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Abstract
Background

Periodontitis is an inflammatory disease caused by the complex interaction between plaque
microorganisms and the host immune system that threatens oral health. Leukocyte recruitment plays
important roles during the protective and pathological immune responses of many diseases, including
periodontitis. CD14 and CD11b are adhesion molecules that promote adhesion of leukocytes to the
vascular endothelium to defend against microorganisms. In this cross-sectional study, we aimed to
determine the difference between the expression levels of CD14 and CD11b expressed on leukocytes
and analyzed subclasses of lymphocytes in individuals with periodontitis compared to healthy
individuals.

Methods

Fourteen periodontitis patients and fourteen healthy individuals were included in the study. Venous
blood samples were collected from each individual. T lymphocyte subsets were analyzed by flow
cytometry using peripheral blood mononuclear cells stained with anti-CD3, anti-CD4, and anti-CD8
antibodies. Natural killer (NK) cells and Natural killer T (NKT) cells were analyzed by flow cytometry
using peripheral blood cells stained with anti-CD3, anti-CD16, and anti-CD56 antibodies. The monocyte
adhesion molecule CD14 and the common leukocyte adhesion molecule CD11b were analyzed by flow
cytometry.

Results

The proportions of NK and NKT cells were significantly higher in periodontitis patients than in healthy
subjects (p < 0.05). CD11b expression was significantly lower on monocytes and T lymphocytes in
periodontitis patients compared with healthy individuals (p < 0.05).

Conclusions

Periodontitis is associated with a distinct peripheral immune profile, characterized by reduced CD11b
expression on monocytes and T lymphocytes and increased NK and NKT cell frequencies. This reduction
in CD11b suggests a possible impairment of leukocyte adhesion-related immune mechanisms, which
warrants further functional investigation.

Introduction

Periodontitis is a chronic inflammatory disease characterized by the progressive destruction of tooth-
supporting tissues, including the alveolar bone, periodontal ligament, and gingiva [1]. Genetic
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predisposition and environmental factors are known to play critical roles in the initiation and progression
of periodontal tissue destruction [2]. The primary etiological determinant of the disease is the complex
interaction between the local microbiota and the host, followed by the activation of inflammatory and
immune responses [3]. Severe periodontitis has been reported to affect more than 10% of the global
population, ranking it among the most prevalent chronic inflammatory diseases worldwide [4]. In
addition, periodontal diseases have bidirectional associations with systemic conditions such as diabetes
mellitus and cardiovascular diseases [5]. The chronic inflammatory nature of both periodontitis and
systemic diseases may contribute to the excessive production of inflammatory cytokines by immune
cells [6, 7].

Cytokines play a critical role in regulating the inflammatory response involved in the initiation and
progression of periodontitis [8]. Interferon-gamma (IFN-y), secreted mainly by T helper 1 (Th1) cells, can
activate macrophages and enhance the production of various pro-inflammatory cytokines, thereby
contributing to the amplification of periodontal inflammation [9]. Similarly, interleukin-17 (IL-17),
produced by T helper 17 (Th17) cells, is considered an important mediator of periodontal tissue
destruction, particularly through its role in promoting alveolar bone resorption [10].

The innate immune system, composed of effector leukocytes such as neutrophils, macrophages, and
natural killer (NK) cells, represents the first line of defense against periodontal pathogens. These cells
contribute to the control of the bacterial burden by mounting a rapid response against microorganisms;
however, through the concomitant production of pro-inflammatory cytokines, they may also amplify the
local inflammatory response and contribute to the persistence of tissue destruction [11, 12]. In addition,
innate immune cells, including macrophages and dendritic cells, serve as a bridge between innate and
adaptive immunity by presenting antigens to T and B lymphocytes and by shaping the direction and
magnitude of adaptive immune responses through the cytokines they secrete [13, 14]. Accordingly, the
pathogenesis of periodontitis is increasingly understood as a dynamic and mutually reinforcing network
involving cytokine-mediated inflammatory processes and the activation of both innate and adaptive
immune cells [15].

After maturation in the thymus, T cells enter the peripheral circulation and can be classified into distinct
subpopulations, including alpha-beta (aB) T cells, gamma delta (y8) T cells, and natural killer T (NKT)
cells, according to their T-cell receptor (TCR) expression profile and phenotypic characteristics [16]. y&6 T
cells are considered an important source of IL-17 production in several tissues, particularly in the gingiva
[17]. NKT cells, which function as a bridge between innate and adaptive immunity, are distinguished from
other immune cell subsets by their ability to rapidly secrete a broad range of cytokines shortly after
activation [18, 19].

