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Periodontal therapy increases neutrophil 

extracellular trap (NET) degradation
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ABSTRACT

The inflammatory immune response in periodontitis involves the activation of 
polymorphonuclear leukocytes (PMNs) that can entrap and eliminate pathogens by 
releasing neutrophil extracellular traps (NETs). Adequate NET clearance is a prerequisite 
for periodontal healing and abnormal NET degradation may negatively affect periodontal 
inflammation and its systemic co-morbidities. The aims of this study were to investigate 
the ex vivo NET degradation capacity of plasma from periodontitis patients compared to 
controls (part 1) and to quantify NET degradation before and after non-surgical periodontal 
therapy (part 2). For part 1, blood plasma samples from untreated periodontitis patients 
(n=38) and healthy controls (n=38) were added onto NETs and incubated for 3 hours. For 
part 2, the effect of periodontal therapy with and without adjunctive systemic antibiotics on 
NET degradation was studied using the same approach in 91 patients comparing baseline 
NET degradation values with 3, 6, and 12 months after non-surgical periodontal therapy. In 
part 1, the mean extracellular NET degradation levels of periodontitis patients were 62.8 ± 
4.5% and of controls 68.7 ± 4.3%; this did not differ (p=0.1316) between the two groups. 
Subject-related background characteristics did not influence NET degradation differences. 
In part  2, NET degradation significantly increased from 65.6 ± 1.7% before periodontal 
treatment (baseline) to 75.7 ± 1.2% at 3 months post-periodontal therapy (p<0.0001). This 
increased capacity was maintained at 6 and 12 months, irrespective of systemic usage 
of antibiotics. We conclude that non-surgical periodontal treatment improves the NET 
degradation capacity.
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INTRODUCTION 

Periodontitis is a chronic inflammatory disease of the tooth-supporting tissues that potentially 
leads to tooth loss. Periodontitis has been found to be associated with atherosclerotic 
cardiovascular disease (ACVD) (1–5). Even though the relation between periodontitis and 
ACVD has been broadly reported, the biological mechanisms and clinical relevance of this 
interaction are still under investigation (6,7). Nevertheless, previous research has shown 
beneficial effects of non-surgical periodontal therapy on several clinical and biochemical 
parameters of ACVD, including flow-mediated dilatation, intima-media thickness, systolic 
blood pressure, and a decrease in activated platelets (8–14). Altogether, this may reduce the 
risk factors of an ACVD profile of periodontitis patients.

In periodontitis, circulatory polymorphonuclear leukocytes (PMNs) are present in higher 
numbers and in an activated state (15–17). This may be related to the chronic transmigration 
of oral bacteria from periodontal lesions into the blood circulation (1,6). Being the most 
abundant white blood cell in blood, the PMNs have phagocytic and bacterial killing 
capacities to neutralize and remove microorganisms from the circulation (18). Another 
antimicrobial strategy of the PMN is the release of neutrophil extracellular traps (NETs) (19–
21). NETs are web-like structures composed of a core DNA element, extranuclear histones, 
and decondensed nuclear chromatin combined with various antimicrobial compounds 
released from PMNs’ granules that immobilize and kill pathogens (22,23). Various stimuli 
(e.g. phorbol myristate acetate (PMA), immune complexes or bacterial products) induce 
NET formation through the activation of the protein kinase C pathway (24). NET release by 
peripheral blood PMNs of periodontitis patients and healthy controls has been compared 
and an independent association between elevated NET release and periodontitis was 
reported (25). 

