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REVIEW

HERITABILITY OF PERIODONTAL DISEASE

Pthe gums. Without treatment, it inevitably re-
sults in tooth loss and contributes to systemic 

health illnesses, such as heart disease, respiratory 
illnesses, diabetes, and stroke. The importance of 
genetics in the etiology of this disorder is widely ac-

-

veloping periodontal disease [1]. Heritability simply 
measures the share of genetic factors to the total 
variance of a given phenotype in the population [2].

A meta-analysis from 2019 summarized the data of 
28 articles available online in order to calculate most 
precisely the heritability factor (H2) of periodontitis 
[3]. The included data summarized the information 
of more than 50,000 subjects with the disease. The 
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Abstract. 
would inevitably result in tooth loss and contribute to systemic health illnesses, such as 
diabetes, heart disease, stroke, and respiratory illnesses. Environmental and lifestyle fac-
tors greatly contribute to the onset of the disease. However, environmental factors and 
chronic diseases are not the only factors contributing to periodontitis. The importance of 

-
ally associated with the immune response of the host. It is important to reveal the genetic 
risk factors, as this knowledge can point out the individuals at risk, and will help the den-

the immune-associated molecular markers in the development of periodontal disease. In 
addition, we will mention some discussed trends for the future therapeutic approaches to 
the treatment of periodontitis.
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analyzed articles presented data from twin studies, 
as well as from family studies reporting the level of 
heritability of periodontal outcomes, Genome-Wide 
Association Studies (GWAS) (case-control studies) 
or animal studies. Those analyses show that there 
is a substantial genetic predisposition to periodonti-
tis which, as in every multifactorial disease, is due 
to several major genes and multiple genes of minor 

2 factor of periodontitis was estimat-
ed at 0.38 in twin studies, 0.15 in family studies, and 
0.29 when both studies were combined. The result 

-
ease stage [3]. Interestingly, smoking as a single fac-
tor increased the heritability parameter in the GWAS 
studies [4].

In recent years it has become important to clarify 
the individual’s disease susceptibility in personalized 
treatments. It is also important to underline that genet-

diseases (gingivitis and periodontitis), but also the in-
dividual response to treatment procedures [5]. This will 
help to precise the therapeutic strategy as an increase 
of antibiotic and surgical regimens to those patients 
who generally show higher predisposition.

ROLE OF GENETIC FACTORS IN PERIODONTAL  
DISEASE

The carried genetic variants are not only connected 
with a higher/lower predisposition to periodontitis, but 
also determine other phenotypes, such as bad jaw 
shape, crooked teeth, overcrowded teeth, poor and 
easily damaged enamel, etc. [6]. Those conditions 
generally increase the risk of the disease by creating 

(e.g., the periodontal pathogen Porphyromonas gingi-
valis). Sometimes conditions like hypodontia and oli-
godontia, which could be features of rare genetic con-
ditions, also provoke the persistence of the disease.

Several genetic variants have been studied in rela-
tion to severe or chronic periodontitis. Usually most 
of them are connected with dysregulation of the im-

-

aggressive periodontitis [8] and there was evidence 

some factors of the innate immune response [9].

 

IL-6 is produced by activated T cells and its role is 
connected with the process of bone destruction in 

-

tween a variant in IL-6 gene (1363 G/T) and another 

periodontitis [10]. At the same time, a meta-analysis 

chronic periodontitis [11].

IL-10 is expressed by helper T cells. The results 
about this gene are contradictory. Berglundh et al. 
(2003, as cited in Kaarthikeyan and Meenakshi, 
2019) found positive associations between IL-10 
SNP and periodontitis in Swedish and Brazilian 
population [12], while Scarel-Caminaga et al. (2004, 
as cited in Kaarthikeyan and Meenakshi, 2019) did 

population [12].

(G-308A) polymorphism and susceptibility to peri-
odontitis (AP) has been investigated [13]. The re-
sults showed that A allele was associated with an 
increased risk of aggressive periodontitis in Asian 
population and of chronic periodontitis in both Asians 

-
glected in Latin American population [13]. In a recent 

-
ing to the development of Alzheimer’s disease (AD) 
and memory loss, proving the link between AD and 
periodontitis [14].

