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ABSTRACT 

Heart failure (HF) remains a major cause of death and disability worldwide. Currently, 

B-type natriuretic peptide and N-terminal pro-brain natriuretic peptide are diagnostic 

biomarkers used in HF. Although very sensitive, they are not specific enough and do not 

allow the prediction or early diagnosis of HF. Many ongoing studies focus on determining the 

underlying cause and understanding the mechanisms of HF on the cellular level. MicroRNAs 

(miRNAs) are non-coding RNAs which control the majority of cellular processes and 

therefore are considered to have a potential clinical application in HF. In this review, we aim 

to provide synthesized information about miRNAs associated with ejection fraction, HF 

etiology, diagnosis, and prognosis, as well as outline therapeutic application of miRNAs in 

HF. Further, we discuss methodological challenges associated with the analysis of miRNAs  

and provide recommendations for defining a study population, collecting blood samples, and 

selecting detection methods to study miRNAs in a reliable and reproducible way. This review 

is intended to be an accessible tool for clinicians interested in the field of miRNAs and HF. 

Key Words: heart failure; miRNA; biomarker; therapeutics; challenges 

 

 

  

ACCEPTED

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



3 

 

Heart failure (HF) is a clinical manifestation of cardiac dysfunction, leading to a 

decrease in cardiac output which does not supply the tissue metabolic demand, or a 

compensatory increase in filling pressure to maintain the cardiac output.1 HF remains one of 

the major causes of death and disability, with 23 million people suffering from HF 

worldwide.2 HF is classified based on the left ventricular ejection fraction (LVEF) for (i) HF 

with reduced ejection fraction (HFrEF), (ii) HF with mid-range EF (HFmrEF), and (iii) HF 

with preserved EF (HFpEF).3 The identification of the cause of HF is the key to applying the 

right therapy.1 Hence, the goal of many ongoing studies is to understand the mechanisms of 

HF on the cellular and molecular levels.4  

 MicroRNAs (miRNAs) are non-protein-coding RNAs which contribute to 

cardiovascular homeostasis by regulating physiologic functions like cell growth, cell 

differentiation, apoptosis, and proliferation.5 They play a role in many pathophysiological 

processes, modulating metabolic risk factors (e.g. cholesterol and hormones) to control the 

response to an acute cardiovascular event (e.g. inflammation and hypoxia).6-7 MiRNAs are 

released into the bloodstream either attached to high-density lipoproteins (HDLs), Argonaut 

proteins, or extracellular vesicles (EVs).8 MiRNAs attach to the complementary mRNA 

sequences, causing mRNA downregulation either through its destabilization or protein 

translation inhibition.9 The extent of miRNA-mRNA target complementarity directs the fate 

of the target mRNA: a perfect compatibility leads to transcript degradation, while an 

incomplete base-pairing is associated with translational repression, mRNA degradation, or 

cleaving into cytoplasmic structures named P-bodies.9 MiRNAs are released in the 

bloodstream in EVs. The EVs can be grouped into two general classes: microvesicles that are 

directly shed from the cell membrane, and exosomes that are released by exocytosis when 

multivesicular bodies (MVBs) fuse with the plasma membrane.10 
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Subsequently, miRNAs are associated with the formation and development of normal, 

functional heart tissue.11  However, available evidence indicates that miRNAs also play a 

crucial role in HF onset and progression, including cardiac fibrosis, hypertrophy, and 

remodeling.12-15 Furthermore, abundant subsets of miRNAs are related to developing HF (e.g. 

miR-1, miR-133, miR-206) and expressed in a dynamic and stage‐specific way during HF 

progression.16 

In current clinical practice, B-type natriuretic peptide (BNP) and N-terminal pro-brain 

natriuretic peptide (NT-proBNP) are the gold standards in ruling out and confirming the 

diagnosis of HF.17 However, these biomarkers are not specific and do not allow the prediction 

or early diagnosis of HF. In contrast, miRNAs provide specific insight about 

pathophysiological mechanisms underlying HF and might serve as biomarkers of early 

diagnosis, prognosis, and response to therapy in HF.18 Furthermore, the therapeutic use of 

miRNAs could be implemented in the form of antisense oligonucleotides (antimiRs) or 

miRNA mimics.19 MiRNAs have many attractive features as biomarkers because they are 

protected from digestion with RNases by their carriers (e.g. EVs) and are easy to detect in the 

