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Abstract

Periodontal disease is an inflammatory condition that affects the periodontium and results in the destruction
of periodontal tissue. Cytokines are small, non-structural proteins with inferior molecular weights which
have a intricate organizational effect on inflammation and immunity. Immune reaction against products of
bacteria and the resulting generation of inflammatory cytokines, are significant contributors to periodontal
tissue injury. In this disease inflammatory cytokines are generated by immune cells to attack the periodontal
bacteria. A persistent or strong immune response may cause inflammation and the creation of cytokines that
are essential in the development of periodontitis, even though the immune response can defend an organism
from a variety of diseases. Clarifying the immunomodulatory role of cytokines in periodontitis was the main
goal of this review. Using suitable keywords, relevant papers would be searched in the scientific databases
Scopus, Google Scholar, PubMed, and Web of Science. In conclusion cytokines are control and modulate the
immune response in periodontitis. Covered studies were posted between 2000 and 2023 and detect great
variance in patients selection, clinical assessments, and cytokines measures. A significant association
between cytokines and periodontitis developments was reported in some studies. Cytokines are control and
modulate the immune response in periodontitis
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Introduction
A group of infectious, inflammatory oral diseases
known as periodontal disease impact the periodontal
structures of the tooth. Progressive tooth loss and
destruction come from the breakdown of the
synergistic interaction among the bacteria in the
mouth and the immune reaction. It is distinguished by
times of microbiological aggravation followed by times
of recovery [1]. Heterogeneous periodontitis is
distinguished by the gradual loss of bone and eventual
decay of teeth. It starts with microbes and spreads
because  of  environmental  conditions [2].
Microorganisms and their metabolites cause the host
immune system to become activated, which releases
cytokines and other proinflammatory biomarkers that
cause tissue damage. The interplay between bacterial
biofilm and immune reaction, which is predominantly
controlled by cytokines and chemokines of permanent
and emigrant cells in the region of inflammation,
determines the course of periodontal disease [1,3].
Cytokines are soluble proteins that cells release in
order to communicate with other cells. They have the
ability to govern cellular development and
differentiation, thereby as well as mediate and control
immunological and inflammatory responses [4]. A
growing variety of illnesses, including periodontitis, are
characterized by a central role for cytokines in their
development. They are essential inflammatory
mediators involved in the development, progression,
and host modulation of periodontitis [5, 6]. Immune
and inflammatory responses are initiated, maintained,
and amplified in part by cytokines [7]. They play
intricate and perhaps conflicting roles in the immune
system. Based on their overall function, they can be
categorized into pro- and anti-inflammatory groupings
[8]. It has been proven that pro-inflammatory groups
have a significant part in the development of
periodontitis. As a result of an infection or injury, they
cause inflammation [9]. Pro-inflammatory cytokines'
activity and synthesis are restrained by anti-
inflammatory cytokines [10]. Therefore, this study was
established to clarify the immunomodulatory role of
cytokines in periodontitis.

Methods

Literature search and selection criteria

Using keywords like "periodontal disease, periodontitis,
cytokines, immune response regulation,” relevant
papers would be searched in the scientific databases
Scopus, Google Scholar, PubMed, and Web of Science.

Discussion
Periodontal Disease

A group of infectious, inflammatory oral diseases
known as periodontal disease impact the gum tissues of
the teeth. Chronic tooth loss and destruction come
from the breakdown of synergistic interaction among
the bacteria in the mouth and the immune reaction. It
is distinguished by times of microbiological
aggravation followed by times of recovery [1].
Periodontal disease is typically divided into two
categories: gingivitis, an intense, treatable infection
limited to the gum tissues, and periodontitis, a more
severe, permanent, and damaging condition [12].
Severe gum pockets, loss of the ligament and cement
connection, and erosion of the alveolar bone are all
signs of periodontitis, which ultimately results in the
loss of teeth [13].

A bacterial illness known as periodontitis is caused by
a variety of microorganisms in the mouth [14] and
causes soft tissue pockets to form. Severe cases of
periodontitis can result in bone loss and tooth
movement. Although the presence of germs is
necessary for periodontal disease to develop, a
susceptible host is also crucial. Although the host's
inflammatory response is a protective response, both
hypo- and hyper-responsiveness can cause progressive
tissue death [15]. Advanced periodontal disease is
defined by the development of pathological periodontal
pockets and the breakdown of the periodontal ligament
fibers that link teeth to the alveolar bone. Advanced
periodontal disease is caused by a prolonged microbial
attack that induce ongoing infection in the periodontal
tissues [16]. Therefore, inflammatory reactions are
crucial in the emergence of chronic periodontitis [17].

