been suggested 
as special pathways in creating selectivity of 
immune response to certain bacterial stimuli, 
regulating the magnitude of that response and 
conducting to chronic inflammation [12, 13]. 
Therefore, it could present a potential role in how 
some bacterial species may activate different sig-
naling pathways leading to a specific host 
immune response.

3.1.2	 �Epigenetic Modifications 
of Gene Expression

Epigenetics is defined as changes in gene expres-
sion, which are not controlled by DNA sequence 
but by silencing certain genes and promoting oth-
ers. These processes involve alterations of the 
DNA and associated proteins such as DNA meth-
ylation or modifying DNA structure (e.g., chro-
matin alterations), as well as microRNA (miRNA) 
and long noncoding RNA (lncRNA) that may 
regulate the expression of messenger RNA 
(mRNA) [14]. These epigenetic alterations may 
be able to modulate the host response to several 
bacterial stimuli and regulate the magnitude and 
speed of those processes [7, 9].

Genetic mutations are commonly known to 
control the epigenome [15], inducing several 
changes in DNA structure and sequence altera-
tions that affect the protein function. Nevertheless, 
some epigenetic modifications such as histone 
modulation are often strongly correlated with 
patterns of inherited gene expression [16], includ-
ing those that lead to gene mutations. Hence, the 
link or boundary between genetics and epi-
genetics is still not clear, driving to the concept 
that some researchers [15] suggest that both are 
two sides of the same construct, being 
connected.

3.1.3	 �Immune Response 
in Periodontitis 
and Epigenetic Modifications

The immune host response to the bacterial products 
starts with the innate immune system activation. 
This is the natural host barrier defense against 
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bacteria, which is mediated by subepithelial den-
dritic cells, neutrophils, macrophages, natural killer 
cells, and monocytes. Those cell activations are 
orchestrated by several families of proteins such as 
toll-like receptors (TLRs) that are involved in the 
bacterial recognition of their patterns.

Innate system does not require any previous 
exposure to a microbial product, so thus, it is so 
important in initiating the host response to new 
microbial challenges. However, some bacteria 
have the capacity to evade some host response 
mechanisms as a result from adaptation to the 
hostile environment [17]. Shifts within the peri-
odontal tissues have been ascribed to the interac-
tion between biofilms and their products and 
some specific receptors such as TLRs.

Afterward, when innate response is not able to 
control the bacterial aggression, adaptive immune 
response is activated. This host response is nor-
mally mediated by T- and B-cells that will pro-
vide to the host the so-called immunological 
memory. This adaptive response may play a cru-
cial role in established periodontitis lesions that 
are characterized by high proportions of plasma 
cells [18], which in turn are going to generate 
antibodies against microbial products.

Nevertheless, the initiation and the magnitude 
of this interaction between biofilms, its products, 
and the host response may be altered by genetic 
traits but also by some systemic conditions and 
environmental factors such as smoking or stress. 
Within this interaction, epigenetic modifications 
may modify the interplay between environmental 
factors, genetic traits, and host immune response.

3.1.4	 �DNA Methylation, Histone 
Modulation, and Other Gene 
Alterations

The genome modification in host cells can often 
occur via DNA methylation. It normally takes 
place at the 5′ position of cytosine in CpG dinu-
cleotides, called CpG islands. CpG islands are 
dinucleotides that involve the connection between 
a cytosine nucleotide and a guanine nucleotide by 
a phosphodiester bond. Clusters of CpG 
sequences appear in the promoter regions, pre-
vent transcriptional initiation, and silence the 

genes [31]. There are three different isoforms of 
DNA methyltransferases by which DNA methyl-
ation can occur. DNA methyltransferase 3a and 
DNA methyltransferase 3b normally present a 
crucial role in “de novo” methylation of CpG 
residues, while DNA methyltransferase 1 
(DNMT1) regulates the methylation pattern 
copying to new synthetized DNA strand during 
replication. DNA methylation is necessary for 
normal cell development, and it is essential  
in tissue-specific gene transcription [19]. 
Differential methylation patterns associated with 
lipopolysaccharide (LPS) signaling, cell adhe-
sion, and other processes such as apoptosis or 
oncogenesis have been observed in untreated 
periodontitis tissues [20]. Recent studies have 
suggested that bacteria have the potential to cause 
alterations in the DNA methylation status, but 
also the environment, aging, and stress may also 
play a role on modifying the expression of peri-
odontitis, involving epigenetic changes that affect 
disease expression or cause oral dysbiosis.

