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Abstract

Objectives This research was performed to investigate if there is a role for IL-39 in immunopathogenesis of both systemi-
cally healthy and diabetic periodontitis patients. Additionally, to explore if we can consider IL.-39 and IL-35 as biomarkers
for periodontitis activity.

Materials and methods A total of 38 periodontitis patients and 19 control volunteers were included in our study. The peri-
odontitis patients were divided equally into (Group I), 19 patients with stage III grade C periodontitis with diabetes mellitus
and (Group II), 19 patients with stage III grade B periodontitis and systemically healthy. Gingival crevicular fluid levels of
each interleukin were measured pre- and postoperatively for all periodontitis patients as well as control subjects using ELISA.
Results Our study results showed that the highest level for IL-39 was in diabetic periodontitis patients that decreased sig-
nificantly postoperatively. However, the highest level for IL-35 was revealed in control group while the lowest value was
registered in diabetic periodontitis patients and statistically increased after periodontal treatment.

Conclusions Based on the results of our research, both investigated biomarkers may have a potent role in pathogenesis of
periodontitis.

Clinical relevance We could consider both interleukins as accurate diagnostic markers for periodontitis patients, regardless
of diabetes mellitus association, as well as promising markers that can aid in the prevention and treatment of periodontitis
patients worldwide.
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Introduction

Periodontitis is the sixth most prevalent disease and is a
form of bone pathology worldwide. Periodontopathogens
in dental plaque are the leading cause of the disease. The
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periodontal tissues, in addition to acting as a tempering fac-
tor of the systemic health of the patient [1, 2].

Periodontitis is associated with an array of systemic dis-
eases and conditions such as diabetes mellitus (DM). Both
are chronic diseases, with common etiopathogenic and
pathophysiological associations. The relationship between
periodontal disease and DM is bidirectional. Periodontal dis-
ease is currently considered the sixth complication of DM,
and periodontitis affects the prevalence, progression, and
therapeutic management of DM. In addition, inflammation
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is an essential factor in both periodontitis and DM, and its
contribution to the development of both diseases is well-
recognized [3, 4]. Also, it has been clearly established that
those cytokines produced by immune-inflammatory cells,
either pro-inflammatory or anti-inflammatory play a signifi-
cant role in the pathogenesis of periodontal disease, thus
driving destruction, remodeling, progression, and repair of
the periodontal apparatus [5].

IL-35 is a member of the IL-12 cytokine family and a
novel immune-suppressing cytokine mainly produced by
regulatory T cells (Tregs). It is formed from a heterodimer
of IL-12p35 subunits and Epstein-Barr virus induced gene 3
(EBI3). The known functions of IL-35 include the suppres-
sion of T cell proliferation by blocking mitosis in the G1
phase without eliciting apoptosis and inducing the develop-
ment of IL-35-producing T cells (iTr35) which are subsets of
regulatory T cells. In addition, it hampers the differentiation
of Th17 cells and inhibits IL-17 synthesis. Thus, it is closely
associated with various immunological and infectious dis-
eases such as rheumatoid arthritis, asthma, and inflammatory
bowel disease [6-8].

IL-39 is the most recently discovered IL-12 family mem-
ber and is a 54-kDa heterodimer composed of IL-23p19 and
Ebi3 subunits. As mentioned in the literature, it is secreted
by B cells that have been stimulated by lipopolysaccha-
ride, with a positive correlation with the duration of stimu-
lation, and its mRNA is expressed by dendritic cells and
macrophages. Recent studies have revealed its proinflam-
matory role as it activates STAT1/STAT3 signal molecules
by combining with the IL-23R/gp130 receptor to mediate
inflammatory responses. Additionally, intercellular IL-
23p19 enhances the surface expression of intercellular adhe-
sion molecule-1 and vascular cell adhesion molecule-1 in
endothelial cells, which augments the attachment of leuko-
cytes and improves their transendothelial migration [9-11].

IL-39 has been studied in several diseases, such as sys-
temic lupus erythematosus; it promotes a proinflammatory
response that demonstrates its immunopathogenic effect
[12]. Another study revealed an increase in number of B
cells involved in production of IL.-39 in mice with lupus sug-
gesting that IL-39 induces differentiation and/or expansion
of neutrophils in lupus-prone mice [13]. Moreover, results
suggest that [L-39 promotes the growth of pancreatic cancer
by promoting the growth and inhibiting apoptosis of cancer
cells [14]. A recent study investigated the effects of IL-39
in a mouse concanavalin A-induced liver injury model and
found that IL-39 amplified serum alanine aminotransferase
and aspartate aminotransferase levels, inflammatory infiltra-
tion, and hepatocyte necrosis. Additionally, IL39 elevated
the serum concentrations of interferon-y, tumor necrosis
factor-a, and IL-17a, eliciting a pro-inflammatory state [15].

Cumulative evidence supports that non-surgical perio-
dontal therapy (NSPT) diminishes the prospect of inducing
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bacteremia caused by periodontitis and has a positive effect
on systemic inflammatory status and metabolic control. Var-
ious interventional studies have demonstrated the beneficial
effect of NSPT on glycemic control, as indicated by reduced
glycosylated hemoglobin (HbA 1¢) and fasting blood glucose
levels [16, 17]. In addition, a bacteriological result empha-
sized its role, where improvement was seen in all periodon-
tal and metabolic parameters in the treatment group after
NSPT [18]. The latest study aimed to evaluate the effects
of NSPT on metabolic control, systemic inflammation, and
cytokines in patients with T2DM with Stage III periodonti-
tis, and concluded that successful NSPT tends to reduce the
inflammatory burden within the local and systemic tissues
via reduction of TNF-a, hs-CRP, blood glucose, and HbA c,
but increases the anti-inflammatory cytokine IL-10 [19].
The Gingival crevicular fluid (GCF) sample is character-
ized by its site-specific nature, efficiency, simplicity, and low
cost. On the horizon, we could consider it a peridiagnostic
tool, as its constituents might be correlated with clinical
assessment, thus offering a basis for patient-specific diag-
nostic tests for periodontal disease. Interestingly, GCF, as a
diagnostic modality, could indicate the presence of a disease
process before extensive clinical damage occurs [20, 21].
Periodontitis and DM are common diseases in modern
societies that have negative effects on health and quality of
life. As evident in recent research, both are highly prevalent
and expected to increase. Thus, seeking newer biomarkers
that could help to establish the most appropriate prevention
and treatment modalities is the challenge of research nowa-
days [4]. To the best of our knowledge, no data elucidate the
relationship between periodontitis, DM, and IL-39; there-
fore, we intended to estimate its level to obtain an insight
into the expected role of IL-39 in the immunopathogenesis
of periodontitis patients with and without DM, as well as
to estimate the level of IL-39 and IL-35 in our participants
to evaluate the effect of (NSPT) on the way to explore the
role of these controversial cytokines, which are members of
the same interleukin family, as biomarkers for periodontitis.
Our hypothesis was that the GCF levels of the two estimated
markers might show variations in the studied groups.

