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at 1500 × g for 10 minutes at room tempera‑
ture. The resulting serum samples were stored 
at −80 °C.

Small RNA sequencing  High‑throughput small 
RNA sequencing experiments and data analysis 
were performed using Qiagen Genomic Servic‑
es (Hilden, Germany), as described previously.4 
To identify putative novel miRNAs, the miRPara 
software was used.5

MicroRNA isolation, reverse transcription, and 
droplet digital polymerase chain reaction  Total 
RNA, including miRNA, was extracted from 
200 μl of the serum samples using the miRNeasy 
Serum / Plasma Advanced Kit (Qiagen) in accor‑
dance with the manufacturer’s instructions. Com‑
plementary DNA was synthesized from purified 
miRNA using the miRCURY LNA RT Kit (Qia‑
gen) according to the manufacturer’s protocol. 
Quantification of miRNA levels in serum samples 
from the validation group was performed using 
the QX200 Droplet Digital polymerase chain reac‑
tion (PCR) system (Bio‑Rad, Hercules, California, 
United States), as previously described.4 Data 
were expressed as normalized units, according 
to the level of miR‑16‑5p, an endogenous refer‑
ence widely used for circulating miRNA studies.

Bioinformatic analysis  A putative miRNA sequence 
identified as a factor differentiating between pa‑
tients with persistent and paroxysmal AF was used 
for prediction of potential gene targets by means of 
the Homo sapiens reference transcriptome sourced 
from the Ensembl database (https://www.ensem‑
bl.org). An initial prediction was run using the mi‑
Randa 3.3a algorithm6 with the following settings: 
minimum score greater than or equal to 140, free 

Introduction  Atrial fibrillation (AF) is the most 
common cardiac arrhythmia in the general popu‑
lation. The estimated prevalence of this arrhyth‑
mia in adults ranges from 2% to 4%.1 AF is one 
of the leading causes of stroke, heart failure, oth‑
er thromboembolic complications, and sudden 
death. On the basis of the duration of an arrhyth‑
mia episode, AF is classified as first-diagnosed, 
paroxysmal, persistent, long‑standing persis‑
tent, or permanent.2 In recent years, there has 
been a growing body of evidence that microRNAs 
(miRNAs) play an important role in AF devel‑
opment and progression.3 Advances in next
‑generation sequencing technologies made it 
possible to identify and evaluate putative novel 
miRNAs associated with this arrhythmia. Hence, 
the main goal of this study was to identify novel 
circulating serum miRNAs that can differentiate 
between paroxysmal and persistent AF, and may 
serve as potential diagnostic biomarkers.

Patients and methods  Patients  A total of 94 pa‑
tients undergoing first‑time ablation due to AF 
were included. The study population was divided 
into study (n = 19) and validation (n = 75) groups. 
Persistent and paroxysmal AF were determined 
according to the 2016 European Society of Car‑
diology recommendations.2 Characteristics of 
the participants are summarized in Supplemen‑
tary material, Table S1. The study was conducted 
in accordance with the principles of the Declara‑
tion of Helsinki, and approved by the Bioethics 
Committee of the Military Institute of Medicine 
(12/WIM/2015). Written informed consent was 
obtained from all participants.

Blood sample collection  Venous whole blood sam‑
ples were collected and centrifuged after clotting 
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circulating serum miRNA profiles in the study 
group. Sequencing data revealed 8 putative novel 
miRNAs differentiating patients with persistent 
(n = 8) from those with paroxysmal AF (n = 11) 
(Supplementary material, Table S2). The miRNA 
with the highest expression level, put‑miR‑25, was 
selected for further analysis. Put‑miR‑25 was sig‑
nificantly downregulated in the serum of patients 
with persistent AF, as compared with those with 
paroxysmal AF (fold change = 0.566; P = 0.005) 
in the study group. Validation was carried out by 
droplet digital PCR (ddPCR) using serum samples 
from the independent validation group. Consis‑
tent with the sequencing results, the patients 
with persistent AF (n = 24) showed a significant‑
ly lower median level of put‑miR‑25 than those 
with paroxysmal AF (n = 51) (FIGURE 1A). To es‑
timate the ability of put‑miR‑25 to distinguish 
between the patients with persistent and parox‑
ysmal AF, a ROC curve analysis was performed 
(FIGURE 1B). The AUC for put‑miR‑25 was 72.8% 
(95% CI, 61.3%–84.3%). The ROC curve yield‑
ed an optimal put‑miR‑25 expression cutoff val‑
ue of 375, with sensitivity of 54.9% and speci‑
ficity of 83.3%.

