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Introduction: To evaluate Low-Molecular-weight (LMW) DNA as a possible prognostic 
biomarker in acute ischemic and hemorrhagic stroke.

Methods: LMW DNA samples were isolated from plasma and cerebrospinal fluid by phenol 
deproteinization, analyzed by gradient polyacrylamide electrophoresis and quantified by 
spectrophotometry.

Results: Two common types of stroke, i.e. ischemic and hemorrhagic, differ by the temporal 
dynamics of cell-free DNA (cfDNA) accumulation. In hemorrhagic stroke, an initial increase 
in LMW DNA levels, most likely reflects an extent of the tissue damage, while in ischemic 
patients, the LMW DNA levels increase in parallel with the damage caused by hypoxia and 
subsequent compensatory reperfusion.

Conclusion: These time-course data specify optimal assessment windows with maximum 
differentiating power for stroke outcomes: 24-48 hours post-event for ischemic stroke, and as 
close as possible to the moment of hospital admission for hemorrhagic stroke. These data also 
indicate the role of apoptosis in the formation of ischemic focus.

Article info:
Received: 19 Dec 2018
First Revision: 10 Jan 2019
Accepted: 16 Feb 2019
Available Online: 01 Nov 2020

Keywords:
Acute cerebrovascular 
accident, Cerebral ischemia, 
Hemorrhagic stroke, Cell-free 
DNA, Apoptosis

Citation: Vasilyeva, I., Bespalov, V., Baranova, A., Voznyuk, I., & Baranenko, D. (2020). Differential Dynamics of the Levels 
of Low Molecular Weight DNA Fragments in the Plasma of Patients With Ischemic and Hemorrhagic Strokes. Basic and Clinical 
Neuroscience, 11(6), 805-810. http://dx.doi.org/10.32598/bcn.11.6.1639.1

 : http://dx.doi.org/10.32598/bcn.11.6.1639.1

Use your device to scan 
and read the article online

A B S T R A C T

http://bcn.iums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vasilyeva%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26473391
https://orcid.org/0000-0003-1440-9934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bespalov%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26473391
https://orcid.org/0000-0001-7643-6853
https://orcid.org/0000-0001-6810-5982
https://orcid.org/0000-0002-9284-4379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vasilyeva%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26473391
mailto:Iravasilyeva@hotmail.com
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vasilyeva%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26473391
http://dx.doi.org/10.32598/bcn.11.6.1639.1
https://crossmark.crossref.org/dialog/?doi=10.32598/bcn.11.6.1639.1
http://bcn.iums.ac.ir/page/74/Open-Access-Policy


Basic and Clinical

806

November, December 2020, Volume 11, Number 6

1. Introduction

cute ischemia of brain tissue resulting in a 
stroke is a prominent cause of death world-
wide, with more than 15 million cases di-
agnosed annually (Mackay & Mensah, 
2004). In the USA alone, one stroke occurs 

in almost 800000 people every year and is the main cause 
of long-term disability (Go et al., 2013).

Stroke is a phenotypically diverse disease. Most beats 
(87%) as a result of blood vessel clotting, cutting off 
blood flow to a part of the brain and is therefore well 
diagnosed. The rest of the strokes are due to hemorrhage. 
On top of that, stroke may affect widely disparate areas 
of the brain, thus providing for the diversity of symp-
toms. Tailoring the therapy during the acute, recovery, 
and secondary prevention phases of post-stroke treat-
ment requires the development and validation of the 
biomarkers suitable for early evaluation of the extent of 
pathophysiological processes associated with stroke.

Energy metabolism in the brain is primarily determined 
by aerobic glycolysis, and the glucose content in the 
brain is depleted after 5-6 minutes, leading to disruption 
of the mitochondrial chain and the decrease in ATP (Choi 
& Pile-Spellman, 2018). Oxidative stress and associated 
oxidative damage are the main causes of cell damage and 
cell death during ischemia. Reactive oxygen species (su-
peroxide radical anion, hydroxyl radical, singlet oxygen, 
and hydrogen peroxide) damage cellular targets such as 
DNA, proteins, and lipids. After ischemia, reperfusion 
can cause a sequential chain of pathophysiological cas-
cades, including massive intracellular Ca2+ release, neu-
trophil recruitment, acute inflammatory reactions, and 
the formation of free radicals, which, in turn, cause apop-
totic or necrotic cell death (Amani et al., 2017).

