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Abstract
Introduction: Cytokines play a major role in the
pathogenesis of periodontal disease and may be used as
markers in diagnosis. We aimed to evaluate correlation
between progression of periodontal disease and plasma
expression of several interleukins.
Material and method: A total of 88 subjects, 40 males and
48 females, divided into 4 groups: healthy group (HG), early
generalized chronic periodontitis group (EGP), moderate
generalized chronic periodontitis group (MGP) and
advanced generalized chronic periodontitis group (AGP),
were included in the study. Enzyme-linked immunosorbent
assay (ELISA) test was used for quantification of interleukin
(IL)-1β, IL-8, IL-10 and IL-13 in the blood samples. Clinical
periodontal parameters were recorded and statistical
analysis, using SPSS version 25.0, was performed.
Results: Both IL-1β and IL-8 plasmatic levels were
significantly higher in EGP, MGP and AGP groups compared
to the control group. IL-10 and IL-13 plasma levels were
significantly higher in the HG compared to chronic
periodontitis groups. Significant correlations were found
between IL-1β, IL-8, IL-10 and IL-13 in chronic periodontitis
patients and between IL-10 and IL-13 in the control group.
Conclusion: Our results suggest that interdependence
between these interleukins is much more frequent in
chronic periodontitis patients and that plasma
concentration of each interleukin, seems to be closely
associated with periodontal disease progression. A possible
causal relationship between periodontal and systemic
inflammation is evident.
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Introduction
Periodontitis is a chronic inflammatory disease of the oral
cavity that affects tooth-supporting tissues and alveolar bone,
leading progressively to tooth loss and can affect individual’s
oral health-related quality of life [1-4]. Chronic periodontitis
affects nearly 50% of adult population and 60% of aged
population globally, being considered the most prevalent
inflammatory disease worldwide [5]. The pathogenesis of
chronic periodontitis is multifactorial, resulting from a complex
interaction between pathogenic microbes, the host immune
responses, genetic and environmental factors [3,5,6,]. Although
bacterial infection is the primary cause in triggering periodontal
disease, it’s progression depends on the production of host
mediators in response to bacteria and it’s metabolic products
[3]. Porphyromonas gingivalis and Fusobacterium nucleatum are
major culprits in periodontal destruction and are highly
associated with periodontitis development [5,7].
Innate and adaptive immune reactivity control the response
to periodontal pathogens [8]. While innate mechanisms include
the barrier effect of an intact epithelium, salivary protection and
pattern recognition receptors, adaptive immunity is
characterized by specificity, memory and the ability to
distinguish between self and non-self [9]. A cytokine network,
regulates the cross-talk between periodontal pathogens and
inflammatory process, being able to amplify or suppress tissue
reactions in periodontal pathogenesis [10,11].
Cytokines, that have the role of activating T and B cells, are
released when microbial antigens are recognized by the
appropriate receptor, leading to cell mediated and humoral
immune responses [9]. Periodontitis is characterized by an
unbalanced host response to periodontopathogens, which lead
to periodontal tissue breakdown and clinical signs of the disease
[2,11]. The quality of the host immune-inflammatory response
against bacterial challenge determines the severity and extent of
the disease [11].
Interleukin (IL) IL-1β, IL-6, IL-8 and IL-10 are the main
cytokines identified in chronic periodontal disease, with further
influence on the activity of immune cells [12]. The interleukin
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(IL)-1 family of cytokines has a central role in triggering and
perpetuating the immune and inflammatory responses [11].

moderate generalized chronic periodontitis group (MGP) and
advanced generalized chronic periodontitis group (AGP).

Pro-inflammatory cytokines, such as interleukin 1β, play a key
role in the initiation and regulation of immune responses in
periodontium [13]. It is well documented, that interleukin 1β has
been involved in the pathogenesis of inflammation-induced
bone resorption [13]. Interleukin-8 is a α chemokine, member of
the CXC chemokine family [12,14]. It is a relevant mediator of
granulocyte accumulation by attracting PMNs in the
inflammatory region, representing a host defense against
periodontal bacteria [12]. It plays an important role as a
chemotactic factor for neutrophils and lymphocytes [14]. It’s
expression has been reported to increase in chronically inflamed
periodontal tissue, as well as in gingival crevicular fluid of
patients with periodontitis [14].