Depending on the health status of periodontal 
tissues, CpG islands are differentially methyl-
ated. Recent data that investigated the differences 
in DNA methylations between healthy gingival 
tissues from healthy subjects and inflamed peri-
odontal tissues from chronic periodontitis tissues 
identified some CpG sites methylated in inflamed 
tissues different from healthy tissues [20]. Some 
genes such as SOCS3, VDR, MMP25, BMP4, 
RUNX3, interleukin-17, TNFRSF18, ZNF277, 
ZNF501, CADM3, and BDNF were observed 
hypermethylated in inflamed gingival tissues and 
others hypomethylated compared to healthy gin-
gival tissues [20]. The authors suggested that 
these methylated CpG regions might confirm a 
linkage between epigenetic modifications and the 
immune host response. One example of DNA 
methylation in periodontitis is the DNA hyper-
methylation of prostaglandin-endoperoxidase 
synthase 2 promoter in chronic periodontitis 
lesions. This pattern is associated with a high 
expression of cyclooxygenase-2 in chronic peri-
odontitis tissues, increasing the inflammation 
status of the tissues. Those epigenetic modifica-
tions of gingival tissues are suggested to mainly 
occur within the biofilm-sulcular epithelium 
interface. Within this interaction bacteria may 
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have the capacity to induce some DNA methyl-
ations (meter ref). It has been described that 
Porphyromonas gingivalis could cause the hyper-
methylation of a protein that regulates the chro-
matin remodeling, called as GATA binding 
protein [21]. This protein could also be hypo-
methylated by a Fusobacterium nucleatum infec-
tion, driving to the concept that one epigenetic 
modification may occur depending on the pres-
ence of specific bacteria.

Other epigenetic change related to oral dysbi-
osis is histone acetylation. A recent study con-
ducted by Martins and co-workers [22] reported 
that both regulation of DNMT1 and histone acet-
ylation were shown in oral dysbiosis. This study 
has proven that epigenetic changes may indeed 
be associated with oral dysbiosis.

In general, histone acetylation is associated 
with enhanced transcription of genes [31], nucleo-
some assembly, chromatin folding, DNA damage 
repair, and replication [23]. It is usually related to 
the chromatin structure relaxing, leading to an 
enhanced transcription of inflammatory genes, 
such as nuclear factor kappa B (NF-κB) target 
gene or several genes of pro-inflammatory cyto-
kines, which are commonly upregulated in peri-
odontitis. Normally, NF-κB is able to activate 
innate immune system mediated by TLRs [24], 
and its chronic activation may induce osteoclasto-
genesis that would lead to bone resorption [25]. In 
periodontitis lesions, it has been demonstrated that 
Porphyromonas gingivalis and Fusobacterium 
nucleatum infection may be able to induce epigen-
etic modifications such as histone 3 acetylation 
and the downregulation of DNMT1.

Moreover, histone acetylation by lipopolysac-
charides (LPS) could influence p300/CBP activa-
tion. Its activation is related to the transcriptional 
stimulation of some pro-inflammatory cytokines 
such as IL-1, IL-2, IL-8, and IL-12, commonly 
found in periodontally affected tissues [22].

3.2	 �Role of MicroRNAs

MicroRNAs (miRNAs) are a group of small, 
noncoding RNAs that play key roles in epigene-
tic regulation by controlling the translation and 
stability of mRNAs [26]. They are crucial in 

developmental processes, apoptosis, and cell pro-
liferation [27]. However, this regulation depends 
on the activities of other cofactors, DNA meth-
ylation and/or histone acetylation. The other 
cofactors include RNA-binding protein, CREB-
binding protein or E1A binding protein p300, and 
cyclic AMP response element-binding protein 
(CBP). This regulation indirectly inhibits or pro-
motes mRNA expression. Hence, these mole-
cules may play a significant role in inflammatory 
processes, affecting both innate and humoral 
immune response to the microbial challenge [7, 
26]. In addition, autoimmune diseases may be 
also affected by these molecules [26]. However, 
periodontitis is the gold standard in oral chronic 
inflammatory diseases, where miRNA might 
have a specific and detrimental role in its patho-
genesis [7]. Recently, Kebschull and Papapanou 
have performed an extensive review about the 
role of miRNA in periodontal disease [7]. They 
have observed that miRNAs could affect differ-
ent immune processes at different stages of the 
inflammatory response against the bacterial insult 
in periodontal disease.

