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Abstract
Background:Inflammatory periodontal diseases are one of the most acute problems of modern dentistry, which
is associated with their widespread prevalence in the world. In the structure of periodontal diseases,
periodontitis a leading place in the age group of 40-50 years. Many factors play a role in the etiology of
periodontitis, the most important of which are the local microbiota and the host immune response. Cytokines
play an extremely important role. Cytokines are key modulators of both homeostasis and inflammatory
processes, acting in the first wave of responses against pathogens, stimuli at barrier sites and linking tissue cells
to lymphocytes and additional cell populations.
Objective:The aim of the study was to analyze modern literature on the role of cytokines in the etiology and
pathogenesis of inflammatory periodontal diseases.
Materials and methods:Data Extraction: A comprehensive electronic literature search was performed in the
following databases:PubMed, Scopus,Web of Scienc, Google Scholar, EBSCO host from 2000 to 2024 terms:
periodontitis, infection, inflammation, immunity, cytokines, interleukin.
124 articles were found and 50 full-text articles of high methodological quality were selected according to the
review method used, the PRISMA.
Inclusion criteria:included clinical trials, considered randomized controlled trials, cross-sectional studies, case-
control studies, and cohort studies in human subjects that evaluated the current literature on the periodontitis,
infection, inflammation, immunity, cytokines, interleukin written in English articles.There was no limitation on
minimal quality, minimal sample size, or the number of patients.
Exclusion criteria were:original primary studies, due to language limitations , abstracts, letters to the editor, book|
chapters, case reports, conference abstracts, duplicate publications, and in vitro and in vivo animal experimental
studies.
Result:Many factors of general and local origin are involved in the development and progression of inflammatory
periodontal diseases. Microorganisms and their products cause activation of the host immune system, which results
in the release of cytokines and other proinflammatory biomarkers that cause tissue damage. The inflammatory|
process in periodontal tissues progresses through various stages, beginning with the infiltration of immune cells
into the gingival tissue. Immune cells secrete proinflammatory cytokines such as interleukin-1 (IL-1), interleukin-6
(IL-6), and tumor necrosis factor-alpha (TNF-a),which further promote inflammation and tissue destruction. The
interaction between bacterial biofilm and the immune response, which is mainly controlled by cytokines,
determines the course of periodontal disease.
Conclusion:The etiology and pathogenesis of periodontal disease is quite complex, diverse and not yet fully

disclosed. Cytokines are control and modulate the immune response in periodontitis.
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The incidence of inflammatory periodontal diseases
is growing, despite the advances in theoretical and

|nﬂammat0ry pel’iodontal diseases are one of the practica| dentistry_ The medical and social

most widespread diseases in the world. According to significance of inflammatory periodontal diseases is

the report of the WHO scientific group, periodontal determined by their prevalence among the
. . 1

diseases in the group over 40 years old are 65-98%. population, premature loss of intact teeth, the
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presence of foci of chronic infection in the oral
cavity, which ultimately leads to a decrease in the
quality of life of the population.?

Periodontitis is an inflammation of the periodontal
tissues, characterized by progressive destruction of
bone tissue. It is characterized by all the signs of
inflammation (hyperemia, pain, swelling,
dysfunction). These manifestations are based on
disturbances in the barrier function of the
periodontium and the immunological reactivity of the
body.

Periodontitis is a polyetiological disease and its
etiology is determined by both local and general
factors.Modern  concepts the etiology and
pathogenesis of periodontitis are based on two main
factors: bacterial colonization and disruption of local
and general immune mechanisms of the
macroorganism.>®

The latter may include sensitization of the
macroorganism to antigens produced by certain types
of pathogenic microorganisms.

Dental plague bacteria initiate periodontal disease
and trigger a chronic inflammatory reaction in
periodontal tissues.” A number of microorganisms
are capable of gradually producing various pro- and
anti-inflammatory cytokines in cells. Their excessive
production during chronic inflammation can have
pathological consequences in periodontitis.®

After colonization, the microbiota and their total
number are altered and tissue homeostasis is
disrupted i the immune response is over-activated,
leading to immune cell infiltration, activation of
osteoclastic activity and ultimately to the destruction
of both soft and hard tissues.’ In the pathogenesis of
periodontitis, cellular mediators of immune reactions
(cytokines) play a significant role in regulating the
immune response.