-

higher expression in dental follicle stem cells (DFSC) 

inversely correlated with bone formation (osteogen-
-

hibit bone formation [15].

 is produced by NK cells. It plays an impor-

which are the basis of periodontal disease. Polymor-

chronic periodontitis. Sheibak N. et al. (2022) stud-

-
phisms compared to a healthy group [16]. There was 

-

to the control group of individuals.

 

Primarily obtained from exposure to sunlight, vitamin 
D is connected with bone mineralization, including 

to bone resorption. Additional intake of vitamin D de-
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creases the risk of gingivitis and periodontitis and has 

vitamin D has been investigated in 2020 in a meta-
analysis, which included sixteen studies. There was 
a positive association between lower levels of vitamin 
D and the presence of chronic periodontitis [18].

 Matrix metalloproteinases and tissue inhibitor of 
matrix metalloproteinases

Matrix metalloproteinases (MMPs) are a famous 
family of enzymes, which destruct almost all types of 
extracellular matrix (ECM). MMP family contains 23 
enzymes, collectively called matrixins. Their activity 

2+ and Ca2+ and most 

-

(collagenases) [19].

In periodontitis there is a proven increased expres-
sion of MMP proteins associated with the destruc-
tion of connective tissue components, like MMP-1, 
MMP-2, MMP-3, MMP-8, and MMP-9 [12]. Even so, 

or -13 polymorphisms with periodontitis was not de-
tected [20]. The highest amount of MMP detected in 
chronic periodontitis was MMP-8 [19]. Because of its 

as predictor and biomarker of the disease. On the 
other hand, the expression of MMP-9 is increased 

-
ment, and, therefore, could be used as a monitoring 
marker of such a treatment. Both MMP-8 and MMP-9 
could potentially indicate the rate of dental implants’ 
failure [21]. Some polymorphic variants in both genes 
were found to be protective and associated with a 
lower risk of chronic periodontitis (MMP-9-753 C/T 
variant), while others increase the risk and are con-
sidered predisposing (MMP-3-1171 5A/6A; MMP-8-
799 C/T) [21]. Yet, there are controversial data about 
the role of MMP-9 in periodontitis and further studies 

formation and destruction [22].

 Human Leukocyte Antigens (HLAs)

Since it is highly polymorphic, Human Leukocyte An-
tigen (HLA) system has been discussed as respon-

-

antigen peptides and their presentation to T cells is 
important for an immune response toward periodon-

variants associated with periodontitis is relatively old 
[24]. It was observed that patients with aggressive 
periodontitis had at least one of the alleles more often 

HLA-A9 and -B15 seemed to represent susceptibility 
factors for aggressive periodontitis, whereas HLA-
A2 and -B5 were potential protective factors against 
periodontitis among Caucasians [26].

 Cathepsin C

Cathepsin C (CTSC) is a lysosomal cysteine prote-

C in periapical periodontitis. The expression started 
to increase one week after surgery and reached a 
peak 3 weeks after surgery. The study was conduct-
ed in knock-down mice. Correlation analysis also 
revealed a connection between the expression lev-
els of cathepsin C and receptor activator of nuclear 

-
tion and bone destruction in mice [28]. Except in se-
vere periodontitis, CTSC is implicated in syndromes 
associated with neurophil serine proteases as Papil-

-
drome (HMS). A characteristic feature of all these 
syndromes is the early-onset periodontitis.

There are many allelic variants in cathepsin C which 
have been reportedly associated with aggressive 
periodontitis or syndromes exhibiting periodontitis as 
a main symptom. The most prevalent mutations are 
missense variants, followed by nonsense and indels 
[27]. All variants have variable clinical phenotypes 
and severity of periodontal disease. As cathepsin 

promising strategy to control periodontitis and there 
are currently inhibitors which are under clinical trials 

 

The CD14 molecule is a glycoprotein receptor ex-
pressed on the surface of neutrophils, monocytes/

-
terial LPS. The LPS/LBP/CD14 complex then acts on 

polymorphisms of the CD14 encoding gene were 
studied, replacement of cytosine (C) with thymine 

-
-

served in patients with advanced disease than with 
moderate disease [30].