The purpose of the study was completely explained to each
subject, before entering the study and informed consent was
obtained from each patient. Complete medical and dental
histories were taken from all subjects. None of the patients were
smokers and none of them underwent any nonsurgical or
surgical periodontal treatment within the past 12 months.
Subjects with diabetes, osteoporosis, chronic coronary,
respiratory and kidney diseases as well as pregnant women were
not included in the study.

Interleukin-10 inhibits cytokine production by activating Thelper (Th1) clones, due to inhibitory effect on monocyte and
macrophages [12]. It specifically modulates the expression of
cytokine of myeloid origin, thus affecting activation and
maintenance of immune response in periodontitis [12]. It is
considered an anti-inflammatory cytokine, that is able to inhibit
the synthesis of several pro-inflammatory cytokines, such as
IL-1, IL-6, IL-8 and TNF-α [2]. Higher levels of IL-10 in periodontal
tissues have already been correlated with a reduction in the
expression of the osteoclastogenic factor RANKL [2].
Interleukin (IL)-13 inhibits pro-inflammatory cytokines,
chemokines and profibrogenic cytokines synthesis [15]. It is a
pleiotropic Th2 cytokine, produced by a wide variety of different
cell types and is responsible for a broad range of biology and
functions [16,17]. It is responsible for inhibiting osteoclast
formation by decreasing expression of other osteoclastogenic
cytokines [18]. Rationale for targeting IL-13 is most robust in
asthma, atopic dermatitis, allergic rhinitis, chronic obstructive
pulmonary disease (COPD), cancer, inflammatory bowel disease,
autoimmune disease and fibrotic disease [17].
So far there has been no correlation made between plasma
expression of interleukin 13 and chronic periodontitis. Plasma
cytokine levels in chronic periodontitis may be used as
biomarkers of the disease, as so far it’s diagnosis relies almost
exclusively on clinical parameters and dental radiography
[19,20]. The aim of the study was to evaluate associations
between interleukin 1β, interleukin 8, interleukin 10 and
interleukin 13 in patients with chronic periodontitis, in order to
determine if there is a correlation between clinical stage of the
disease and plasma concentration levels of these cytokines.

Materials and Methods
Study population
Study subjects were selected from the department of General
and Maxillofacial Surgery, Sibiu University Hospital, Romania,
from May to September 2016. A total of 88 subjects (n=88; 40
males and 48 females; age ranging from 31 to 76 years, mean
age of 52.30 years) were divided into four groups, viz., control
group (HG), early generalized chronic periodontitis group (EGP),
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Selection of the patients was made according to the clinical
and radiographic criteria proposed by the 1999 International
World Workshop for the Classification of Periodontal Diseases.
The subjects for sampling were selected at random from
individuals scheduled for a routine oral examination. All
patients, included in periodontitis groups presented clinical signs
of periodontal disease, such as: halitosis, gingival recession,
periodontal pockets or tooth loss in advanced stages of the
disease. The clinical attachment loss (CAL) was measured,
classifying the severity of the disease in slight: CAL 1-2 mm,
moderate: CAL 3-4 mm and severe: CAL 5 mm or more. At the
screening stage, to determine the clinical periodontal status, all
subjects had a clinical periodontal examination, including the
measurement of pocket depth and CAL, by one examiner.
The early generalized chronic periodontitis group (EGP)
consisted of 21 patients, 11 females and 10 males between the
ages of 36 and 62 years (mean of 51 years) that had a maximum
of 2 mm CAL. The moderate chronic periodontitis group (MGP)
consisted of 24 patients 10 females and 14 males between the
ages of 38-71 (mean of 60 years).They had moderate alveolar
bone loss and CAL of maximum 4 mm. The advanced chronic
periodontitis group (AGP) consisted of 24 patients 13 females
and 11 males, between the ages of 48-75 years (mean age 67
years). They had severe alveolar bone loss, CAL of ≥ 6 mm and
probing depth of gingival sulcus (PD) of ≥ 4 mm, in multiple sites
of all four quadrants of the mouth.
The healthy group (HG) consisted of 19 patients, 9 females
and 10 males, ranged in age from 31-54 years, with a mean age
of 44 years, who exhibited no CAL, PD of 1-2 mm, no clinical
inflammation or sulcular bleeding and no radiographic evidence
of bone loss.