In first the term cytokine (Greek-cyto, cell, and-
kinos, movement) was coined by Stanley Cohen in
1974 and refers to peptides, proteins, and
glycoproteins that play a role in controlling cell
survival/death, growth, differentiation, and effector
functions in tissues and immune cells."*"2

Cytokines also participate in alerting the body
through the nervous system that an infection is
underway, by causing pain or discomfort.*®
Cytokines are small, low molecular weight, non-
structural proteins, the cytokine molecules include
interleukins, interferon, growth factors, cytotoxic
factors, activating and inhibiting factors, colony
stimulating factors."* Cytokines are important
molecules for cell communication.and intercrines

that have complex organizational effects on
inflammation and immunity (figure 1.).
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Figurel. Basic mechanisms of cell communication.

Cytokines have exceptional biological activity."
There are three functional categories of cytokines:
e cytokines that regulate innate immune
response,
e cytokines that regulate adaptive immune
response
e cytokines that stimulate haematopoiesis.

The biological activity of cytokines is mediated by
specific membrane receptors that can be expressed
on virtually all cell types. A cytokine causes a
conformational change in multiple receptors, which
leads to activation in the intracellular elements
associated with the receptor, and a signal is
transmitted to trigger subsequent intracellular events
(figure 2).*°
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intrinsic protein kinase activity (classical
growth factors), or lacking protein Kkinase
activity (inflammatory cytokines). InsP3 =
inositol 1,4,5-trisphosphate; PtdIns 3-kinase
phosphatidyl inositol 3-kinase; MAP kinase
mitogen-activated protein Kinase; JAK-STAT
Janus Kkinases and signal transducers and
activators of transcription.

Most cytokines are not produced exclusively by one
specific cell type. There are several options for
classifying cytokines depending on the principle
underlying them. Mediators can be systematized: a)
by structure; b) by biochemical and biological
properties; c) by the types of receptors through which
they perform their biological functions; d) depending
on the type of immune system cells producing these
proteins (interleukins, mono- and lymphokines)."
Moreover, some cytokines are produced by both
immune and non-immune cells. In general, cytokines
are most important in the regulatory processes of the
immune system and can be classified into 5
sublgroups based on their biological action(figure
2):

e Interleukins  (IL1-IL18) are secretory
regulatory proteins that provide mediator
interactions in the immune system and its
connection with other body systems.

e Interferons (IFN-a, -, -y) are antiviral
cytokines with pronounced
immunoregulatory action.

e Tumor necrosis factors (TNF-a, -B) are
cytokines with cytotoxic and regulatory
actions.

e Colony-stimulating factors (G-CSF, M-CSF,
GM-CSF) are stimulators of growth and
differentiation of hematopoietic  cells,
regulating hematopoiesis.

e Chemokines (IL8, IL16) are
chemoattractants for leukocytes.

Moreover, some cytokines are produced by both
immune and non-immune cells.

In general, cytokines are most important in the
regulatory processes of the immune system and can
be classified into 5 subgroups based on their
biological action(figure 3).*®
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Growth  factors are regulators of growth,
differentiation and functional activity of cells of
various tissue origins (fibroblast growth factor,
endothelial cell growth factor, epidermal growth
factor) and transforming growth factors (TGF-B).
Cytocins also categorized according to the structural
homology of their receptors as class | or class Il
cytokines.®In addition, cytokines are often classified
according to their functional ability to contribute to
inflammation into proinflammatory cytokines, such
as TNF-a, IL-1B, IL-6, IL-12, IL-18, and IFNy or
anti-inflammatory cytokines, such as IL-4, IL-10, IL-
13, and TGF-B.*The well-established pro-
inflammatory cytokines (members of the IL-1, IL-6
and TNF families) are reviewed first.?* The related
receptors, downstream signalling pathways and
functions of these cytokines are summarized in fig 4.
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pathways. Most IL-1 (represented by IL-1, 1L-18
and 1L-33), IL-6 and TNF family members have
pleiotropic effects on lymphocyte promotion and
tissue destruction and act as pro-inflammatory
cytokines. By binding to their corresponding
receptor, IL-1 family members mainly activate
transcription factors related to T cell activation
and pro-inflammatory cytokine secretion, and IL-
6 mainly mediates B cell activation. Depending on
the state of key transduction proteins, the binding
between TNF family members and their related
receptors can lead to very different cell fates that
include death (apoptosis and necroptosis) or life
(secretion of pro-inflammatory and
osteoclastogenic factors) and both lead to the
destruction of periodontal tissue.

Disruption of their synthesis, production and
reception underlies many immunopathological
processes, including periodontitis.?*?

