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Abstract: Extracellular DNA (ecDNA) is a potential marker and predictor in several inflammatory
diseases. Periodontitis, a chronic inflammatory disease, is associated with epithelial cell death
and could lead to release of DNA. Our aim was to analyze salivary DNA concentration and
deoxyribonuclease (DNase) activity in periodontitis patients. We hypothesized that salivary ecDNA
will be higher than in controls and could serve as a marker of periodontitis severity. Samples of saliva
were collected from 25 patients with chronic periodontitis and 29 age-matched controls. DNA was
quantified fluorometrically in whole saliva, as well as in supernatants after centrifugation (depletion
of cells at 1600x g) and in double-centrifuged supernatants (depletion of cell debris at 1600x g and
16,000x g). The subcellular origin of ecDNA was assessed using real-time PCR. In comparison to
controls, patients with periodontitis had twofold higher salivary DNA (p < 0.01), higher mitochondrial
DNA in centrifuged supernatants (p < 0.05) and lower nuclear ecDNA in double-centrifuged samples
(p <0.05). No correlations were found between salivary DNA and oral health status, but mitochondrial
DNA positively correlated with papillary bleeding index in centrifuged samples. Salivary DNase
activity was comparable between the groups. In conclusion, we proved that salivary DNA is higher in
periodontitis. The source of the higher mitochondrial DNA in cell-free saliva and the causes of lower
nuclear ecDNA remain to be elucidated. Further studies should focus on the role of mitochondrial
DNA as a potential driver of inflammation in periodontitis.

Keywords: cell free DNA; salivary biomarkers; gingivitis; oral diseases; apoptotic
bodies; deoxyribonucleases

1. Introduction

Extracellular DNA (ecDNA), i.e., DNA outside of the cells, was first discovered in the plasma of
pregnant women [1] and cancer patients [2]. ECDNA could trigger inflammation and worsen the state
of patients during pregnancy complications or cancer. In plasma, ecDNA has been studied also as
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a potential biomarker of sepsis [3], trauma [4], diabetes mellitus or organ transplantation [5]. It has
been hypothesized that plasmatic ecDNA could be used as a personalized cancer therapy [6]. Even
though usually plasma serves as a source of ecDNA, despite the common difficulties, such as high
fragmentation and high variability in the yield, saliva might be of special interest in oral diseases,
since it reflects the local oral conditions. Also, ecDNA has been studied in saliva of head and neck
cancer patients, and it has been shown that mitochondrial DNA concentration is increased in saliva in
these patients when compared to control healthy group [7]. All of the above indicates that body fluids
DNA or ecDNA are not a disease-specific marker, however, it points towards pathogeneses of diseases,
which is not fully understood.

Periodontitis is a chronic multifactorial inflammatory oral disease. It starts with bacterial plaque
concentrating near the gingival part followed by gingivitis. The oral microbiome indeed plays a role in
this initial stage [8]. Under normal circumstances, there is a fragile balance between microbes that act
as the nonharmful commensals and the oral health status [9]. The dysbiosis consequence includes
plaque build-up consisting of immunogenic substances in the subgingival crevice of teeth, which leads
to the further activation of the immune system. The resulting inflammation and neutrophils activation,
as a nonspecific reaction, damages the surrounding healthy tissue releasing several other immunogenic
substances, triggering thus immune overreaction and circulus vitiosus. In susceptible individuals, the
untreated inflammation can later outgrow into loss of connective tissue and decline in bone support
(periodontitis) and eventually a tooth loss [10,11] with permanent inflammation of surrounding tissue.
Recently, neutrophil extracellular traps as weblike structures containing DNA were already described
as potential immunogenic agents in periodontitis, and they were hypothesized to be involved in the
pathogenesis of this disease [12-14]. Neutrophils are activated during inflammation, directed towards
the location of inflammation, in our case the oral cavity, and the fight against bacteria forming the
traps. Neutrophil extracellular traps consist of histone proteins and DNA, therefore they are one of the
various sources of ecDNA among others such as apoptosis or necrosis [15]. Salivary ecDNA obtained
by double-centrifugation, as well as DNA in whole and centrifuged saliva, as potential triggers of
inflammation in periodontitis, are worth testing as possible indicators of the oral status. As in plasma,
there are also nucleases in saliva, such as deoxyribonuclease (DNase) that is responsible for degradation
of ecDNA [16,17]. Therefore, we think that, together with DNA concentrations and origin analysis, it
is also important to specify activity of DNase in saliva. We hypothesize that salivary DNA will be
increased in patients with worsened oral health and DNase activity could be also altered. Therefore,
in this study, we investigated whether DNA in whole saliva, in centrifuged and double-centrifuged
samples differs between periodontitis patients and healthy controls and whether salivary DNase
activity is affected.