Collection of blood samples
Venous blood samples were collected from each subject, from
the antecubital vein, in 4 ml vacutainer glass blood collection
tubes for coagulation, buffered with sodium citrate 3.2%. All
samples were centrifuged after clotting, to separate the serum
from the cells, for 20-30 min at 2000-3000 g. The obtained blood
serum was placed into sterile Eppendorf vials and kept at −40°C
until being analyzed.

Biochemical analysis
The IL-1β (Boster Biological Technology Co., Ltd. Pleasanton,
CA, USA), IL-8 (Boster Biological Technology Co., Ltd. Pleasanton,
This article is available from: http://www.archivesofmedicine.com/
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CA, USA), IL-10 (Boster Biological Technology Co., Ltd.
Pleasanton, CA, USA) and IL-13 (MyBioSource, Inc. San Diego,
CA, USA) were analyzed by enzyme-linked immunosorbent assay
(ELISA), for quantification of these proteins in the blood
samples. Manufacturers’ guidelines were followed for each
assay and 96- well plates, precoated with appropriate
antibodies, were used. The lower detection thresholds for the
IL-1β, IL-8, IL-10 and IL-13 assays were 3.9 pg/ml, 15.6 pg/ml,
7.8 pg/ml and 15.6 pg/ml, respectively.

Statistical analysis
Statistical analysis was performed using SPSS, version 25.0.
Comparison between interleukin concentration in different age
groups and plasma interleukin testing between periodontitis
groups were performed, using Fischer analysis, p<0,05 was
considered to be statistically significant. Parametrical Pearson
rank correlation analysis was used to analyze the correlation
between plasma IL-1β, IL-8, IL-10 and IL-13, for healthy and
chronic periodontitis groups and p<0.05 was considered to be
statistically significant.

Results
There is an evident increase of age along with the progression
of periodontal disease. Periodontal health status is more
frequent among younger patients (age group 31-40 years and
41-50 years). Moderate and advanced stages of the disease are
more frequent among older patients (61-70 years and over 70
years) (Figure 1).

Figure 2: Mean concentration of IL-1β, IL-8, IL-10 and IL-13 on
age groups.
IL-1β concentrations are significantly higher along with the
progression of periodontal disease. The difference between the
groups in IL-8 testing are statistically significant (p<0.001;
Fischer test), this interleukin showing high concentrations in
advanced stage of chronic periodontitis. IL-10 testing between
the groups is statistically significant (p<0.001; Fischer test),
concentrations of this interleukin in healthy group, being higher
than in chronic periodontitis groups. IL-13 testing shows
significant higher concentrations in the healthy group than in
chronic periodontitis patients (p<0.001; Fischer test). IL
concentration in different stages of the disease is statistically
significant (p<0.001, Fischer test). There is an increase in IL-1β
and IL-8 concentration along with advancing stages of the
disease and a decrease in IL-10 and IL-13 concentrations along
with progression of the disease (Figure 3).
Pearson rank correlation analysis shows positive statistically
significant correlations (p=0.025; p<0.05; r=0.512) between
IL-10 and IL-13 in healthy patients (HG). The analysis shows that
interrelation between IL-10 and IL-13 is more frequent in the
control group (Figure 4).
There were no statistically significant correlations using
Pearson analysis between IL1β, IL8 IL10 or IL13 in the early stage
of chronic periodontitis (EGP).