It was initially proposed that increased NET production protects the host from infectious 
diseases by effective pathogen clearance. However, increased NET production or impaired 
NET degradation can also lead to pathological immune responses (26). In healthy individuals, 
NETs are degraded by multiple enzymes, in particular, plasma deoxyribonucleases (DNases), 
which are endonucleases secreted by the pancreas. DNaseI degrades the phosphodiester 
linkages of the DNA backbone thereby degrading both single- and double-stranded DNA 
(27). In the case of low levels or even in the absence of DNases, the degradation of NETs 
is heavily reduced (28). Accordingly, excessive accumulation of cytotoxic NET-associated 
compounds such as antimicrobial peptides, auto-immunogenic DNA (citrullinated histones 
and single-stranded DNA), enzymes (myeloperoxidase and elastase), and entrapped 
bacteria, can amplify (chronic) immune reactions and potentially triggers the presentation 
of auto-antigens in the host, eventually leading to tissue damage (29,30). As such, NETs have 
been suggested as possible players in the development or exacerbation of autoimmune 
diseases such as rheumatoid arthritis (RA) (29) and systemic lupus erythematosus (SLE) 
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(31–33). Furthermore, NETs can cause platelet adhesion, activation, and aggregation, and 
thereby induce endothelial dysfunction by activation and damage of endothelial cells 
(34); these complications are risk factors for ACVD events (35,36). Furthermore, possibly 
via their negative effects on the endothelial lining of for example coronary arteries, NETs 
have been found to play a causative role in the formation of atherosclerotic plaques and 
venous thrombi (37). Thus, any condition that can induce increased NETs and/or may result 
in insufficient degradation of  NETs, could be a risk factor for ACVD. 

Another mechanism to explain the link between periodontitis and ACVD could be elevated 
NET levels. Since periodontal treatment has shown beneficial effects on clinical and 
biochemical parameters of ACVD(12), we hypothesized that periodontal treatment would 
lead to increased NET degradation levels. To date, only one study with matched patients 
and controls (n = 19 pairs) investigated NET degradation in periodontitis (25). The authors 
reported lower NET degradation in periodontitis patients compared to controls, which was 
explained by significantly lower DNaseI plasma concentration levels in the periodontitis 
patient group. Additionally, this investigation studied the effect of periodontal treatment 
with a 3-month follow-up on NET degradation and the NET degradation was found to be 
increased after periodontal treatment (25). Whether these “restored” NET degradation levels 
remain stable for a longer follow-up period was not investigated. The current study was 
set up in a larger group of subjects to further investigate NET degradation differences in 
periodontitis patients and controls (n = 76, part 1) and to investigate NET degradation at 
baseline as well as at 3, 6, and 12 months following non-surgical periodontal treatment (n 
= 91, part 2). 

MATERIALS AND METHODS 

Study populations

This study consisted of two parts. In the first part, the NET degradation capacity of plasma 
from periodontitis patients (n = 38) was compared to that of plasma from healthy control 
subjects (n = 38). In the second part, the NET-degradation capacity of plasma from 
periodontitis patients (n = 91) before and after non-surgical periodontal treatment was 
analyzed from samples which were available from the study of Bizzarro et al. (38). 

Patients for the first part of the study were screened for eligibility between June 2014 
and December 2016 and patients for the second part of the study were screened in the 
period 2008-2013. Eligible periodontitis patients for both parts of the study were asked to 
participate after their initial visit (intake consult) to the Department of Periodontology of 
the Academic Centre for Dentistry Amsterdam (ACTA), Amsterdam, the Netherlands, before 
the initiation of their periodontal treatment. The healthy control subjects from the first part 
of the study were dental patients from the educational clinics of ACTA or laboratory staff. 
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Subjects willing to participate were invited for the research. The study protocol for part 1 
was reviewed and approved by the Medical Ethical Committee of the VU University Medical 
Center, Amsterdam, the Netherlands (approval number: 2014.246, revised on March 12th, 
2015) and part 2 was approved by the Medical Ethical Committee of the Academic Medical 
Centre of the University of Amsterdam, Amsterdam, the Netherlands (approval number: 
MEC 07/264) (38). All participants were informed about the purpose of the study and signed 
an informed consent form. All experiments were performed in accordance with relevant 
guidelines and regulations. Researchers handling the plasma samples (authors CGJM and 
MRJF) could not retrieve the identity of the donors.

General characteristics 

At the start of the study, demographic characteristics such as age, sex, ethnicity, and 
education were recorded by means of a questionnaire. A participant was considered 
a smoker if he or she was currently smoking or quitted ≤6 months before the baseline 
examination. The body mass index (BMI) was calculated from height and weight. 