Cytokines are key mediators that regulate leukocyte recruitment to infected sites during inflammation. In
addition, they play a critical role in immune cell adhesion to the endothelium and subsequent
transmigration into tissues by inducing the expression of adhesion molecules on vascular endothelial
cells [20, 21]. The absence or insufficient expression of the integrin glycoproteins CD11b and CD18,
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which are essential for leukocyte adhesion, leads to the development of leukocyte adhesion deficiency
(LAD). This disorder impairs the effective recruitment and transmigration of leukocytes to sites of
infection and inflammation, thereby potentially resulting in severe periodontal destruction and marked
alveolar bone loss [22]. Moreover, although CD14 does not belong to the integrin family, it has also been
shown to play an important role in the adhesion of monocytes to the endothelium [23].

The aim of the present study was to comprehensively evaluate the peripheral immune response in
patients with periodontitis and periodontally healthy individuals and to identify potential disease-
associated immunological characteristics. To this end, the expression of adhesion molecules, including
CD11b and CD14, lymphocyte subset distribution, and cytokine profiles were analyzed together to define
a more integrated peripheral immune signature associated with periodontitis. Although these
immunological variables have generally been investigated separately in the existing literature, to the best
of our knowledge, no previous study has evaluated these parameters together using an integrated
approach.

Materials and methods

Study Design and Participants

This study was conducted in accordance with the Declaration of Helsinki, as revised in 2013, and was
approved by the Non-Interventional Clinical Research Ethics Committee of Istanbul Medipol University
(approval no: 865; date: 17 July 2025). All participants were fully informed about the study protocol, and
written informed consent was obtained prior to enrollment.

Participants were recruited from individuals who attended the Department of Periodontology, Faculty of
Dentistry, Mugla Sitki Kogman University, between August 2025 and December 2025. Clinical and
radiographic examinations were performed at the Faculty of Dentistry, Mugla Sitki Kogman University. A
total of 28 participants, including 14 females and 14 males, who met the eligibility criteria were included
in the study. The inclusion criteria were as follows: age between 18 and 65 years, absence of any
systemic disease, no periodontal treatment within the previous 6 months, no medication use within the
previous 6 months, and non-smoking status. The exclusion criteria were alcohol consumption,
pregnancy or lactation, and the presence of active infection, such as an acute periodontal abscess.
Eligible participants were allocated according to their periodontal status into either the periodontally
healthy group or the generalized stage Ill/IV periodontitis group.

Study Groups

Participants were divided into two groups according to their periodontal status: the periodontitis group
and the periodontally healthy group. Periodontal status was determined according to the 2017
classification system developed jointly by the European Federation of Periodontology and the American
Academy of Periodontology [1, 24]. The eligibility criteria for each group were as follows.
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Periodontitis group (P) (n = 14): Individuals diagnosed with generalized stage Il or stage IV periodontitis
were included in this group. The inclusion criteria for the periodontitis group were as follows: presence
of > 15 teeth, clinical attachment loss (CAL) of = 5 mm and probing depth (PD) of =6 mm in more than
30% of teeth, and radiographic bone loss extending to the middle or apical third of the root.

Periodontally healthy group (H) (n = 14): Individuals diagnosed as periodontally healthy were included in
this group. The inclusion criteria for the healthy group were as follows: presence of > 15 teeth, CAL< 1
mm and PD < 3 mm at all teeth, absence of radiographic bone loss, and a bleeding on probing (BOP)
score of < 10%

Clinical Evaluation

Clinical and radiographic examinations were performed to evaluate the periodontal status of the
participants. Periodontal measurements were recorded at six sites per tooth using a Williams
periodontal probe (Hu-Friedy, Chicago, IL, USA). As part of the clinical assessment, mean values for the
plaque index (PI), gingival index (GI), PD and CAL were calculated. All periodontal measurements were
performed by a single periodontist (M.U.). Prior to data collection, intra-examiner calibration was
performed on 10 individuals diagnosed with stage Ill or stage IV periodontitis. Intra-examiner reliability
was assessed using the intraclass correlation coefficient, yielding values of 0.92 for PD and 0.91 for
CAL. These values indicated an acceptable level of measurement reliability.

Immunophenotyping

Ten-milliliter blood samples were collected on heparin, 8 mL of blood samples were used for intracellular
cytokine analysis as described below, and 2 mL of blood samples were subjected to
immunophenotyping analysis. The blood samples were incubated with anti-CD3, anti-CD4, anti-CD8
antibodies to identify T lymphocyte subsets, or stained with anti-CD3, anti-CD16, and anti-CD56
antibodies to identify NK and NKT cells, or stained with anti-CD3, anti-CD66b, anti-CD11b, and anti-CD14
to identify adhesion molecules on monocytes and neutrophils. T cells were also identified for yo T cell
and af T cell receptors by staining the cells with anti-y0T and anti-apT receptor antibodies, respectively.
All antibodies were obtained from BD Biosciences, USA. The incubation with antibodies was done in the
dark in the room temperature. Flow cytometry (BD Accuri C6 Plus, USA) analysis was performed after
washing stained cells with lysing buffer. To minimize potential measurement bias, all samples were
identified by an anonymized code, and flow cytometric acquisition and gating were performed by a single
investigator (D.G.) who was blinded to the periodontal status of the participants.