After its release from apoptotic and necrotic cells, cell-
free DNA (cfDNA) fragments circulate in the blood until 
cleared by DNA hydrolyzing enzymes (Mittra, Nair, & 
Mishra, 2012). Additionally, at least some of the released 
DNA fragments got included in various supramolecular 
complexes, where they remain stable for a long time. If 
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● Ischemic and hemorrhagic stroke differ by the temporal dynamics of cell-free DNA (cfDNA) accumulation. 

● In hemorrhagic stroke, an initial increase in cfDNA, most likely reflects an extent of the tissue damage

● In ischemic patients, the apoptotic cfDNA increase in parallel with the damage caused by hypoxia and subsequent 
compensatory reperfusion. 

● An optimal assessment windows with maximum differentiating power for stroke outcomes is 24-48 hours post-
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Acute cerebrovascular accidents are a prominent cause of death worldwide and are the leading cause of long-term 
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patients, the lmwDNA levels increase in parallel with the damage caused by hypoxia and subsequent compensatory re-
perfusion. These time-course data specify optimal assessment windows with maximum differentiating power for stroke 
outcomes: 24-48 hours post-event for ischemic stroke, and as close as possible to the moment of hospital admission for 
hemorrhagic stroke. These data also indicate the role of apoptosis in the formation of ischemic focus.
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the cell death toll exceeds the capacity of the clearance 
mechanisms, the fraction of cell-free DNA increases in 
its abundance (Peters & Pretorius, 2011). The animal 
model demonstrated that this is, indeed, the case for 
acute ischemic events (Boyko et al., 2011).

From a mechanistic perspective, the greater the size of 
an area affected by stroke, the more cell death there will 
be, and, consequently, the more cfDNA release. There is 
also evidence that cfDNA released from the dying cell 
may serve as an activation or stress signal for immune 
and other cells, resulting in pro-inflammatory cytokine 
responses (Hefeneider et al., 1992; Glebova, Veiko, 
Kostyuk, Izhevskaya, & Baranova, 2015; Ermakov et 
al., 2013). In plasma, cfDNA is represented by fragments 
of various sizes, with the most common fragment length 
corresponding to the size of the nucleosome and reflect-
ing its apoptotic origin. In the case of necrosis, relatively 
long fragments of DNA, about 10000 bp in length are 
produced (Zhivotovsky & Orrenius, 2001).

Previous studies showed that the levels of cfDNA are 
predictive for stroke outcomes when measured as late 
as 6 weeks post-event (Rainer et al., 2003; Lam, Rain-
er, Wong, Lam, & Lo, 2006; Geiger et al., 2006) with 
larger levels pointing toward possible mortality, or to the 
prominence of ischemic sequelae (Vasilyeva, Ivtchik, & 
Voznyuk, 2010). On the other hand, a gradual decrease 
in the levels of cfDNA indicates an improvement and 
may be used as a biomarker of recovery (Vasilyeva, Ivt-
chik, & Voznyuk, 2010). Here we present the results of a 
comparative study of LMW cfDNA levels in plasma and 
CSF of the patients with hemorrhagic and ischemic brain 
lesions at early post-stroke time points.

2. Methods

2.1. Settings and participants

The patients with acute stroke (n=54) aged 46-50 years 
were enrolled upon admission to the I.I. Djanelidze 
State Research Institute for Emergency Hospital (St.-
Petersburg, Russia) between January 2013 and Novem-
ber 2016, and investigated prospectively. Acute ischemic 
cerebrovascular accident, as a sudden loss of focal cere-
bral function, persisted for 24 hours and was diagnosed 
according to clinical presentation. All participants had no 
clinical evidence of prior stroke. Five of them were di-
agnosed with hemorrhagic stroke, and 46 with ischemic 
stroke. For each patient with hemorrhagic stroke, age, and 
gender matching patient was selected from the group with 
ischemic stroke and underwent DNA testing in plasma. 