As it has been explained, the inflammatory pro-
cess starts with a bacterial challenge. The first line 
in host response involves the pathogen pattern rec-
ognition mediated by TLRs. The most common 
TLRs in periodontitis are TLR-2 and TLR-4, which 
have the capacity to interact with specific bacterial 
species and their virulent factors. Aggregatibacter 
actinomycetemcomitans and the lipopolysaccha-
ride (LPS) from Porphyromonas gingivalis are the 
main bacterial species and products that are able to 
activate those receptors. After their binding, NF-κB 
pathway is activated. NF-κB is a family of rapid 
responder transcription factors that are able to 
induce changes in target gene expression. As a con-
sequence of TLR activation, different cell types are 
triggered, such as macrophages, neutrophils, natu-
ral killer cells, or dendritic cells, developing the 
comprehensive innate immune response.

Several miRNAs are able to induce changes in 
the NF-κB signaling pathways. One of them is 
the miRNA-146a, which is itself regulated after 
NF-κB activation via TLR-2, TLR-4, TLR-5, and 
TLR-9  in response to the bacterial challenge, 
driving to a downregulation of two important 
cytokine receptors, receptors of IL-1 and TNFα. 
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This miRNA was found to be upregulated in peri-
odontally affected gingival tissues [28, 29]. miR-
146a is also able to suppress TLR-2 expression in 
keratinocytes [30] and macrophages [31], leading 
to a weak inflammatory response. However, in 
macrophages, the induction of miRNA-146a by 
P. gingivalis LPS does not result in a lower cyto-
kine production [32], driving to the concept of a 
counteracting effect by other miRNAs [7].

One of the most important miRNAs in peri-
odontitis is miR-155, which acts at different stages 
in the host response. This miRNA is able to down-
regulate NF-κB signaling pathway, as well as to 
promote cell differentiation [33]. It also mediates 
the response to infection by type I interferon pro-
duction [34], a mechanism possibly connected to 
aggressive periodontitis [35], increasing inflam-
mation and periodontal tissue destruction. 
Furthermore, it is able to induce the expansion and 
activation of natural killer cells [36] and high pro-
duction of interferon-γ [37]. In macrophages, it 
was shown that miR-155 increases the levels of 
leukotriene B4, resulting in high responsiveness of 
TLRs [38]. However, the dysregulation of its 
expression and also the miR-146 expression in 
epithelial cells infected by P. gingivalis was 
observed to turn into an increased sensitivity of 
TLR signaling pathway, exponentially expanding 
the immune response [39, 40].

In natural killer cells, miR-30e and miR-200a 
are downregulated in periodontally affected tissues 
that lead to an increased activation of natural killer 
cells and a higher production of interferon-γ, driv-
ing to a higher tissue destruction [41, 42]. Other 
miRNAs such as miR-451, which has the ability to 
suppress neutrophil chemotaxis [43], or miR-486, 
which leads to an overexpression of NF-κB signal-
ing [44], are upregulated in periodontitis lesions.

Dendritic cells play an essential role in the 
innate system, bridging the innate system and 
adaptive immune response. They are able to 
detect some bacterial species and their products, 
producing specific inflammatory cytokines, criti-
cal in the immune response. Recent investiga-
tions have pointed out that their functions are 
tightly controlled by miRNAs [45].

One example is miR-155, a miRNA that was 
found to control other innate system processes 
(see above). It was shown to have the ability to 

affect the function and maturation of dendritic 
cells, influencing the cytokine signaling and thus 
the inflammatory host response [46]. On the 
other hand, miR-451 has exhibited to reduce 
cytokine production by dendritic cells, which has 
responded to bacterial infection [47], and miR-
148a was shown to damage the innate response 
and the antigen presentation mechanism by den-
dritic cells [48], both overexpressed in periodon-
tally affected gingival tissues.