Cell Culture for Intracellular Cytokine Analysis

To analyze cytokine secreting CD4 + T lymphocytes, PBMC was isolated by ficoll density gradient
solution. In brief, 8 mL of whole blood was transferred on 4 mL of ficoll solution (Sigma-Aldrich,
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Germany) in a 15 mL falcon tube and centrifuged at 2000 rpm for 20 minutes. The buffy coat was
collected and washed twice with RPMI 1640 medium (Sigma-Aldrich, Germany) supplemented with
10%fetal bovine serum and 1% Penicillin/Streptomicin (10.000 U/mL). The remaining cells were cultured
with PMA/lonomycin (0.5ug/mL) for 4 hours at 37°C in a humidified and 5%C02 chamber. After the
incubation period cells were washed twice with PBS, and subjected to intracellular cytokine analysis (BD
Cytokine Kit). Cells were initially stained with cell surface antibodies (anti-CD3 / anti-CD4). A fixation and
permeabilization solution was used to permeabilize cells for cytokine detection. Anti-IFNy and anti-IL17
antibodies were used to stain CD3 + CD4+ T lymphocytes. Results were presented as percentage of the
cytokine secreting cells.

Statistical Analysis

Demographic data and clinical periodontal parameters were analyzed using IBM SPSS Statistics version
21.0. The normality of continuous variables was assessed using the Shapiro—Wilk test. Normally
distributed variables were compared between the periodontitis and periodontally healthy groups using
the independent samples t-test, whereas non-normally distributed variables were analyzed using the
Mann—-Whitney U test. Categorical variables, including sex distribution, were analyzed using the Pearson
chi-square test.

Flow cytometry data were analyzed using GraphPad Prism version 8.0 and are presented as mean
standard deviation. Between-group comparisons (periodontitis vs periodontally healthy) of flow
cytometric parameters were performed using the independent-samples t-test. A p value < 0.05 was
considered statistically significant.

An a priori power analysis was performed using G*Power to determine the required total sample size for
the two comparison groups, namely the periodontitis and periodontally healthy groups. Based on an
effect size of 0.60, a statistical power of 0.80, and a Type | error rate of 0.05 [25], the required total
sample size was calculated as 24 participants. Considering the possibility of sample loss, a total of 28
participants were included in the study.

Results

Demographic Parameters

A total of 28 individuals who met the eligibility criteria were included in the study, comprising 14 females
and 14 males. No statistically significant difference was observed between the periodontitis and
periodontally healthy groups in terms of age (p = 0.188). Similarly, sex distribution did not differ
significantly between the study groups (p = 1.000) (Table 1).
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Table 1
Demographics of the study groups

Age Periodontitis (n = 14) Healthy (n=14) p-value
Mean * sd 34.00+2.57 35.42+3.00 t=-1.351 0.188
Mdn.(min.,max) 34 (30-39) 36 (30-40)

Sex

Female 7 7 X2<0~001 1

Male 7 7

Values are presented as meanzstandard deviation (sd), median (Mdn.), minimum (min.), maximum
(max.),t: Independent samples t test, X23 Chi-squared test

Clinical Parameters

All clinical periodontal parameters, including PI, Gl, PD, CAL, and BOP, were significantly higher in the
periodontitis group than in the periodontally healthy group (p < 0.001) (Table 2).

Page 7/23



Table 2
Group comparisons in terms of clinical parameters

Pl Healthy (n=14) Periodontitis (n = 14) p-value
Mean + sd 0.82+0.26 2.23+0.45 Z=-4.458 <0.001**
Mdn.(min.,max) 0.78 (0.56- 2.24 (1.58-3)

1.62)
Gl
Mean + sd 0.78+0.26 1.92+0.27 1=-11.037 <0.001**
Mdn.(min.,max) 0.78 (0.19- 1.88 (1.36-2.45)

1.25)
CAL
Mean + sd 0.58 +0.21 5.00+0.98 t=-16.35 <0.001**
Mdn.(min.,max) 0.65 (0.25- 4.52 (4.01-7.21)

0.92)
PD
Mean + sd 1.92+0.25 437+0.72 t=-11.90 <0.0071**
Mdn.(min.,max) 1.95 (1.46- 4.12 (3.32-5.40)