Recent studies in the field of cellular and molecular
biology have provided a better understanding of the
mechanisms of inflammatory and immune responses
in periodontitis. It has been shown that at the onset of
the inflammatory process, inflammatory mediators -
cytokines such as interleukin-1, tumor necrosis
factor-alpha and interferon-gamma play an important
role. These cytokines also regulate bone resorption
activity and are present in affected periodontal
tissues. It has also been shown that
metalloproteinases, which destroy the extracellular
matrix, have increased activity in affected areas, and
increased levels of their inhibitors correlate with the
absence of disease activity.*

The spectrum of their action is activating, including a
cascade of immunopathological reactions: activation
of the lymphocytic link of immunity, proliferation
and differentiation of T- and B-lymphocytes,
increased cytotoxicity, production of
immunoglobulins, increased functional activity of
neutrophils, osteoclasts, fibroblasts, increased
phagocytosis, bone resorption and activation of
fibroplastic processes.?®

One of the most important components of the
cytokine response are Toll-Like Receptors (TLRS),
which play a role in the primary detection of
microorganisms on the oral mucosa. Their activation
leads to the production of a cascade of cytokines,
many of which directly or indirectly stimulate the
formation of osteoclasts.”®

Pro-inflammatory cytokines such as IL-1, -6, -11 and
-17, TNF and oncostatin M, Kinins including
bradykinin, thrombin and interferon-beta (IFN-b) and

gamma (IFN-g) that reduce bone regeneration.”’
The effects of all cytokines depend on the
microenvironment, target cells, interaction with
synergistic or antagonistic cytokines with cytokine
inhibitors. A special role is given to proinflammatory
cytokines, which play a key role in the development
of immunopathology in  periodontitis, the
development of inflammatory and destructive
processes. At the same time, the multiplicity of
functions of cytokines can also be important in the
regulation of reparative processes in the body,
including osteogenesis.?
This review, we have focused on an up-to-date of the
pathogenesis of periodontal disease and the role of
cytokines in periodontal disease.
Materials and methods
Data Extraction: A comprehensive electronic
literature search was performed in the following
databases:PubMed, Scopus u Web of Scienc,Google
Scholar, EBSCO host from 2000 to 2024 terms:
periodontit biofilm, oral microbiome, etiology and
pathogenesis of inflammatory periodontal diseases
new treatments, 124 articles were found and 50 full-
text articles of high methodological quality were
selected. The selection of articles is demonstrated in
the PRISMA flow chart (tabl.1).

Table.1 PRISMA flow chart selection of articles

Pubmed, Scopus Elsevier, Web of Science, MDPI

Identification

Search terms: Periodontitis, infection, inflammation,
immunity, cytokines, interleukin

fE:" 124 search results I
o not in the past 25
\ years
Filtered (n=39)
\E—— L/
Full text articles assessed for eligibility with
adequate information
£ (n=93)
3
B Not accessible text,
=] Filtered title or abstracts or not
L 7 full text (n = 13)
14
4

Titles and abstracts were selected according relevancy
after duplications
(n=18)

z

5! Not enough

g Filtered > information about the
= topic or not respecting

Articles included inclusion criteria
(n= 50) (Type of studi etc.) (n
@ 7)

Inclusion criteria:included clinical trials, considered
randomized controlled trials, cross-sectional studies,
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case-control studies, and cohort studies in human
subjects that evaluated the current literature on the
periodontitis, infection, inflammation, immunity,
cytokines, interleukin written in English articles.
There was no limitation on minimal quality, minimal
sample size, or the number of patients.

Exclusion criteria were: original primary studies, due
to language limitations, abstracts, letters to the editor,
book chapters, case reports, conference abstracts,
duplicate publications, and in vitro and in vivo
animal experimental studies.

Results. Many factors of general and local origin are
involved in the development and progression of
inflammatory periodontal diseases. Microorganisms
and their products cause activation of the host
immune system, which results in the release of
cytokines and other proinflammatory biomarkers that
cause tissue damage. The inflammatory process in
periodontal tissues progresses through various stages,
beginning with the infiltration of immune cells into
the gingival tissue.