To find potential targets of put‑miR‑25, we 
employed target prediction algorithms, namely, 
miRanda 3.3a and the psRNAtarget web serv‑
er. Put‑miR‑25 was predicted to target 23 genes 
(Supplementary material, Table S3). Of particular 
note are the fms-related receptor tyrosine kinase 
1 gene (FLT1) and the inositol 1,4,5‑trisphosphate 
receptor type 1 gene (ITPR1), which have previ‑
ously been associated with AF. Expression of both 
these genes was shown to be elevated in AF, which 
correlates with decreased levels of put‑miR‑25 
found in our study. FLT1 was significantly up‑
regulated in atrial tissues of patients with persis‑
tent AF in comparison with individuals without 

energy lower than or equal to –20 kcal/mol, and 
gap opening penalty lower than or equal to –9 for 
X and –4 for Y. As a result, 5094 potential tar‑
gets were obtained, and after duplicate removal 
(due to multiple transcripts per gene) and filter‑
ing out the sequences without a gene entry, 1444 
targets remained. Due to the high number of po‑
tential targets, which is unlikely to reflect the real 
behavior of miRNA, a second prediction using the 
psRNAtarget web server7 was run, which resulted 
in the generation of 143 potential target genes. 
The final list of genes was created by identifying 
the overlapping elements between the miRanda- 
and psRNAtarget‑generated datasets, resulting in 
23 possible targets.

Statistical analysis  Statistical analysis was per‑
formed using the R statistical software, version 
4.3.1 (The R Foundation for Statistical Comput‑
ing, Vienna, Austria; https://www.R‑project.org). 
Normality of variable distribution was first evalu‑
ated with the Shapiro–Wilk test, and group com‑
parisons were made using the t test for the nor‑
mally distributed data or the Mann–Whitney test 
for the variables deviating from the normal dis‑
tribution. Comparisons of categorical variables 
were made using the Fisher exact test. In all cas‑
es, a P value below 0.05 was set as the cutoff for 
statistical significance. The receiver operating 
characteristic (ROC) curve was constructed, and 
the area under the curve (AUC) with 95% CI was 
calculated using the R ROCit package. The op‑
timal cutoff point was determined as the point 
geometrically closest to the (100%, 100%) point 
on the ROC plot, using the following formula: 
[(1–Specificity)2 + (1–Sensitivity)2]1/2.

Results and discussion  High‑throughput small 
RNA sequencing was performed to screen 
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FIGURE 1�  Results of the droplet digital polymerase chain reaction validation; A – level of put‑miR‑25 in serum 
samples from the validation group. Median values (persistent AF, 250.4; paroxysmal AF, 389.8) are shown as the solid 
lines across the boxes. The bottom and top of each box represent the first and third quartiles of the data, respectively. 
Whiskers indicate minimal and maximal values. The t test was used to estimate the level of significance. B – receiver 
operating characteristic curve for put‑miR‑25; the black dot represents the optimal put‑miR‑25 cutoff value of 375 
(sensitivity, 54.9%; specificity, 83.3%). 
Abbreviations: AF, atrial fibrillation; AUC, area under the curve
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AF.8 This upregulation may lead to increased en‑
dothelial cell proliferation during atrial remodel‑
ing in AF. An increase in the expression of ITPR1 
in atrial tissues of patients with chronic AF may 
be important in modulating intracellular Ca2+ ho‑
meostasis and in the initiation or perpetuation 
of AF.9 Based on the scores yielded by both by 
miRanda 3.3a and psRNAtarget, another poten‑
tial target candidate for put‑miR‑25 was the cy‑
clin L1 gene (CCNL1). Although currently there is 
no evidence linking this gene to AF, it was found 
to play a role in cardiomyocyte proliferation af‑
ter myocardial infarction,10 and one of its variants 
was found in a genome‑wide association study to 
be related to coronary artery disease.11

Study limitations  This was a pilot, single‑center 
study, and the sample size was limited. Further 
evaluation of the clinical utility of put‑miR‑25 us‑
ing multicenter cohorts would be necessary. In 
addition, interactions with target genes should 
be confirmed experimentally in further steps.

Conclusions  Sequencing data from the study 
group revealed a putative novel miRNA sequence, 
put‑miR‑25, to be significantly downregulated 
in serum of patients with persistent AF, as com‑
pared with individuals with paroxysmal AF. Val‑
idation was carried out with ddPCR using serum 
samples from the independent validation group, 
and the results matched those obtained in the se‑
quencing data analysis. Target gene prediction in‑
dicated that put‑miR‑25 may be involved in met‑
abolic processes relevant to pathogenesis of car‑
diovascular diseases.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.
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