2.26)
BOP
Mean + sd 0.08 +0.007 0.47+0.08 1=-17.891 <0.001**
Mdn.(min.,max) 8'%37 (0.08- 0.48 (0.35-0.59)
Values are presented as meantstandard deviation (sd), median (Mdn.), minimum (min.), maximum
(max.), Z: Mann Whitney U test, t: Independent samples t test

Ratio of T helper and CD8 + T Cells

The ratio of CD3 + CD4+ T helper lymphocytes was similar in periodontitis patients and healthy
individuals, there was no significant difference between the groups (p > 0.05). The ratio of CD3 + CD8+ T
cells were significantly low in periodontitis patients compared to healthy individuals (p < 0.05). CD3 +
CD4+CD20 + cells were notably high in periodontitis patients compared to healthy subjects (p < 0.05), but
there was no significant difference in CD3 + CD8+CD20 cells between two groups (p > 0.05) (Fig. 1A,

Fig. 1B, and Fig. 1C).

Ratio of a8 and yo6 T Cells
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To further investigate T cell subset distribution in periodontitis, immunophenotypic analyses of af3 and
yO T cell populations were performed by flow cytometry. The percentage of ap T cells was comparable
between periodontitis patients (49.60 + 5.38%) and healthy subjects (46.59 + 5.25%), with no statistically
significant difference detected between the groups (p > 0.05). In contrast, the proportion of y6 T cells
was markedly elevated in periodontitis patients (9.27 + 1.49%) compared with healthy individuals (2.47 +
0.55%) (p < 0.05). These results indicate a selective expansion of y6 T cell populations in periodontitis,
while the overall a3 T cell compartment remains relatively unchanged. Representative flow cytometric
plots and quantitative analyses are shown in Fig. 1D and Fig. 1E.

Decreased expression of CD11b on Monocytes and
Neutrophils

The expression of CD11b was significantly low in CD14 + cells in periodontitis patients (9.3 + 2.6%) when
compared with healthy individuals (79.3 £ 7.8%) (p < 0.05). As similar to monocytes, CD11b expression
on CD66 + cells (neutrophils) were low in periodontitis patients (7.2 + 1.8%) compared to healthy
subjects (71.9 £ 5.4%) (p < 0.05). We further analyzed CD11b ratio in CD3- and CD3 + cells, and the
results showed that CD11b ratio was significantly low in periodontitis patients both in CD3- cells (1.4 £
0.8%) and CD3 + cells (2.2 £ 1.3%) compared to healthy individuals (15.7 + 3.8%, 25.2 + 5.4%, respectively
(p<0.05, p<0.05) (Fig. 2).

Frequency of NK and NKT Cells

We analyzed CD3-CD56 + NK cell ratio and CD3 + CD56+ NKT cell ratio to determine the frequency of
both cell types in periodontitis patients and compared those with healthy individuals. The ratio of CD3-
CD56+ (NK) cells were significantly high in periodontitis patients (3.1 £ 0.4%) compared to healthy
individuals (2.4 £ 0.3%) (p < 0.05). The ratio of CD3 + CD56+ (NKT) cells were significantly high in
periodontitis patients (3.6 + 1.1%) compared to healthy individuals (1.8 £ 0.7%) (p < 0.05). The two
primary functions of human natural killer (NK) cells have traditionally been associated with distinct cell
subsets. Thus, cytolytic activity is mostly restricted to the CD56-dim CD16 + subset, while cytokine
production generally occurs in CD56-bright CD16+/- cells. Therefore, we further analyzed
CD56dimCD16 + cells to determine the cytolytic NK cells, which may play a role in aggressive
periodontitis. CD56dimCD16 + cells were significantly high in periodontitis patients (3.2 £ 0.7%) when
compared with healthy subjects (1.1 £ 0.3%) (p < 0.05) (Fig. 3).

IFN-y and IL-17 Secreting a8 and yo T Cells

To further define the functional characteristics of T cell subsets in periodontitis, intracellular cytokine
production was evaluated separately in a and yd TCR-expressing T cells. Analysis of aB T cells revealed
that the proportion of IFN-y—producing aB T cells was significantly increased in mononuclear cells
obtained from periodontitis patients (4.47 £ 0.91%) compared with healthy subjects (2.13 £ 0.56%) (p <
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0.05). Conversely, the frequency of IL-17-producing aB T cells was significantly reduced in periodontitis
patients (0.16 £ 0.11%) relative to healthy controls (0.74 + 0.12%) (p < 0.05).