Figure 1: Stages of periodontal disease in different age
groups.
The medium concentration of IL-1β increases with age and is
significantly higher in older patients, the difference between age
groups being statistically significant (p<0.001, Fischer test).
Mean concentration of IL-8 increases with age as well as IL-1β,
difference between age groups is statistically significant
(p<0.001, Fischer test). Concentration of IL-10 decreases with
advanced age, the difference between age groups is statistically
significant (p<0.001, Fisher test). IL-13 decreases with advancing
age, the average difference between age groups of this IL being
statistically significant (p<0.001, Fischer test) (Figure 2).
© Under License of Creative Commons Attribution 3.0 License

Highly significant positive correlations between IL-1β and IL-8
(p<0.001, r=0.959, Pearson test) have been found in patients
with moderate stages of chronic periodontitis (MGP), meaning
that IL-8 concentration increases according to IL-1β along with
the progression of the disease. Pearson rank correlation in
moderate stage of periodontitis shows statistically significant
negative correlations between IL-1β and IL-13 (p=0.034; r=-387),
which indicates that increased IL-1β concentrations cause a
decrease of IL-13 concentration. Pearson rank correlation in
moderate stage of periodontitis shows statistically significant
negative correlations between IL-8 and IL-13 (p=0.022; r=-417),
which shows that increased IL 8 concentrations cause a decrease
of IL-13 concentration along with the progression of the disease
(Figure 5).
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Figure 4: Statistically significant correlations between IL in
healthy patients. Pearson rank correlation analysis between
IL-10 and IL-13 in healthy patients.

Figure 3: Mean concentration of IL-1β, IL-8, IL-10 and IL-13
testing (Fischer Analysis) between the 4 groups: control
group, early generalized chronic periodontitis group,
moderate generalized chronic periodontitis group and
advanced generalized chronic periodontitis group. A) Mean
concentration of IL-1β testing between the 4 groups; B) Mean
concentration of IL-8 testing between the 4 groups; C) Mean
concentration of IL-10 testing between the 4 groups; D) Mean
concentration of IL-13 testing between the 4 groups.

Figure 5: Statistically significant correlations between IL in
moderate periodontitis group. A) Pearson rank correlation
analysis between IL-1β and IL-8 in moderate chronic
periodontitis group; B) Pearson rank correlation analysis
between IL-1β and IL-13 in moderate chronic periodontitis
group; C) 10 Pearson rank correlation analysis between IL 8
and IL-13 in moderate chronic periodontitis group.
Pearson rank correlation in advanced stage of periodontitis
(AGP) shows statistically significant positive correlations
between IL-1β and IL-8 (p=0.001; r=0.845), which indicates that
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IL-8 concentration increases along with IL-1β in this stage of PD.
Pearson rank correlation in advanced stage of periodontitis
shows statistically significant negative correlations between IL-8
and IL-10 (p<0.001; r=-0,658), which shows that increased IL-8
concentrations cause a decrease of IL-10 concentration in this
stage of the disease (Figure 6).

Figure 6: Statistically significant correlations between IL in
advanced chronic periodontitis group A) Pearson rank
correlation analysis between IL-1β and IL-8 in advanced
chronic periodontitis group; B) Pearson rank correlation
analysis between IL-8 and IL-10 in advanced chronic
periodontitis group.