2. Methods

2.1. Patients

Total number of participants was 54 of whom 25 patients were diagnosed with periodontitis
(11 women and 14 men) and 29 were aged matched without periodontitis (18 women and 11 men).
The presence of clinical attachment loss of at least 3 mm in two or more nonadjacent teeth was
considered to be periodontitis along with radiographically confirmed alveolar bone loss. For an
accurate diagnosis, the examination of the periodontal status of subjects was performed using several
clinical markers. Gingival index (GI)—qualitative changes of gingival soft tissue—was determined
according to Loe [18]. Briefly, a score of O represents no changes of gingival soft tissue; a score of 1
means slight inflammation with the mild change of color and discrete edema without bleeding on
probing (BOP); and a score of 3 describes severe inflammation, redness, edema with ulcerations and
the presence of spontaneous bleeding.

Papillary bleeding index (PBI)—the bleeding after cautiously probing the sulcus—was determined
by PBI as described formerly by Newbrun [19]. A score of 0 means no bleeding; score 1 means one
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bleeding point few seconds after probing; a score of 2 means intermediate bleeding from several
points and a score of 3 represents profuse bleeding along the gingival sulcus even after gentle probing.
The bleeding on probing at the bottom of the pocket is defined as BOP. The BOP was assessed using
a standardized probe (WHO probe 550B, LM Dental, Finland) as described previously [20]. The
patients were evaluated for six areas for all teeth (midbuccal, midlingual, mesiolingual, distolingual,
mesiobuccal, and distobuccal). To consider differences in the number of teeth, all indexes were divided
by the total number of teeth. All measurements were performed by a single trained examiner to avoid
interindividual differences. The clinical evaluation of patients can be seen in Table 1.

Table 1. Oral health indexes of subjects.

Group
I I
Age (years) 43.6 £11.6 46.8 £9.5 40.7 £ 6.0 50.7 £10.8
GI (score) 0.59 +0.46 1.08 £ 0.35 0.82 +0.45 1.54 + 0.66 <0.001
PBI (score) 0.36 £ 0.25 0.81 +0.47 0.83 £ 0.56 1.32 £ 048 <0.001
BOP (%) 0.00 = 0.00 22.5 +14.96 0.00 + 0.00 322 +21.26 <0.001

Gingival index (GI)—0-3 as qualitative changes of gingival soft tissue; 0—normal gingiva, 1—mild inflammation,
2—moderate inflammation, 3—severe inflammation. Papilla bleeding index (PBI)—(0, 1, 2, 3)—for bleeding after
cautiously probing to the sulcus; 0 means no bleeding; 1 means one bleeding point few seconds after probing; 2
means intermediate bleeding in few points; 3 profuse bleeding along gingival sulcus as a reaction on slightest.
Bleeding on probing (BOP)—number of sites where bleeding to the total number of available sites, expressed as
percentage. Data are expressed as mean + SD.