Evaluation of yo T cell subsets demonstrated that the percentage of IFN-y—secreting yo T cells was
higher in periodontitis patients (1.02 + 0.32%) than in healthy individuals (0.72 + 0.41%); however, this
difference did not reach statistical significance (p > 0.05). In contrast, IL-17-producing y6 T cells were
markedly increased in periodontitis patients (5.26 + 1.56%) compared with healthy controls (0.66 *
0.35%) (p < 0.05). Collectively, these findings indicate that periodontitis is associated with distinct
functional alterations in af3 and yd T cell subsets, characterized by enhanced IFN-y productioninaB T
cells and pronounced IL-17 production within the yd T cell compartment. Representative flow cytometric
analyses and quantitative data are presented in Fig. 4A, Fig. 4B, and Fig. 4C.

IFN-y and IL-17 Secreting CD4 + T Cells

To characterize CD4 + T helper cell subsets in periodontitis patients, intracellular IFN-y and IL-17
expression was analyzed by flow cytometry following stimulation of peripheral blood mononuclear cells.
Quantitative analysis demonstrated that the proportion of CD4 +1L-17 + T cells was significantly reduced
in periodontitis patients (0.4 + 0.3%) compared with healthy individuals (1.6 £ 0.7%) (p < 0.05). In
contrast, the frequency of CD4 + IFN-y + T cells did not significantly differ between the groups, although a
slight increase was observed in periodontitis patients (9.3 + 2.0%) compared with healthy controls (7.4 *
1.8%) (p > 0.05). These findings suggest that periodontitis is associated with an altered CD4 + T cell
cytokine profile characterized by reduced IL-17-producing helper T cells without significant changes in
IFN-y—producing CD4 + T cells. Representative flow cytometry analyses and quantitative data are
presented in Fig. 4D, Fig. 4E.

Discussion

Periodontitis is a chronic inflammatory disease affecting teeth and their supporting tissues.
Periodontitis is initiated by bacteria and can lead to tooth loss through inflammatory responses in the
tissue. In recent years, it has been shown that the disease results from complex interactions between
microbes and the immune response, and that these immune responses contribute to disease
progression. In inflammatory responses, neutrophils and monocytes are the first cells to migrate into the
tissue, and these cells are the initiators of lymphocyte-mediated immune responses. Adhesion
molecules in mononuclear cells are effective in the migration of these cells into infectious tissue. In this
study, we investigated the expression of adhesion molecules on phagocytes such as monocytes and
neutrophils, and on T lymphocytes in patients with periodontitis compared with healthy individuals.

Adhesion molecules are crucial in the recruitment of mononuclear cells in the site of infection. CD11b,
an integrin protein and complement 3 receptor (CR3), is expressed on the surface of many innate
immune cells, including macrophages, granulocytes, NK cells, subsets of dendritic cells (DCs), and B
cells [26]. CD11b, as a subunit of integrin aMB2/Mac-1/CR3, is important for the adhesion, migration,
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and phagocytosis of macrophages. CD11b deficiency has been reported to confer a higher susceptibility
to bacteremia and sepsis in infections caused by pathogens [27]. In a case study in the literature, a
deficiency of neutrophil integrin CD11b/CD18 was detected in the peripheral blood mononuclear cells of
a patient with severe periodontitis. This patient was diagnosed with leukocyte adhesion deficiency (LAD-
1) upon further immunological testing [28]. LAD-l-associated periodontitis is associated with an
aggressive form of inflammatory bone loss due to a deficiency of neutrophil migration in periodontal
infection [29]. Although studies conducted to date have separately demonstrated leukocyte integrin
molecule expressions or LAD-associated periodontitis, there is no study yet that combines all
immunological data. In the present study, we analyzed CD11b expression on monocytes, neutrophils, and
CD3 + cells in peripheral blood mononuclear cells in periodontitis by comparing the results with healthy
subjects. CD11b expression on monocytes and neutrophils was significantly lower in periodontitis
patients compared with healthy individuals. Similarly, CD11b expression on CD3 + lymphocytes were
notably lower in periodontitis patients compared with healthy individuals. These results suggest that
aggressive periodontitis may be due to CD11b deficiency or leukocyte adhesion deficiency. In contrast, a
study on a periodontitis mouse model showed that CD11b expression was observed in the periodontal
tissues of mice with periodontitis, indicating that periodontitis causes inflammation in the periodontal
tissues. The difference between our study and the study in the literature may be due to differences in
experimental design, or it may be due to the lack of an experimental design for cells lacking CD11b
expression in the study conducted in the experimental animal model. Therefore, further in vivo studies
are needed to reveal whether CD11b deficiency or LAD-1 causes periodontitis.