Primary parodontoid tissue injury is a reaction of
resident leukocytes and endothelial cells to bacterial
biofilm. At this stage, there are no signs of clinical
inflammation, but tissue changes can be observed
histologically. Bacterial metabolic products trigger
junctional epithelial cells to produce cytokines and
stimulate neutrons to produce neuropeptides, which
cause vasodilation of local blood vessels. Neutrophils
leave the wvessel and migrate to the site of
inflammation in response to chemokines. Early
injury follows with an increase in neutrophils in the
connective  tissue and the appearance of
macrophages, lymphocytes, plasma cells, and mast
cells. Complement proteins are activated. The
epithelium proliferates. Fluid flow in the gingival
sulcus increases. Next stage Macrophages, plasma
cells, T and B lymphocytes dominate, and 1gG1 and
IgG3 B lymphocyte subclasses are also present.
Blood flow is impaired, collagenolytic activity
increases, and collagen production by fibroblasts
increases. Clinically, this stage is moderate to severe
gingivitis with bleeding gums and changes in color
and contour. The final stage is the transition to
periodontitis: a progressive lesion. Histologically and
clinically, irreversible attachment loss and bone loss
are observed. The inflammatory lesion extends
deeper, affecting the alveolar bone.

Immune cells secrete proinflammatory cytokines
such as interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necrosis factor-alpha (TNF-a), which further
promote inflammation and tissue destruction. The

effects of all cytokines depend on the
microenvironment, target cells, interaction with
synergistic or antagonistic cytokines with cytokine
inhibitors. A special role is given to the so-called
proinflammatory cytokines, which play a key role in
the  development of immunopathology in
periodontitis, the development of inflammatory and
destructive processes (fig. 5).
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Fig.5 Cytocines and Periodonta Disease

The interaction between bacterial biofilm and the
immune response, which is mainly controlled by
cytokines, determines the course of periodontal
disease.

Discussion

Research into the mechanisms of the immune
response involved in gum disease has advanced in
the last few decades. The immediate response to
bacterial infection involves a non-specific immune
response that results in the synthesis of several
cytokines and other mediators.?*

This “inflammatory attack” on the gum tissue
destroys connective tissue and alveolar bone, which
is the hallmark of gum disease.®

Today, there is clear evidence that both innate and
acquired immune responses are involved in the
pathological process of periodontitis. The local
reaction to a bacterial infection activates innate
immunity, producing a large number of cytokines
and inflammatory mediators that lead to the
destruction of connective tissue and the alveolar
process of the jaw, indicating the development of
periodontitis.*®

Inflammation develops 2-4 days after plaque
accumulation in the gingival sulcus. At this stage,
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hydrostatic pressure in the microcirculatory bed
increases, which leads to increased vascular
permeability.*’

Since the effect of microorganisms persists, the
inflammatory response continues to increase,
leukocyte infiltration of connective tissue increases,
and collagen fibers are severely destroyed. The
periodontal pocket deepens due to the growth of
biofilm in an anaerobic environment. This process
leads to damage to periodontal tissues.***®

It is assumed that the development of the disease is
associated with a combination of several factors: the
presence of periodontopathogenic microorganisms, a
high level of proinflammatory cytokines, matrix
megglloproteinases (MMP), and a low level of IL-
10.

According to this concept, the balance of cytokines
determines whether periodontal tissue destruction
occurs or homeostasis is maintained. The role of
periodontopathogenic microorganisms in
determining the progression of this disease is very
complex. Periodontitis is not associated with the
presence of one specific microorganism, but includes
a wide range of periodontopathogens. Numerous
studies related to the study of the composition of
biofilm in patients with periodontitis have shown that
periodontal diseases are associated with a higher
content of anaerobic gram-negative microorganisms,
such as Prevotella, Leptotrichia, Veillonella,
Porfiromonas, Treponema. These microorganisms
destroy periodontal tissues directly through
pathogenic  products such as  endotoxins,
collagenases, causing an immune response.**

Thus, the degree of damage to periodontal tissues
depends on the ratio of the strength of damaging
factors and the level of protective and adaptive
mechanisms, that is, the resistance of this organism,
where one of the main roles is played by the immune
system of the oral tissues, associated with general
immunity, but also possessing significant autonomy
and self-regulation.**?

Indeed, the emerging inflammatory infiltrates in
periodontal tissues are represented mainly by
immunocompetent cells, which indicates the interest
of the immune system in this process. The
development of periodontitis is accompanied by an
imbalance in the cytokine system. An increase in the
content of proinflammatory cytokines is observed.
The content of osteoclastogenesis cytokines also
increases both in plasma and in gingival fluid.
However, the SRANKL/OPG ratio increases
unreliably.*

