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Background: The role of cell-free DNA (cfDNA) in the pathogenesis of inflammatory
bowel disease (IBD) has been recently suggested. The aim of this study was to
analyze circulating cfDNA and deoxyribonuclease (DNase) activity in IBD patients in
clinical remission.

Materials and Methods: Plasma and serum were obtained from 72 patients with
Crohn’s disease and 28 patients with ulcerative colitis. Total cfDNA, nuclear DNA
(ncDNA), mitochondrial DNA (mtDNA) and DNase activity were measured.

Results: IBD patients showed higher levels of both ncDNA and mtDNA compared to
healthy controls. Concentration of ncDNA was higher in males compared to females,
including patients and healthy controls. However, unlike males higher amount of ncDNA
was found in female IBD patients compared to healthy controls. DNase activity was
significantly lower in male IBD patients compared with healthy controls. In addition, there
was a negative correlation between DNase activity and ncDNA levels in male IBD patients.

Conclusions: Herein we present increased amount of circulating ncDNA and mtDNA
in IBD patients in clinical remission. Thus, unlike total cfDNA, circulating ncDNA and
mtDNA might not represent the optimal biomarkers of disease activity. This is also the
first report on sex difference in circulating NcDNA levels, possibly associated with lower
DNase activity in males.

Keywords: extracellular DNA, deoxyribonuclease (DNase), remission, Crohn’s disease, ulcerative colitis

INTRODUCTION

Inflammatory bowel disease (IBD) is a group of multifactorial, autoimmune disorders with
multifactorial etiology, which includes Crohn’s disease (CD) and ulcerative colitis (UC). Despite
extensive research, the detailed pathogenesis has not been sufficiently explained yet. Current
therapy is mostly based on ameliorating inflammatory processes, which does not cover the whole
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complexity of the disease and inevitably leaves a large group
of patients without efficient therapy. Apart from microbiome-
directed studies, novel approaches to uncover the pathogenesis
of IBD include the analysis of cell-free (or extracellular)
nucleic acids.

Increased concentrations of circulating cell-free DNA
(cfDNA) has been previously shown to be associated with
multiple inflammatory disorder, including sepsis or hepatorenal
injury (1, 2). A number of studies have suggested a role of cfDNA
in IBD. The role of cell-free nucleic acids and their clinical
relevance in IBD has been recently reviewed by Kubiritova
et al. (3). To this date, a number of animal studies have
proved the role of ¢fDNA in IBD. CfDNA is able to bind to
toll-like receptor 9 (TLR9) and activate the pathway leading
to inflammatory responses. This designates cfDNA a potential
marker of inflammation. However, several experiments on
mice have paradoxically confirmed the protective role of
these pathways in IBD (4, 5). On the other hand, activation
of TLRY significantly exacerbated mouse colitis in a different
study (6). In addition, a positive correlation between plasma
cfDNA concentration and severity of colitis has been shown (7).
Interestingly, concentrations of circulating cfDNA negatively
correlated with deoxyribonuclease (DNase) activity in the colon
tissue (8).

The above mentioned findings, however, have been so far
confirmed only in a few patient studies. Circulating total cfDNA
concentrations in UC patients were significantly positively
correlated with the clinical severity of UC (7). Increased levels
of circulating cfDNA of mitochondrial origin (mtDNA) were
observed in a variety of inflammatory diseases and acute injuries
(9-11). However, there is only one study showing increased levels
of circulating mtDNA in active IBD patients. MtDNA levels
significantly correlated with disease markers and activity (12). In
addition, a reduced serum DNase I activity was also observed in
patients with IBD (13). Thus, the nature of circulating cfDNA in
IBD patients has not been extensively studied yet. The aim of this
study was to analyze the concentrations of circulating cfDNA and
the activity of DNase in IBD patients in clinical remission and
look for potential sex differences.

MATERIALS AND METHODS

Patients and Controls

One hundred IBD patients were recruited from outpatient setting
from the Gastrointestinal Unit of the 5th Department of Internal
Medicine, University Hospital Bratislava between September
2016 to June 2017. Diagnosis of CD and UC was made upon
endoscopic, histologic and clinical findings according to standard
clinical, endoscopic and histological criteria. At the time of
sampling, all CD patients had the Crohn’s Disease Activity
Index score equal or below 150 and Harvey-Bradshaw index
score below 5. Patients with UC had the Partial Mayo Score
below 2. All patients were on ongoing treatment that included
one or more of the following drugs: infliximab, vedolizumab,
ustekinumab, adalimumab, azathioprine, mesalazine. Five CD
patients and 4 UC patients were current smokers. Twenty-nine
healthy non-smokers with no history of IBD and no acute or
chronic illness were recruited as non-IBD controls. Informed

TABLE 1 | Characteristics of the study groups.

