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Assessment of cfDNA Levels in Saliva Samples of Stressed Young Adults:

Preliminary Study

Stres Altindaki Geng Yetiskinlerin Tiikiiriik Orneklerinde ¢cfDNA Diizeylerinin

Degerlendirilmesi: On Cahsma
Ekin CELIK" Mirag¢ Berkay KOKSAL? Hact Mehmet AKBULUT? Selahattin Ata AYDIN?

Yigit Emre KURT? "~ Can OKAN? " Simay CETINKAYA?

oz

Amag: Bu pilot ¢aligmada, ikinci sinif tip 6grencilerinin sinav 6ncesi ve sonrasinda tiikiiriik 6rneklerindeki hiicre dist DNA (hdDNA,
cfDNA) diizeylerinin incelenmesi amaglanmistir.

Aragclar ve Yontem: Stres profilleri DASS-21 6lgegi ile degerlendirilen 20 6grencinin sinav 6ncesi ve sonrasi tiikiiriik 6rnekleri alinarak
hiicre dis1 DNA izole edilmistir. Izole edilen DNA'lar spektrofotometre ve otomatik elektroforez sistemi ile 6lgiilmiistiir.

Bulgular: Spektrofotometre analizleri, sinav sonrasi1 6grencilerden alinan ¢fDNA miktarlarinda anlaml bir azalma gostermistir (p<0.05).
Bu fark otomatik elektroforez sistemi ile dogrulanmis ve 6zellikle 40-200 bp araligindaki cfDNA miktarlarinin stresin azalmasiyla birlikte
azaldig1 tespit edilmistir (p<0.05).

Sonug: Psikososyal stres hdDNA salinimini etkilemektedir. Bu ¢alismada, tiikiiriik 6rneklerinde bulunan hdDNA miktarlarinin stresle ilig-
kili olarak anlamli degisiklikler gosterdigi raporlanmugtir. Bu 6n ¢alisma, tiikiiriik numunelerindeki hdDNA'nmn saglikh bireylerde stresin
potansiyel biyolojik bir belirteci olarak degerlendirilebilecegini ortaya koymustur.

Anahtar Kelimeler: biyobelirteg; hdDNA; plazma
ABSTARCT

Purpose: The aim of this pilot study was to examine the levels of cell-free DNA (cfDNA) in the saliva samples of second-year medical
students before and after a stress-inducing event, exams.

Materials and Methods: Saliva samples were collected from 20 students, whose stress profiles were assessed using the DASS-21 scale,
both before and after the exams. Cell-free DNA was isolated from these samples, and measured using spectrophotometry and automated
electrophoresis system.

Results: Spectrophotometric analysis revealed a significant decrease in cfDNA levels in the saliva samples collected after the exams
(p<0.05). This difference was confirmed by the automated electrophoresis system, particularly showing a reduction in cfDNA amounts in
the 40-200 bp range with the reduction of stress (p<0.05).

Conclusion: Psychosocial stress affects the release of cell-free DNA. This study reports that the amount of cfDNA found in saliva samples
significantly changes in relation to stress. This preliminary study suggests that cfDNA in saliva samples could potentially serve as a biolo-
gical marker for stress in healthy individuals.
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INTRODUCTION

DNA that is present in blood plasma, serum, cerebrospinal
fluid, saliva, and urine without being associated with cells is
known as cell-free DNA (cfDNA) or extracellular DNA (ec-
DNA).1? The exact biological sources of cell-free DNA are
still not fully understood; it is suggested that they may origi-
nate from mechanisms like active secretion, apoptosis, ne-

crosis, or netosis.>*

Elevated amounts of cell-free DNA (cfDNA) in the blood,
whether originating from the genome or mitochondria, are
distinctive indicators of both acute systemic inflammatory
reactions and long-term inflammation.® Such heightened le-
vels have been observed following events like trauma, sepsis,
stroke, ischemia/reperfusion injury, and myocardial infarc-
tion, as well as in individuals with cancer, autoimmune dise-
ases, cardiovascular conditions, and metabolic disorders.® In
these situations, cfDNA has been firmly established as a de-
pendable and consistent biomarker. Measuring cfDNA levels
holds promise as a valuable clinical tool for assessing risk
and monitoring therapy effectiveness across various inflam-

matory contexts.”

Stress is a common psychophysiological reaction produced
by the body in response to adverse, challenging, and difficult
situations or stressors.® It impacts the immune system and
triggers peripheral inflammatory pathways, resulting in the
secretion of certain biomolecules like hormones, and as re-
cently revealed, cfDNA.°

The effect of psychosocial stress on plasma cell-free DNA
(cfDNA) levels has become a focal point in recent years. %2
Czamanski-Cohen et al, studied the relationship between ele-
vated cortisol levels and cfDNA amounts in plasma and
showed a positive correlation.'® Another study indicated that
stress reduction might promote changes that result in lowered
plasma cfDNA levels.'* Shan and his colleagues conducted a
case-control study in 2024, which showed increased stress
levels resulted in elevated cfDNA levels in plasma.*?