Discussion
Periodontitis is a peripheral chronic inflammatory disease,
caused by an imbalance between destruction and repair of
tooth supporting tissues, triggered by periodontal bacteria of
the dental plaque [2,12]. The presence of a dysbiotic microbiota
is not sufficient to complete the outcome of the disease in
absence of a host immune response [21,22,23]. Irreversible
tissue damage is ultimately inflicted by the immune
inflammatory response, which determines the severity and
extent of the disease [11,22].
Periodontal disease has been associated with increased
systemic inflammatory markers such as cytokines, which play an
important role in the pathogenesis and progression of the
disease, by determining the strength, nature and duration of the
immune response [24-28]. Cytokines in serum, plasma, GCF, and
saliva have been identified as inflammatory indicators of
periodontal disease and can be used as biomarkers of chronic
periodontitis [29].
© Under License of Creative Commons Attribution 3.0 License
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The main objective of our research has been to correlate
clinical stage of chronic periodontal disease with plasma
expression of interleukin 1β, IL-8, IL-10 and IL-13, in order to
determine if a diagnosis is possible.
By assessing clinical parameters of periodontal sites in chronic
periodontitis patients and controls, comparing ages, results
indicate that chronic periodontitis is more frequent and evident
among older patients, supporting the fact that aging causes
functional alterations to innate immune cells, which can
increase susceptibility to chronic diseases such as periodontitis
[30]. Advanced clinical stage of periodontal disease is found to
be consistent with older ages. Nevertheless, aging by itself can
not necessarily cause periodontitis unless in the presence of
concomitant periodontal inflammation, and increased
prevalence and severity of periodontitis in old age simply
reflects the cumulative effect of prolonged exposure to the
periodontal microbial challenge [30].
Interleukin 1β is considered marker of acute inflammatory
phase response and it’s salivary and crevicular fluid levels are
strongly correlated with advanced periodontal tissue damage
and periodontal infection [28,31]. Salivary levels of this cytokine
appear to serve as biomarkers in periodontitis [32]. Some
previous studies showed no significant differences in serum
levels of IL-1 beta, between periodontitis patients and
periodontally healthy controls and suggested that IL-1β
detection in serum samples from periodontitis patients is
useless for the detection of disease presence and/or its severity
[33,34]. Other studies suggested that concentrations of IL-1beta,
were, on average, significantly higher in serum samples and
gingival tissue biopsies from periodontitis patients than in
healthy controls [34,35]. Also IL-1β plasma levels were found to
be significantly higher in aggressive periodontitis patients [36].
Our results regarding its plasma concentration, in patients with
chronic periodontitis, show higher levels, compared to the
healthy group. Moreover IL-1β concentration according to our
analysis showed increasing levels along with progression of
periodontal disease (p<0.001 Fischer test), showing that
advanced stages of the disease may have an impact on IL1β
plasmatic levels and may cause a systemic pro-inflammatory
status [37].
Plasma interleukin analysis in our study shows higher
concentration levels of IL-8 in chronic periodontitis subjects,
compared to the control group. The expression of IL-8 has been
reported to increase in chronically inflamed periodontal tissue
and gingival crevicular fluid of patients with periodontitis,
contributing to PD development, through its capacity to attract
and activate neutrophils [38]. Significant differences were found
in salivary levels of IL-8 between periodontitis classifications
[39]. Other previous studies showed increased IL-8 expression in
the peripheral blood of periodontitis patients, compared to
healthy ones [40]. We found that IL-8 levels increased according
to stage of periodontal disease. These data suggest that dynamic
changes in IL-8 plasma levels were highly associated with
periodontal disease severity. Clinical parameters of the disease
were positively correlated with IL-8 levels, which suggests that
plasma levels of IL-8 are associated with periodontal status [41].
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It’s interesting to notice that significant correlations have
been found, using Pearson analysis, between IL-1β and IL-8
plasma concentrations in chronic periodontitis patients.
Correlations between IL-1β and IL-8 were positive and
statistically significant in the moderate (p<0.001, r=0.959,
Pearson analysis) and advanced (p=0.001; r=0.845) stages of
periodontal disease. This indicates that IL-8 increases according
to IL-1β in these groups. It has already been shown, that IL-8 is
produced by a variety of cells including monocytes, epithelial
cells, endothelial cells as well as gingival fibroblasts, in response
to inflammatory mediators such as interleukin 1β [38]. IL-1β has
been observed to be one of the most potent inducers of IL-8
[38]. One of the novel findings in this study and maybe of most
importance is that IL-1β has a stimulatory effect on IL-8
production and that significant correlation between these