Once the inflammatory process is initiated, a
characteristic infiltration of neutrophil cells occurs,
followed by monocytic cells. Following the
accumulation of inflammatory cells, various
cytokines are produced during the inflammatory
process, such as interleukin-1p (IL-1B), tumor
necrosis factor-o. (TNF-a), and interferon-y (IFN-y),
but IL-6 is one of the most well-known interleukins
(figure 6).°
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Figure 6. Inflammatory process in periodontitis.
The influence of periodontal bacteria on cell
activity and cytokine secretion. Abbreviations: IL-
1B, Iterleukin 1 beta; TNFa, tumor necrosis
factor-a; IL-6, Interleukin 6; ROS, reactive
oxygen species; PGE,, prostaglandin E2; MMP,
matrix metalloproteinases. Illustration adapted
some elements from previous work

Redistribution of immunocompetent cells, expressed
by a decrease in the content of T-lymphocytes in
venous blood and an increase in the number of T-
and B-lymphocytes in the capillary blood of the
periodontium. B-cell links of the immune system in
the pathogenesis of periodontitis. Thus, the
participation of the immune system in the
pathogenesis of periodontitis development s
undoubted, which makes the study of immune
parameters and changes in their levels necessary in
the examination and complex treatment of
periodontitis.

In a healthy parodontal state, local provocation and
weak host immune response are balanced. In this
state, there are an appropriate number of infiltrating
neutrophils in the gingival sulcus, as well as some
resident immune cells in the gingival tissue,
including Th17 cells and innate lymphoid cells.
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However, if the immune pathogenicity of the local
microbiota is increased by colonization of key
pathogens, the host immune response s
overactivated and tissue destruction is initiated. *°
The interaction between the microbiota and all host
cells leads to the first wave of cytokine secretion (1),
which is mainly involved in amplifying the cascade
of proinflammatory cytokines and recruiting,
activating and differentiating specific immune cells.
In addition, a group of cytokines (2), closely
associated with the differentiation of a specific
lymphocyte subset, is secreted by MNPs and APCs
after stimulation by the microbiome. Each of these
cell subsets secretes a distinct set of cytokines that
can act as a positive feedback factor or a direct
effector (3), ultimately leading to tissue
destruction.*’*®

Most  published studies have focused on
proinflammatory cytokines and pathogenic cell
subpopulations, However, the functions of most
classical pathogenic Thl and Th2 cells and their
associated cytokines in periodontitis have not been
defined.*

With the advent of anti-cytokine biologics targeting
the Thl and Th17 pathways in autoimmunity, it is
necessary to understand the potential implications for
the treatment of periodontal disease in humans.*
Analysis of the existing periodontal literature and
further research in light of these new findings may
help to explain how the inflammatory response leads
to periodontal damage. This knowledge is needed to
develop immunomodulatory intervention strategies to
maximize the protective and minimize the destructive
aspects of the periodontal response pacienta

In summary, the periodontal-specific cytokine
network and host immune response deserve further
study. Research advances in this area may contribute
to the development of tissue-specific therapeutic
technologies and reduce the burden on patients with
periodontal diseases, as well as the impact of local
periodontal inflammation on associated systemic
diseases.

Periodontal ~ pathogenesis  involves  multiple
interacting cytokines that govern cellular activity,
immune responses, and tissue destruction associated
with periodontitis. The strongest evidence for
cytokine interactions in periodontal disease is for
proinflammatory mediators such as IL-1B and TNF-
a, and new information on cytokines relevant to other
aspects of periodontal pathogenesis such as T cell
regulation, bone cell activity, and leukocyte
chemotaxis helps to understand how cytokine

interactions affect lymphocyte function and how this
contributes to periodontal pathogenesis.
Understanding the mechanisms of  cytokine
interactions and immune responses in the
periodontium may help to understand the clinical
course of the disease and develop new strategies for
the treatment of periodontitis.

Key points

e It has been established that hyperimmune
responses to periodontopathogenic
microorganisms lead to the destruction of
connective tissue and alveolar bone.

e It has been shown that in periodontitis, both
innate and acquired immune mechanisms are
involved in the pathological process.

e The stages of the inflammatory response and
damage to periodontal tissues, which are
determined by the balance of cytokines, are
described.

e It is concluded that the development of
periodontitis is accompanied by an
imbalance in the cytokine system.

Conclusion. The etiology and pathogenesis of
periodontal disease is quite complex, diverse and not
yet fully disclosed. Cytokines are control and
modulate the immune response in periodontitis.

Declarations

CONFLICT OF INTEREST
The author declare that they have no conflict of
interest and there was no external source of
funding for the present study.

ETHICAL APPROVAL
Not applicable.

Source of funding
The work was not funded.

ACKNOWLEDGEMENTS
Not applicable.