Materials and methods

This study was conducted over a period of 6 months
(November 2022 to April 2023). The participants were
selected from the outpatient clinics of Ahram Canadian, Fay-
oum, and Beni Suef. The study procedures included clinical
examination, sampling collection, treatment plan, and fol-
low-up visits, which were explained to the enrolled patients
who provided informed consent following the Declaration
of Helsinki. This study was approved by the Research Ethics
Committee of the Faculty of Dentistry, Beni-Suef University
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(approval number: REC-FDBSU/06102022-02/HS). In
addition, the clinical trial was registered in the U.S. National
Institutes of Health Clinical Trials Registry (ClinicalTrials.
gov: NCT05880654).

Study population

A total of 38 patients and 19 control volunteers were enrolled
in the study. Patients with periodontitis were diagnosed
based on the radiographic and clinical diagnostic criteria
proposed by The 2017 World Workshop of the Classification
of Periodontal and Peri-Implant Diseases and Conditions
[22, 23]. Patients with diabetes were enrolled in this study
according to the criteria of the American Diabetes Associa-
tion [24]. Patients treated with any type of medication and/
or antibiotics during the past 3 months, pregnant or lactating,
and receiving professional periodontal treatment during the
past 6 months. Current or former smokers (participants who
quit smoking) [25] were considered among the exclusion
criteria of our study subjects.

Our enrolled subjects were sorted into three groups as
follow:

Group I (Periodontitis with T2DM): Nineteen diabetic
patients with more than 30% of the examined sites
showed a clinical attachment level (CAL)>5 mm and
were diagnosed with stage III grade C generalized peri-
odontitis.

Group II (Periodontitis Group): Nineteen systemically
healthy subjects with more than 30% of the examined
sites showed CAL >5 mm and were diagnosed with stage
IIT grade B generalized periodontitis.

Group III (control group): Nineteen systemically and
periodontally healthy volunteers who presented to the
restorative dental clinic with clinically healthy gingiva
that showed nearly zero plaque index (PI), gingival index
(GD), CAL, and <3 mm pocket probing depth (PPD) were
enrolled.

Periodontal examination

At the first visit, a complete periodontal clinical examination
including PI, GI, PPD, and CAL was performed by a single
calibrated examiner (S.H). GI and PI were recorded at four
sites around the tooth (buccal, lingual/palatal, mesial, and
distal), whereas PPD and CAL were measured at six sites
on each tooth (mesial, mid, distal aspect of the buccal, and
palatal/lingual sites). PI was established according to the
description of Silness & Loe [26], and marginal gingival
bleeding was registered as GI [27]. PPD was measured from
the free gingival margin to the base of the periodontal pocket
[28], CAL is the distance from the cementoenamel junc-
tion to the base of the periodontal pocket [29]. The obtained

readings were rounded to the highest whole millimeter using
a manual periodontal probe, the Michigan O probe with Wil-
liams’ markings.

Periodontal therapy

Full-mouth supra-and subgingival scaling and root planning
in two sessions were performed for all patients with peri-
odontitis at two appointments on sequential days by same
operator (SH), supragingival scaling using an ultrasonic
device, and subgingival debridement under local anesthesia
if needed using periodontal Gracey curettes (Lustra Gracey
periodontal curettes, Dentsply, Surrey, UK). The motivation
for self-performed plaque control measures using soft tooth-
brushes and interdental cleansing devices was clarified to
all patients after treatment completion. Reassessment after
1 month for all patients with periodontitis, pre-operative
sample sites that showed improvement in clinical param-
eters, PI, GI, and PPD, will be enrolled in our post operative
GCF samples.

GCF samples collection

Preoperative GCF samples were collected from the deep-
est pockets of each patient. Samples were assembled from
patients before performing non-surgical periodontal therapy
to avoid dilution of samples. GCF collection was performed
using micropipettes, as this technique yields undiluted native
GCF [21]. Micropipettes allow precise collection of GCF
from a given site in a fixed volume [30] where the concen-
tration of biomarkers can be estimated. The sampling area
was isolated using cotton rolls to avoid contamination with
saliva, and supragingival plaque was removed using a man-
ual scaler, washed with a water spray, and dried. The micro-
pipettes were inserted until mild resistance was observed.
Saliva or blood-contaminated samples were excluded from
the study. Similarly, postoperative samples were collected
after 1 month. The samples were stored at — 80° Celsius until
all study samples were collected for analysis.

Determination of IL-35 and IL-39 levels in GCF
IL-35

The GCF level of IL-35 was measured using a Human Inter-
leukin-35 ELISA kit (Shanghai, China). Cat.No: E0042Hu.
This kit uses an enzyme-linked immunosorbent assay
(ELISA) based on biotin double-antibody sandwich tech-
nology to assay Human Interleukin 35 (IL-35). Interleukin-
35(IL-35) was added to the wells, which were pre-coated
with Interleukin 35 (IL-35), monoclonal antibody, and then
incubated. After that, add anti-IL-35 antibodies labeled with
biotin were added to unite with streptavidin-HRP, which
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forms an immune complex. Removal of unbound enzymes
after incubation and washing. Upon adding substrates A and
B, the solution turned blue and changed to yellow because
of the effect of the acid. The shades of solution and the con-
centration of Human Interleukin 35 (IL-35) are positively
correlated.

IL-39

IL-39 levels in GCF were measured using an IL-39 ELISA
kit provided by the Bioassay Technology Laboratory, China
(Cat. No E7444Hu. This kit is an Enzyme-Linked Immu-
nosorbent Assay (ELISA). The plate was pre-coated with
Human IL-39 antibody. The IL-39 present in the sample was
added and bound to the antibodies coated on the wells. Bioti-
nylated Human IL-39 Antibody was then added and bound
to the IL-39 in the sample. Streptavidin-HRP was then added
and bound to the Biotinylated IL-39 antibody. After incuba-
tion, unbound streptavidin-HRP was washed away during
a washing step. The substrate solution was then added and
the color developed in proportion to the amount of Human
IL-39. The reaction was terminated by the addition of an
acidic stop solution and the absorbance was measured at
450 nm.