peripheral blood. 20 However, at present, no miRNA-based test has been approved for clinical 

practice because information regarding the details of miRNA activity and effects on target 

tissues are lacking. Moreover, although many miRNAs may be helpful in HF diagnosis and 

prognosis when added to the established biomarkers, their standalone benefit is not yet 

convincing and seems in the distant future. The application of miRNAs for HF in clinical 

practice would require large-scale studies to establish standardized markers for disease 

detection.21 
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In this review, we summarize the potential clinical applications of miRNAs in HF, 

including miRNAs associated with EF, HF etiology, diagnosis, and prognosis, discuss the 

miRNAs which are currently close to clinical applications, and describe challenges in miRNA 

analysis and provide recommendations on how to implement them in clinical practice. 

CLINICAL APPLICATION OF MIRNAS IN HEART FAILURE 

 Numerous reports confirm the contribution of miRNAs to the basic processes 

underlying cardiac muscle remodeling and HF development.22-23 Cardiac fibrosis is mainly 

regulated by the mitogen-activated protein kinase/extracellular signal–regulated kinase 

(MAPK/ERK) pathway, and by transforming growth factor beta (TGF β).24-26 Calcium (Ca2+) 

27-29 and insulin-like growth factor-1 (IGF-1)-dependent pathways are considered to be 

regulated by specific miRNAs, leading to cardiomyocyte hypertrophy.30-31  In addition, 

reprogramming of the miRNA’s profile may alter gene expression into the fetal gene program 

(FGP) resulting in re-activation of atrial natriuretic peptide (ANP), β-myosin heavy chain (β-

MHC), or α-skeletal actin genes. The first comprehensive analysis of a miRNA profile in 

failing and fetal human cardiac tissue showed that 85% of miRNAs were comparably 

dysregulated in both failing and fetal human cardiomyocytes in comparison with a healthy 

adult control group.32 

MiRNAs Associated with Ejection Fraction 

 The basic classification of HF depends on the EF.1 Up to this date, no studies have 

compared miRNA expression between all three groups of HF (HFpEF, HFrEF and 

HFmrEF).33 Table 134-37 summarizes miRNAs which were shown to differentiate patients 

with HFpEF and HFrEF.     

 The first study focusing on the differences between HFpEF and HFrEF showed that 17 

miRNAs are differently expressed between patients with HFrEF and HFpEF. The validation 

study did not confirm the results, likely due to a small sample of patients in the initial study 
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and inaccuracies in the inclusion criteria between the observatory and validation studies.38 

Furthermore, miR-1246 was upregulated in patients with diastolic dysfunction regardless of 

whether the diastolic dysfunction was a part of HFpEF or a component of dilated 

cardiomyopathy (DCM).34   

 In 2015, miRNAs were shown to differentiate patients with HFpEF and HFrEF.35 Out 

of the 5 investigated miRNAs, miR-375 and miR-328 were the most dysregulated and had the 

highest estimated area under the operating receiver curve (AUC) to differentiate between 

HFrEF and HFpEF.35 Similarly, another group demonstrated that the miRNA’s profile differs 

in patients with HFrEF and HFpEF. Expression levels of 5 miRNAs were dysregulated 

exclusively in HFrEF patients (miR-125a-5p, 671-5p elevated and 211-5p, -494, -638 

downregulated), whereas expression levels of 4 other miRNAs were dysregulated exclusively 

in HFpEF patients (miR-545-5p, -1233 elevated and -193-5p, -190a downregulated) as 

compared to healthy control (HC) patients.36 Furthermore, the combination of miR-125a-5p 

and NT-proBNP increased the accuracy to differentiate HFrEF from HFpEF as compared to 

NT-proBNP alone.36 Last but not least, miR-3135b and miR-3908 were shown to distinguish 

HFrEF from HFpEF.37  

  Studies performed thus far have provided initial, repetitive results regarding the 

miRNA’s profile to differentiate between HFrEF and HFpEF and to detect diastolic 

dysfunction (Table 1). The expression of a circulating miRNA could be helpful in preliminary 

discrimination of HFrEF from HFpEF, which currently requires echocardiography.36-37 

However, because all previous studies included small patient groups (n<40), these initial 

results require confirmation in larger cohorts.  