-

rs1898830 polymorphism [25].
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 Other genes

Since 2009, it has been reported that certain genetic 
variations in CDKN2B-AS1 are also consistently as-
sociated with periodontitis. The CDKN2B-AS1 locus 
is a regulatory region and does not contain a pro-
tein-encoding gene. It is a long non-coding antisense 

ANRIL. Importantly, it appears 
to be from a highly pleiotropic genetic region (chro-
mosome 9, p21.3), as it is also associated with type 2 
diabetes, ischemic stroke, and Alzheimer’s disease. 
Since 2009, it has been reported that certain genetic 
variations in CDKN2B-AS1 are also consistently as-
sociated with periodontitis [31].

Another gene with a reported association to peri-
odontitis is . It is a membrane protein con-
nected with vesicles’ transportation and a secretion 

-
ed with a development of periodontal pathogens [32].

ROLE OF SALIVA IN ORAL HEALTH

Saliva is a complex, slightly acidic secretory biologi-
-

es from to 0.7 mL of saliva per minute to a total of 

the oral cavity and helps the re-mineralization of the 

saliva composition, thereby impacting its protective 
capabilities. Saliva is important for oral health, as 
it has several functions: 1) it dilutes and eliminates 

-
turizes oral tissues, 4) helps the re-mineralization of 
the tooth enamel, and 5) has antimicrobial properties 

A lot of research is put on investigating saliva as a 
source of markers for diagnosis and monitoring of 
periodontic diseases, most of all because its collec-
tion is easy and non-invasive. There are attempts to 

-
ers which have been proposed with a higher level of 

-

circadian rhythms. Systemic diseases are also con-
nected with periodontitis as diabetes or cardiovascu-
lar diseases. In metabolic syndrome, dietary changes 

periodontal disease in saliva [34].

Table 1. Immune-associated molecular markers with a role in the development of periodontitis

Molecular markers Connection to periodontitis References
Proin ammator  c tokines

 IL-6

 IL-10
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chronic periodontitis

10

12

1

1

16

 Vitamin D onnected ith one iner i tion  its de cienc  in ed to one resorption 1
Matrix metalloproteinases

 -1

 -2

 -

 -

 -

i  o  en es th t destr ct ost  t pes o  e tr ce r tri  

 -  is c no ed ed s predictor nd io r er o  the dise se
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CD14, TLR2 eco ni e acteria  L  sin e-n c eotide ariants in oth enes are associ-

ated ith periodontitis
25  0

ther ar ers 2B-A 1 1



180 D. Nikolova

A study of 2022 discusses the usage of uric acid and 
arginase in saliva as discriminating agents between 
healthy individuals and patients with periodontitis. 
The level of arginase increased while the level of uric 
acid decreased with the development of periodontal 
disease in time. The authors concluded that arginase 

of periodontal therapy [35]. A more recent study di-
vides the saliva markers of periodontitis as: 1) osteo-
genic markers (associated with alveolar bone loss, 

-
nases (as MMP-8, -13); gelatinases (MMP-2, -9)); 

CCL3); 4) oxidative stress markers (8-hydroxydeoxy-

6) microbial markers (Actinobacillus actinomycetem-
comitans and others) [33]. Salivary biomarkers are 
promising and reliable source for diagnosis of oral 
diseases in the future.