Sample size calculation

This power analysis used IL-35 levels at baseline and after
1 week as the primary outcome. Based on the results of
Goswamy et al. (2022) [31] the mean and standard deviation
were 0.563 (0.312) and 0.812 (0.358) ng/uL, respectively.
The resulting effect size (dz) is 0.738. Using an alpha (o)
level of (5%) a power of 80%, the minimum estimated sam-
ple size was 17 subjects per group using an alpha (o) level
of 5%. The sample size was increased to 19 subjects per
group to compensate for a dropout rate of 10% after 1 month.
Sample size calculation was performed using G¥*Power Ver-
sion 3.1.9.2.

Statistical analysis

Numerical data were explored for normality by checking the
distribution of data and using tests of normality (Kolmogo-
rov—Smirnov and Shapiro-Wilk tests). All data showed a
normal (parametric) distribution. Data are presented as the
mean + standard deviation (SD). One-way ANOVA, Stu-
dent’s t-test, and repeated measures ANOVA were used to
compare between the groups as well as to study the changes
after treatment within each group. Bonferroni’s post hoc test
was used for pairwise comparisons when ANOVA was sig-
nificant. Pearson’s correlation coefficient was used to deter-
mine the correlation between clinical parameters and inter-
leukin levels. Qualitative data are presented as frequencies
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and percentages. The chi-square test was used to compare
the groups. A Receiver Operating Characteristic (ROC)
curve was constructed to determine the cutoff value for the
two Interleukins to differentiate between Periodontitis and
DM, Periodontitis, and the control group. ROC curve analy-
sis was performed using the MedCalc® Statistical Software
version 19.5.1 (MedCalc Software Ltd., Ostend, Belgium;
https://www.medcalc.org; 2020). The significance level was
set at P <0.05. Statistical analysis was performed using IBM
SPSS Statistics for Windows, Version 23.0. Armonk, NY:
IBM Corp.

Results
Base line characteristics

There was a statistically significant difference between
the mean ages of the three groups. Pairwise comparisons
between the groups revealed that there was no statistically
significant difference between Periodontitis and DM and
Periodontitis groups; both groups showed statistically sig-
nificantly higher mean age values than the control group.
There were no statistically significant differences between
the sex distributions of the three groups. There was no sta-
tistically significant difference in the PD, CAL, BOP, and PI
values between the Periodontitis and DM and Periodontitis
groups. Both groups showed statistically significantly higher
mean clinical parameter values than control group whether
before or after treatment (Table 1). In the Periodontitis and
DM groups, the mean (SD) HbA ¢ level was 8.78 (1.57%).
The mean (SD) values for fasting blood glucose level were
178.95 (53.9) mg/dL.

Interleukin levels

As regards IL-35 levels whether before or after treat-
ment There was a statistically significant difference between
the mean IL-35 levels in the three groups (P-value <0.001,
effect size=0.932) and (P-value < 0.001, effect size=0.813),
respectively. Pairwise comparisons between groups revealed
that the control group had the highest mean IL-35 levels. The
periodontitis group showed a significantly lower mean level.
The periodontitis and DM groups showed the lowest mean
IL-35 levels. Regarding the change in IL-35 levels in peri-
odontitis and DM, and periodontitis groups, there was a sta-
tistically significant increase in IL-35 levels after treatment
(P-value <0.001, effect size=0.787) and (P-value < 0.001,
effect size=0.891), respectively. The periodontitis and DM
groups showed a significantly lower mean increase in IL-35
levels than that in the periodontitis group (P-value=0.001,
effect size=1.287) (Table 2).
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Table 1 Demographic data and

o . Periodontitis and DM Periodontitis Control P-value
clinical parameters of included (n=19) (n=19) (n=19)
groups
Age (years)
Mean (SD) 482 (8.D)A 46.2 (9.2)* 32.5(3.2)8 <0.001*
Gender [n (%)]
Male 5 (26.3%) 9 (47.4%) 9 (47.4%) 0.312
Female 14 (73.7%) 10 (52.6%) 10 (52.6%)
PD (mm) [Mean (SD)]
Before treatment 5.91 (0.49)A 5.91 (0.34)» 1.47 (0.51)8 <0.001%*
After treatment 3.87 (0.38) 3.67 (0.35) <0.001*
CAL (mm) [Mean (SD)]
Before treatment 6.58 (0.78)» 6.57 (0.57) 0 (0)® <0.001*
After treatment 3.65 (0.53)* 3.47 (0.37) <0.001*
BOP (%) [Mean (SD)]
Before treatment 90.47 (8.68)" 90.46 (4.02)* 5.9(1.2)8 <0.001%*
After treatment 16.6 (1.3)* 159 (1.5 <0.001*
PI (%) [Mean (SD)]
Before treatment 89.16 (5.83)A 86.56 (4.4)* 5.6 (1.3)8 <0.001*
After treatment 14.8 (1.DA 142 (1.3)A <0.001*

*Significant at P <0.05; different superscripts in the same row indicate statistically significant differences

between groups

Concerning IL-39 levels whether before or after treat-
ment There was a statistically significant differ-
ence between the mean IL-39 levels in the three
groups (P-value <0.001, effect size =0.902) and
(P-value < 0.001, effect size =0.866), respectively. Pair-
wise comparisons between the groups revealed that the
Periodontitis and DM groups had the highest mean IL-39
levels. The Periodontitis group showed a significantly
lower mean level. The control group had the lowest mean

IL-39 levels. Regarding the change in IL-39 levels in
periodontitis and DM, and periodontitis groups, there
was a statistically significant decrease in IL-39 levels
after treatment (P-value < 0.001, effect size=0.881) and
(P-value <0.001, effect size =0.829), respectively. There
was no statistically significant difference between the
mean decrease in 1L-39 levels in Periodontitis and DM
as well as in the periodontitis group (P-value =0.064,
effect size =0.650) (Table 2).

Table 2 Descriptive statistics comparing levels of both interleukins in included groups

Interleukin Time Periodontitis Periodontitis Control P-value  Effect size
and DM n=19) n=19)
(n=19)
Mean SD  Mean SD Mean SD
1L-35 Before treatment  18.9€ 34 2648 53 67.4% 8.1 <0.001* Partial Eta Squared =0.932
After treatment ~ 31.5€ 6 45.18 7.7 6744 8.1 <0.001* Partial Eta Squared =0.813
Change 12.6 47 187 49 - - 0.001* d=1.287
P-value (Effect of time) <0.001* <0.001*
Effect size (Partial Eta Squared) 0.787 0.891
1L-39 Before treatment  171.74 30.4 1288 19.7 243 0.7 <0.001* Partial Eta Squared =0.902
After treatment  137.34 28.3 100.18 16.7 243 0.7 <0.001* Partial Eta Squared =0.866
Change —345 87 =279 9.6 - - 0.064 d=0.650
P-value (Effect of time) <0.001* <0.001*
Effect size (Partial Eta Squared) 0.881 0.829

*Significant at P <0.05; different superscripts in the same row indicate statistically significant differences between groups
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Diagnostic accuracy of the two Interleukins
to differentiate between periodontitis and DM
and control groups

The ROC curve analysis of the two Interleukins for differen-
tiation between Periodontitis and DM and the control group
is presented in Table 3 and Fig. 1(a). ROC curve analysis
showed that both interleukins had a diagnostic accuracy of
(100%).