Periodontitis patient and control subject characteristics 

Periodontitis cases were defined as consented in a European Workshop (39), specifically the 
presence of proximal attachment loss of ≥5 mm in ≥30% of teeth present. Alveolar bone loss 
was confirmed on periapical radiographs. The healthy control subjects did not have more 
than one pocket of 4-5 mm, in the absence of proximal bone loss (third molars excluded). 
This was confirmed on bitewing radiographs not older than 1 year, displaying a distance 
between the alveolar bone and the cemento-enamel junction of ≤3 mm. Periodontitis 
cases were excluded if they had received any form of periodontal therapy within the last 
two years. Further exclusion criteria for both periodontitis and controls were pregnancy/
lactation, the use of antimicrobials in the previous 6 months, the presence of <20 natural 
teeth, the use of omega-3/omega-6 fatty acids supplementation, systemic diseases (such as 
diabetes or rheumatoid arthritis), or the (regular) use of any medicine that could modulate 
the inflammatory response (such as statins or non-steroid anti-inflammatory drugs) in the 
previous two weeks.  

Periodontal therapy 

All periodontitis patients in part 2 of the study received non-surgical periodontal treatment 
in three appointments within 1 week. Of all patients participating in part 2 of the study, 
42 patients (randomly determined) received systemic antibiotics treatment in conjunction 
with periodontal therapy (38). Systemic antibiotics consisted of amoxicillin 375 mg and 
metronidazole 250 mg, both 3 times daily for 7 days. After completion of the active therapy 
with or without antibiotics, patients were seen for maintenance treatment every 3 months 
until the end of the follow-up (1 year) (38). 
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Sample collection 

Plasma samples from patients and controls for both part 1 and part 2 of this study 
were available. Samples for the first part of the study were retrieved from previous yet 
unpublished studies (authors EAN, MB, EL). For part 2 of this study, 99 patients completed 
the study including all follow-up appointments up to 12 months (38), however, for 
part 2 of this study, plasma samples of 91 patients were available and used. In general, 
study participants were scheduled for blood collection between 8:00 and 12:00 a.m. Non-
fasting blood was collected by venipuncture from the antecubital fossa into EDTA tubes 
(Vacuette®, Greiner Bio-one, Alphen a/d Rijn, the Netherlands) which were put on ice until 
further handling. The collected whole blood was processed (whole blood centrifugation, 
2000 RCF, 10 min, at 4⁰C) within 2 hours and aliquots of all plasma samples were stored at 
−80⁰C until further analysis. 

Circulatory PMN isolation for NET formation

To generate NETs for degradation experiments, PMNs were isolated from 3 healthy male 
donors (age between 30-50 years) which were not related to the aforementioned study 
population of either part 1 or part 2 of this study. From the 3 donors, each on a separate 
day, venous blood was obtained in lithium heparin tubes (Vacuette® Heparin tubes, Greiner 
Bio-One, VWR, Amsterdam, the Netherlands). All 3 volunteers were informed about the 
purpose of the study and gave informed consent. In total, 90 mL blood was taken per donor 
to obtain a sufficient number of PMNs to study NET degradation of all plasma samples of 
part 1 and part 2 on one day.

Blood was diluted 1:1 in 1% phosphate buffer saline (PBS)-citrate (1.55M sodium citrate, 
0.10M citric acid in sterile water, pH 7.4, both Merck Millipore, Darmstadt, Germany, pH 
7.4), carefully layered on Lymphoprep (Axisshield Po CAS, Oslo, Norway), and centrifuged 
for 30 minutes at 800 RCF without brake at room temperature (RT). The supernatant was 
removed. Remaining erythrocytes and PMNs were suspended in cold lysis buffer (1.5 M 
NH

4
Cl, 100 mM NaHCO

3
, 1 mM disodium EDTA, all Sigma Aldrich, St. Louis, MO, USA, diluted 

10x in sterile Milli-Q water). After erythrocytes were lysed (10 minutes), the samples were 
centrifuged (500 RCF, 10 min, 4°C), and the supernatant was discarded. Finally, PMNs were 
washed in cold PBS (4°C) and recovered in phenol-red free culture medium (Roswell Park 
Memorial Institute (RPMI) 1640, Gibco BRL, Paisley, Scotland, UK). 