We further analyzed a3 T cells and yd T cells to determine the T cell receptor profile of periodontitis
patients. y0 T lymphocytes, which mature in the thymus, constitute up to 5% of the total T lymphocyte
population in adult humans. y& T lymphocytes are distributed not only in the blood and lymphoid organs
but also in various tissues such as the skin, lung and intestinal epithelium, and liver. Unlike aB T cells, yo
T cells are MHC-unrestricted manner antigen presentation. The results of our study showed that there
was a significant high frequency in y6 T lymphocytes in periodontitis patients’ peripheral mononuclear
cells compared to healthy subjects, while a3 T cell frequency was similar in both groups. In a study of
periodontitis patients with chronic obstructive pulmonary disease (COPD), researchers concluded that
the periodontitis-mediated y6 T immune mechanism promotes COPD progression. Previous work has
shown that Porphyromonas gingivalis (P. gingivalis) promotes the activation of yd T cells and M2
macrophages ex vivo [22]. This study is a pioneering study on the role of y6 T lymphocytes in
periodontitis, but it should be questioned whether y6 T lymphocytes play a role in the progression of
periodontitis or whether yd T lymphocytes developing with COPD cause periodontitis. Another in vivo
study demonstrated that y6 T cells play a pathological role during P. gingivalis infection, and their
absence prevented alveolar bone loss. Further analysis in the same study revealed that yd T cells are
responsible for neutrophil and monocyte recruitment to the gingiva after exposure to P. gingivalis. It was
suggested that yd T cell ablation reduces osteoclastogenesis and dysregulates long-term immune
responses in the gingiva [30]. The conclusion reached in the studies conducted to date is undoubtedly
that gamma delta T lymphocytes play an important role in the progression of periodontitis.
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There is currently increasing interest in researching the relationship between periodontal disease and
autoimmunity. Periodontal disease-associated microorganisms comprise a diverse range of species that
can inhabit the oral cavity and influence the onset or development of autoimmunity, characterized by the
breakdown of tolerance mechanisms against self-antigens [31]. Chronic inflammation, which may occur
after infection, can trigger autoimmunity through various mechanisms, including potentiation of
autoimmunity by cytokines, epitope spreading, autoantigen complementation, overproduction of
autoantigens, microbial translocation, molecular mimicry, superantigens, and activation or inhibition of
autoimmunity-related receptors by microorganisms [32]. The presence of T cells expressing CD20 is
well-established in autoimmunity and correlates with disease severity in autoimmune diseases. In
addition, CD20 + T cells are found in the peripheral blood of healthy individuals at ~ 3—5% of the total
CD3 T cell population, but increases in autoimmune patients [33]. In this study, we found that CD4+ T
lymphocytes in periodontitis patients showed higher CD20 expression compared to healthy individuals.
However, the CD20 ratio on CD8 + T lymphocytes in periodontitis patients was similar to that in healthy
individuals. In addition, the ratio of CD4 + T cells was similar to that in healthy individuals, whereas the
frequency of CD8 + T cells were significantly low in periodontitis patients compared to healthy
individuals. We also analyzed the frequency of IFN-y or IL-17 secreting CD4 + T cells to determine the
peripheral cytokine profile of periodontitis patients. IL-17 secreting T lymphocytes have high abilities to
stimulate acute and chronic inflammation that make these cells crucial player in development of
autoimmune disorders [34]. Additionally, several studies have found that the type Il IFN, IFN-y, plays an
essential role in the development and severity of systemic autoimmunity [35]. IL-6 is secreted by various
cell types including macrophages, fibroblasts, adipocytes, and skeletal muscle cells. But the most
abundant secretory cells for IL-6 are macrophages. IL-6 is a strong inducer of Th17 differentiation, it
would be reasonable to hypothesize that IL-6 induces metabolic changes in T cells that trigger Th17
differentiation and function. Monocytes must migrate into tissue to differentiate phenotypically into
macrophages. It is thought that decreased migration into tissue may be due to a lack of monocyte
adhesion molecules, which in turn may be related to decreased IL-6 secretion due to a lack of
macrophages in the tissue, leading to a decrease in Th17. We believe that in vivo experimental studies
should be conducted regarding this assumption.