Controls CcDh uc
n 29 72 28
Age 27 (18-46) 41 (22-69) 40 (21-71)
Females % 59 39 50
BMI 22.6 24.3 24
CDAI - <150 _
HBI - <5 -
pMayo - - <2

CD, Crohn’s disease; UC, ulcerative colitis; BMI, body mass index; CDAI, Crohn’s disease
activity index; HBI, Harvey-Bradshaw index; pMayo, partial Mayo score.

consent was obtained from all participants prior to their inclusion
in the study. Characteristics of patients and healthy controls
are listed in Table 1. The study has been approved by the local
ethics committee and has been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments.

Blood Samples Processing

Samples were taken from IBD patients during their outpatient
visit. Healthy volunteers provided their blood samples at the
Faculty of Medicine, Comenius University, Bratislava. Venous
blood was taken into EDTA and serum Vacuette tubes (Greiner
Bio-One, Frickenhausen, Germany) and processed within 2h.
Samples were centrifuged at 1,600g for 10min at 4°C, the
supernatant was transferred into a new 15-mL tube and
centrifuged again at 16,000 g for 10 min at 4°C. The resulting
supernatant was used as cell-free plasma and serum, respectively.

Extraction and Measurement of cfDNA

DNA was extracted from 200 LL cell-free plasma samples using
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
following the manufacturer’s instructions. The concentration of
total cfDNA was measured using Qubit Fluorometer and Qubit
dsDNA HS Assay Kit (Invitrogen, Los Angeles, California, USA)
and expressed as ng of DNA per mL of plasma.

Quantitative PCR

Quantitative PCR was used for the quantification of ncDNA
and mtDNA in cfDNA extracted from plasma of both sets.
Quantitative PCR was performed on Mastercycler realplex
4 (Eppendorf, Hamburg, Germany) using the SsoAdvanced
Universal SYBR Green Supermix (Bio-Rad, Hercules, California,
USA) with the following program: 1 cycle of 2min at 95°C,
followed by 45 cycles of 95°C for 15 s for denaturation and 60°C
for 1 min for annealing. After completion of all cycles a melting
curve was obtained. Primers were designed for the amplification
of part of human beta globin gene to quantify ncDNA (F: GCT
TCT GAC ACA ACT GTG TTC ACT AGC, R: CAC CAA CTT
CAT CCA CGT TCA CC) and part of human cytochrome ¢
oxidase gene to quantify mtDNA (F: CAT AAA AAC CCA ATC
CAC ATC A, R: GAG GGG TGG CTT TGG AGT). The amount
of ncDNA and mtDNA was expressed as number of copies per
mL of plasma.
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DNase Activity of gel). From each serum sample 1 pl was pipetted into the
DNase activity in plasma samples was measured by single radial ~ gel and incubated over night at 37°C in the dark. Dilutions of
enzyme diffusion method using 1% agarose gel (20mM Tris—  DNase I (Qiagen, Hilden, Germany) of known concentrations

HCI, pH 7.5, 2mM MgCl,, 2 mM CaCl,), which contained DNA ~ were used for creating the calibration curve. The diameters of
isolated from chicken liver (7ml of 5 mg/ml DNA in 100ml circles were measured by Image] software (Madison, Wisconsin,
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FIGURE 1 | Concentration of total cfDNA, ncDNA and mtDNA in IBD patients and controls. No difference in total cfDNA between healthy controls and patients was
found (A,B). IBD patients showed higher levels of both ncDNA and mtDNA compared to healthy controls (C: p = 0.0061 and E: p = 0.0387). The difference was also
seen in both subgroups of CD and UC patients (D: p = 0.0062 for CD and 0.0105 for UC against control and F: p = 0.0345 for CD and p = 0.0365 for UC against
control). *P < 0.05, **P < 0.01.
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FIGURE 2 | Sex differences in cfDNA, ncDNA and mtDNA. Higher total cfDNA
was found in male IBD patients compared with female patients (o = 0.0478);
however, this difference was not found in the subgroups of CD and UC (A).
Concentration of ncDNA is higher in males compared to females in healthy
controls (p = 0.0274), IBD patients (p = 0.0345) and CD subgroup (p =
0.0309) (B). No sex difference was found in mtDNA in any of the groups (C).
*P < 0.05.