NET formation

For NET formation, PMNs (5x105 in phenol red-free culture medium) were seeded into a 
flat bottom non-treated 96-wells plate (Greiner Bio-One, Monroe, NC, USA) pre-blocked 
overnight with 1% BSA in PBS. After 30 minutes baseline incubation at 37⁰C, selected wells 
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were stimulated with 75 nM phorbol 12-myristate 13-acetate (PMA, Sigma Aldrich) for 3 
hours at 37⁰C to induce NET formation. Culture medium served as a negative control where 
no NETs formed.  

Additionally to quantification, NET formation and degradation were microscopically 
validated with visualization assays which were performed in the same manner as 
quantification assays. Briefly, PMNs (1x106) suspended in phenol red-free culture medium 
were seeded into a transparent 48-wells plate (Greiner Bio-One) pre-blocked with 1% 
BSA-PBS. After 30 minutes baseline incubation, selected wells were stimulated with 75 
nM PMA. After 3 hours of incubation at 37⁰C, 50 nM SYTOX™ green was added to each 
well and visualized with fluorescence microscopy (magnification 20x, Leica DFC320; Leica 
microsystems, Wetzlar, Germany). The control condition contained unstimulated PMNs 
where no NETs were observed after 3 hours (Figure 1A). Typical web-like structures of NETs 
were observed after 3-hour stimulation of PMNs with PMA (Fig. 2B). For the visualization of 
NET degradation, plasma samples from both a periodontitis patient and healthy control 
were 10x diluted in PBS and added to NETs and incubated at 37⁰C for another 3 hours. 
Degradation of NETs (procedures described below) by plasma from a healthy donor and 
periodontitis patient  is shown in Figure 1C-D. 

NET degradation quantification

First, aliquots of plasma samples of part 1 and part 2 were simultaneously defrosted on ice. 
Thereafter, 20 µL of the plasma samples was individually transferred in duplicate to 96-wells 
plates and 180 µL of cold PBS was added; this procedure was performed in triplicate to 
obtain a sufficient number of plates for each of the three experimental days. All plates were 
stored at —80⁰C until the analysis. To study in vitro NET degradation, the diluted plasma 
samples in 96-wells plates were defrosted on ice and were carefully transferred onto the 
freshly generated NETs and incubated for 3 hours at 37⁰C as previously described (25). Next, 
15 µL of 14.3 U/mL micrococcal nuclease (MNase, Invitrogen by Thermo Fischer Scientific, 
Eugene, OR, USA) was added and incubated for 15 minutes at 37⁰C to digest any PMN 
bound NET DNA (25). Then, cells and debris were pelleted (10 min, 1800 RCF, RT) and the 
supernatant was transferred to a black U-bottom 96-wells plate (Greiner Bio-One) containing 
50 nM SYTOX™ green (Invitrogen by Thermo Fischer Scientific). A fluorospectrophotometer 
(FLUOstar Galaxy, BMG, MTX Lab systems, Bradenton, FL, USA) was used to quantify NETs 
between 485 to 525 nm at 37⁰C and analyzed with Fluostar Galaxy software (Version 4.2). In 
the same plate, background absorption of plasma was quantified in a PMN-free condition 
and these fluorescence values were subtracted from the final NET quantification readings. 
The percentage of NET degradation for each plasma sample was normalized to 100% 
and 0% degradation values. The 100% degradation was based on a 3-hour NET digestion 
(instead of plasma) with 15 µL of 1 U/mL MNase and a similar condition without MNase 
represented the 0% degradation standard (25).
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Figure 1: NET formation and degradation. (A) Unstimulated PMNs without any NETs visible. (B) PMA-induced 
NET formation. (C) NET degradation post-incubation with 10% plasma of a healthy subject (D), and a periodontitis 
patient. NETs were visualized using the extracellular DNA binding dye SYTOX™ Green. Magnification 20 x, scale 
bars represent 100 µm.