As the innate response can be regulated by sev-
eral miRNAs, some of those might also influence 
certain adaptive response processes. B- and T-cells 
are the main cell strains in the adaptive immune 
system. This system involves their expansion and 
provides immunological memory. Some miRNAs, 
such as miR-146a, miR-650, miR-155, miR-210, 
or miR-455, may play a role in the control of some 
adaptive immune processes. Other miRNAs are 
upregulated in periodontitis lesions such as miR-
650 that was found to influence the proliferative 
capacity of B-cells [49]. As seen above, miR-155, 
an upregulated miRNA in periodontally affected 
tissues, has different functions in host immune 
regulation. In adaptive immune, this miRNA could 
also have the capacity to control CD8 T-cell 
response [50], as well as to influence in the indi-
rect activation of T-helper cell 17 response by den-
dritic cell signaling [51]. Nevertheless, others are 
downregulated in periodontitis lesions such as 
miR-210, which are related to the increase of 
T-cell signaling, being associated with the etio-
pathogenesis of periodontitis [52, 53].

In summary, miRNAs are epigenetic modifi-
cations that are crucial in immune response regu-
lation, being bridges between different exogenous 
challenges and host response. While further 
research in miRNA functions and role in chronic 
inflammatory disease such as periodontal disease 
is needed, they are a very promising source of 
connection between different immune processes 
in different oral and systemic conditions.

3.3	 �Role of Long Noncoding RNAs

Long noncoding RNAs (lncRNAs) modulate cell 
proliferation, senescence, migration, and apoptosis. 
They also interact with DNA, RNA, and other 
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proteins and regulate gene expression and other 
miRNA activities. A recent publication performed 
by Zou et al. [54] has demonstrated the presence of 
some lncRNAs in chronic periodontitis lesions. As 
miRNAs, lncRNAs could be up- or downregulated, 
affecting different host immune pathways and 
miRNA functions. Some lncRNAs such as 
HOTAIR, PRDX6, IFNG, or TIRAP are associated 
with periodontitis lesions [54]. Periodontitis was 
shown to express the upregulation of HOTAIR, PI3 
(lncRNAs RP3-461P17 and RP1-300I2.2), PRDX6, 
TIRAP, lncRNA CDKN2A, and CDKN2B.   
Conversely, lncRNAs NR_003716, RP11–29014.3, 
IFNG, lincRNA-CDON-1, and CDKN2BAS were 
shown to be downregulated in periodontally affected 
tissues. Certain lncRNAs such as lincRNA-
CDON-1 appear to be involved in signaling path-
ways in TLR expression, crucial in the 
etiopathogenesis of periodontitis. Likewise, further 
studies to understand the role and functions of those 
lncRNAs in periodontitis pathogenesis are needed.

It has been found that lncRNAs possess tran-
scribed ultraconserved regions (T-UCRs), which 
are a segment of DNA and considered as a novel 
class of noncoding RNAs. UCRs are conserved, 
i.e., unchanged between the species. Therefore, 
alteration in this area is unlikely to occur due to 
chance, and differential expressions have been 
observed in several systemic conditions such as 
cancers or cardiovascular diseases [55].

3.4	 �Periodontitis, Epigenetic 
Alterations, and Systemic 
Diseases

Nowadays, periodontitis is considered a noncom-
municable chronic inflammatory infectious dis-
ease which is connected to some systemic 
conditions. Recent epidemiological studies have 
remarked important associations between peri-
odontitis and some systemic diseases such as dia-
betes, cardiovascular disease, rheumatoid 
arthritis, or cancer [56, 57], where systemic 
inflammation and bacteremia are the main mech-
anisms. However, some epigenetic modifications 
commonly found in periodontitis are also related 
to some systemic conditions, leading to another 

biological mechanism of connection between 
periodontitis and systemic diseases.

As it has been discussed in previous items, 
oral dysbiosis, commonly related to periodonti-
tis, is able to produce epigenetic modifications 
that, in turn, have the capacity to induce some 
changes in different levels of immune response, 
both in the innate and humoral system, leading to 
a chronic response that could be associated with 
other systemic immune responses or even 
changes in other sites of the human body.

3.4.1	 �Obesity

The association between periodontitis and obesity 
has been studied along years. While a systematic 
review published by Suvan et al. [58] has estab-
lished that there are clinical studies that support 
this association, the magnitude of that association 
is still unclear, and there is a need for more pro-
spective and intervention studies to understand the 
connection between both diseases. Despite the fact 
that recent data has demonstrated that obesity 
could be a risk factor of clinical attachment loss 
[59], the biological plausibility of that connection 
is still not clarified. It has been hypothesized that 
the high secretion of adipokines in obesity creates 
a pro-inflammatory state that has been positively 
associated with periodontitis [60]. A recent publi-
cation [61] has showed that the stimulation of 
macrophages with adiponectin causes the expres-
sion of miR-155, an important miRNA in the 
pathogenesis of periodontitis [62]. Moreover, it 
has been demonstrated that some miRNAs such as 
miR-185 were found to be strongly expressed in 
obese patients with periodontitis compared to non-
obese periodontitis patients [62], suggesting that 
an obese status may aggravate periodontal tissue 
destruction.