Eduard Aghasyan THE IMMUNOMODULATORY ROLE OF CYTOKINES IN THE PATHOGENESIS
OF PERIODONTAL DISEASE.REVIEW.Bulletin of Stomatology and Maxillofacial Surgery.2024;20(4): doi:

10.58240/1829006X-2024.4-91



REFERENCES

1.Abbass MMS, Rady D, Radwan IA, EI Moshy S,
AbuBakr N, Ramadan M, Yussif N, Al Jawaldeh A.
The occurrence of periodontal diseases and its
correlation with different risk factors among a
convenient sample of adult Egyptian population: a
cross-sectional study. F1000Res. 2019;8:1740.doi:
10.12688/f1000research.20310.2.

2.Nazir MA. Prevalence of periodontal disease, its
association with systemic diseases and prevention.
Int J Health Sci (Qassim). 2017;11(2):72-80.
3.Gasner NS, Schure RS. Periodontal Disease.
[Updated 2023 Apr 10]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2024
Jan-. Availablefrom:
https://www.ncbi.nlm.nih.gov/books/NBK554590/

4 Kononen E, Gursoy M, Gursoy UK. Periodontitis:
A Multifaceted Disease of Tooth-Supporting Tissues.
J.ClinMed.2019;8(8):1135.doi: 10.3390/jcm8081135.
5.Abdulkareem AA, Al-Taweel FB, Al-Shargi AJB,
Gul SS, Sha A, Chapple ILC. Current concepts in the
pathogenesis of periodontitis: from symbiosis to
dysbiosis.J Oral Microbiol.2023;15(1):2197779. doi:
10.1080/20002297.2023.2197779.

6.Cekici A, Kantarci A, Hasturk H, Van Dyke TE.
Inflammatory and immune pathways in the
pathogenesis of periodontal disease. Periodontol
2000.2014;64(1):57-80. doi: 10.1111/prd.12002.
7.Abdulkareem AA, Al-Taweel FB, Al-Shargi AJB,
Gul SS, Sha A, Chapple ILC. Current concepts in the
pathogenesis of periodontitis: from symbiosis to
dysbiosis. J Oral Microbiol. 2023;15(1):2197779.doi:
10.1080/20002297.2023.2197779.

8.Ramadan DE, Hariyani N, Indrawati R, Ridwan
RD, Diyatri 1. Cytokines and Chemokines in
Periodontitis. Eur J Dent.2020;14(3):483-495.doi:
10.1055/5-0040-1712718.

9.Pan, W., Wang, Q. & Chen, Q. The cytokine
network involved in the host immune response to
periodontitis. Int.J.Oral.Sci.2019; 11(30)
https://doi.org/10.1038/s41368-019-0064-z
10.Cekici A, Kantarci A, Hasturk H, Van Dyke TE.
Inflammatory and immune pathways in the
pathogenesis of periodontal disease. Periodontol
2000. 2014 ;64(1):57-80.d0i:10.1111/prd.12002.
11.Cohen S, Bigazzi PE, Yoshida T. "Commentary.
Similarities of T cell function in cell-mediated
immunity and antibody production™. Cell.

Immunol.1974;12 (1):150-159. doi:10.1016/0008-
8749(74)90066-5

12.Dinarello CA. Historical insights into cytokines.
Eur J Immunol. 2007 Nov;37 Suppl 1(Suppl 1):S34-
45. doi: 10.1002/¢ji.200737772

13.Zhang JM, An J. Cytokines, inflammation, and
pain. Int Anesthesiol Clin. 2007 Spring;45(2):27-37.
doi: 10.1097/AlA.0b013e318034194e.

14.Grégory Alfonso Garcia Moran, Rafael Parra-
Medina, Ananias Garcia Cardona, Paula Quintero-
Ronderos, and Edgar Garavito Rodriguez.2013 Jul
Autoimmunity:  From  Bench to  Bedside
[Internet].Chapter 9Cytokines, chemokines and
growth factors

15.Cameron MJ, Kelvin DJ. Cytokines, Chemokines
and Their Receptors. In: Madame Curie Bioscience
Database [Internet]. Austin (TX): Landes Bioscience;
2000-2013. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 6294/
16.Foster JR. The functions of cytokines and their
uses in toxicology. Int J Exp Pathol. 2001
Jun;82(3):171-92. doi: 10.1046/j.1365-
2613.2001.iep0082-0171-x.