Statistical analysis 

Background characteristics of participants for part 1 and part 2 were analyzed with SPSS 
(Version 25, IBM® SPSS® Statistics, Chicago, IL, USA). Differences between patients and 
healthy controls (part 1) were tested with unpaired parametric t-test for age and BMI, and 
Chi-square tests (Fisher’s Exact tests where appropriate) for sex, ethnicity, education, and 
smoking. NET degradation results were analyzed using GraphPad Prism software (version 
6.07, La Jolla, CA, USA). The distribution of NET degradation percentages for part 1 and 
part 2 was assessed with D’Agostino-Pearson tests for normal distribution and found 
to be not normally distributed. Therefore, before proceeding with parametric statistics, 
log-transformed values were calculated. NET degradation results were presented in 
scatter plots with means ± standard error of means (SEM). For part 1, NET degradation 
differences between periodontitis patients and healthy subjects were first tested with an 
unpaired t-test. Thereafter, an analysis of covariance (ANCOVA), taking into account group 
variabilities such as smoking, ethnicity, age, BMI, and education was also performed using 
SPSS. These statistical tests yielded adjusted p-values (p

adj
). For part 2 of this study, the 
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effect of non-surgical periodontal treatment over time on NET degradation was tested 
with ANOVA followed by Tukey multiple comparison tests for >3 comparisons. Differences 
with p < 0.05 were considered significant. Additionally, to explore the possible adjunctive 
effect of systemic antibiotics and other potential confounding factors for changes in NET 
degradation after non-surgical periodontal therapy, we first calculated the individual 
differences of NET degradation between baseline and 3 months post-therapy, and 
similarly for 6 and 12 months. The obtained values were entered as dependent variable in 
a multiple linear regression analysis and antibiotic usage as the predictor. Other potential 
patient characteristics (age, sex, ethnicity, education, smoking, and body mass index) were 
thereafter entered as predictors in a fully adjusted model. The explorative modeling yielded 
adjusted p-values and p

adj 
< 0.05 was considered significant.

RESULTS 

Characteristics of periodontitis patients and healthy subjects (part 1)

Baseline characteristics of the study population of part 1 are presented in Table 1. This 
study population consisted of 38 periodontitis patients and 38 controls with a mean age 
of 49 and 43, respectively. There were more Caucasians among controls (89.5%) compared 
to patients (68.4%). The education level (≥ high school) in the control group was 100% and 
in the patient group 92% but this was not statistically different between the groups. More 
than half of the patient population smoked, while 81.6% did not smoke in the control group 
(p = 0.002). The mean BMI in the patient group was significantly higher than the control 
group (p = 0.009).  

Table 1: Baseline characteristics of periodontitis patients and healthy controls participating in part 1 of this study. 

Periodontitis Patients 
(n = 38)

Controls 
(n = 38) p-value

Age (years) 49.1 ± 11.6 43.4 ± 12.2 0.043

Sex Female 19 (50%) 16 (42.1%) 0.490

Ethnicity Caucasian 26 (68.4%) 34 (89.5%) 0.047

Education ≥ High school 35 (92.1%) 38 (100%) 0.240

Smoking Smokers 20 (52.6%) 7 (18.4%) 0.002

BMI (kg/m2) 27.0 ± 4.5 24.6 ± 2.9 0.006

Values (age and BMI) represent means ± SD. Categorical data (sex, ethnicity, education, and smoking) are presented 
as absolute numbers (percentages) of subjects. Statistical differences (p-values) between patients and controls are 
presented. p-values were calculated with unpaired parametric t-tests and categorical data were compared with 
Chi-square tests or Fisher’s Exact tests where appropriate. Abbreviation: BMI = body mass index.
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Similar NET degradation in healthy subjects and periodontitis patients 
(part 1)

NET degradation capacity of plasma from 38 periodontitis patients and 38 healthy controls 
was investigated. NET degradation did not differ significantly between periodontitis 
patients and healthy subjects (Figure 2, p = 0.1316); respectively, 62.8 ± 4.5% and 68.7 ± 
4.3% NET degradation was shown in patients and controls (mean percentages ± SEM). In an 
ANCOVA model, we considered differences in subject characteristics between periodontitis 
patients and healthy controls such as age, sex, ethnicity, education, smoking, and BMI. 
However, in this model, subject-related background characteristics did not influence the 
NET degradation differences between periodontitis patients and controls (p

adj 
= 0.307). 

Accordingly, none of the potential confounders appeared a significant covariate. 