USA). DNase activity was expressed as Kunitz units (KU) per mL
of plasma.

Statistical Analysis

All data were analyzed and presented using GraphPad Prism
6.0 (GraphPad Software, La Jolla, California, USA) software
using unpaired ¢-test and one-way ANOVA with Tukey’s post
hoc test, where appropriate. P-values of <0.05 were considered
significant. All data are presented as mean =+ SD.

RESULTS

Increased Circulating ncDNA and mtDNA
in IBD Patients

When the subject groups were analyzed regardless of sex, the
difference between healthy controls and patients was not present
in total cfDNA (Figures 1A,B). However, IBD patients showed
higher levels of both ncDNA and mtDNA compared to healthy
controls (Figures 1C,E). This difference was seen in both CD and
UC patients (Figures 1D,F).

Sex Difference in Circulating ncDNA

Although no sex difference was found in total ¢fDNA and
mtDNA levels in any of the groups (Figures2A,C; except
for ¢fDNA in all IBD), absolute concentration of ncDNA is
significantly higher in males compared to females (Figure 2B).
This is true for CD patients as well as IBD as a whole. In UC
patients, the difference is not significant, likely due to lower
number of subjects. This sex difference is also obvious in healthy
controls with males showing higher levels of ncDNA.

Increased Circulating ncDNA and mtDNA

in Female IBD Patients

In females, no difference was found between groups in total
cfDNA (Figure 3A); on the other hand, a significantly higher
amount of circulating ncDNA was found in female IBD patients
(both CD and UC) compared to healthy controls (Figure 3B).
Although not significant, this finding was seen in mtDNA as
well (Figure 3C). In males, no significant differences between
groups were shown, although the trend toward higher ncDNA
and mtDNA in IBD patients compared with healthy controls can
be seen (Figures 4A-C).

Lower DNase Activity in Male IBD Patients
In females, no difference was found between groups in
DNase activity (Figure 5A). Interestingly, DNase activity was
significantly lower in male IBD patients (both CD and UC)
compared with healthy controls. In addition, there is a significant
negative correlation between DNase activity and ncDNA in
male IBD patients (Figure 5B). However, no correlation was
found between DNase activity and any form of DNA in female
IBD patients.
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FIGURE 3 | Total cfDNA, ncDNA and mtDNA in females. No difference was
found between groups in total cfDNA (A). Higher amount of ncDNA was found
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FIGURE 4 | Total cfDNA, ncDNA and mtDNA in males. No significant
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in female IBD patients (p = 0.0098), including both CD (p = 0.0108) and UC (p
= 0.0110) compared to healthy controls (B). Similar trend is seen in mtDNA,
although the differences were not significant (C). “P < 0.05, **P < 0.01.

differences between groups were shown in cfDNA (A), although a clear trend
toward higher ncDNA and mtDNA in IBD patients compared with healthy
controls can be seen (B,C).
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FIGURE 5 | DNase activity in healthy controls and patients. In females, no difference was found between groups. DNase activity was lower in male IBD patients
(o = 0.0001), including both CD (p = 0.0002) and UC (p = 0.0497) compared with healthy controls (A). Negative correlation was found between DNase activity and
concentration of ncDNA in male IBD patients (o = 0.0198) (B). *P < 0.05, ***P < 0.001.

DISCUSSION

Our study is the first one analyzing the amount of circulating
total cfDNA, ncDNA and mtDNA in human IBD patients in
clinical remission. It was previously found that total circulating
cfDNA, as well as mtDNA is increased in active IBD patients
(7, 12). This clearly shows the potential of these molecules
to serve as biomarkers of disease severity and potentially as
therapeutic targets.