17.Cameron MJ, Kelvin DJ. Cytokines, Chemokines
and Their Receptors. In: Madame Curie Bioscience
Database [Internet]. Austin (TX): Landes Bioscience;
2000-2013. Availablefrom:
https://www.ncbi.nlm.nih.gov/books/NBK6294
18.Schirmer, B., Neumann, D. (2019). Cytokines. In:
Parnham, M., Nijkamp, F., Rossi, A. (eds) Nijkamp
and Parnham's Principles of Immunopharmacology.
Springer, Cham. https://doi.org/10.1007/978-3-030-
10811-3 6

19.Boulay JL, O'Shea JJ, Paul WE. Molecular
phylogeny within type | cytokines and their cognate
receptors. Immunity. 2003 Aug;19(2):159-63. doi:
10.1016/s1074-7613(03)00211-5.

20.Shubayev VI, Kato K, Myers RR. Cytokines in
Pain. In: Kruger L, Light AR, editors. Translational
Pain Research: From Mouse to Man. Boca Raton
(FL): CRC Press/Taylor & Francis; 2010. Chapter
8. Availablefrom:
https://www.ncbi.nlm.nih.gov/books/NBK57275/
21.Pan W, Wang Q, Chen Q. The cytokine network
involved in the host immune response to
periodontitis. Int J Oral Sci. 2019 Nov 5;11(3):30.
doi: 10.1038/s41368-019-0064-z

Eduard Aghasyan THE IMMUNOMODULATORY ROLE OF CYTOKINES IN THE PATHOGENESIS
OF PERIODONTAL DISEASE.REVIEW.Bulletin of Stomatology and Maxillofacial Surgery.2024;20(4): doi:

10.58240/1829006X-2024.4-91

98


https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2F0008-8749%2874%2990066-5
https://doi.org/10.1016%2F0008-8749%2874%2990066-5

22.Delima A.J., Oates T., Assuma R. et al. Soluble
antagonists to interleukin-1 (IL-1) and Tumor
Necrosis Factor (TNF) inhibits loss of tissue
attachment in experimental periodontitis.Journal of
Clinical Periodontology. - 2001. 28(3);233-240.
23.Gemmell E., Yamazaki K., Seymour G.J.
Destructive periodontitis lesions are determined

by the nature of the lymphocytic response // Critical
Reviews in Oral Biology

and Medicine. - 2002. - Vol. 13. - N. 1. - P. 17-34.
24.Deo  V, Bhongade ML. Pathogenesis of
periodontitis: role of cytokines in host response. Dent
Today.2010 ;29(9):60-2,

25.Cano RLE, Lopera HDE. Introduction to T and B
lymphocytes. In: Anaya JM, Shoenfeld Y, Rojas-
Villarraga A, et al., editors. Autoimmunity: From
Bench to Bedside [Internet]. Bogota (Colombia): El
Rosario University Press; 2013 Chapter 5. Available
from:https://www.ncbi.nlm.nih.gov/books/NBK 4594
71/

26.Mahanonda R., Pichyangkul S. Toll-like receptors
and their role in periodontal healthand disease.
Periodontology 2000.2007,43(1)41-55.

27. Preshaw PM. Host modulation therapy with anti-
inflammatory agents. Periodontology 2000.2018;
76(1):131-49.

28.Fiorellini JP, Ishikawa SO, Kim DM. Gingival
inflammation. In: Carranza FA, editor. Clinical
periodontology. Philadelphia:  Elsevier  Saunders;
2006.355-361

29.Preshaw PM, Taylor JJ. How has research into
cytokine interactions and their role in driving
immune responses impacted our understanding of
periodontitis? J Clin Periodontol. 2011;38(11):60-84.
doi: 10.1111/j.1600-051X.2010.01671.x.

30.Meyle J, Chapple I. Molecular aspects of the
pathogenesis of  periodontitis.  Periodontology
2000.2015; 69(1):7-17.

31.Kurgan S, Kantarci A. Molecular basis for
immunohistochemical and inflammatory changes
during progression of gingivitis to periodontitis.
Periodontology 2000.2018;76(1):51-67.

32.Solomon S, Pasarin L, Ursarescu |, Martu I,
Bogdan M, Nicolaiciuc O, loanid N, Martu S. The
effect of non-surgical therapy on C Reactive Protein
and IL-6 serum levels in patients with periodontal
disease and atherosclerosis. International journal
ofclinical and experimental medicine.2016;9(2):
4411-4417.

33.Afzali B, Lombardi G, Lechler RI, Lord GM. The

role of T helper 17 (Th17) and regulatory T cells
(Treg) in human organ transplantation and
autoimmune disease. Clinical & Experimental
Immunology.2007;148(1): 32-46.