Diagnostic accuracy of the two interleukins
to differentiate between periodontitis and control
groups

The ROC curve analysis of the two Interleukins for dif-
ferentiation between the periodontitis and control groups
is shown in Table 4 and Fig. 1(b). ROC curve analysis
showed that both interleukins had a diagnostic accuracy
of (100%).

Table 3 ROC curve analysis

‘ o ' 7 Interleukin Cut-off value Sensitivity % Specificity % +PV % —PV % Diagnostic AUC 95% CI
differentiating periodontitis and accuracy %
DM group from healthy control
IL-35 <27.08 100 100 100 100 100 1 0.858-1
IL-39 >24.92 100 100 100 100 100 1 0.858-1
+ PV, positive predictive value; — PV, negative predictive value
100 100
s a0
s so
= L £ L
@ 40 ; @ 40 -_
20 201
I 135 | [ — I35
Usd 1 1 1 1 | [ =8 oH 1 1 1 1 — IL-39
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
a b

Sensilivity

2l L

1 AL

—IL-35
— IL-39
o i

0 20 40
100-Specificity

(o

Fig.1 a ROC curve of the two interleukins for differentiation
between Periodontitis and DM and control groups, b ROC curve of
the two interleukins for differentiation between Periodontitis and con-
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trol groups, ¢ ROC curve of the two interleukins for differentiation
between Periodontitis and DM and Periodontitis groups
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Diagnostic accuracy of the two interleukins
to differentiate between periodontitis and DM
and periodontitis groups

The ROC curve analysis of the two interleukins for differ-
entiation between Periodontitis and DM and Periodontitis
groups is presented in Table 5 and Fig. 1(c). ROC curve
analysis showed that IL-35 had lower diagnostic accuracy
(82.2%) than IL-39 (85.8%). However, there was no statisti-
cally significant difference between the two interleukins in
the differentiation between Periodontitis and DM and Peri-
odontitis groups (P-value =0.189).

Correlation between clinical parameters
and interleukin levels

Regarding IL-35, there was a statistically significant inverse
(negative) correlation between PD, CAL, BOP, P, and IL-35
levels before and after treatment. While for IL-39; there
was a statistically significant direct (positive) correlation
between PD, CAL, BOP, PI, and IL-39 levels before and
after treatment (Table 6).

Discussion

Periodontitis is a chronic inflammatory disease, in which
the locally implemented host immune response against peri-
odontopathic bacteria plays an essential role in the onset
and progression of the disease via the release of an array
of immune mediators. Among these mediators are the pro-
inflammatory and anti-inflammatory cytokines. Currently,
host modulation therapy as an anti-cytokine therapy has
proven its capability to re-establish the balance between
various mediators, thus restoring normal microflora [32].
Consequently, it opens the door for the research field to seek
advanced methods that can diagnose, monitor, and predict
the response to treatment in addition to exploring new man-
agement modalities. IL-35, as well as the most recently dis-
covered cytokine, IL-39, have drawn considerable attention
in recent years.

GCF samples as non-invasive method of obtaining sam-
ples could aid in differentiation of active sites, forecast
potential tissue destruction as well as diagnose early signs
of periodontitis. Thus, it may have a prospective role in the
development of new therapeutic modalities through host

Table4 ROC curve analysis

auET . 2 Interleukin Cut-off value Sensitivity % Specificity % +PV % —PV % Diagnostic AUC 95% CI
discriminating periodontitis acc
uracy %
group from healthy control
IL-35 <354 100 100 100 100 100 1 0.858-1
1L-39 >24.92 100 100 100 100 100 1 0.858-1
Table 5 ROC curve analysis differentiating both periodontitis groups
Interleukin Cut-off value Sensitivity % Specificity % +PV % -PV % Diagnostic AUC 95% C1
accuracy %
1L-35 <22.45 85.7 78.6 80 84.6 82.2 0.811 0.619-0.933
IL-39 >138.8 92.9 78.6 81.3 91.7 85.8 0.931 0.768-0.992
+ PV, positive predictive value; — PV, negative predictive value
Table 6 .Results of Pearson’s Time Clinical IL-35 1L-39
correlat{on coefficient .folr the parameters . A
correlation between clinical Correlation coef-  P-value Correlation coef-  P-value
parameters and interleukin ficient (r) ficient (r)
levels
Before treatment PD —-0.925 <0.001* 0.886 <0.001*
CAL -0.936 <0.001* 0.892 <0.001%*
BOP —-0.948 <0.001* 0.917 <0.001*
PI —-0.953 <0.001* 0.914 <0.001*
After treatment PD —0.804 <0.001* 0.856 <0.001*
CAL -0.820 <0.001* 0.871 <0.001*
BOP —0.835 <0.001* 0.861 <0.001*
PI -0.822 <0.001* 0.883 <0.001*
*Significant at P <0.05
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modulatory drugs for periodontal disease treatment that aid
in presenting a more individualized targeted treatment for
oral health [21].

IL-35, a novel immunoregulatory cytokine with anti-
inflammatory capacities, had been detected in periodontitis
patients and a possible role in maintaining the homoeosta-
sis of the local immune microenvironment in periodontal
tissues had been expected [33, 34]. Moreover, preclinical
studies had reported anti-inflammatory criteria for it like
inhibiting the production of two essential proinflamma-
tory interleukin, IL-6 and IL-8 [35]. As well as an animal
study was performed by Cafferata et al. 2020 showed that
IL-35 inhibited alveolar bone resorption via modulation of
the periodontal Th17/Treg imbalance [36]. The most recent
systematic review in 2021 verified the obvious role of IL-35
in pathobiology of periodontitis although no specific mecha-
nism was established [37]. The newly discovered member of
IL-12 family, IL-39, has been advocated as proinflammatory
marker in humans [11]. Regarding periodontal diseases, only
one study has estimated its GCF levels in periodontal dis-
eases and health [5]. Accordingly, the goal of our study was
assessment of GCF level of both biomarkers in healthy and
diseased groups and to follow up their levels postoperatively.