T lymphocytes consist of two populations, a3 T cells and yd T cells, which can be distinguished by their
expression of either the aB T cell receptor (TCR) or yd TCR. The antigen-binding heterodimer, composed
of TCRap or TCRYS, pairs with proteins of the CD3 complex to form the complete a3 or yd TCR. Despite
the similarities in the structure of TCRaB and TCRy$§, these two receptors differ in important ways [36]. In
the cellular immunity, yo6 T cells differ from aB T cells due to distinct properties that complexly shape
their role in disease pathogenesis. ap T cells, which constitute the predominant subset of CD3 + T cells,
predominantly recognize peptide antigens presented by major histocompatibility complex (MHC)
molecules, while y& T cells recognize a broader array of antigens in an MHC-independent manner [37]. In
addition, yd T cells are important in mucosal immunity because they provide defense against various
pathogens such as viruses, bacteria and fungi [38]. Th17 cells play a crucial role on periodontal
inflammation. Cytokines secreted by Th17 cells are also major players in the pathogenesis of
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periodontitis [39]. In the present study, we also analyzed aB and y& T cell subsets according to their
cytokine profiles for the first time in periodontitis. Our results showed that IFN-y secreting ap T cells
were notably high, while IL-17 secreting ap T cells were significantly low in periodontitis patients’
mononuclear cells compared to healthy individuals. In contrast, IL-17 secreting yd T cells were
significantly high in periodontitis patients’ mononuclear cells when compared with healthy subjects.
Studies have shown that IL-17 is a critical cytokine involved in host defense functions in the
periodontium, including neutrophil recruitment, phagocytosis, and mucosal immunity. However,
overexpression of IL-17 in periodontitis causes persistent chronic inflammation, local tissue destruction,
and bone loss [40]. However, in terms of determining which cell subset is a source of IL-17 secretion, our
results show that increased IL-17 secretion in periodontitis originates from gamma delta T lymphocytes
rather than alpha beta T lymphocytes. These results suggest that there may be MHC-independent T
lymphocyte responses, such as those in T lymphocytes with gamma delta TCR, rather than MHC-
associated antigen presentation in antigen-presenting cells such as macrophages. These results
actually suggest that patients with periodontitis are prone to autoimmunity, but the cause of
autoimmunity may also be epitope spreading or molecular mimicry of bacterial microbiota.

Natural killer T (NKT) cells constitute a unique subset of T lymphocytes characterized by their surface
antigens common in NK cells and T cells. Peripheral CD56dimCD16 + NK cells are cytotoxic NK cells
acting mainly through the release of perforin and granzyme which activates apoptosis on target cells. As
in many pathological conditions, changes in NK phenotype and function have been reported in
periodontitis, primarily associated with impaired or increased toxicity [41]. We in this study observed that
the ratio of CD3 + CD56+ NKT cells and CD3-CD56 + NK cells were significantly high in periodontitis
patients compared to healthy subjects. We further analyzed CD56dimCD16 + cytotoxic NK cell subsets,
and it was shown that cytotoxic NK cell ratio is notably high in periodontitis patients’ mononuclear cells
when compared with healthy individuals. Although NK cells play an important role in both the innate and
adaptive immune response, their role in periodontal disease remains unclear. It is well known that
increased number of these cells (CD56dim NK cells) which express KIR receptors, can affect osteoclast
activity and trigger osteoclast apoptosis [42]. Therefore, increased number of CD56dimCD16 + cytotoxic
NK cells may also be responsible for bone loss in periodontitis.

This study has certain limitations that should be considered when interpreting the findings. First,
although the sample size was determined a priori by power analysis, the study was conducted in a
relatively small cohort, and confirmation in larger populations would strengthen the generalizability of
the results. Second, the cross-sectional design allows the identification of associations between
periodontitis and the observed immune alterations but does not permit conclusions regarding causality
or the temporal sequence of these changes. Third, the immune profile was characterized in peripheral
blood and may therefore not fully reflect the local immune response within the periodontium. Gingival
crevicular fluid (GCF) and periodontal tissue were not evaluated in the present study; future
investigations incorporating local sampling, together with functional and tissue-level analyses in larger
populations, may help to confirm the pathophysiological relevance and clinical applicability of these
findings.
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Conclusion

In conclusion, periodontitis is a complex, chronic multifactorial inflammatory disease, and the present
study demonstrated a distinct peripheral immune profile in affected patients compared with
periodontally healthy individuals. Although the frequency of CD4 + T helper cells was comparable
between the groups, CD8 + T cells were reduced and CD4 + CD20+ T cells were increased in periodontitis
patients. A marked reduction in CD11b expression was observed on monocytes, neutrophils,and CD3+ T
cells, suggesting a possible impairment of leukocyte adhesion-related immune mechanisms that may,
in turn, reduce the migration of phagocytes into the tissue. In addition, periodontitis patients exhibited
increased frequencies of yo T cells, NKT cells, and cytotoxic NK cell subsets. Cytokine profiling further
indicated that IL-17 production was decrased in a3 and CD4 + T-cell subsets but markedly increased in
yO T cells, whereas IFN-y production was increased in a T cells, suggesting that yd T cells may
represent an important peripheral source of IL-17 in periodontitis. Taken together, these findings
characterize the peripheral immune alterations that accompany periodontitis and provide a basis for
further studies on the immunopathogenesis of the disease.
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Figure 1