3.4.2	 �Cardiovascular Disease

The association between periodontitis and car-
diovascular disease (CVD) has been a focus of 
research along the last decades. Last data have 
established that periodontitis may be a risk factor 
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to control in CVD patients [57, 63–66]. 
Bacteremia has been hypothesized as the main 
biological mechanism that connects both dis-
eases [67, 68]. Nevertheless, recent publications 
have pointed out a genetic susceptibility contrib-
uting to periodontitis and CVD [69]. This publi-
cation has remarked some genes that are 
presented in both conditions. ANRIL, CDKN2A, 
CDKN2B, and PLG are the most relevant genes 
[69–72]. In that sense, mRNA transcription of 
ANRIL, lncRNA, and ANRIL has been associ-
ated with atherosclerosis, periodontitis, and sev-
eral types of cancers [70]. Therefore, it is 
important to keep investigating the influence of 
those lncRNAs and genes to fully understand the 
connection and possible target to treat conse-
quences in both conditions.

3.4.3	 �Rheumatoid Arthritis

Rheumatoid arthritis(RA) is a chronic inflamma-
tory autoimmune disease that has been exten-
sively related to periodontitis [73, 74]. It has been 
hypothesized that oral bacteria, such as 
Porphyromonas gingivalis, among others [75], 
may play a key role in protein citrullination and 
ACPA formation in RA patients [76, 77], initiat-
ing and perpetuating the immune response in 
RA.  Recent reports have shown that also 
Aggregatibacter actinomycetemcomitans, 
another well-established periodontal pathogen 
[78], is able to increase chronic exposure to 
citrullinated proteins and the development of 
autoantibodies. A number of evidence have 
shown that periodontitis and RA share a number 
of genetic and environmental risk factors [79]. 
The main genetic risk factor is the HLA-DRB1 
allele of the class II major histocompatibility 
complex (MHC-II), and the smoking habit is a 
common risk factor between periodontitis and 
RA [75].

Nonetheless, recent data have shown that peri-
odontitis patients are exposed to citrullinated his-
tone H3 in inflamed gingival tissues, which drives 
to other exposure target for the autoantibodies 
presented in RA [80]. It means that not only pro-
teins citrullinated by bacteria are subjected to be 

a target for autoantibodies, but some epigenetic 
modifications of that oral dysbiosis increase tar-
gets and sources of perpetuating inflammation 
and citrullination.

3.4.4	 �Cancer

The role of oral infections in oncogenesis remains 
changing over time. As discussed above, chronic 
inflammation such as in periodontitis may have the 
potential to provoke epigenetic modifications [20] 
leading to DNA and histone methylations that con-
tribute to oncogenesis. However, any bone modu-
lation will involve these histone modifications 
[81], and periodontitis, which involves bone loss, 
may also cause histone modulation [14].

A recent publication by our group [14] has 
extensively reviewed the plausible role of oral 
infections such as periodontitis in oncogenesis. 
We have found different population-based stud-
ies, by which a plausible association between 
periodontitis and different types of cancer could 
be explained. A longitudinal study reported that 
serum P. gingivalis antibody increased the risk of 
orodigestive cancer mortality [82]. Likewise, 
some data showed antibodies to several oral 
pathogens to pancreatic cancer [83]. It was found 
that the antibodies to the commensals were asso-
ciated with lower risk of pancreatic cancer sug-
gesting that dysbiosis may be a more appropriate 
risk marker than the role of a few pathogens. 
Dysbiosis on the other hand can be a marker for 
abnormal immunity which predisposes to cancer 
development [84]. Moreover, a prospective 
cohort study that assessed periodontal treatment 
was associated with lower risk of subsequent 
cancers, but this study did not adjust for con-
founding factors such as smoking, alcohol con-
sumption, or genetics [85]. Despite some 
methodological flaws of those studies, there is a 
plausible role of periodontal disease in the onco-
genesis process.