 If confirmed, miRNAs might be valuable tools to guide HF therapy which depends on 

EF. The treatment of HFpEF is based on the assessment and treatment of comorbidities that 

are more common in this group than in the HFrEF population. However, the pharmacological 
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standards specific for HFpEF are lacking.39 The standard treatment in HFrEF, in turn, is the 

optimal medical therapy shown to improve prognosis. In future studies, it is crucial to include 

patients with HFmrEF (EF 40-49%) because the miRNA profile in this group is unknown, 

and to compare the results at several time points to examine the possibility of predicting the 

HFmrEF conversion to HFpEF or HFrEF.40 

MiRNAs Associated with the Etiology of HF 

 Clinical presentations and therapeutic methods in HF depend on HF etiology. 

Increasing evidence indicates the expression of unique sets of miRNAs for each etiology, 

including post-myocardial infarction (MI) HF, hypertrophic cardiomyopathy (HCM), and 

DCM.16,41-42 

Post-Myocardial Infarction Heart Failure 

Post-MI HF is characterized by the ischemic death of cardiomyocytes followed by 

fibrotic processes.43 MiR-34a, -192 and -194 were demonstrated to be potential biomarkers 

for post-MI HF diagnosis and prognosis.44 Noteworthy, miRNA analysis at 1-year follow-up 

showed that expression levels of miR-194 and miR-34a correlate with LV diastolic dimension 

on echocardiography.44 To achieve a better comprehension of miRNA levels at the early 

stages of cardiac remodeling, miRNA levers were examined 24 hours after MI in 29 patients 

and compared with 14 HC patients. The levels of miR-34a, -208b, -126 expression were 

elevated, while levels of miR-24 and miR-29a expression were downregulated compared to 

controls.45 These results were partly confirmed by another research group which showed that 

plasma concentrations of miR-34a and miR-208b were both elevated in patients with adverse 

cardiac remodeling compared to those without one.46 

 Another miRNA upregulated in post-MI HF is miR-21.47 The levels of miR-1, miR-21 

and miR-29b were elevated in plasma of MI patients compared to the matched controls.48 One 

study showed that miR-21 can be a predictor of ventricular remodeling in patients after MI, 

ACCEPTED

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



8 

 

but another study did not confirm this finding.48-49 Different time points of miR-21 

measurements, as well as different remodeling definitions, may explain these conflicting 

results. 

Cardiomyopathy 

 According to the European Society of Cardiology (ESC), CM is a disease of the 

myocardium in which the myocardium is morphologically and functionally abnormal in the 

absence of coronary heart disease, hypertension, valve defect, or congenital heart disease 

which might lead to the observed pathology.50 

 Hypertrophic Cardiomyopathy 

In the case of HCM, miRNA-29a seems involved in many aspects of HCM diagnosis 

and progression. MiR-29a may be the link between cardiomyocyte hypertrophy and the 

fibrosis underlying HCM.51 When the circulating miRNA’s signature of HCM was 

investigated, 21 miRNAs were found to be involved in fibrosis, hypertrophy, and smooth 

muscle cell function. Twelve circulating miRNAs were overexpressed in HCM patients of 

which miR-27a, -29a, and -199a-5p correlated with cardiac hypertrophy assessed by 

echocardiography and magnetic resonance. Importantly, miR-29a also strongly and positively 

correlated with fibrosis.51 Furthermore, miR-29a identified patients with an obstructive type 

of HCM and positively correlated with the thickness of interventricular septum.52  

 A particular feature of HCM is its genetic origin. An interesting area of research 

includes studies combining miRNA analysis and genetic disorders. For example, there seems 

to be a relationship between miR-29a and miR-155 expression levels and the mutations of the 

sarcomere genes (cardiac β-MHC, MYH7 and cardiac myosin binding protein C, 

[MYBPC3]).53  
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 Dilated Cardiomyopathy 

 Fibrosis of extracellular matrix (ECM) is one of the cardinal features of DCM.54 Up to 

now, miR-1, -21, -29 and -133a have been the leading miRNAs involved in fibrosis and 

hypertrophy.55 MiR-21, -26, -29, -133 were also linked to ECM fibrosis in animal models.54 

Examination of miRNA profiles in DCM patients showed that only miR-26 and miR-133a 

correlate with the extent of fibrosis. Also, it was demonstrated that miR-208 expression is 

necessary for alteration of major histocompatibility complex (MHC) expression into its fetal 

form - βMHC - which leads to cardiac growth and fibrosis.56 

 Physiological domination of βMHC during fetal life should be followed by 

upregulation of the α chain postnatally.  

