
Sources and Biological Activity of Cell-Free DNA | Encyclopedia.pub

https://encyclopedia.pub/entry/49793 1/6

Sources and Biological Activity of Cell-Free
DNA
Subjects: Biology

Contributor: Galina Hovhannisyan , Tigran Harutyunyan , Rouben Aroutiounian , Thomas Liehr

The term cell-free DNA (cfDNA) encompasses all kinds of extracellular DNA molecules found in serum or plasma

and other body fluids, and includes genomic DNA (gDNA) and mitochondrial DNA (mtDNA), as well as DNA of

bacterial or viral origin. Cell-free DNA (cfDNA), freely circulating in the bloodstream, urine, and other fluids (or

encapsulated in vesicles) may be derived from both normal and diseased cells. cfDNA is extremely dynamic and

responsive, providing sensitive indicators of changes that are not detectable by standard clinical tests. It can be

used as a reliable, safe, and objective tool to reflect disease progression and supplement clinical data in a

particular patient, and thus, represents a new path in personalized medicine.
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1. Introduction

A pathology-related increase of cfDNA level was first detected in patients with systemic lupus erythematosus in

1966  and cancer patients  in 1977. Moreover, Leon et al.  found a decrease of cfDNA level after anticancer

therapy. The identification of placenta-derived cfDNA in maternal blood in 1997  led to the establishment of NIPT

cell-free mtDNA (cf-mtDNA) was first reported in serum and plasma of patients with type 2 diabetes mellitus and

healthy donors in 2000. Hereby, an A to G 3243 mutation was identified in cf-mtDNA of diabetes patients but not in

a control group .

Elevated levels of host cfDNA in the blood (plasma or serum) have been found in various viral diseases, as well as

in COVID-19. Initially, an increase in cfDNA and its prognostic role was reported in patients with acute dengue virus

infection . An increase of cfDNA level in plasma during acute Puumala hantavirus infection, as well as its

positive correlation with blood leukocyte concentration and length of hospital stay was found . Elevated levels of

plasma cfDNA have been found in patients with Hantaan virus infection . The difference between cfDNA levels

was revealed in mild, intermediate, and severely affected patients with Crimean–Congo hemorrhagic fever caused

by a tick-borne virus (Nairovirus) . cfDNA as a marker of COVID-19 diagnostics and management is currently

under study . In addition to freely circulating, cfDNA attached to extracellular vesicles, as well as cfDNA as part

of neutrophil extracellular traps (NETs) has been studied in viral pathologies.

While cfDNA research and application had a slow start, at present, a rapid progress is observed, due to its great

potential as a minimally invasive source of diagnostically relevant information, including patient-centered diagnosis,

prognosis, prediction, and monitoring .
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cfDNA origin in body fluids is mainly associated with cell death through apoptosis, necrosis, and NETosis. It can

also be formed as a result of erythroblast enucleation and chromosomal instability. Furthermore, cfDNA can be

present in its free form or encapsulated in extracellular vesicles (EVs). The main manifestations of the biological

activity of cfDNA are regulation of the immune system, removal of damaged DNA, and intercellular communication.

2. Apoptosis, Necrosis and NETosis

Cell death results in massive release of cellular contents into the extracellular space. Increased cfDNA levels have

been reported for various diseases, including viral infections, in which cell death and tissue/organ damage

contribute to pathogenesis. Cell death pathways are initiated during viral attachment, entry, genome replication,

and gene expression.

Apoptosis, as well as two forms of regulated necrosis—necroptosis and pyroptosis, are considered as the main

ways of virus associated cell death . cfDNA can also originate from neutrophil extracellular traps (NETs), web-

like structures formed due to the programmed death of neutrophils called NETosis in response to infections or

cancer . Brinkmann et al.  for the first time reported that NETs are composed of decondensed chromatin

complexed with neutrophil proteins (e.g., neutrophil elastase and myeloperoxidase) which are able to capture,

neutralize, and kill microbes. NETs can contain both mtDNA and gDNA .

A significant increase in apoptotic signals was observed in postmortem lung sections from COVID-19 patients and

the lungs of a non-human primate model infected with SARS-CoV-2 . Apoptotic death of T-cells was

demonstrated by André et al.  in severely affected COVID-19 patients. Necroptosis and pyroptosis are

commonly seen in COVID-19 in conditions of low apoptosis . However, the assessment of cell death in the

mentioned studies is not accompanied by data on the release of cfDNA. Upcoming detailed analysis of released

molecules could supplement the data on COVID-19 molecular pathology.

The main forms of cell death associated with COVID-19 (Figure 1) are summarized in the reviews of Rex et al. ,

Bader et al. , and Morais da Silva et al. .
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Figure 1. Main forms of cell death associated with COVID-19 and occurrence of cfDNA (This illustration was

created with BioRender.com).

3. Extracellular Vesicles

EVs such as apoptotic bodies (1000–5000 nm), microvesicles (100–3000 nm), and exosomes (30–100 nm) are

another source of cfDNA . Thakur et al.  was the first to discover double-stranded gDNA (dsDNA) in

exosomes from different cancer models.

Exosomes are secreted by all cell types and have been found in plasma, urine, semen, saliva, bronchial fluid,

cerebrospinal fluid, breast milk, serum, amniotic fluid, synovial fluid, tears, lymph, bile, and gastric acid . Whole-

genome sequencing revealed that fragments of DNA in EVs (EV-DNA) can originate from any chromosome and

mtDNA, which indicates a sequence-independent DNA fragment loading . EVs may also contain single-stranded

DNA (ssDNA) fragments , which can be transferred from cell to cell. Plasma cfDNA analysis in healthy donors

showed that more than 93% of cfDNA is located in plasma exosomes . However, cfDNA can be released into

circulation through the breakdown of EVs .

It has been shown that cfDNA secreted in exosomes may serve to maintain tissue homeostasis by removing

damaged DNA. The inhibition of exosome secretion results in the accumulation of nuclear DNA in the cytoplasm

and provokes the innate immune response .

DNA sequences in EVs, which could be delivered from one cell to another, can regulate mRNA and protein

expression, and affect the physiological function in the recipient cells .

4. Chromosomal Instability and Micronucleus Formation
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Micronuclei (MNi) have become recognized as one of the most important biomarkers of genomic instability and

source of pro-inflammatory DNA in humans . Mackenzie et al.  reported activation of cytosolic DNA sensor

cyclic GMP-AMP synthase (cGAS) that triggers a type-I interferon response in micronucleated mouse embryonic

fibroblasts. The authors suggest that DNA is released from MNi due to micronuclear membrane rupture, which

leads to the exposure of DNA to the cGAS. Grabuschnig et al.  hypothesized that MNi, with their DNA cargo,

may translocate to the extracellular space and serve as sources of cfDNA; however, appropriate studies supporting

this hypothesis have not yet been implemented.

5. Erythroblast Enucleation

An additional mechanism of active DNA release is nucleus exclusion from erythroblasts. Lam et al.  found that

erythroid DNA comprised a significant proportion of the cfDNA pool in plasma of healthy individuals (about 30%).

The fraction of erythroid derived cfDNA in plasma of anemia patients was 12.4%, which was significantly lower than

that of the healthy controls. These findings are concordant with reduced erythropoietic activity in anemia patients.
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