Prior to examination, all participants were asked not to eat, drink or brush their teeth 60 min
before saliva sampling. All samples were collected at a dental clinic in PreSov, Slovakia. Sampling
was performed in the morning (8:00-10:00) into sterile tubes. The whole unstimulated saliva samples
were collected by passive drooling for 10 min and salivary flow was recorded. Whole saliva samples
were aliquoted and stored; the rest of the whole saliva was centrifuged at 1600x g for 10 min to
wash down the cell debris. The centrifuged supernatant was aliquoted and stored, followed by
16,000x g centrifugation of the rest of the supernatant for 10 min to obtain cellfree double-centrifuged
supernatant [21]. Original saliva as well as samples after each centrifugation were measured by
bicinchonic acid protein assay kit (Sigma-Aldrich, St. Louis, Missouri, United States) to determine the
protein content and stored at —20 °C until further processes. Patients with a known extraoral systemic
disease, taking any medications including vitamin supplements and smokers were excluded from
this study. The study was approved by the Ethical Committee of the Department of Maxillofacial
Surgery and Dental Hygiene of J.A. Reiman Hospital in PreSov. The clinical part of this study was
performed according to the principles given in the Declaration of Helsinki. All participants signed
written informed consent declarations.

2.2. DNA Isolation

DNA was isolated from 200 pL of all saliva samples using QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany) according to the protocol of the manufacturer. Sixty uL of ultrapure water were used
for the elution of DNA as the final step. DNA samples were stored at —20 °C until further analysis.

2.3. Quantification of eccDNA

Qubit Fluorometer and Qubit dsDNA HS Assay Kit (Invitrogen, Carlsbad, CA, USA) were used
for the measurement of total cfDNA according to the protocol from the manufacturer. Real-time
polymerase chain reaction (RT-PCR) was used for the quantification of nuclear DNA (ncDNA) and
mitochondrial DNA (mtDNA) in saliva isolates. RT-PCR was performed on the Mastercycler realplex
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4 (Eppendorf, Hamburg, Germany) using the SsoAdvanced Universal SYBR Green Supermix (Bio-Rad,
Hercules, CA, USA) with the following program: one cycle of 3 min at 98 °C, followed by 40 cycles of
98 °C for 15 s for denaturation and annealing for 30 s at 51 °C for ncDNA and 47 °C for mtDNA and
extension 30 s at 60 °C. Primers were designed for the amplification of human globin gene to quantify
ncDNA (F: GCT TCT GAC ACA ACT GTG TTC, R: CAC CAA CTT CAT CCA CGT TCA) and D-loop
to quantify mtDNA (F: CAT AAA AAC CCA ATC CAC ATC A, R: GAC GGG TGG CTT TGG AGT).
All values were normalized to proteins.

2.4. DNase Activity Measurement

DNase activity was measured by single radial enzyme diffusion (SRED) method using 1% agarose
gel (20 mM Tris-HCl, pH 7.5, 2 mM MgCl,, 2 mM CaCl,), which contained DNA isolated from chicken
liver (7 mL of 5 mg/mL DNA into 100 mL of gel). From each saliva sample, 1 uL was pipetted into the
gel and incubated over night at 37 °C in the dark. Dilutions of DNase I (Qiagen, Hilden, Germany)
of known concentrations were used for creating the calibration curve. The diameters of circles were
measured by Image]J software. The values were normalized to proteins.

3. Statistical Analysis

Analysis was performed using GraphPad Prism 6.01 (GraphPad Software, San Diego, CA, USA). To
compare the measured parameters between healthy controls and patients with periodontitis, unpaired
t-test was performed. Correlations were performed as nonparametric using Spearman correlation.
Level « = 0.05 is considered as a limit level of significance.

4. Results

This study included 25 patients with periodontitis and 29 healthy controls. Patient characteristics
are shown in Table 1. All patients were characterized using GI and PBI score as well as BOP expressed
as a percentage. Individuals in the control group had no BOP and no sign of alveolar bone loss.
Significantly higher values were observed in periodontitis patients in comparison to healthy controls
according to GI, PBI and BOP (Table 1). No gender differences were observed in further analyses.