 It was demonstrated that miR-208 is directly linked with upregulation of βMHC and 

has an impact on cardiac function leading to pathological cardiac hypertrophy.57 

  An innovative approach to miRNA measurement has been presented by using 

peripheral blood mononuclear cells (PBMCs) to examine the miRNA profiles in 26 non-

ischemic DCM patients, 28 ischemic CM patients, and 28 HC patients.58 It was suggested that 

PBMCs were better than plasma or serum to study miRNAs because they contained more 

miRNAs. Seven miRNAs were differently expressed among patient groups. MiR-142-3p, 

miR-29b were characteristic for non-ischemic DCM patients, miR-125b, miR-497 for 

ischemic CM patients, and miR-107, -139, and -142-5p were downregulated in both non-

ischemic DCM and ischemic CM patients as compared to controls.58 However, other authors 

showed a different expression profile of DCM miRNAs compared to the above mentioned 

study.59 The discrepancies in the results may come from differences in methodological 

approaches between the studies, different baseline characteristics of patients, and different 

classification criteria of DCM established by the American Heart Association (AHA) 60 and 

the ESC.50  
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MiRNAs in Heart Failure Diagnosis          

The ability to investigate a circulating microRNA could be clinically useful to increase 

the sensitivity and specificity of diagnostic biomarkers used in HF: BNP and NT-proBNP. 

Although very sensitive, they are not specific enough.55 Based on the research conducted so 

far, it seems that miRNAs alone do not outperform BNP in diagnosing HF. However, they 

improve specificity in HF diagnosis which was observed using panels of several miRNAs in 

combination with NT-proBNP.61 To support this notion, miR-221 did not outperform BNP, 

but the diagnostic accuracy improved with the addition of BNP, age, and gender 

(AUC=0.93).35 Furthermore, the possible applicability of miR-423-5p to diagnose HF was 

confirmed in several studies.62-65 However, other research groups did not find differences 

between miR-423-5p expression levels in HF and HC.36,66-67 Hence, it remains unclear 

whether miR-423-5p can be used to diagnose HF. 

 To present the heterogeneity of miRNA signatures depending on the phenotype and 

severity of the disease, miRNA signatures were compared in HC, acute HF and moderate HF,  

defined as AHA Stage C (chronic HF; New York Heart Association [NYHA] Class I or II; 

LVEF >30%; receiving long-term treatment with recommended therapies for at least 1 year). 

MiR-150-5p expression was downregulated in the acute HF group and differentiated acute HF 

from both moderate HF and HC. Moreover, miR-150-5p was associated with adverse cardiac 

remodeling and exacerbation of HF, resulting in hospitalization or death.68 These promising 

results suggest that miRNAs might be useful to increase HF diagnostic accuracy, as well as 

for the prediction or early diagnosis of chronic HF exacerbation. 

MiRNAs in Heart Failure Prognosis        

 Irrespective of improving the diagnostic potential of HF, using miRNAs for HF 

prognosis is particularly interesting. Table 244-46,69-71 summarizes studies exploring miRNAs 

to determine prognosis in LV dysfunction and HF.  

ACCEPTED

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



11 

 

 It was shown that downregulation of miR-126 and upregulation of miR-508-5p 

(miRNAs derived from endothelial progenitor cells) had predicted cardiovascular death in 

106 chronic HF patients during 2 years follow-up.69 Furthermore, miR-1306-5p was shown to 

predict all-cause mortality and hospitalization due to HF.70 An association between miR-

1306-5p and this combined endpoint was confirmed by another research group.71 Moreover, it 

was shown that miR-1254, miR-133b, miR-622 and miR-208a-3p had a prognostic value in 

terms of all-cause mortality among HF patients.71 

CHALLENGES IN CIRCULATING MIRNA ANALYSIS 

 Although the potential clinical use of a miRNA seems promising, there are still several 

difficulties to overcome. To obtain reliable and reproducible results, it is necessary to 

consider potential factors confounding miRNA analysis and carefully design future studies. 

Table 3 summarizes the challenges and provides recommendations on how to avoid bias 

related to circulating miRNA analysis. 

Defining an Optimal Study Population  

  Defining an appropriate study population is a relevant issue in miRNA-related studies. 