In the present study, the level of IL-35 was consistent
with previous studies, where Koseoglu et al., 2015 found
that the concentration of IL-35 in the GCF was higher in the
healthy group than in the periodontitis group. They assumed
that increased levels of IL-35 could play an important role
in preventing periodontal inflammation and maintaining
periodontal health [38]. Another study by Kaustubh et al.,
2017 revealed a higher GCF level of IL-35 in the healthy
group than in the gingivitis group [39]. A study by the same
authors evaluated and compared the levels of IL-35 in GCF
in patients with chronic gingivitis and chronic periodonti-
tis. The GCF IL-35 levels were significantly higher in the
chronic gingivitis group than in the chronic periodontitis
group; therefore, they concluded that the levels of IL-35
decrease with an increase in the inflammatory status; thus,
it might play a role in controlling gingival inflammation
and maintaining periodontal health [40]. We supposed that
the high level of IL-35 in healthy sulcus confirms its anti-
inflammatory role via interaction with the host mechanisms
to maintain periodontal health; however, its low level in the
periodontitis group is due to the active process of inflam-
matory reactions.

Similarly, a recent study by Kaustubh et al., 2022 was
carried out to evaluate and compare the GCF levels of IL-35
in periodontally healthy subjects, patients with gingivitis,
and chronic periodontitis, and to assess IL-35 as a marker
for the identification of periodontal disease activity. The
authors observed that IL-35 levels were significantly higher
in healthy subjects than in gingivitis and chronic periodon-
titis groups and that IL-35 levels were negatively correlated
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with inflammatory status, which supports our hypothesis that
IL-35 is an anti-inflammatory biomarker in the control of
disease activity [41].

An earlier study reported conflicting results regarding
IL-35 levels and compared the IL-35 levels in gingival
tissues of healthy controls and patients with chronic and
aggressive periodontitis, and found that IL-35 was expressed
in all samples with the highest level in chronic periodontitis
[42]. The difference in our results may be attributed to dis-
similarities in the study design, in addition to the difference
in sample nature.

Another controversial result was demonstrated in an
investigation conducted by Mitani et al., 2015 where IL-35
was significantly higher in GCF from patients with peri-
odontitis than in healthy participants. They suggested that
IL-35 levels in GCF reflect broad biological responses that
occur during periodontitis, such as short periods of activity
and long periods of quiescence; therefore, the GCF sample
might be collected from quiescent sites as tissue repair takes
place. Their explanation also supports our results and the
assumption of the anti-inflammatory role of the estimated
biomarker. It is believed that increased IL-35 levels may
be necessary to resolve inflammation in periodontitis [43].

Regarding periodontitis and DM subjects, IL-35 levels
throughout our study showed the lowest level, and post-
operatively revealed the lowest significant increase, which
returned to the fact that type 2 diabetes is associated with
a high Th-2/Th-1 ratio and adversely influences the local
expression of molecules involved in anti-inflammatory and
healing processes [44]. One previous study in literature had
assessed the serum level of IL.-35 in patients with periodon-
tal disease, including type 2 diabetic patients with a control
group. Inconsistent results to our data were reported, as no
relationship between both diseases and level of IL-35 was
proved [45]. We supposed that it could be due to different
evaluated body fluids.

Concerning the interventional studies, a recent study con-
ducted by Goswamy et al., 2022 registered an increase in
concentration of IL-35 postoperatively. These results con-
firm the increase in IL-35 levels within the gingival sulcus,
as the resolution of inflammation occurred following scal-
ing and root planing, thus confirming the anti-inflammatory
function of the examined cytokines [31].

In contrast to our findings, Raj et al. 2018 had assessed
the IL-35 levels in GCF of healthy controls and gingi-
vitis and chronic periodontitis subjects, and their results
revealed that IL-35 concentration in GCF among chronic
periodontitis subjects was the highest, followed by gingivi-
tis and healthy subjects; moreover, the authors established
a positive correlation between clinical parameters and
GCF IL-35 levels as patients receiving scaling and root
planing showed a significant reduction in IL-35 levels as
compared to pre-operative results in chronic periodontitis
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subjects. They speculated that the regression of inflamma-
tion resulted from a decline in the expression of Treg cells,
which were recruited for their role in arresting destruction,
leading to diminished IL-35 expression [2]. This study
and ours have a few variations, a notable one being the
inclusion criteria that were not determined in their study,
which may be the reason for our contradictory results. In
the same year, Ustun et al. showed a significant reduction
in the GCF level of IL-35 after scaling and root planning
in patients with chronic periodontitis; however, their meth-
odology was not in accordance with our research proce-
dures [46].

Similarly, inconsistent results were presented by Var-
ghese et al., 2021 as they assessed the GCF levels of IL-35
in healthy subjects and patients with chronic periodontitis,
and compared the levels of IL-35 before and after scaling
and root planing. They reported higher levels of biomarkers
in chronic periodontitis patients than in healthy individuals
and a significant reduction after scaling and root planing.
They believed that the increased level of IL-35 in the chronic
periodontitis group was due to its increased expression by
activated T cells following inflammation. After induction,
the suppressive action of IL-35 on inflammatory conditions
is stimulated. Postoperatively, a reduction in inflammatory
responses may occur; therefore, the induction of IL-35 by
T cells in peripheral tissues can also be restricted [47]. The
diverse results may be due to the time of post operative sam-
ple collection, as we collected it after 4 weeks, which may
be the time interval of increased expression referred to by
the authors of the aforementioned study.

In agreement with our results, IL-39 levels were the high-
est in the periodontitis and DM groups, and the periodontitis
group showed a significantly lower mean level, followed by
the control group, which showed the lowest level with sig-
nificant differences. In agreement with our results, a study
performed by Sari et al., 2022 was aiming to evaluate the
GCF IL-39 levels in periodontal diseases and health and to
correlate them with the GCF levels of IL-1f and periostin.
Their findings showed that IL-39 levels were higher in the
periodontitis and gingivitis groups than in the periodontal
health group, suggesting that IL-39 may play a role in the
periodontal inflammation process, consequently confirming
our expectations regarding the proinflammatory nature of
IL-39 [5].

Many previous studies have confirmed our point of view,
as their results pointed to the pro inflammatory role of this
biomarker; for instance, increased serum levels of IL-39 in
acute coronary syndrome patients than in healthy subjects,
and a positive correlation with hs-CRP was reported by Luo
et al., 2017 [10]. Furthermore, patients with relapsing—remit-
ting multiple sclerosis and neuromyelitis optica spectrum
disorders revealed higher serum levels of IL-39 than the
healthy group [48].