MATERIALS and METHODS

Study Design

This pilot study, conducted at the Kirsehir Ahi Evran Uni-
versity Faculty of Medicine from October 2023 to May 2024,
included a sample of 20 participants. The DASS-21 scale, a
tool designed to evaluate symptoms of depression, anxiety,
and stress, was utilized to identify 20 medical students expe-
riencing stress.'3 Stress levels were evaluated using both self-
reported assessments and the validated DASS-21 scale.**
Participants completed a questionnaire addressing perceived
stress and stress-related symptoms before exam. Individuals
with pre-existing medical conditions, obesity, ongoing dental
treatment and elderly participants were excluded from the
study. This study was approved by Kirsehir Ahi Evran Uni-
versity Faculty of Medicine, Health Sciences Scientific Re-
search Ethics Committee (dated 30.04.2024 and numbered
2024-09/69).

Sample Collection

The students with a mean age of 22 years (range, 20-24 ye-
ars) participated in the study were chosen using a conveni-
ence sampling method. Participants abstained from consu-
ming any food or beverages, except for water, for one hour
prior to the collection. Saliva samples (3ml) were collected
both before and after the first semester examinations from
same individuals and delivered to the laboratory within one
hour and subjected to two-step centrifugation. Samples were
first centrifuged at 2000g for 15 min to remove any cellular
debris, then centrifuged at 2000g for 10 min. Samples were
stored at —80°C until cfDNA isolation.*®

cfDNA lIsolation

cfDNA was isolated with magnetic beads, using ZipPrime
SafeCAP Cell-Free DNA Extraction and Capturing Kit
(ZipPrime, Turkey) according to the manufacturer's protocol.
Isolated cfDNA were stored at —80°C until quantification.
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Quantification of cfDNA

Isolated cfDNA was first quantified via Jenway Genova
Nano Micro-Volume Life Science Spectrophotometer (Cole-
Parmer, US). Samples were briefly vortexed and centrifuged
before quantification using 2 uL of DNA. Fragment size of
cfDNA was assessed using the Agilent 2100 Bioanalyzer
(Agilent Technologies, US) with the High Sensitivity DNA
kit (Agilent Technologies, US), following the manufacturer's
instructions. The predominant fragment size was identified
as the peak with the highest molar concentration in the bioa-
nalyzer output.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 10
software (US). Data were presented as means + standard de-

viations and significance of differences were analysed using

the t test for spectrophotometry results and the nonparamet-
ric Mann-Whitney test for Bioanalyzer data.'® The value of
p<0.05 was considered statistically significant. Error bars
represent technical replicates.

RESULTS

In this study, twenty saliva samples were collected both be-
fore and after the first semester examinations from same in-
dividuals identified as stressed based on the DASS-21 ques-
tionnaire. After cfDNA isolations, amounts were quantified
using spectrophotometry initially. Data showed cfDNA le-
vels were significantly elevated in 80% of the participants
before examinations (p<0.05) (Figure 1).
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Figure 1. cfDNA levels measured via spectrophotometry. Data are presented as means + SD.

Since spectrophotometric analysis cannot determine the
lengths of cfDNAs, all isolated cfDNAs were quantified col-
lectively after isolation for each sample. Although these re-
sults offer a general basis for comparison, they are insuffici-
ent for making definitive conclusions. To accurately measure
cfDNAs based on their length, we conducted an analysis
using automated electrophoresis.*” In the second phase of the

experiment, samples were subjected to Bioanalyzer analysis.

Bioanalyzer results showed a significant decrease in all
samples correlated with stress elimination (p<0.05). cfDNAs
range between 40-200 bp were taken into consideration. Data
revealed a more than twofold decrease in all samples after
examinations, results are shown in Figure 2. A representative
Bioanalyzer graph is also added as Figure 3.
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Figure 2. ¢fDNA levels measured via Bioanalyzer. Data are presented as means + SD.
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Figure 3. Representative bioanalyzer graph.

DISCUSSION

The purpose of this preliminary study was to investigate the
relationship between cell-free DNA (cfDNA) levels and
stress. The study included 20 medical students identified as
stressed according to DASS-21 scale, whose saliva samples
were analyzed for cfDNA levels both before and after the
stress-inducing event, which were exams. Data quantified
with spectrophotometric analysis (Jenway Genova Nano
Micro-Volume Life Science Spectrophotometer) and asses-

sed via automated electrophoresis (Agilent 2100 Bioanaly-
zer). The results showed elevated cfDNA levels in saliva
samples before the exams, cfDNAs whose length between
40-200 bp were taken into consideration (p<0.05). Our fin-
dings were consistent with the literature.

In addition, our data also showed that participants had longer
cfDNAs within the ranges of 500-10.380 bp and 35-10.380
bp (data not shown). These cfDNAs were excluded from the
quantification data due to the possibility that they may have
originated from the oral microbiome.*®
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Moreover, additional analysis is necessary to ascertain the
source of the isolates within the specified range. Although
this preparatory study needs additional analysis to draw de-
finitive conclusions, it indicates that stress may impact
cfDNA levels in saliva, suggesting the potential use of
cfDNA as a biomarker for stress.
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