As it has been discussed above, epigenetics 
might play a significant role in different host 
immune processes as well as other cell functions. 
During the process of tumor initiation and progres-
sion, the cancer epigenome is remodeled via global 
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hypomethylation, increased promoter methylation 
at CpG islands, global downregulation of miRNAs 
and lncRNAs, or interactions between them and 
alterations in the nucleosome. The imbalance 
between transcriptionally permissive and repres-
sive chromatin modifications may alter gene 
expression and lead to cancer [14]. While DNMT1 
is overexpressed in many cancers [86], oral dysbio-
sis drives to a reduced expression of DNMT1. 
Thus, the assumption that oral dysbiosis may foster 
oncogenesis might not be supported. On the other 
hand, histone acetylation has been shown to regu-
late tumor suppressor gene p53 or proto-oncogene 
c-Myb. These indicate that histone acetylation can 
up- or downregulate oncogenesis [87].

Notably, the role of miRNAs in oncogenesis 
varies depending on the mRNA they regulate 
and thus can be promoters or suppressors of 
oncogenesis [88]. Some miRNAs commonly 

found in periodontitis have been related to dif-
ferent types of cancers. MiR-31 may be found in 
pancreatic cancer or oral potentially malignant 
disorder [89, 90]. Moreover, miRNAs, miR-
146a and miR-155, were related to head and 
neck squamous cell carcinoma [91]. 
Nonetheless, certain lncRNAs have been also 
correlated with different types of cancers. The 
lncRNA called HOTAIR, upregulated in peri-
odontitis lesions, has been associated with 
tumor metastasis, recurrence, and prognosis in 
breast, colon, and liver cancers and oral squa-
mous cell carcinoma [54, 92, 93].

However, further studies are needed to under-
stand how they may interact between both condi-
tions and to examine the role of oral infections in 
carcinogenesis via the holistic approach consid-
ering the multisystem in the whole human body 
(Tables 3.1, 3.2, 3.3, 3.4, and 3.5).

Table 3.1  Principal miRNAs in periodontitis lesions adapted from the publication of Kebschull et al. [7]

miRNA

Regulation periodontally 
affected tissues

Type of immune 
system affected 
in periodontitis MechanismUpregulated Downregulated

miR-30e – Yes Innate immune 
system

Inhibits NK cell activation. This downregulation 
increases NK cell activation and hence increases 
tissue destruction

miR-31 – Yes Innate immune 
system

Negative regulator of NF-κB and mediates 
osteoclastogenesis. Its downregulation produces 
over-activation of TLRs and decreases bone 
formation

miR-
146a

Yes – Innate and 
adaptive immune 
system

Regulates NF-κB signaling pathway activation, 
reduces dendritic cell cytokine production, impairs 
dendritic cell TLRs, and controls B-cell development

miR-
148a

Yes – Innate and 
adaptive immune 
system

Impairs antigen presentation function by dendritic 
cells and the whole innate response

miR-155 Yes – Innate and 
adaptive immune 
system

Regulates NF-κB signaling pathway, mediates type I 
interferon and interferon-gamma production; 
increases TLR sensitivity, critical in dendritic cell 
maturation; controls CD8 T-cell response; and 
indirectly influences the activation of T-helper cell 17

miR-
200a

– Yes Innate immune 
system

Negative regulation of IL-12 in NK cells. Thus, its 
downregulation causes increased production

miR-210 – Yes Adaptive 
immune system

Its downregulation increases T-cell signaling

miR-451 Yes – Innate immune 
system

Suppression of neutrophil chemotaxis

miR-486 Yes – Innate immune 
system

Increases exponentially NF-κB signaling pathway

miR-650 Yes – Adaptive 
immune system

Regulates B-cell proliferation
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Table 3.2  Main lncRNAs in periodontally affected gingival tissues

lncRNA

Regulation periodontally 
affected tissues

Type of immune 
system affected in 
periodontitis MechanismUpregulated Downregulated

HOTAIR Yes – Still unknown
RP3-
461P17
RP1-
300I2.2

– Yes – Still unknown

TIRAP Yes – – Still unknown
CDKN2A Yes – – Still unknown
CDKN2B Yes – – Still unknown
lincRNA-
CDON-1

Yes – Innate immune 
system

Affects signaling pathways of TLR activation

ANRIL – Yes Regulation of chromatin, ADIPOR1, VAMP3, and 
C11ORF10 expression. Its downregulation 
provokes reduced expression of those markers, 
increasing the risk of atherosclerosis, metabolic 
syndrome, periodontitis, and several forms of 
cancer