The control subjects (n=23) at age of 34-73 were enrolled 
at the time of the annual check-up. None of the controls 
had any evidence of prior strokes or other major health-
related events within a year before the study. Donors were 
divided into 3 age groups: 34-44 years (n=7), 46-67 years 
old, corresponding to the age of patients (n=6), and 60-
74 years old (n=4). After venipuncture, 3 mL samples of 
blood were collected in EDTA (Ethylenediaminetetraace-
tic acid) containing Vacutainer tubes (BD, USA). 

Post-ischemic stroke patients (n=42) were enrolled at 
the time of admission and underwent collection of Cere-
brospinal Fluids (CSF) as part of their assessment. Left-
over CSF samples available for DNA analysis included 
ones collected at a timeframe of 2 - 24 hours (n=5), 2-7 
days (n=12), 7-21 days (n=8), more than 21 days (n=17).

2.2. Blood Sampling and Assessment of Plasma DNA 

For all patients enrolled in the ischemic/hemorrhagic 
comparison study, blood samples were collected at dif-
ferent times after an acute onset of the symptoms: 3, 6, 
12, 24, 48, and 72 hours. Samples of 3 mL of peripheral 
venous blood were collected into Vacutainers containing 
EDTA. Plasma was separated by spinning at 810 × g for 
20 min at 4o С in a bucket rotor. To ensure complete 
removal of cells, the collected plasma samples were then 
centrifuged twice at 2200 × g for 10 min. Nucleic acids 
were isolated from samples of 200 μL of plasma using 
the QIAamp Blood Kit (Qiagen, Frederick, MD) ac-
cording to the manufacturer’s recommendations “blood 
and body fluid protocol”. Extracted DNA samples were 
treated by RNAse, analyzed by electrophoresis in poly-
acrylamide gradient (2.16%) in TRIS buffer 0.04 M 
(acetate, pH 7.7) with EDTA 0.1 M. LMW fractions of 
DNA were extracted from gels using QIAquick® Gel 
Extraction Kits (Qiagen, USA) and evaluated quanti-
tatively by NanoDrop spectrophotometer (ND-1000; 
Thermo Fisher Scientific, USA).

2.3. Statistical analysis

The obtained data were presented as Mean±standard 
deviation or median. The Student’s t-test was used for 
univariate analysis, and the Chi-squared test or Fisher 
exact-test to compare categorical variables. All statisti-
cal analyses were conducted using GraphPad Prism6 
(GraphPad Software, USA).
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3. Results 

In the plasma of 17 healthy donors, the Mean±SD lev-
els of LMW fraction of cfDNA was 30.2±6.6 ng/mL. 
However, when the donors’ group was trimmed down to 
5 to match the age distribution in stroke patients (36-67 
years old), the Mean±SD level of LMW fraction of cfD-
NA was 20.16 (7.70) ng/mL (these differences had not 
reached significance; supplementary (Table 1). In group 
comparisons with stroke patients, the levels of LWM 
DNA in plasma of an entire cohort of healthy patients 
were considered.

The levels of LMW fraction of cfDNA in plasma were 
traced in plasma of 8 patients with ischemic and 5 pa-
tients with hemorrhagic stroke (Figure 1). In hemorrhagic 
stroke, the mean levels of cfDNA were significantly 
higher than normal at inception through post-stroke day 
2, reaching 72.8 (17.6) ng/mL after 3 h and 61.8 (16.5) 
ng/mL at 6 hours (P<0.015), decreasing after 24 h to 28.0 
(6.9) ng/mL and falling to baseline at 48 h and to 72 h 
(Figure 1). In case of ischemic stroke, significant plasma 
cfDNA LMW concentrations were detected at inception, 3 
hours post-event, when they were 40.2 (7.8) ng/mL, more 
than twice of that amount in healthy controls, followed by 
a significant increase to 50.2 (5.1) ng/mL after 24 h and 
54.7 (10.1) ng/mL after 48 h (P <0.02). Across the next 72 
hours, these levels gradually return to baseline. 

In patients with ischemic stroke, detectable amounts of 
LMW cfDNA were also detected in spinal fluid samples 
(Table 1) collected approximately 24 hours post-event 
(71.9±16.9 ng/mL), while the samples collected shortly 
after the stroke and or at later time points were cfDNA 
negative.