Host Immune Response in Periodontal Disease

Both types of immune responses are engaged in
immunological response of host during periodontitis,
which causes persistent inflammation and extensive
loss of tooth-supporting tissues [18]. The interaction
between the bacteria and the immune response,
comprises a complex network of cells and humeral
elements of the system of immunity, determines the
extent and severity of periodontal disease. As a result,
host defense mechanisms trigger innate and adaptive
immune responses [19]. The innate defense mechanism
relies on neutrophils, which can recognize, move
toward, and engulf microorganisms through
phagocytosis before killing them, like macrophages.
These cells also play the role of producing and
secreting molecules that are biologically active
throughout the bloodstream. The mediators include
cytokines, and chemotactic lipids, that operate as a
guide for some blood cells to move to the areas of
infection and participate in the damage the
microorganisms. These include polymorphonuclear

Advancements in Life Sciences | www.als-journal.com | June 2024 | Volume 11 | Issue 2 676



Immunomodulatory Role of Cytokines in Periodontal Disease

leukocytes, natural killer cells, eosinophils and
monocytes.

By means of toll-like receptors (TLRs), which are
expressed by host cells in the contaminated
microenvironment, this form of immune response
recognizes the presence of microorganisms. The
PAMPs specific to microbial classes bind to and
stimulate particular TLRs [20], permitting the human
body to learn more about the traits of the invasion
microbe through the ensuing promotion of distinct
engagement cascades which change the amounts of
TLRs, cytokines, and biomarkers of inflammation. The
characteristic’s pathogens with host defenses that
contribute to illness parthenogenesis are revealed by
changes in TLR and cytokine expression in tissue [21].

The formation of antigen-specific T and B cells, as
described by Alexandrina [22], is the first step in the
specific immunity. T cells then transform into
functional T cells, that release various kinds of
cytokines to kill the targets, whereas B cells emit
immunoglobulins, that kill foreign microorganisms.
The first cells to be impacted by periodontitis are the
cells of epithelium. The contact cause causes the
inflammation that occurs and promote connective
tissue cells and PMN in the gingival crevice. The
engaged cells are producing Interleukins; IL-1, IL-6, IL-
8, and TNF-. Periodontitis is caused by a disparity
among the immune defense and the microbe.
Furthermore, the epithelia cells will stimulate the local
host cells (macrophage, fibroblast, and mast cells) to
secret pro-inflammatory cytokines “IL-18, IL-6, IL-12,
TNF-“, PGE2 , histamine, chemotactic molecules, and
MMPs that cause damage collagen from connective
tissue. Leukocytes is going through the cells and arrive
at infected area whereby destroy of pathogen take place
as a result of leukocyte extravasation caused by
endothelium activation [23].

Cytokines

Cytokines are tiny proteins which have a crucial role in
the transfer of signals among cells, as well as in cell
interactions and actions. Interleukins, interferons, and
the tumor necrosis factor family are a varied set of low-
molecular-weight protein molecules with significant
biological functions for regulating the amplitude and
duration of immune responses. Furthermore, the family
of chemokine has lately evolved has distinct category
having functions resembling several interleukins. In
addition, a variety of substances that weren't
previously assumed to be cytokines have been shown to
be cytokines due to the way they work that modulating
immune reaction, such as growth factors like TFG-b
and adipocytokines [24].

The genetic control that leads to the production of
proinflammatory cytokines by a number of cells is