It has been shown that circulating mtDNA can activate various
inflammatory responses via TLR9 receptors, including NLRP3
inflammasomes and neutrophils (14, 15). Boyapati et al. proved
that deletion of the TIr9 gene results in the attenuation of acute
colitis in mice, which indicates that mtDNA-TLRY signaling
represents a targetable pathway in IBD (12). Herein we present
that the amount of circulating ncDNA and mtDNA is also
increased in non-active IBD patients in clinical remission. Thus,
unlike total cfDNA, circulating ncDNA and mtDNA might not
represent the best biomarkers of disease activity, since their
amounts are higher even in IBD patients in clinical remission
compared with healthy controls.

Although absolute concentration of ncDNA was higher in
males than females, the difference between healthy controls and
IBD patients is only significant in females. This is mainly because
healthy male controls had values which are higher compared
with healthy female controls and, in fact, are close to male IBD
patients. Thus, circulating ncDNA amount clearly differentiates
between non-IBD and IBD individuals, but only in females. This
might be due to the fact that circulating levels of neutrophil
extracellular traps (NETs) are higher in males compared with
females (16). NETs represent one of the sources of ncDNA.
NcDNA is a potentially pro-inflammatory molecule playing role
in initiating and sustaining the innate immune response (17).
This is the first study that shows the sex difference in circulating
ncDNA levels in IBD patients. Our findings are in accordance
with a study by Meddeb et al. that has shown higher ncDNA levels
in males compared to females and no sex difference in mtDNA in
healthy individuals (18).

One of the possible limitations of this study is the age
difference between healthy control group and IBD patients
(mean age: 27 for controls, 41 for CD, 40 for UC). Age was
previously found to be a significant factor influencing the
levels of ncDNA, but not mtDNA in healthy individuals (18).
Nevertheless, no significant correlation was found between age
and cfDNA, ncDNA or mtDNA concentrations in any of the
subject populations in this study, even if sex was considered
(data not shown). Another limitation of our current study is the
fact that only IBD patients in clinical remission were enrolled.
However, data from the literature provide some insight into
the nature of cfDNA in active IBD patients. Our study focused
only on patients in clinical remission. Future studies should
include patients with various disease activity scores and long-
term sampling of the same patients to monitor the dynamics of
the cfDNA in active and non-active stages of the disease.

The group of Monteleone has shown that NETs, which include
both ncDNA and mtDNA, increased in colon mucosa and
sustain inflammatory processes in UC (17). On the other hand,
circulating gut-derived ¢fDNA has not proved higher in IBD
patients (19). The authors did not find intestinal ¢fDNA in
plasma of healthy individuals. In addition, active IBD patients
only had minimal amounts of circulating intestinal cfDNA,
which were not significantly different from healthy controls. This
finding indicates that circulating total cfDNA is likely not of
intestinal origin, although additional studies are lacking. Our
group has recently shown that total cfDNA increased with the
stage of colitis and mtDNA and ncDNA was not significantly
different compared to control mice (20).

It has been reported that DNase I deficiency promotes
susceptibility to autoimmune disorders (21). In addition, a
decreased DNase I activity has been previously observed in
active IBD patients (13). Herein we present that this finding
is also valid for IBD patients in clinical remission; however,
this is only true for male patients. Sex difference in serum
DNase activity of IBD patients has not been reported before. We
also reported a significant negative correlation between DNase
activity and circulating ncDNA in male IBD patients, suggesting
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a potential key role of this finding in the pathogenesis of male
IBD. Injection of DNase was effective in experimental treatment
of sepsis (1) and hepatorenal injury (2). However, no significant
therapeutic effect of intravenous DNase I injection was proved
in mouse colitis, possibly due to rapid half-life of the enzyme
in the circulation (22). The current study also contributes to the
knowledge on the mechanisms of DNase action from the view of
sex differences.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics committee of the University Hospital in
Bratislava. Approval No. EK 104/2017. The patients/participants
provided their written informed consent to participate in
this study.