CLINICAL IMPLICATIONS

Early diagnosis of periodontitis
-

enables to set patient diagnostic criteria in periodon-

-
nology [33]. Those technologies are applied to detect 
periodontal markers in unstimulated saliva or during 
immune response. Probably a combination of several 
technologies will help in identifying a set of molecular 
markers to assess the periodontal health caused by 

the susceptibility to periodontitis was the periodontal 
susceptibility test (PST). However, it is not exhaus-
tive and takes into account only the levels of two 

cavity and estimates the risk to develop periodontitis 
in the near future. A retrospective study of 2018 re-

been diagnosed positive with the PST. On the other 
hand, IL-1 is not the only cytokine involved in the 

factors play also an undeniable role [36]. As this test 

the organism, it can indicate the risk for severe peri-
odontal infections, exaggerated immune response or 
a possible acceptance/rejection of tooth implants or 

prolonged disease activity. However, there is a space 
for the invention of genetic susceptibility test that will 
comprise more genetic markers with higher sensitiv-
ity and reproducibility.

Treatment strategies based on genetic approach
Dental care and oral health outcomes can be im-
proved using personalized prevention and treatment 
strategies based on genetic information. Analyzing 

 

The strategy of inhibiting some up-regulated genes 

-
bition on the risk for the disease. Unfortunately, the 

inhibition on periodontitis risk [37].

 MMPs inhibitors

The MMP inhibitors adopted in periodontal therapy 

to inhibit the connective tissue degradation [38]. In-
deed, serum levels of MMPs can be lowered by an-
tibiotics such as doxycycline or tetracycline as they 

They are applied in doses lower than other antimi-

(MMP-2, MMP-8, and MMP-9) are inhibited also by 
chlorhexidine (CHX). Usually, it is used to control 

-
ably, their mechanism of action is through chelation.

 Antioxidant therapy

A study from 2020 discusses the nature of periodon-
titis as emerging from oxidative stress [38]. There-

stress, such as smoking or diabetes, may increase 
the predisposition to periodontitis. As a result, ther-
apies, such as resveratrol and other antioxidants, 
which provide increased antioxidant activity and po-
tentially provoke reversal of periodontitis, are used.

 Nanoparticles

Nanotechnology creates products by manipulating 
atoms and molecules at nanoscale [40]. This technol-
ogy is already in use for the treatment of periodontitis 

-
bacterial properties, whose advantage is their ability 
to decrease the growth of bacterial pathogens and 
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studies demonstrated the usage of nanoparticles in 
-

racycline, minocycline, tinidazole, doxycycline, etc., 
[42]. Nanoparticles provide stability and sustained 
release at a local site. This local availability is impor-
tant, as systemic administration of antibiotics is as-
sociated with increased hepatic and renal toxicity due 

 Gene therapy

Gene therapy has always been discussed as a tool 
-
-

the missing characteristics and recover the bone for-
mation in severe periodontal cases. The process be-
gins with selecting the most proper therapeutic genes 
and their incorporation into a carrier (vector). Usu-

-
ruses, adenoviruses, adeno-associated viruses, and 
herpes viruses. Non-viral vectors are used to a lesser 
extent and they include lipid vectors, calcium vectors, 

therapy was the gamma-retroviral vector-based ther-
-

ciency (ADA). Another gene editing technology that 
promises a further potential to be largely usable is the 

Gene therapy has the potential to be used largely in 
dentistry for gene delivery, bone repair, tooth repair, 

-
cies of the oral cavity. For periodontitis, bone repair 
and its ability to regenerate are a primary aim. There 
were attempts for bone regeneration by introduc-
ing an adenoviral vector bearing bone morphoge-
netic proteins (BMP) [44]. According to the results, 

stimulating bone regeneration. Attempts have been 
made to insert a mitogen activator of osteoblasts 
(Platelet-Derived Growth Factor, PDGF) into gingival 

-
store tissue regeneration [42]. A new approach is the 
usage of bacteriophages to destroy or limit periodon-

[45]. The challenges of this approach are connected 

ways of integration into tissues, and with maintaining 

CONCLUSION

According to the World Health Organization 
-

lion people worldwide. As one of them, periodonti-

-
tal diseases, which has been broadly studied and 

could also impact the severity of the diseases, its 

susceptibility test is a good attempt to predict the 

success. However, more genetic factors need to be 
implemented in future tests to assess the level of 
predisposition to the disease.
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