usually reliant on NFkB transcriptional activity. PAMPs
such as LPS activate the NFkB-regulated systems via
the TLR axis [25]. Cytokines promote natural immunity,
which protects the tissues of the host immediately as
well as communicate acquired antibody and cell
mediated immunity. Actions of these biomarkers to
produce harming infection in the midst of continuous
bacterial excitation are among the most essential
features in the etiology of periodontitis [24]. During the
immediate and initial persistent stages of
inflammation, resident cells such as epithelial cells and
fibroblasts release cytokines, as do phagocytes
(neutrophils and macrophages) and lymphocytes in
entrenched and major lesions [26]. Lymphokines
“cytokines released by T cells that control the immune
reaction)”, pro-inflammatory cytokines “cytokines
which enhance and sustain the inflammation
pathway”, growth factors “encourage cell viability and
lead to alteration in structure of airways”, chemokines
“They are chemotactic for inflammed cells”, and anti-
inflammatory cytokines “which are adversely impact
the inflammation process) are four types of cytokines
[27]. TNF-, IL-1, IL-2, IL-6, IL-8, and TNF- are all
proinflammatory type. Proinflammatory cytokines
boost killing of bacteria, attract fresh non-specific
immune cell types to area of infection, enhance
dendritic cell development, and direct the resulting
specific immune reaction to invader pathogens.
Whereas others that inhibit inflammation such as IL-4,
IL-10, and IL-13 prevent or at least reduce the strength
of the cascade [28].

Cytokines in Periodontal Disease
Interleukins and interferons are examples of cytokines
that are immunomodulating agents. Although bacterial
infection has generally been the focus of periodontitis
pathogenesis, research in immune reaction
mechanisms caused gum disease was grown in the last
several decades. An immediate inflammatory reaction
which engages the non-specific immune response was
the earliest reaction to infection by bacteria. The
increased expression of this originally limited activity
results in the synthesis of several cytokines and other
mediators, as well as the spread of inflammation
throughout the gum tissues [29]. Unable for protect
that "inflammatory attack” in gum tissue causes the
response with spread to the alveolar bone.
Inflammation then destroys connective tissue and
alveolar bone, that is the hallmark of gum illness [30].
To attain critical quantities of inflammatory
mediators leading to bone resorption, pro-
inflammatory cytokines like IL -1, -6, -11, and -17,
TNF, and M oncostatin must be produced [31, 32].
Kinins including bradykinin, thrombin, and other
chemokines can also stimulate bone resorption. This is
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in contrast to the anti-inflammatory cytokines along
with other molecules such as IL-4, -10, -12, -13, and -
18, plus interferon-beta (IFN-b) and gamma (IFN-g),
decrease bone repair [33]. CD4 T helper cells (ThO)
interact with antigen-presenting cells, they
differentiate into several subsets, including Th1, Th2,
Th17, and regulatory T cells (Tregs), based on the
cytokines they produce. In the presence of IL-12, Thl
initiates the immune response mediated by cells and
produces interferon- (IFN-), transforming growth
factor- (TGF-), interleukin-2 (IL-2) and TNF. In the
presence of IL-4, Th2 promotes the humeral immune
response by producing IL-4, IL-5, IL-6, L-10, IL-13, and
TGF-. The remaining CD4 T cells, Th17 and Tregs, play
an important role in autoimmunity and the
maintenance of immunological homeostasis. In the
presence of TGF-, IL-1, and IL-6, the TH17 subset
secretes IL-17, IL-23, IL-22, IL-6, and TNF, whereas
Tregs arise in the presence of TGF- and generate
immunosuppressive IL-10 and TGF- B [34]. IL-17, in
particular, increases the synthesis of inflammatory
substances such as TNF, prostaglandin E2 (PGE2), IL-6,
and IL-1, increasing bone resorption via osteoclast
activation. Changes in immune system regulation by
Treg cells, which are known to mediate inflammation
resolution, are thought to have a role in the
development of various autoimmune disorders [35, 36].
A research involving experimental periodontitis on
the Macaca fascicular is monkey model revealed that
cytokines that promote inflammation play a part
involved in the spread of the inflamed reaction to bone
proximal areas. Silk ligatures embedded with
Porphyromonas gingivalis have been placed to the
mandibular posterior teeth in this animal model to
generate experimental periodontitis. For 6 weeks,
primates were given local injections of TNF- and IL-1
antagonists (soluble TNF- and IL-1 receptors). In
control primates, examination of oral tissue samples in
the close proximity of the bone revealed considerable
migration of cells associated with inflammation,
development the osteoclasts around the bone.
Cytokines, chemokines, and other agents activate
periostal osteoblasts during an inflammatory response
by modifying the production amount of a molecules
termed factor-kappa B (RANKL) receptor activator on
the osteoblast surface. Osteoblasts express RANKL as a
protein membrane bound or as a soluble form. RANKL
is produced by a variety kind of cells, like fibroblasts, T
and B lymphocytes, in addition to osteoblasts. RANKL
is produced at a tiny amount in fibroblasts, but it
increases due to toxic chemical produced by
Aggregatibacter actinomycetemcomitans [37].