DNA concentration in whole saliva showed significantly higher values in periodontitis compared
to healthy controls (504.6 + 82.32 vs. 237.4 + 26.66 ng/mg; p < 0.01) (Figure 1). Once the whole saliva
was centrifuged, there were no differences observed in concentration of DNA between periodontitis
patients and healthy controls (69.59 + 13.37 vs. 54.22 + 8.06 ng/mg; p = ns) (Figure 1). Similarly,
in double-centrifuged samples, total ecDNA concentrations did not differ between the groups,
periodontitis vs. healthy (13.54 + 1.14 vs. 16.14 + 2.54 ng/mg; p = ns; Figure 1). Determination of
nuclear DNA in centrifuged samples showed no differences between groups, periodontitis vs. healthy
(6629 + 1727 vs. 5638 + 2151 copy/mg; p = ns; Figure 2A). However mtDNA was significantly increased
in periodontitis in comparison to healthy controls (10,656,989 + 3,419,262 vs. 2,630,658 + 809,983
copy/mg; p < 0.05; Figure 2B). In double-centrifuged samples, ncDNA concentration was significantly
lower in the periodontitis group in comparison to the healthy group (788.8 + 238.8 vs. 4947 + 1508
copy/mg; p < 0.01) (Figure 2A), although mtDNA concentration was similar in both groups (14,608 +
4809 vs. 11,957 + 3296 copy/mg; p = ns; Figure 2B).
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Figure 1. Total DNA in whole saliva, centrifuged saliva (1600x g) and double-centrifuged saliva (1600x
g +16,000% g). Results are expressed as mean + SEM. Salivary DNA is higher in periodontitis in whole
saliva (p < 0.01**). No differences were found in centrifuged and double-centrifuged samples between

the healthy and periodontitis group.
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Figure 2. The effect of periodontitis on A: nuclear DNA (ncDNA). No differences were found in
centrifuged samples. NcDNA was significantly lower in periodontitis in double-centrifuged samples
(p < 0.01**). The effect of periodontitis on B: mitochondrial DNA (mtDNA). MtDNA was significantly
higher in periodontitis in centrifuged samples. No differences were found in double-centrifuged

samples. Results are expressed as mean + SEM.
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Correlation analysis revealed that there is no linear association between concentration of total
DNA, mtDNA, ncDNA and health indexes of periodontitis patients (Table 2). Only significant and
positive correlation was observed between PBI and mtDNA in centrifuged samples (r = 0.62; Table 2).
No significant differences were found in DNase activity between periodontitis samples and healthy
controls either in centrifuged samples (0.54 + 0.06 vs. 0.39 + 0.05 KU/mg; p = ns) or in double-centrifuged
samples (0.51 + 0.03 vs. 0.53 + 0.03 KU/mg; p = ns; Figure 3).

Table 2. Correlation between oral health indexes and total, nuclear DNA (ncDNA), and mitochondrial
DNA (mtDNA) in whole saliva, centrifuged (1600x g) and double-centrifuged (1600x g + 16,000%

g) samples.
Parameter Centrifuged Double Centrifuged
GI (score) r=0.01 r=-0.01
PBI (score) r=0.24 r =-0.08
BOP (%) r=-0.01 r=-0.1
GI (score) r=0.16 r=025
PBI (score) r=0.35 r=0.2
BOP (%) r=0.03 r=0.28
Gl (score) r=043 r=-0.09
PBI (score) r=0.62% r=0.33
BOP (%) r=-0.04 r=-0.12
0.8
0.6—

centrifuged double centrifuged

Figure 3. The effect of periodontitis on activity of DNase in centrifuged and double-centrifuged
samples. Results are expressed as mean + SEM. No differences were found between healthy and

periodontitis samples.

No significant correlations were found beside the positive significant correlation between PBI and

mtDNA in centrifuged samples (p < 0.05%).
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5. Discussion

Saliva and its content can reflect health status. As the latest research shows, saliva contains
various markers helpful for the diagnosis and monitoring of many disorders such as cancer [22,23],
neurological diseases [24], renal diseases [25], inflammatory bowel disease [26] or cardiovascular
diseases [27]. The health status of the teeth, gingiva or salivary glands is also reflected in saliva [28].
Markers of inflammation, such as cytokines and inflammatory mediators, are produced as a result of
bacterial infection and were proved to be higher in saliva of patients with periodontitis in comparison
to healthy controls [29].