Figure 2: NET degradation by plasma from periodontitis patients and healthy controls. No significant 
difference (p = 0.1316) in NET degradation between periodontitis patients (n = 38, 62.8 ± 4.5%) and healthy 
controls (n= 38, 68.7 ± 4.3%) was observed. Each individual data point represents the mean of three independent 
experiments from one plasma sample. Horizontal lines represent the overall mean percentages ± SEM. 
Abbreviation: NS = not significant.

Characteristics of periodontitis patients receiving non-surgical periodontal 
therapy (part 2)

The study population of part 2 of this investigation consisted of 91 periodontitis patients 
who were seen at baseline (untreated) and at 3, 6, and 12 months after non-surgical 
periodontal therapy (38). Patient characteristics were determined at baseline and are 
presented in Table 2. The study population comprised mainly of Caucasians (87.9%) with 
a mean age of 48.5 ± 9.0 years and a mean BMI of 25.3 ± 3.7 kg/m2. Of the 91 patients, 
62 (68.1%) patients were smokers, and 42 (randomly assigned) patients received systemic 
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antibiotics treatment in conjunction with non-surgical periodontal therapy. The clinical 
results of non-surgical periodontal therapy have been recalculated for the current patient 
population and are presented in Supplementary Material Table S1. 

Table 2: Baseline characteristics of periodontitis patients participating in part 2 of this study. 

Periodontitis patients (n=91)

Age (years) 48.5 ± 9.0

Sex Female 37 (40.7%)

Ethnicity Caucasian 80 (87.9%)

Education ≥ High school 74 (81.3%)

Smoking Smokers 62 (68.1%)

BMI (kg/m2) 25.3 ± 3.7

Systemic antibiotics 42 (46.1%)

Number of teeth present 27.0 ± 2.8

Probing pocket depth (mm) 3.9 ± 0.6

Clinical attachment loss (mm) 4.2 ± 1.0

Bleeding on probing (%) 66.3 ± 14.8

Plaque (%) 62.8 ± 24.2

Sites with probing pocket depth ≥6 mm 34.0 ± 17.7

Values represent means ± SD or absolute numbers (percentages). Abbreviation: BMI: body mass index

NET degradation is significantly increased after periodontal treatment

In part 2 of this study, the plasma samples from the 91 periodontitis patients were 
individually added to fresh PMA-induced NETs to investigate NET degradation at baseline, 
and at 3, 6, 12 months following non-surgical periodontal treatment (Figure 3). Altogether, 
plasma-derived NET degradation was increased by approximately 10% after non-surgical 
periodontal therapy (overall p < 0.0001). Accordingly, NET degradation was 65.6 ± 1.7% 
before periodontal treatment (baseline) and amounted to 75.7 ± 1.2%, 75.3 ± 1.2% and 
74.9 ± 1.3%, at 3, 6, and 12 months post-treatment respectively (means ± SEM). The NET 
degradation for the three timepoints post-treatment was significantly higher compared to 
baseline (p < 0.0001, post-hoc Tukey) (Figure 3). Interestingly, the mean NET degradation 
at 3 months and after 6 and 12 months did not show a continued upward trend, indicating 
that the increase in the NET degradation capacity had mainly occurred within the first 3 
months following periodontal treatment. To explore whether the use of systemic antibiotics 
affected the positive effect of periodontal treatment on NET degradation, we performed a 
multiple linear regression analysis with antibiotic usage as a predictor. From this analysis, 
no effect of systemic antibiotics was found for changes in NET degradation from baseline 
to 3, 6, and 12 months (p values = 0.868, 0.526, 0.907, respectively). To further investigate 
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whether possibly other background characteristics of the patients were associated with the 
improvement of NET degradation after therapy, we extended the model by also entering 
age, sex, ethnicity, education, smoking, and BMI as predictors. From this fully adjusted 
model, it became apparent that a higher BMI at baseline was a significant predictor in the 
improvement of NET degradation at 3 months (p

adj
 = 0.028). At 6 and 12 months, none of 

the potential confounders were significant, meaning that the NET degradation levels were 
maintained solely by periodontal therapy and maintenance. 