First, the sample size requires estimation, since a too small number of subjects might lead to a 

risk of false findings, and a too large number might lead to unnecessary costs.72-73 It was 

suggested that performing a pilot experiment to evaluate power calculation prior to the study 

might be helpful in this regard.72  

  Next, several biological and environmental factors may have an influence on miRNA 

expression, independent of the investigated disease, including HF. These factors include age, 

gender, race, cardiovascular risk factors, comorbidities, fasting or postprandial state, circadian 

rhythm, diet, physical activity, body mass index, smoking, chemical exposure, and 

medications.74-75 Additionally, standard cardiovascular therapy, such as antiplatelet drugs, 

inhibitors of the renin-angiotensin system, statins, but also systemic heparin administration in 
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interventional cardiology and cardiotoxic drugs used in oncology, may affect the miRNA 

profile.73,76-78  

Choice of the Blood Sample Type 

  The decision on the source of miRNAs might be problematic. As novel approaches 

like PBMCs are at an early stage with a lack of comprehensive studies, it is currently the best 

to focus on widely-described circulating miRNAs derived from blood. Whole blood contains 

components that can affect circulating miRNA expression including platelets, erythrocytes, 

and white blood cells, hence plasma or serum are preferred.74,79 Importantly, concentrations of 

miRNAs differ between plasma and serum, with no consensus of which one to use.74,79-80 

Thus, the decision should be based on the aim of the study and the data in the literature 

related to miRNAs of interest.74,81 Also, it is recommended to compare changes in circulating 

miRNA expression related to the same sample type.82  

Methodological Challenges 

  Several methodological challenges may lead to inconsistencies among study results. 

Unfortunately, there are no guidelines on how to measure miRNAs expression levels. The 

first difficulty comes with a choice of an appropriate anticoagulant for plasma preparation. 

Heparin should be avoided due to interference with quantitative real-time reverse-

transcription polymerase chain reaction (qRT-PCR), whereas ethylenediaminetetraacetic acid 

(EDTA) and citrate may provide different results.82 Since citrate may affect qRT-PCR or 

trigger hemolysis, EDTA is the anticoagulant of choice.74,83 Additionally, heparinase 

protocols are recommended if patients were treated with intravenous heparin.84-85 Next, blood 

samples are at risk of cellular contamination which may be reduced by an appropriate 

phlebotomy technique, avoiding physical disturbance, quick blood sample processing, two-

step centrifugation, or filtration and assessment of hemolysis.74,79-81,86  Moreover, it is 

recommended to use at minimum a 22-gauge needle during phlebotomy and discard first 
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milliliters of blood.74 Also, unstandardized storage temperature and time may impact the 

circulating miRNA levels.74,82,86  Finally, platform-dependent variability in efficiency of the 

extraction and detection steps may confound miRNA measurement.74,82-83,87   Consequently, 

normalization of the steps is required. However, normalization methods are also not 

standardized.73,80,82-83 

    In summary, the interstudy differences related with various methodologies may lead to 

artefacts. Thus, standardization of miRNA analysis is crucial. Noteworthy, the first attempt 

for standardization of miRNA analysis in HF patients has been launched. In the HOMAGE 

(Heart OMics in AGEing) standardization project, founded by the European Commission, 

miRNAs from the same HF patients will be processed by several laboratories and the results 

will be compared.73 

Selection of the Detection Method  

  The three principal methods of miRNA analysis are qRT-PCR, next-generation 

sequencing (NGS), and microarray hybridization.72 First, the qRT-PCR, considered a gold 

standard for measuring miRNAs, is the most sensitive and able to absolutely quantify miRNA 

levels.72,83 However, it is inappropriate for high-throughput studies due to excessive cost.72 

Also, the qRT-PCR is related to a risk of cross amplification and is unable to recognize novel 

miRNAs. Contrarily, the NGS is the only method able to recognize novel miRNAs and the 

best one to distinguish similar sequences, including isoforms of miRNAs.82-83 The NGS is less 

sensitive than the qRT-PCR and related to bias risk, especially during the complementary 

DNA library preparation. Although high-throughput, it is still considerably expensive, with 

gradually decreasing application costs.72,82 The third detection method, microarray platforms, 

enables the most economic high-throughput studies to be conducted. However, they are low-

sensitive and related to a risk of cross-hybridization.72,82,87 Additionally, they are unable to 

identify novel miRNAs or to quantify miRNAs in absolute values.83 
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  To conclude, each of the detection methods has both advantages and disadvantages. 

Therefore, despite their need for improvement, any of them may be potentially applied in a 

clinic depending on the aim of the study. 