Furthermore, a recent study reported that IL-39 levels
were elevated in the serum of T2DM patients, suggesting
that IL-39 can be considered a novel predictor of T2DM
and/or a therapeutic target in the disease, which supports
our significant data concerning periodontitis and DM groups
[49]. No previous interventional periodontal studies have
estimated the level of IL-39; therefore, our data could be
considered as primary records in this context. According to
our obtained pre-and post-operative results, we thought that
IL-39 may have a therapeutic target potential in periodontal
diseases, signified by its decreased level postoperatively. A
previous in vitro study observed that anti-IL-39 antibodies
have a curative role in lupus-like disease in mice, which
supports our hypothesis [50]. The insignificant difference
observed between postoperative results of IL-39 between
both groups of periodontitis requires further studies to illu-
minate it.

Non-surgical periodontal therapy is a critical aspect of
periodontal disease management, targeted at the removal of
the etiologic factor, thereby arresting disease progression
and the re-establishment of biologically acceptable root sur-
faces for healing [51]. As one of the treatment modalities for
periodontitis with or without diabetes, significant improve-
ment in clinical parameters can be seen in non-diabetic as
well as diabetic patients following NSPT [52]. In our study,
non-surgical periodontal therapy appeared to substantially
augment the levels of IL-35 and downregulate the levels of
IL-39 with significant values within the gingival crevice,
which might be due to the healing of the periodontal tis-
sues, although not reaching control levels. Our explanation
for this result is that NSPT does not regenerate the normal
periodontium and halts disease, so a considerable signifi-
cant difference is observed even though it does not reach the
healthy control level.

In the ROC analysis, both IL-35 and IL-39 showed mean-
ingful diagnostic accuracy between the control and disease
groups; thus, their GCF levels could have a prospective posi-
tion in diagnosis. Additionally, these two biomarkers can
distinguish between the included disease groups with high
diagnostic accuracy.

The short time interval, relatively small sample size
(including only stage III participants), and the absence of
periodontally healthy diabetic participants may be limita-
tions of the present study.

Based on our observations, IL-35 could be considered
as a valuable anti-inflammatory biomarker that aids in the
arrest of periodontal destruction. Furthermore, our results
corroborate the hypothesis that IL-39 is a proinflammatory
marker involved in the pathogenesis and progression of
periodontitis. Although more investigations with a longer
duration and larger sample size are required to confirm
our first trial to observe the GCF level of IL-39 postopera-
tively, future studies are recommended to clarify the exact
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mechanism by which both interleukins contribute to the
pathogenesis of periodontal disease. In addition to estimat-
ing the levels of biomarkers in the blood samples, this may
support our conclusions.

Authors contribution Sandy Hassan contributed to the study design,
writing, and submitting the manuscript.

Nayroz Tarrad, Sandy Hassan, and Maha Adel.kaway contributed
to data collection, interpretation of data, review, and revision of the
manuscript.

Olfat shaker, contributed to the estimation of IL-35 and IL-39 in all
samples using an ELIZA kit.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB). This study was supported by several
authors; no funding was obtained for this study”.

Data availability Data used or analyzed in this investigation are
included within the manuscript or available upon reasonable request
from the corresponding author.

Declarations

Ethics approval e This study was approved by the Research Ethics
Committee of the Faculty of Dentistry, Beni-Suef University (approval
number: REC-FDBSU/06102022-02/HS).

e The clinical trial was registered in the U.S. National Institutes of
Health Clinical Trials Registry (ClinicalTrials.gov: NCT05880654).

Consent to participate The enrolled patients provided informed con-
sent following the Declaration of Helsinki.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Hajishengallis G, Lamont RJ (2021) Polymicrobial communities
in periodontal disease: their quasi-organismal nature and dialogue
with the host. Periodontol 2000 86:210-230. https://doi.org/10.
1111/prd.12371

2. Raj SC, Panda SM, Dash M, Patnaik K, Mohanty D, Katti N et al
(2018) Association of human interleukin-35 level in gingival cre-
vicular fluid and serum in periodontal health, disease, and after
non-surgical therapy: a comparative study. Contemp Clin Dent
9:293-297

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

20.

Nibali L, Gkranias N, Mainas G, Di Pino A (2000) (2022) Periodon-
titis and implant complications in diabetes. Periodontol 90:88—105
Paunica I, Giurgiu M, Dumitriu AS, Paunicd S, PanteaStoian AM,
Martu M-A, Serafinceanu C (2023) The bidirectional relation-
ship between periodontal disease and diabetes mellitus—a review.
Diagnostics 13:68. https://doi.org/10.3390/diagnostics 13040681
Sari A, Dogan S, Nibali L, Koseoglu S (2022) Evaluation of IL-
23p19/Ebi3 (IL-39) gingival crevicular fluid levels in periodontal
health, gingivitis, and periodontitis. Clin Oral Inves 26:7209-7218
Sawant DV, Hamilton K, Vignali DAA (2015) Interleukin-35:
expanding its job profile. J Interf Cytokine Res Off J Int Soc Interf
Cytokine Res 35:499-512. https://doi.org/10.1089/jir.2015.0015
Hu D (2017) Role of anti-inflammatory cytokines IL-35 and IL-37
in asthma. Inflammation 40:697-707

Zhang J, Zhang Y, Wang Q et al (2019) Interleukin-35 in
immune-related diseases: protection or destruction. Immunol-
ogy 157:13-20. https://doi.org/10.1111/imm.13044

Zundler S, Neurath MF (2015) Interleukin-12: functional activi-
ties and implications for disease. Cytokine Growth Factor Rev
26(5):559-568. https://doi.org/10.1016/j.cytogfr.2015.07.003
Luo Y, Liu F, Liu H, Chen H, Cheng W, Dong S, Xiong W
(2017) Elevated serum IL-39 in patients with ST-segment ele-
vation myocardial infarction was related with left ventricular
systolic dysfunction. Biomark Med 11(6):419-426. https://doi.
org/10.2217/bmm-2016-0361

Lu Z, Xu K, Wang X, Li Y, Li M (2020) Interleukin 39: a
new member of interleukin 12 family. Cent Eur J Immunol
45(2):214-217. https://doi.org/10.5114/ceji.2020.97911

Wang X, Wei Y, Xiao H, Liu X, Zhang Y, Han G, Chen G, Hou
C, Ma N, Shen B, Li Y, Egwuagu CE, Wang R (2016) A novel
IL23p19/Ebi3 (IL-39) cytokine mediates inflammation in Lupus
like mice. Eur J Immunol 46(6):1343-1350. https://doi.org/10.
1002/eji.201546095