Conclusion: Cytokines are control and modulate the
immune response in periodontitis.If future research

makes the link between cytokines and periodontitis
clearer, a simple, cheap, and safe new way to prevent
and treat periodontitis would become available.

Author Contributions

Al-Ghurabi BH. conceived of the presented idea.
Mahmood MA and Aldhaher ZA. developed the theory
and performed the computations. Al-Hindawi SH.
verified the analytical methods. All authors discussed
the results and contributed to the final manuscript.

Conflict of Interest

The authors declare that there is no conflict of
interestregarding the publication of this paper.

References

1. Socransky SS, Haffajee AD. Periodontal microbial ecology.
Periodontology, 2000, (2005); 38:135-87.

2. Shazam H, Shaikh F, Hussain Z. Bone Turnover Markers in
Chronic Periodontitis: A Literature Review. Cureus, (2020);
12(1): €6699.

3. Al-Kubaisi MW, Al-Ghurabi. BH Evaluation of Manuka
Honey Effects on Dental Plaque and Bacterial Load (Clinical
Study). Journal of medicine and chemical science, (2023);
6(2): 365-375

4.  Carriches C, Lopez JM, Martinez G, Donado RM. Variations
of interleukin-6 after surgical removal of lower third
molars. Medicine oral, Patologia oraly cirugia Bucal, (2006);
11: E520-E526.

5.  Al-Ghurabei BH, Shaker ZF, Fadhel R, Al-Khayli NG,
Mustafa LK. Serum levels of interlukine-l1beta and
interlukine-2 in chronic periodontitis. Al-Mustansiriya
journal of science, (2012); 23(3): 55-62. 10.

6.  Al-Obaidi MJ, Al-Ghurabi BH. Potential Role of NLRP3
Inflammasome Activation in the Pathogenesis of
Periodontitis Patients with Type 2 Diabetes Mellitus.
Journal of medicine and chemical science, (2023); 6(3): 522-
531.

7.  Heidari Z, Mahmoudzadeh-Sagheb H, Rigi-ladiz MA, Taheri
M, Moazenni-Roodi A, Hashemi M. Association of TGF-
betal -509 C/T, 29 C/T and 788 C/T gene polymorphisms
with chronic periodontitis: a case-control study. Gene,
(2013); 518(2): 330-4.

8. O’garra A, Barrat FJ, Castro AG, Vicari A, Hawrylowicz C.
Strategies for use of IL-10 or its antagonists in human
disease. Immunological reviews, (2010); 223: 114-131.

9. Ouyang W, Rutz S, Crellin NK, Valdez PA, Hymowitz SG.
Regulation and functions of the IL-10 family of cytokines in
inflammation and disease. Annual review of immunology,
(2011); 29: 71-109.

10. Fadil Z, Al-Ghurabi B. Study the role of pro-and anti-
inflammatory cytokines in Iragi chronic periodontitis
patients. Journal of Baghdad college of dentistry, (2012);
24:164-9.

11. Caton ]G, Armitage G, Berglundh T. A new classification
scheme for periodontal and peri-implant diseases and
conditions - introduction and key changes from the 1999
classification. Journal of Periodontololgy, (2018); 89:1.

12.  Papapanou PN, Susin C. Periodontitis epidemiology: is
periodontitis under-recognized, overdiagnosed, or both?.
Periodontology 2000, (2017); 75:45-51.

13.  Zhang L, Henson BS, Camargo PM, Wong DT. The clinical
value of salivary biomarkers for periodontal disease.
Periodontology 2000, (2009); 51(1): 25— 37.

14.  Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal
diseases. Lancet, (2005); 366: 1809-1820.

Advancements in Life Sciences | www.als-journal.com | June 2024 | Volume 11 | Issue 2 678



Immunomodulatory Role of Cytokines in Periodontal Disease

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Pussinen PJ, Vilkuna-Rautiainen T, Alfthan G, Palosuo T,
Jauhiainen M, Sundvall J. Severe periodontitis enhances
macrophage activation via increased plasma
lipopolysaccharide.  Arteriosclerosis, thrombosis and
vascular biology, (2004); 24:2174-2180.

Pradeep AR, Thorat MS. Clinical effect of subgingivally
delivered simvastatin in the treatment of patients with
chronic periodontitis: a randomized clinical trial. Jornal
periodontology, (2010); 81: 214-222.