34.Nicolaiciuc O, Mihai C, Sufaru IG, Martu I,
Solomon SM, Tatarciuc D, Rezus C, Martu S. Study
on the TNF-a, IL-1p and IL-6 Levels in Patients with
Chronic Periodontitis and Cardiovascular Disease.
Revista De Chimie.2017; 68(3): 619-623.

35.Hienz SA, Paliwal S, lvanovski S. Mechanisms of
bone resorption in periodontitis. Journal of
immunology research.2015;2015.

36.Ebersole JL, Dawson DR 3rd, Morford LA,
Peyyala R, Miller CS, Gonzaléz OA. Periodontal
disease immunology: 'double indemnity' in protecting
the host. Periodontol 2000.2013;62(1):163-202. doi:
10.1111/prd.12005

37.Kayal RA. The role of osteoimmunology in
periodontal disease. Biomed Res Int.
2013;2013:639368. doi: 10.1155/2013/639368.
38.Hajishengallis G. Periodontitis: from microbial
immune subversion to systemic inflammation. Nat
Rev Immunol.2015;15(1):30-44. doi:
10.1038/nri3785.

39.Ko6nonen E, Gursoy M, Gursoy UK. Periodontitis:
A Multifaceted Disease of Tooth-Supporting Tissues.
J Clin Med.2019;8(8):1135.doi: 10.3390/jcm8081135
40.Hathaway-Schrader JD, Novince CM.
Maintaining homeostatic control of periodontal bone
tissue. Periodontol 2000.2021;86(1):157-187. doi:
10.1111/prd.12368.

41.Wang J., Qi J., Zhao H. et al. Metagenomic
sequencing reveals microbiota and its

functional potential associated with periodontal
disease // Scientific Reports. 2013;31843.168-174.
42. Williams R.C, Jeffcoat M.K., Kaplan M.L.
Flurbiprofen: a potent inhibitor of alveolar

bone resorption in beagles.Science.1985.227(4687
)640-652.

43.Hasturk H, Kantarci A. Activation and resolution
of periodontal inflammation and its systemic impact.
Periodontol2000.2015;69(1):255-73.doi:
10.1111/prd.12105. PMID: 26252412;

44Yang B, Pang X, Li Z, Chen Z, Wang Y.
Immunomodulation in  the  Treatment of
Periodontitis: Progress and Perspectives. Front
Immunol.2021;12:781378. doi: 10.3389/fimmu.2021.
45.lwashita M. Association between Periodontal
Disease and Arteriosclerosis-Related Diseases. J
Atheroscler Thromb.2023;30(11):1517-1524. doi:
10.5551/jat.RV22010.

Eduard Aghasyan THE IMMUNOMODULATORY ROLE OF CYTOKINES IN THE PATHOGENESIS
OF PERIODONTAL DISEASE.REVIEW.Bulletin of Stomatology and Maxillofacial Surgery.2024;20(4): doi:

10.58240/1829006X-2024.4-91



46.Pan W, Wang Q, Chen Q. The cytokine network
involved in the host immune response to
periodontitis. Int J Oral Sci. 2019;5;11(3):30.doi:
10.1038/541368-019-0064-z.

47.Pan W, Wang Q, Chen Q. The cytokine network
involved in the host immune response to
periodontitis. Int J Oral Sci. 2019;5;11(3):30. doi:
10.1038/541368-019-0064-z.

48.Takahashi K, Azuma T, Motohira H, Kinane DF,
Kitetsu S. The potential role of interleukin-17 in the
immunopathology of periodontal disease. J Clin
Periodontol. 2005;32(4):369-74. doi: 10.1111/j.1600-
051X.2005.00676.x.

49.Gaffen SL, Hajishengallis G. A new inflammatory
cytokine on the block: re-thinking periodontal
disease and the Th1/Th2 paradigm in the context of
Th17 cells and 1L-17. J Dent Res. 2008;87(9):817-
28.d0i:10.1177/154405910808700908.

50.Kiibra Bunte,Thomas Beikler. Th17 Cells and the
IL-23/IL-17 Axis in the Pathogenesis of Periodontitis
and Immune-Mediated Inflammatory Diseases. Int. J.
Mol.Sci. 2019;20(14)3394; https://doi.org/10.3390/ij
ms20143394

Eduard Aghasyan THE IMMUNOMODULATORY ROLE OF CYTOKINES IN THE PATHOGENESIS
OF PERIODONTAL DISEASE.REVIEW.Bulletin of Stomatology and Maxillofacial Surgery.2024;20(4): doi:
10.58240/1829006X-2024.4-91

100


https://doi.org/10.3390/ijms20143394
https://doi.org/10.3390/ijms20143394