Wang X, Liu X, Zhang Y, Wang Z, Zhu G, Han G, Chen G, Hou C,
Wang T, Ma N, Shen B, Li Y, Xiao H, Wang R (2016) Interleukin
(IL)-39 [IL-23p19/Epstein-Barr virus-induced 3 (Ebi3)] induces
differentiation/expansion of neutrophils in lupus-prone mice. Clin
Exp Immunol 186:144-156. https://doi.org/10.1111/cei.12840
Manning AA, Zhao L, Zhu Z, Xiao H, Redington CG, Ding VA,
Stewart-Hester T, Bai Q, Dunlap J, Wakefield MR et al (2018)
IL-39 acts as a friend to pancreatic cancer. Med Oncol 36(1):12.
https://doi.org/10.1007/s12032-018-1236-y

Li Y, Gong L, Weng L, Pan X, Liu C, Li M (2021) Interleu-
kin-39 exacerbates concanavalin A-induced liver injury. Immu-
nopharmacol Immunotoxicol 43(1):94-99. https://doi.org/10.
1080/08923973.2020.1869778

Taylor GW, Borgnakke WS (2008) Periodontal disease: associa-
tions with diabetes, glycemic control and complications. Oral
Dis 14:191-203

Teshome A, Yitayeh A (2016) The effect of periodontal therapy
on glycemic control and fasting plasma glucose level in type 2
diabetic patients: systematic review and meta-analysis. BMC
Oral Health 17:31

Mauri-Obradors E, Merlos A, Estrugo-Devesa A, Jané-Salas
E, Lépez-Lopez J, Viiias M (2018) Benefits of non-surgical
periodontal treatment in patients with type 2 diabetes mellitus
and chronic periodontitis: a randomized controlled trial. J Clin
Periodontol 45:345-353

Kolte RA, Kolte AP, Bawankar PV, Bajaj VA (2023) Effect of
nonsurgical periodontal therapy on metabolic control and sys-
temic inflammatory markers in patients of type 2 diabetes mel-
litus with stage III periodontitis. Contemp Clin Dent 14:45-51
Sanikop S, Patil S, Agrawal P (2012) Gingival crevicular fluid
alkaline phosphatase as a potential diagnostic marker of peri-
odontal disease. J Indian Soc Periodontol 16:513-518


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/prd.12371
https://doi.org/10.1111/prd.12371
https://doi.org/10.3390/diagnostics13040681
https://doi.org/10.1089/jir.2015.0015
https://doi.org/10.1111/imm.13044
https://doi.org/10.1016/j.cytogfr.2015.07.003
https://doi.org/10.2217/bmm-2016-0361
https://doi.org/10.2217/bmm-2016-0361
https://doi.org/10.5114/ceji.2020.97911
https://doi.org/10.1002/eji.201546095
https://doi.org/10.1002/eji.201546095
https://doi.org/10.1111/cei.12840
https://doi.org/10.1007/s12032-018-1236-y
https://doi.org/10.1080/08923973.2020.1869778
https://doi.org/10.1080/08923973.2020.1869778

Clinical Oral Investigations (2024) 28:124

Page110f 11 124

21.

22.

23.

24.

25.

26

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bibi T, Khurshid Z, Rehman A, Imran E, Srivastava KC, Shriv-
astava D (2021) Gingival crevicular fluid (GCF): a diagnostic
tool for the detection of periodontal health and diseases. Mol-
ecules 26:1208. https://doi.org/10.3390/molecules26051208
Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S,
Kornman KS, Mealey BL, Papapanou PN, Sanz M, Tonetti MS
(2018) A new classification scheme for periodontal and peri-
implant diseases and conditions—introduction and key changes
from the 1999 classification. J Periodontol 89(Suppl 1):S1-S8.
https://doi.org/10.1002/JPER.18-0157

Tonetti MS, Greenwell H, Kornman KS (2018) Staging and
grading of periodontitis: framework and proposal of a new clas-
sification and case definition. J Periodontol 89(1):S159-S172
American Diabetes Association (2). (2015) Classification and
diagnosis of diabetes. Diabetes Care 38:S8-S16

Di Zhu MPH, Zhao Gang, Wang Xia (2021) Association of smok-
ing and smoking cessation with overall and cause-specific mortal-
ity. Am J Prev Med 60(4):504-512

Silness J, loe H (1964) Periodontal disease in pregnancy. II. Cor-
relation between oral hygiene and periodontal condition. Acta
Odontol Scand 22:121-135

Loe H (1967) The gingival index, the plaque index and the reten-
tion index systems. J Periodontol 38(6):610-616

Glavind L, Loe H (1967) Errors in the clinical assessment of peri-
odontal destruction. J Period Res 2:180-184. https://doi.org/10.
1111/5.1600-0765.1967.tb01887

Caton J (1989) Periodontal diagnosis and diagnostic aids in pro-
ceedings of the world workshop in clinical periodontics. The
American academy of periodontology, Chicago

Ghallab NA (2018) Diagnostic potential and future directions of
biomarkers in gingival crevicular fluid and saliva of periodontal dis-
eases: review of the current evidence. Arch Oral Biol 87:115-124
Goswamy A, Hans M, Hans VM, Sheokand V, Grover HS (2022)
Effect of nonsurgical periodontal therapy on gingival crevicular
fluid levels of Interleukin-35 in patients with periodontitis. J Oral
Biol Craniofac Res 12:268-272

Hajishengallis G, Chavakis T, Lambris JD (2020) Current under-
standing of periodontal disease pathogenesis and targets for host-
modulation therapy. Periodontol 2000(84):14-34. https://doi.org/
10.1111/prd.12331

Jin Y, Liu D, Lin X (2017) IL-35 may maintain homeostasis of
the immune microenvironment in periodontitis. Exp Ther Med
14:5605-5610. https://doi.org/10.3892/etm.2017.5255

Jing L, Kim S, Sun L, Wang L, Mildner E, Divaris K, ..., Offen-
bacher S (2019) IL-37- and IL-35/IL-37-producing plasma cells
in chronic periodontitis. J Dent Res 98:813-821. https://doi.org/
10.1177/0022034519847443

Shindo S, Hosokawa Y, Hosokawa I, Shiba H (2019) Interleukin
(IL)-35 suppresses IL-6 and IL-8 production in IL-17A-stimulated
human periodontal ligament cells. Inflammation 42:835-840.
https://doi.org/10.1007/s10753-018-0938-9

Cafferata EA, Terraza-Aguirre C, Barrera R, Faundez N, Gonza-
lez N, Rojas C, Melgar-Rodriguez S, Hernandez M, Carvajal P,
Cortez C (2020) Interleukin-35 inhibits alveolar bone resorption
by modulating the Th17/Treg imbalance during periodontitis. J
Clin Periodontol 47(6):676—688