REFERENCES

1. Laukova L, Konecna B, Babickova ], Wagnerova A, Meliskova V,
Vlkova B, et al. Exogenous deoxyribonuclease has a protective
effect in a mouse model of sepsis. Biomed Pharmacother. (2017)
93:8-16. doi: 10.1016/j.biopha.2017.06.009

2. Vokalova L, Laukova L, Conka J, Meliskova V, Borbelyova V, Babickova J, et al.
Deoxyribonuclease partially ameliorates thioacetamide-induced hepatorenal
injury. Am ] Physiol. (2017) 312:G457-63. doi: 10.1152/ajpgi.00446.
2016

3. Kubiritova Z, Radvanszky ], Gardlik R. Cell-free nucleic acids and their
emerging role in the pathogenesis and clinical management of inflammatory
bowel disease. Int ] Mol Sci. (2019) 20:3662. doi: 10.3390/ijms20153662

4. Rose WA 1I, Sakamoto K, Leifer CA. TLRY is important for protection
against intestinal damage and for intestinal repair. Int ] Mol Sci. (2012) 2:574.
doi: 10.1038/srep00574

5. Hu S, Peng L, Kwak YT, Tekippe EM, Pasare C, Malter JS,
et al. The DNA sensor AIM2 maintains intestinal homeostasis via
regulation of epithelial antimicrobial host defense. Cell Rep. (2015)
13:1922-36. doi: 10.1016/j.celrep.2015.10.040

6. Obermeier F Dunger N, Deml L, Herfarth H, Scholmerich ], Falk
W. CpG motifs of bacterial DNA exacerbate colitis of dextran
sulfate sodium-treated mice. Eur | Immunol. (2002) 32:2084-
92.doi: 10.1002/1521-4141(200207)32:7<2084:: AID-IMMU2084>3.0.CO;2-Q

7. KoikeY, Uchida K, Tanaka K, Ide S, Otake K, Okita Y, et al. Dynamic pathology
for circulating free DNA in a dextran sodium sulfate colitis mouse model.
Pediatr Surg Int. (2014) 30:1199-206. doi: 10.1007/s00383-014-3607-6

8. Maronek M, Gromova B, Liptak R, Klimova D, Cechova B, Gardlik R.
Extracellular DNA is increased in dextran sulphate sodium-induced colitis in
mice. Folia Biol. (2018) 64:167-72.

9. Zhang Q, Raoof M, Chen Y, Sumi Y, Sursal T, Junger W, et al. Circulating
mitochondrial DAMPs cause inflammatory responses to injury. Nature.
(2010) 464:104-7. doi: 10.1038/nature08780

10. Li L, Hann HW, Wan S, Hann RS, Wang C, Lai Y, et al. Cell-free circulating
mitochondrial DNA content and risk of hepatocellular carcinoma in patients
with chronic HBV infection. Sci Rep. (2016) 6:23992. doi: 10.1038/srep23992

11. Caielli S, Athale S, Domic B, Murat E, Chandra M, Banchereau R,
et al. Oxidized mitochondrial nucleoids released by neutrophils drive type

AUTHOR CONTRIBUTIONS

Patient examination, sample collection and study supervision
were performed by ZV and TH. Sample preparation and
processing were performed by KT, BG, and RL. Data collection
and analysis were performed by LT, BK, and JB. The manuscript
was written and the funding acquired by RG. All authors
contributed to the study conception and design and read and
approved the final manuscript.

FUNDING

This work was supported by the Ministry of Health of the Slovak
Republic under the project registration number 2018/33-LFUK-7
and by the Slovak Research and Development Agency under the
contract no. APVV-17-0505.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.593316/full#supplementary-material

I interferon production in human lupus. J Exp Med. (2016) 213:697-
713. doi: 10.1084/jem.20151876

12. Boyapati RK, Dorward DA, Tamborska A, Kalla R, Ventham NT, Doherty
MK, et al. Mitochondrial DNA is a pro-inflammatory damage-associated
molecular pattern released during active IBD. Inflamm Bowel Dis. (2018)
24:2113-22. doi: 10.1093/ibd/izy095

13. Malickova K, Duricova D, Bortlik M, Hruskova Z, Svobodova
B, Machkova N, Impaired deoxyribonuclease I activity in
patients with inflammatory bowel diseases. Autoimmune Dis. (2011)
2011:945861. doi: 10.4061/2011/945861

14. Shimada K, Crother TR, Karlin ], Dagvadorj J, Chiba N, Chen §,
et al. Oxidized mitochondrial DNA activates the NLRP3 inflammasome
during apoptosis. Immunity. (2012) 36:401-14. doi: 10.1016/j.immuni.2012.
01.009