Table 3.3  Some examples of methylations in cancer expression

Author/
year Country

Type of 
cancer 
involved

Epigenetic 
modification

Results

Mechanism
Upregulation 
of cancer

Downregulation 
of cancer

[94] Belgium Melanoma DNMT1 Yes Yes Transient depletion of DNMT1 can 
lead to long-term activation of 
cancer-germline genes and 
repression of mitosis/division-
related genes at the same time

[95] USA Colon 
cancer

DNMT1 – Yes Interaction between a subset of 
lncRNAs and DNMT1 was 
reduced in colon cancer cells, 
which contributes to aberrant DNA 
methylation and gene expression 
in tumorigenesis

[96] USA Lung 
cancer

DNMT1 Yes – There is a cross talk between 
tyrosine-protein kinase KIT and 
DNMT1 in the development of 
drug resistance, which implies an 
upregulation of oncogenesis 
process by means of that 
interaction

[97] China Breast 
cancer

DNMT1 Yes – DNMT1, DNMT3A, and 
DNMT3B commonly or 
individually contributed to DNA 
methylation in different breast 
cancer cells
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Table 3.4  Some examples of histone acetylations in cancer expression

Author/
year Country

Type of cancer 
involved

Epigenetic 
modification

Results

Mechanism
Upregulation 
of cancer

Downregulation 
of cancer

[98] China Hepatocellular 
carcinoma

Histone 
acetylation

– Yes Histone deacetylase (HDAC) 
9 increased the expression of 
miR-376a by upregulating 
the global histone H3K18 
acetylation level, which is 
inversely correlated with 
hepatocellular carcinoma

[99] Poland Colorectal 
cancer

Histone 
acetylation

Yes – Histone H3 lysine 27 
acetylation (H3K27Ac) is 
upregulated in CRC

[100] Germany Lymphoma, 
hepatoma,

Histone 
acetylation

Yes – The 5-HTT gene is 
epigenetically 
downregulated by histone 
deacetylation. The 5-HTT 
gene is usually silenced in 
several types of cancer

Table 3.5  Some examples of miRNAs and lncRNAs in cancer expression

Author/
year Country

Type of 
cancer 
involved

Epigenetic 
modification

Results

Mechanism
Upregulation 
of Cancer

Downregulation 
of Cancer

[90] USA Pancreatic 
cancer

miR-31 Yes – Expression of enforced miR-31 
significantly enhanced invasion 
and migration of multiple 
pancreatic cancer cells

[89] Taiwan Oral 
potentially 
malignant 
disorder

miR-31 Yes – Epithelial dysplasia and miR-31 
upregulation synergistically 
predict the increased incidence of 
recurrence and/or malignant 
transformation in patients with 
OPMD. Detection of miR-31 
expression is an adjuvant method 
for screening of high-risk OPMD

[91] Germany Head and 
neck 
squamous 
cell 
carcinoma

miR-146a 
and 
miR-155

Yes – Downregulation of miR-146a and 
miR-155 in blood of patients 
correlated with the occurrence of 
distant metastasis regarding tumor 
patients

[93] China Oral 
squamous 
cell 
carcinoma

Long 
noncoding 
RNA-HOX 
transcript 
antisense 
intergenic 
RNA 
(HOTAIR)

Yes – HOTAIR was highly expressed in 
OSCC tissues and facilitated the 
growth of OSCC cells, thus 
probably being an eligible 
molecular marker for OSCC 
diagnosis and prognosis 
determination

[93] Oral 
squamous 
cell 
carcinoma

Long 
noncoding 
RNA-HOX 
transcript 
antisense 
intergenic 
RNA 
(HOTAIR)

Yes – Overexpression of HOTAIR 
indicated poor overall survival in 
OSCC patients. Knockdown of 
HOTAIR in OSCC cells decreased 
cell proliferation and colony 
formation, increased cell invasion 
and migration, and induced 
apoptosis in vitro
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3.5	 �Concluding Remarks

Epigenetics is a new field that bridges genetics 
with environment, adapting the host response to 
the bacterial infection. The interaction between 
genetics, immunity epigenetics, and inflammation 
might play major roles in periodontitis, connecting 
it with systemic conditions. However, further stud-
ies are needed to explore these bridges, their 
impact and functions, not only in periodontitis and 
systemic conditions that have been drawn in this 
chapter but also with other autoimmune diseases.
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