Figure 3: NET degradation by plasma from periodontitis patients pre- and post-non-surgical periodontal 
treatment. NETs were incubated with 10% plasma from periodontitis patients (n = 91) obtained before and 
3, 6, and 12 months after non-surgical periodontal therapy. A significant difference (overall p < 0.0001) in NET 
degradation was found between pre-treatment (baseline: 65.6% ± 1.7) and 3, 6, and 12 months after periodontal 
treatment (75.7% ± 1.2, 75.3% ± 1.2, and 74.9% ± 1.3, respectively). NET degradation increased with 10% post-
treatment when compared to baseline. Statistical significance was calculated using an ANOVA with repeated 
measures. Each individual data point represents the mean of 3 independent experiments for one plasma sample 
and accordingly representing one individual patient. Horizontal lines represent the overall mean percentages ± 
SEM. **** p < 0.0001

DISCUSSION 

The first objective of this study was to compare the NET degradation by plasma from 
periodontitis patients and healthy controls. Since we hypothesized that periodontal therapy 
might benefit NET degradation, the second objective was to quantify NET degradation by 
plasma from periodontitis patients at baseline, at 3, 6, and 12 months after periodontal 
treatment. Altogether, our results showed that plasma-induced NET degradation did not 
differ significantly between periodontitis patients and healthy controls. Importantly, we 
found that non-surgical periodontal treatment increased the NET clearance capacity by 
10% after 3 months, being stably improved at 6 and 12 months. 



73

3

Although the authors of a previous investigation of NET production by circulatory PMNs 
in periodontitis found no difference between periodontitis patients and controls (25), 
normal NET production may be accompanied by impaired NET degradation. If so, this may 
potentially lead to NET accumulation, with negative consequences for tissue homeostasis 
in periodontitis and its systemic co-morbidities (36,40). Therefore, in this study, we only 
investigated NET degradation. 

White et al. compared NET degradation in periodontitis patients and matched controls, and 
showed that NET degradation and DNaseI levels were lower in periodontitis patients than 
in healthy controls (25). In the current unmatched study population about twice the size, 
we also found a slightly lower mean NET degradation in periodontitis patients compared to 
controls but that did not differ significantly between patients and controls, also when we 
adjusted for variability in patient background characteristics (part 1). Periodontitis patients 
represent a heterogeneous population, and in most cases, the progression of periodontitis 
is not a linear process but one consisting of periods of exacerbation and remission (41,42). 
Publications investigating plasma-induced NET degradation (in periodontitis and SLE) 
included controls, who were age (± 5 years) and sex-matched to their corresponding 
patient (25,31). Unlike in our study, lifestyle factors of the subjects were matched in the 
aforementioned studies. However, in our study, testing for differences in NET degradation 
between periodontitis patients and controls with age and sex-matched pairs resulted in 
non-significant differences.

In our study, plasma samples were obtained from periodontitis patients and healthy 
controls. Unlike White et al., we included smokers in our study group; over half of our patient 
population (part 1: 52.6%, part 2: 68.1%) consisted of smokers. While the detrimental effects 
of smoking on the onset and progression of periodontitis and the association with a wide 
range of systemic diseases including ACVD is well known (43,44), there is limited knowledge 
on the effects of smoking on the NET formation and NET degradation. However, a recent 
study showed the negative effects of smoking on PMN chemotaxis, reactive oxygen species 
formation, and NET formation (45), thus smoking may thus also negatively influence the 
NET formation and the associated degradation profiles of these subjects. Thus, the higher 
numbers of smokers in our periodontitis patient group may have contributed to the 
absence of a difference in NET degradation. In general, differences in socio-demographic 
characteristics, smoking habits, and BMI may have influenced the comparison of NET 
degradation in part 1 of our study and may have been why no significant difference was 
found between two groups. Despite this, analyses of covariance resulted in non-significant 
differences, suggesting that this was not a result of a multifactorial cause-effect relationship. 