15. Boyapati R, Dorward D, Tamborska A, Kalla R, Ventham N, Rossi A, et al.
Mitochondrial DNA is a damage-associated molecular pattern released during
active IBD promoting TLR9-mediated inflammation. J. Crohns Colitis. (2017)
11:5105-6. doi: 10.1093/ecco-jcc/jjx002.181

16. Tillack K, Naegele M, Haueis C, Schippling S, Wandinger KP, Martin R,
et al. Gender differences in circulating levels of neutrophil extracellular traps
in serum of multiple sclerosis patients. J Neuroimmunol. (2013) 261:108-
19. doi: 10.1016/j.jneuroim.2013.05.004

17. Dinallo V, Marafini I, Di Fusco D, Laudisi E Franze E, Di Grazia A, et al.
Neutrophil extracellular traps sustain inflammatory signals in ulcerative
colitis. J Crohn’s Colitis. (2019) 13:772-84. doi: 10.1093/ecco-jcc/jjy215

18. Meddeb R, Dache ZAA, Thezenas S, Otandault A, Tanos R, Pastor B,
et al. Quantifying circulating cell-free DNA in humans. Sci Rep. (2019)
9:5220. doi: 10.1038/s41598-019-41593-4

19. Lehmann-Werman R, Zick A, Paweletz C, Welch M, Hubert A, Maoz M,
et al. Specific detection of cell-free DNA derived from intestinal epithelial
cells using methylation patterns. bioRxiv. (2018) 409219. doi: 10.1101/
409219

20. Gardlik R, Maronek M, Liptak R, Gromova B, Cechova B. The role of
extracellular DNA in the pathogenesis of DSS-induced colitis in mice.
Gastroenterology. (2019) 156:S712. doi: 10.1016/S0016-5085(19)38716-5

21. Napirei M, Wulf S, Mannherz HG. Chromatin breakdown during necrosis
by serum Dnasel and the plasminogen system. Arthritis Rheumat. (2004)
50:1873-83. doi: 10.1002/art.20267

et al

Frontiers in Medicine | www.frontiersin.org

December 2020 | Volume 7 | Article 593316


https://www.frontiersin.org/articles/10.3389/fmed.2020.593316/full#supplementary-material
https://doi.org/10.1016/j.biopha.2017.06.009
https://doi.org/10.1152/ajpgi.00446.2016
https://doi.org/10.3390/ijms20153662
https://doi.org/10.1038/srep00574
https://doi.org/10.1016/j.celrep.2015.10.040
https://doi.org/10.1002/1521-4141(200207)32:7<2084::AID-IMMU2084>3.0.CO;2-Q
https://doi.org/10.1007/s00383-014-3607-6
https://doi.org/10.1038/nature08780
https://doi.org/10.1038/srep23992
https://doi.org/10.1084/jem.20151876
https://doi.org/10.1093/ibd/izy095
https://doi.org/10.4061/2011/945861
https://doi.org/10.1016/j.immuni.2012.01.009
https://doi.org/10.1093/ecco-jcc/jjx002.181
https://doi.org/10.1016/j.jneuroim.2013.05.004
https://doi.org/10.1093/ecco-jcc/jjy215
https://doi.org/10.1038/s41598-019-41593-4
https://doi.org/10.1101/409219
https://doi.org/10.1016/S0016-5085(19)38716-5
https://doi.org/10.1002/art.20267
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Vrablicova et al.

Extracellular DNA in IBD

22. Babickova J, Conka J, Janovicova L, Boris M, Konecna B, Gardlik R.
Extracellular DNA as a prognostic and therapeutic target in mouse colitis
under DNase I Treatment. Folia Biol. (2018) 64:10-5.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Vrablicova, Tomova, Tothova, Babickova, Gromova, Konecna,
Liptak, Hlavaty and Gardlik. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

December 2020 | Volume 7 | Article 593316


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Nuclear and Mitochondrial Circulating Cell-Free DNA Is Increased in Patients With Inflammatory Bowel Disease in Clinical Remission
	Introduction
	Materials and Methods
	Patients and Controls
	Blood Samples Processing
	Extraction and Measurement of cfDNA
	Quantitative PCR
	DNase Activity
	Statistical Analysis

	Results
	Increased Circulating ncDNA and mtDNA in IBD Patients
	Sex Difference in Circulating ncDNA
	Increased Circulating ncDNA and mtDNA in Female IBD Patients
	Lower DNase Activity in Male IBD Patients

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