interleukins occurs not only in human gingival fibroblasts, as
reported, but also in plasma of chronic periodontitis patients. In
other words, increase of IL-8 according to IL-1β, in periodontal
sites of chronic periodontitis patients, has an important systemic
correspondent in plasma of these patients.
IL-10 is a multifunctional anti-inflammatory cytokine with
regulatory effects in periodontal inflammation [42,43]. It has
beneficial effects in limiting the excessive immune response,
tissue destruction and bone resorption in periodontal disease,
by inhibiting the synthesis of pro-inflammatory cytokines [42]. It
has been reported that lower amounts of IL-10 may contribute
to the progression of periodontal disease and that higher
amounts have protecting effect on tissue destruction, by
suppressing the secretion of pro-inflammatory cytokines, such
as IL-1 and IL-8 [42,43]. In relation to plasma levels, we found
higher concentrations of IL-10 in healthy patients compared to
patients with different stages of periodontal disease and
decreasing levels of this interleukin along with advanced stages
of periodontitis (p<0.001, Fischer test). Other studies also found
negative correlations between clinical parameters of periodontal
disease and serum levels of IL-10 [44]. Also serum levels of IL-10
were found to be low in periodontitis and metabolic syndrome
patients and periodontal treatment showed improvement of
serum levels of this interleukin [45]. However periodontitis and
non-periodontitis subjects may present a similar ability to
produce this regulatory cytokine and the exact relationship
amongst periodontal diseases, systemic inflammation and
cytokines still remains unclear [40].
IL-13 is an immunoregulatory protein, produced mainly by
activated Th2 cells and plays an important role in the maturation
and differentiation of B cells [46]. IL-13 is a powerful antiinflammatory cytokine, that inhibits production of proinflammatory cytokines, such as IL-1β [46]. Along with IL-10,
IL-13 is one of the cytokines that inhibit osteoclast formation
[18]. It’s reported to have, in association with IL-4, an inhibitory
role in inflammation induced bone resorption, in diseases like
periodontitis [18]. As far as we know, no other study reported
plasma expression of IL-13 in chronic periodontal disease. Our
results show low plasma levels of this interleukin in patients
with chronic periodontitis, compared to higher levels in the
control group, supporting its role in inhibiting osteoclastic
cytokine activity. We found higher concentrations of IL-13 in
healthy patients compared to patients with different stages of
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periodontal disease and decreasing levels of this interleukin
along with moderate and advanced stage of periodontitis
(p<0.001, Fischer test).
According to Pearson analysis in our study, there seems to be
a strong correlation between anti-inflammatory cytokine IL-10
and IL-13, in the control group (p=0.025; p<0.05; r=0.512) . The
results suggest that IL-13 increases according to IL-10
potentiating its activity as an anti-inflammatory cytokine in the
control group. Further studies are required in order to establish
the exact interconnection of these interleukins in chronic
diseases.
Pearson correlation analysis also showed negative statistically
significant correlations between IL-1β and IL-13 (p=0.034;
r=-387) and IL8 and IL13 (p=0.022; r=-417) in the moderate
chronic periodontitis group and negative statistically significant
correlations between IL-8 and IL-10 (p<0.001; r=-0,658) in the
advanced chronic periodontitis group, indicating that an
increase in pro-inflammatory cytokine levels has a negative
effect on plasmatic anti-inflammatory cytokines causing an
systemic pro-inflammatory status and a favorable ground for
chronic periodontitis development. There were no statistically
significant correlations to be found between these IL, according
to Pearson analysis, in the early chronic periodontitis group.
Significant associations could be observed between PD and
plasma cytokine levels, and interdependence between these
interleukins is found to be much more frequent in chronic
periodontitis patients. Our results suggest that elevated
concentrations of these interleukins in plasma, seems to be
closely associated with periodontal disease severity. The
correlation between clinical periodontal disease and plasma
concentrations of these cytokines, observed in our study,
suggests that a causal relationship between periodontal and
systemic inflammation might exist.

Conclusion
In conclusion we cannot rule out a lack of involvement of
plasmatic IL-1β, IL-8, IL-10 and IL-13 in pathogenesis of
periodontal disease. Currently, as a result of the collected data,
we can foresee a possible correlation between plasma level of
each of the interleukins analyzed and the progression of
periodontal disease. It’s interesting to notice that correlating
plasma IL-1β, IL-8, IL-10 and IL-13, we can emphasize that there
might be a possible implication regarding one or several of these
interleukins in the progression of periodontal disease. However
further studies and correlations with other cytokines are
required, in order to demonstrate that plasma levels of these
cytokines may be used as indicators of chronic periodontitis
progression.
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