Flow cytometric analysis of peripheral blood T lymphocyte subsets in periodontitis patients and healthy
controls. A) Total lymphocytes were gated from SSC-FSC dot plot. CD3+CD4+ or CD3+CD8+ double
positive cells were analyzed. B) The histogram analysis of CD20+ T cell subsets are shown. The
histogram analysis was performed for CD3+CD4+ or CD3+CD8+ cells. C) Statistical analysis of T cell
subsets. The proportion of CD3+CD4+ T helper lymphocytes was comparable between periodontitis
patients and healthy individuals, with no statistically significant difference observed (p>0.05). In contrast,
the frequency of CD3+CD8+ cytotoxic T lymphocytes was significantly decreased in periodontitis
patients compared with healthy controls (p<0.05). Furthermore, the percentage of CD3+CD4+CD20+
lymphocytes was significantly elevated in periodontitis patients (p<0.05), whereas no significant
difference was detected in the proportion of CD3+CD8+CD20+ cells between the two groups (p>0.05). D)
Immunophenotypic analysis of ap and yo T cell subsets in periodontitis patients and healthy controls.
Representative flow cytometric plots and quantitative evaluation of a T cells. No statistically significant
difference was observed in the proportion of ap T cells between periodontitis patients and healthy
individuals (p>0.05). E) Representative analysis and quantitative evaluation of yd T cells. The percentage
of y& T cells was significantly increased in periodontitis patients compared with healthy controls
(p<0.05). Data are presented as mean + SD. *p<0.05 versus healthy controls.
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Figure 2

Flow cytometric analysis of CD11b expression on peripheral blood immune cell subsets in periodontitis
patients and healthy controls. A) Representative analysis and quantitative evaluation of CD11b
expression on CD14+ monocytes. The percentage of CD11b+CD14+ cells was significantly decreased in
periodontitis patients compared with healthy individuals (p<0.05). B) Representative flow cytometric
plots and quantitative analysis of CD11b expression on CD66+ neutrophils. CD11b expression on CD66+
cells was markedly reduced in periodontitis patients relative to healthy controls (p<0.05). C) Quantitative
analysis of CD11b expression on CD3- and CD3+ lymphocytes. The proportion of CD11b+CD3- cells
was significantly lower in periodontitis patients than in healthy individuals (p<0.05). D) Quantitative
evaluation of CD11b expression on CD3+ lymphocytes. The percentage of CD11b+CD3+ cells was
significantly reduced in periodontitis patients compared with healthy subjects (p<0.05). Data are
presented as mean  SD. *p<0.05 versus healthy controls.
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Figure 3

Flow cytometric analysis of NK and NKT cell subsets in periodontitis patients and healthy controls. A)
Representative flow cytometric plots and quantitative analysis of CD3-CD56+ natural killer (NK) cells.
The proportion of NK cells was significantly increased in periodontitis patients compared with healthy
individuals (p<0.05). B) Representative analysis and quantitative evaluation of CD3+CD56+ natural killer
T (NKT) cells. The percentage of NKT cells was significantly higher in periodontitis patients than in
healthy controls (p<0.05). Quantitative analysis of CD569™CD16* cytolytic NK cell subsets. The
frequency of CD569MCD16" cells was significantly elevated in periodontitis patients compared with
healthy subjects. Data are presented as mean + SD. *p<0.05 versus healthy controls.
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Figure 4

Flow cytometric analysis of cytokine-secreting a3 and yd T cell subsets in periodontitis patients and
healthy controls. A) Representative flow cytometric plots and quantitative analysis of IFN-y—producing
aB T cells. The proportion of IFN-y+ ap T cells was significantly increased in periodontitis patients
compared with healthy individuals (p<0.05). B) Representative flow cytometric plots and quantitative
analysis of IFN-y—producing y6 T cells. C) Quantitative evaluation of IL-17-producing aB T cells. The
percentage of IL-17+ aB T cells was significantly decreased in periodontitis patients relative to healthy
controls (p<0.05). The frequency of IFN-y+ yd T cells was higher in periodontitis patients than in healthy
individuals; however, the difference did not reach statistical significance (p>0.05). Quantitative analysis
of IL-17—-producing yd T cells. The proportion of IL-17+ y0 T cells was significantly elevated in
periodontitis patients compared with healthy subjects (p<0.05). D) Flow cytometric analysis of cytokine-
producing CD4+ T helper cell subsets in periodontitis patients and healthy controls. Representative flow
cytometric plots and quantitative evaluation of CD4+IL-17+ T helper cells. The proportion of IL-17-
secreting CD4+ T cells was significantly decreased in periodontitis patients compared with healthy
individuals (p<0.05). E) Representative analysis and quantitative evaluation of CD4+IFN-y+ T helper cells.
No statistically significant difference was observed in the frequency of IFN-y—producing CD4+ T cells
between periodontitis patients and healthy controls (p>0.05). Data are presented as mean + SD. *p<0.05
versus healthy controls.
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