The objective of part 2 of this study was to investigate whether a substantial reduction 
of the inflammatory state of periodontal tissues after non-surgical periodontal treatment 
would benefit NET degradation. We found that NET degradation increased significantly after 
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non-surgical periodontal treatment. These results are in line with previous observations (25). 
However, our population was almost five times larger than theirs, and we investigated two 
extra time points (6 and 12 months after treatment). Although part of our study population 
(n = 42) received antibiotic treatment in addition to non-surgical periodontal treatment, 
this did not influence NET degradation levels. Interestingly, patients with a higher BMI at 
baseline showed a greater improvement in NET degradation at 3 months. This can possibly 
be explained by the fact that periodontal therapy had also a positive effect on the symptoms 
of metabolic syndrome (Bizzarro 2017). However, the confounding effect of BMI on NET 
degradation was absent at 6 and 12 months, meaning that the NET degradation levels were 
solely maintained by periodontal therapy. 

Systemic diseases evidently contribute to the onset and/or progression of periodontitis. 
Vice versa, periodontitis has been suggested to negatively influence diabetes and ACVD. 
While the biological mechanisms of these associations are still under investigation, a strong 
relationship between periodontitis, diabetes, and ACVD, has been reported (6,46–49). The 
ACVD and metabolic syndrome-related parameters of our study group were previously 
investigated and we reported that periodontal treatment improved periodontal conditions, 
cardiovascular parameters like systolic blood pressure and triglycerides, and also the 
number of patients with metabolic syndrome reduced (12). Interestingly, a related and 
significant area of NET research is the relationship between NETs and ACVD. Moreover, 
NETs play an important protective role by preventing bacterial dissemination into the 
vasculature and possibly lymphatics. On the other hand, accumulation of NETs present 
at the injured endothelium could activate venous endothelium, where after PMNs and 
platelets are recruited (34,50,51). This activated endothelium induces more NET formation, 
which creates a vicious cycle resulting in increased vessel wall damage. Eventually, 
accumulation of activated platelets possibly leads to the formation of microthrombi and 
potential obstruction of the blood vessels. Increased NET production has been reported in 
ACVD patients (37), but not in periodontitis patients (25). However, periodontal treatment 
has been proven to reduce endothelial dysfunction in patients with severe periodontitis 
(8–11). Therefore, we investigated whether periodontal treatment would benefit NET 
degradation and thus could be a possible reason for improved ACVD profiles. Our finding, 
in the same study population as Bizzarro et al, that NET degradation was significantly 
increased 3 months after periodontal treatment and remained at these levels after 6 and 
12 months, is in line with previously reported ACVD clinical parameters (12). This suggests 
that periodontal treatment synergistically improves the ACVD profiles, clinical periodontal 
parameters, and NET degradation capacities. 
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CONCLUSION

We found that plasma-induced NET degradation did not quantitatively differ between 
periodontitis patients and healthy controls. We demonstrated that non-surgical 
periodontal treatment increased NET degradation capacity by 10% after 3 months and 
that this remained stably elevated at 6 and 12 months. Unraveling NET formation and 
degradation mechanisms in periodontitis patients may improve the understanding of the 
pathophysiology of periodontitis and the etiopathogenetic links between periodontitis 
and its systemic co-morbidities like ACVD, while also enabling the development of new 
therapeutic approaches.
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SUPPLEMENTARY DATA

Supplementary Table S1: Baseline and follow-up results of non-surgical periodontal therapy for the study 
population of part 2 (n = 91) 

Baseline 3 Months 6 Months 12 Months

Mean PPD (mm) 3.9 ± 0.6 2.8 ± 0.4 2.8 ± 0.4 2.8 ± 0.5

Mean CAL (mm) 4.2 ± 0.9 3.7 ± 1.0 3.6 ± 1.0 3.6 ± 1.0

Mean BOP (%) 66.3 ± 14.8 21.2± 12.7 20.7 ± 13.5 21.8 ± 13.8

Mean plaque (%) 62.8 ± 24.2 18.2 ± 16.4 21.7 ± 20.2 20.1 ± 15.6

Sites PPD ≥6 mm (%) 34.0 ± 17.7 6.8 ± 7.5 6.2 ± 7.9 6.5 ± 8.2

Clinical parameters of patients of part 2 before (Baseline) and 3, 6, and 12 months after non-surgical treatment. 
This table is adjusted from the previously published study by Bizzarro et al. (2016). Values represent means ± SD. 
Abbreviations: PPD: Probing Pocket Depth, CAL: Clinical attachment level, BOP: Bleeding on Probing.