Anamaria S, josiane B, Alencar ], Eliete L, Cleverson OS.
Immunopathogenesis of Chronic Periodontitis, book
Periodontitis - A Useful Reference. Pachiappan Arjunan,
(2017): 144-165.

Tomas G. Pathogenesis of periodontitis, Fundemental of
periodontics 2nd edition, (2010): 3-23.

Goncalves-anjo N, Leite-pinheiro F, Ribeiro R, Requicha JF,
Lourenco AL, Dias I, Viegas C, Bastos E. Toll-like receptor 9
gene in Periodontal Disease - A promising biomarker. Gene,
(2019); 687: 207-211.

Takeda K, Akira S. TLR signaling pathways. Seminars in.
Immunology, (2004);16: 3-9.

Al-Ghurabi BH. The Role of Soluble TLR-2 in the
Immunopathogenesis of Gingivitis. International Medical
Journal, (2021); 28(1): 37 - 39.

Dumitrescu A, MAKOTO K. Etiology of Periodontal
Disease: Dental plaque and Calculus. Etiology and
Pathogenesis of Periodontal disease. chapterl, (2010): 3-39.
Amano Y, Komiyama K, Makishima M. Vitamin D and
periodontal disease. Journal of oral science, (2009); 51:11-
20.

Hanada T, Yoshimura A. Regulation of cytokine signaling
and inflammation. Cytokine and growth factor review,
(2002); 13 (4-5):413-421.

Ara T, Kurata K, Hirai K, Uchihashi T, Uematsu T, Imamura
Y. Furusawa K, Kurihara S, Wang PL. Human gingival
fibroblasts are critical in sustaining inflammation in
periodontal disease. Journal of periodontal research, (2009);
44:21-27.

Barnes TC, Anderson ME, Moots R]. The Many Faces of
Interleukin-6: The Role of IL-6 in Inflammation,
Vasculopathy, and Fibrosis in Systemic Sclerosis.
International journal of rheumatology, (2011); 721608: 6.
Hornef M, Wick M, Rhen M, Normark S. Bacterial strategies
for overcoming host innate and adaptive immune
responses. Nature immunology, (2002); 3(11): 1033-40.
Dinarello C. Proinflammatory cytokines. Chest, (2000);
118(2): 503-508.

Meyle ], Chapple 1. Molecular aspects of the pathogenesis
of periodontitis. Periodontology 2000, (2015); 69(1):7-17.
Hienz SA, Paliwal S, Ivanovski S. Mechanisms of bone
resorption in periodontitis. Journal of immunology
research, (2015); 2015.

Kurgan S, Kantarci A. Molecular basis for
immunohistochemical and inflammatory changes during
progression of gingivitis to periodontitis. Periodontology
2000, (2018); 76(1): 51-67.

Solomon S, Pasarin L, Ursarescu I, Martu I, Bogdan M,
Nicolaiciuc O, Ioanid 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.

Preshaw PM. Host modulation therapy  with
anti-inflammatory agents. Periodontology 2000, (2018);
76(1):131-49.

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.
Nicolaiciuc O, Mihai C, Sufaru IG, Martu I, Solomon SM,
Tatarciuc D, Rezus C, Mdrtu S. Study on the TNF-a, IL-18

36.

37.

license please visit:
nc/4.0/

and IL-6 Levels in Patients with Chronic Periodontitis and
Cardiovascular Disease. Revista De Chimie, (2017); 68(3):
619-623.

Teodorescu AC, Martu I, Teslaru S, Kappenberg-Nitescu
DC, Goriuc A, Luchian I, Martu MA, Solomon SM, Martu S.
Assessment of Salivary Levels of RANKL and OPG in
Aggressive versus Chronic Periodontitis. Journal of
immunology research, (2019); 28(2019): 6195258.

Herbert BA, Novince CM, Kirkwood KL. Aggregatibacter
actinomycetemcomitans, a potent immunoregulator of the
periodontal host defense system and alveolar bone
homeostasis. Molecular oral microbiology, (2016); 31(3):
207-27.

This work is licensed under a Creative
Commons Attribution-NonCommercial 4.0
International License. To read the copy of this
https://creativecommons.org/licenses/by-

Advancements in Life Sciences | www.als-journal.com | June 2024 | Volume 11 | Issue 2 679


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