Schmidlin PR, Dehghannejad M, Fakheran O (2021) Interleu-
kin-35 pathobiology in periodontal disease: a systematic scop-
ing review. BMC Oral Health 21:139. https://doi.org/10.1186/
$12903-021-01515-1

Koseoglu S, Saglam M, Pekbagriyanik T, Savran L, Sutcu R
(2015) Level of interleukin-35 in gingival crevicular fluid, saliva,
and plasma in periodontal disease and health. J Periodontol
86(8):964-967

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

Thakare KS, Bhongade ML, Jaiswal P, Charde P (2017) A com-
parative evaluation of gingival crevicular fluid (GCF) level of
interleukin-35 in chronic gingivitis patients and periodontally
healthy subjects. GJRA 6:(3). ISSN no. 2277-8160

Kaustubh TS, Manohar BL, Charde P, Jaiswal P (2017) Compara-
tive evaluation of interleukin-35 levels in gingival crevicular fluid
in patients with chronic gingivitis and chronic periodontitis. Int J
Oral Care Res 5(2):83-86

Thakare KS, Charde PA, Bhongade ML, Jaiswal PP, Bajaj PS (2022)
Evaluation of gingival crevicular fluid interleukin-35 as a marker for
identification of periodontal disease activity. Minerva Dent Oral Sci
71(6):346-352. https://doi.org/10.23736/S2724-6329.22.04425-4
Kalburgi NB, Muley A, Shivaprasad BM, Koregol AC (2012)
Expression profile of IL-35 mRNA in gingiva of chronic peri-
odontitis and aggressive periodontitis patients: a semiquantitative
RT-PCR study. Dis Markers 35:819-823. https://doi.org/10.1155/
2013/489648

Mitani A, Niedbala W, Fujimura T, Mogi M, Miyamae S, Higuchi
N, Abe A, Hishikawa T, Mizutani M, Ishihara Y (2015) Increased
expression of interleukin (IL)-35 and IL-17, but not IL-27, in gingi-
val tissues with chronic periodontitis. J Periodontol 86(2):301-309
Mohamed HG, Idris SB, Ahmed MF, Astmm AN, Mustafa K,
Ibrahim SO, Mustafa M (2015) Influence of type 2 diabetes on
local production of inflammatory molecules in adults with and
without chronic periodontitis: a cross-sectional study. BMC Oral
Health 15:86

Maboudi A, Eghbalian-Nouzanizadeh A, Seifi H, Bahar A, Heidari
M, Mohammadpour RA et al (2019) Serum levels of interleukin-23
and 35 in patients with and without type 2 diabetes mellitus and
chronic periodontitis. Caspian J Intern Med 10(3):295-302
Ustun K, Hatipoglu M, Daltaban O, Felek R, Firat M
(2018) Clinical and biochemical effects of erbium, chro-
mium: yttrium, scandium, gallium, garnet laser treatment as
a complement to periodontal treatment. Niger J Clin Pract
21(9):1150-1157

Varghese A, Babu HM, Naik AR, Savita AM, Kukkera PN (2018)
Gingival crevicular fluid levels of interleukin-35 in periodontal
health, chronic periodontitis & the effect of scaling & root planing
on interleukin-35 levels in chronic periodontitis — a randomized con-
trolled clinical study. RGUHS Journal of Dental Sciences 13(2):7-15
Yang MG, Tian S, Zhang Q, Han J, Liu C, Zhou Y, Zhu J, Jin
T (2020) Elevated serum interleukin-39 levels in patients with
neuromyelitis optica spectrum disorders correlated with disease
severity. Mult Scler Relat Disord 46:102430. https://doi.org/10.
1016/j.msard.2020.102430

Nussrat SW, Adhiah AH (2023) Interleukin-39 is a novel cytokine
associated with type 2 diabetes mellitus and positively correlated
with body mass index. Endocrinol Diabetes Metab 6(3):e409.
https://doi.org/10.1002/edm?2.409

Wang X, Zhang Y, Wang Z, Liu X, Zhu G, Han G, Chen G, Hou
C, Wang T, Shen B et al (2018) AntilL39 (IL23p19/Ebi3) poly-
clonal antibodies ameliorate autoimmune symptoms in lupus like
mice. Mol Med Rep 17(1):1660-1666. https://doi.org/10.3892/
mmr.2017.8048

Pal D, Nasim F, Chakrabarty H, Chakraborty A (2021) Non sur-
gical periodontal therapy: an evidence-based perspective. J Dent
Panacea 3(2):1-4

Mani A, Sachdeva S, Mani S, Gaydhani M, Pawar H (2023) Eftect
of non-surgical periodontal therapy on gingival parameters of dia-
betic and non-diabetic periodontitis patients: a prospective clinical
study. J Clin Diagnostic Res 17(5):21-25. 5p

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3390/molecules26051208
https://doi.org/10.1002/JPER.18-0157
https://doi.org/10.1111/j.1600-0765.1967.tb01887
https://doi.org/10.1111/j.1600-0765.1967.tb01887
https://doi.org/10.1111/prd.12331
https://doi.org/10.1111/prd.12331
https://doi.org/10.3892/etm.2017.5255
https://doi.org/10.1177/0022034519847443
https://doi.org/10.1177/0022034519847443
https://doi.org/10.1007/s10753-018-0938-9
https://doi.org/10.1186/s12903-021-01515-1
https://doi.org/10.1186/s12903-021-01515-1
https://doi.org/10.23736/S2724-6329.22.04425-4
https://doi.org/10.1155/2013/489648
https://doi.org/10.1155/2013/489648
https://doi.org/10.1016/j.msard.2020.102430
https://doi.org/10.1016/j.msard.2020.102430
https://doi.org/10.1002/edm2.409
https://doi.org/10.3892/mmr.2017.8048
https://doi.org/10.3892/mmr.2017.8048

	IL-39 and IL-35 gingival crevicular fluid levels in diabetic patients with generalized periodontitis
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Study population
	Periodontal examination
	Periodontal therapy
	GCF samples collection
	Determination of IL-35 and IL-39 levels in GCF
	IL-35
	IL-39

	Sample size calculation
	Statistical analysis

	Results
	Base line characteristics
	Interleukin levels
	Diagnostic accuracy of the two Interleukins to differentiate between periodontitis and DM and control groups
	Diagnostic accuracy of the two interleukins to differentiate between periodontitis and control groups
	Diagnostic accuracy of the two interleukins to differentiate between periodontitis and DM and periodontitis groups
	Correlation between clinical parameters and interleukin levels

	Discussion
	References