Based on the above-mentioned studies, total ecDNA or ecDNA of different origin were expected
to be increased in periodontitis and could serve as a possible biomarker of periodontitis severity.
However, as is defined by Jiang et al. [21], ecDNA is obtained after 16,000 g centrifugation, although
they used plasma, not saliva. In our previously published study [30], we tried to determine the total
DNA in whole saliva as well as in salivary supernatant. We hypothesized that we have analyzed
ecDNA once the fluid is centrifuged and depleted of cells. However, no differences were found either
in ecDNA between healthy and chronic periodontitis, and similarly no differences were observed
between genders. These results were possibly obtained due to technical issues such as insufficient
centrifuging while analyzing ecDNA. Therefore, we decided to repeat this observational study, in
which we obtained ecDNA appropriately prepared using two-step centrifugation, 1600x g followed
by 16,000x g according to Jiang et al. [21]. It is assumed that, after 1600x g centrifugation, only
cells are spun down. However, generally, when talking about ecDNA, 16,000x g centrifugation is
needed in order to spin down the bigger particles and cell debris. Based on this, we decided to
analyze DNA in all three fractions, i.e., in whole saliva, centrifuged saliva and double-centrifuged
saliva. According to our results, total DNA was higher in patients with periodontitis in whole saliva
perhaps due to increased cell debris as a result of bleeding and worsened oral health. Once the whole
saliva was centrifuged, the differences in total DNA were not observed anymore. Also, when we
quantified separately ncDNA and mtDNA, we could observe differences in mtDNA, but not in ncDNA.
Increased concentration of mtDNA in periodontitis indicates the presence of mitochondria, which
could potentiate the inflammation in oral cavity [31]. Mitochondria are more likely to be still intact,
because after the double-centrifugation, the mtDNA concentrations are same in both groups. EcCDNA
of mitochondrial origin is the same in healthy controls as well as in periodontitis, however ecDNA of
nuclear origin is increased in healthy controls, even though there are no differences observed in total
ecDNA. This could happen due to higher fragmentation of ncDNA in periodontitis [30], since short
fragments are not detectable by qPCR but are visible by spectrofluorometry. Moreover, fragmented
DNA could further potentiate inflammatory status [21,32,33], and thus worsen the course of disease.
This hypothesis should be clarified by further studies. Nevertheless, if this hypothesis is proven correct,
the ecDNA might become another therapeutic target.

We expected that altered DNase activity could be potentially associated with periodontitis. There
was not significant change in DNase activity in our samples, however studying the activity of this
enzyme is still in process as it is still not clear if the DNase activity is related with ecDNA concentrations.
Even though the preliminary experiments on DNase activity have been already published [34], it is also
not clear whether differences exist among genders under physiological circumstances [35]. However, it
is important to remark that not all ecDNA is similarly sensitive to DNase activity. It has been found
that the microbiome might influence DNase activity [36]. The shift of commensals to more pathogenic
bacteria in gingivitis and periodontitis was shown to affect the DNase activity in saliva. However, we
did not search for microbiota difference in our patients, which is the limitation of this study.

The collection of samples could not be done without freezing in our conditions, which is a
limitation of many studies. It was shown that freezing of serum and plasma samples causes release of
free nucleic acids from large circulating vesicles [37]. However, the uniqueness of our study is that
saliva samples were processed right after sampling without freezing and thawing. Only the original
samples intended for DNase activity measurement were frozen. In our preliminary unpublished
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data, we showed that DNase activity could decrease with longer storage period. Therefore, we can
only hypothesize, that the measurement of DNase activity in fresh salivary samples could reveal its
higher activity. Nevertheless, we measured the DNase activity within the period of two months from
the collection.

In conclusion, we proved that worse periodontal status in patients and the presence of inflammation
is associated with increased total and mtDNA concentrations in different fractions of saliva. Further
studies should focus on the role of mtDNA as a potential driver of inflammation in periodontitis. It
is also important to focus on DNA fragmentation as it shows that ecDNA originating in the nucleus
seems to be decreased in periodontitis. This approach could lead to new treatment targets related to
DNA origin, metabolism and recognition by immune cells.
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