4. Discussion 

The diagnosis of stroke typically relies on a combi-
nation of the clinical timeline of reported or observed 
events with the results of neurological examination and 
neuroimaging. The rapid workflow of acute stroke ther-
apy limits the use of laboratory biomarkers for an ac-
tual diagnosis. Nevertheless, the phases of recovery and 
prevention of secondary strokes present a considerable 
window of opportunity for introducing biomarker-based 

subtyping (Dieplinger et al., 2017; Bustamante, Simats, 
Vilar-Bergua, Garcia-Berrocoso, & Montaner, 2016). 
This subtyping may be performed during an assess-
ment of the patient’s progress at a point-of-care and will 
provide for the stratification of risks. The use of plasma 
cfDNA as an integrative biomarker of body stress and 
cellular apoptosis may serve as a window into the extent 
of the damage sustained during the stroke.

To develop cfDNA as a biomarker, its plasma levels 
should be profiled at various post-event time points and, 
eventually, correlated with outcomes. Stroke-associated 
elevation of cfDNA levels has been noted previously 
(Rainer et al., 2003, Lam, Rainer, Wong, Lam, & Lo, 
2006; Geiger et al., 2006; O’Connel et al., 2017; Tsai 
et al., 2011; Dilek et al., 2013). The current study differs 
from the ones cited above in two important aspects. It spe-
cifically profiled the LMW fraction of DNA released from 
the cells dying in course of apoptosis, but not from the 
necrotic cells. Importantly, this approach also emphasizes 
the evaluation of the short fragments generated in apop-
tosis rather than fragments of nucleosome-free mtDNA, 
characterized by more uniform, peakless size distribution.

Table 1. LMW cfDNA concentrations in CSF samples collected at various time points post-ischemic stroke 

Time Frame of CSF Collec-
tion 2 h (n=1) 24 h (n=4) 2-7 d (n=12) 2-3 Weeks (n=8) More Than 3 Weeks 

(n=17)

Concentrations of LMW DNA Not detected 71.9±16.9 ng/mL Not detected Not detected Not detected

Figure 1. LMW DNA levels in the plasma of patients with 
ischemic or hemorrhagic stroke 

Individual LMW cfDNA levels in the plasma of healthy do-
nors.
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Our observational study on LMW cfDNA levels in 
the plasma of stroke patients showed that two common 
types of stroke, i.e. ischemic and hemorrhagic, differ by 
the temporal dynamics of cfDNA accumulation. Sample 
sizes in both ischemic and hemorrhagic stroke groups 
were enough to reach a power of 0.8 for alpha signifi-
cance levels set at 0.05. In hemorrhagic stroke, the initial 
increase in LMW cfDNA levels, most likely reflects the 
extent of the tissue damage, while in ischemic patients, 
the LMW cfDNA levels increase in parallel with the 
damage caused by hypoxia and subsequent compensa-
tory reperfusion. These time-course data augment pre-
viously reported findings concerning post-stroke plasma 
cfDNA levels (O’Connel et al., 2017; Tsai et al., 2011; 
Dilek et al., 2013) by specifying an assessment window 
with maximum differentiating power for stroke out-
comes i.e. 24-48 hours post-event for ischemic stroke, 
and as close as possible to the moment of hospital admis-
sion for hemorrhagic stroke. 

In our study, we also enrolled post-stroke patients into 
the protocol that allowed us to collect and study the left-
overs of Cerebrospinal Fluid (CSF) collected during 
various hospital assessments performed at various post-
stroke time points. LMW cfDNA was detected at rela-
tively high levels 24 hours after acute onset of ischemia 
in the brain but had not been seen at later time points. 
These findings are intriguing and may aid in post-hoc 
differentiation of acute ischemic strokes from “missed,” 
false-negative cases, and from more or less common 
stroke over-diagnosis, also known as “stroke mimics” 
(Liberman & Prabhakaram, 2017).

Interestingly, after combining the cohort of controls, 
significant inter-individual variation in plasma LMW 
cfDNA levels was observed. This variation points at pos-
sible physiological fluctuations in plasma LMW cfDNA 
levels, which may reflect the overall state of the body’s 
response to intrinsic and extrinsic stress, the importance 
of taking into account individual baseline levels of plas-
ma cfDNA, and the necessity of longitudinal assaying of 
plasma cfDNA in healthy cohorts.
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