MIRNAS APPROACHING CLINICAL APPLICATION  

Circulating miRNAs as Biomarkers 

  Figure 1 summarizes the potential fields for the use of circulating miRNAs as 

biomarkers in HF. Recently, it was reported that miRNAs might be used to predict and 

monitor response to pharmacotherapy or device therapy, including cardiac resynchronization 

therapy and implantation of the ventricular assist device.55,88 Considering altered circulating 

miRNA expression in several diseases, including HF, high stability in blood samples, the 

ability to quickly and easily measure miRNAs, continuously improving methodology and 

increasing the number of high-quality studies, the use of miRNAs as biomarkers seems very 

promising. However, subsequent research should include larger cohorts, apply similar disease 

definitions, baseline characteristics, and a unified methodology (see: Challenges in 

Circulating miRNAs Analysis).  

MiRNAs-Based Therapies 

 Increasing knowledge about the miRNA’s role in the pathophysiology of diseases, 

including HF, leads to an attempt to alter circulating miRNA expression using miRNA-based 

therapies. MiRNA therapeutics are divided into two groups of synthetic oligonucleotide 

molecules. First, there are miRNA mimicks that are analogues of miRNAs of interest, and 

may serve to restore downregulated miRNAs. Second, there are antimiRs that may be used to 

silence overexpressed miRNAs, including miRNA antagonists inhibiting miRNA function 

and locked nucleic acids (LNAs) which bind to mature miRNAs and prevent their interaction 

with target mRNAs.89-90  
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  To prevent HF development and/or progression, these therapies should be based on 

cardiac specific miRNAs related to processes involved in HF pathogenesis, such as fibrosis, 

hypertrophy, angiogenesis, and ventricular remodeling. For instance, miRNAs related with 

fibrosis and hypertrophy (miR-133, miR-1 and miR-29) or with angiogenesis (miR-92) have 

been considered interesting therapeutic targets.55,91-92 Many studies explored the potential 

application of miRNA therapeutics in HF animal models.91-93 For example, it has recently 

been reported that treatment with antimiR-132 is related to the prevention of adverse cardiac 

remodeling and HF progression.94 Also, the use of an LNA inhibitor of miRNA-152 was 

reported to be related to prevention of pressure overload-induced HF.95 However, the 

miRNA’s profile may differ between humans and animals.  Thus, the studies require 

validation in human clinical trials.96 According to the data gathered in the clinicaltrials.gov 

database, none of the miRNA-based therapeutics have entered clinical phase 3 as yet.97 A 

success in this field was achieved in chronic hepatitis using a tissue-specific antagomiR  

(miravirsen) which completed phase 2 clinical trials.55,97 Concerning HF, antimiR-132 is 

currently in a Phase 1 trial related to stable ischemic HF patients.94 MRG-110, a LNA 

inhibiting miR-92, is also in a Phase 1 trial, and it was reported to enhance angiogenesis; 

therefore, MRG-110 has a potential to treat ischemic diseases, including post-MI HF.91,97 To 

conclude, due to constant developments in technology and knowledge, miRNA-based 

therapies are promising. 

Challenges in miRNA Therapeutics Application 

 Before the widespread use of miRNAs as biomarkers and therapeutics can occur, 

several difficulties have to be overcome. First, many miRNAs may regulate one 

pathophysiological process, or a single miRNA may regulate many processes. Therefore, 

simultaneous treatment with several miRNA-based therapeutics might be necessary.98 To 

reduce the risk of off-target systemic effects, tissue-specific miRNA modifications might be 
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preferred.55 Next, the optimum delivery of a therapeutic to the targeted place has not yet been 

established. Currently, vehicles like liposomes and micelles, viral vectors (especially 

adenovirus-associated highly expressed in the heart), and EVs might be used.90 Also, an 

appropriate dosage of miRNA therapeutics is yet unknown and requires assessment in future 

clinical trials, taking into account several metabolizer phenotypes.99 Finally, the high cost of 

targeted therapy might be economically challenging. To summarize, several issues require 

resolution before future clinical trials based on multiple and tissue-specific miRNAs can be 

launched.  

CONCLUSION 

  HF is a widespread disease which still requires novel approaches to improve 

prevention and treatment. Circulating miRNAs are promising, non-invasive biomarkers in HF 

patients for diagnosing, prognosing, and monitoring therapy response. Before a miRNA’s 

clinical application, many interfering factors should be considered. Future studies need to be 

carefully planned with accurately defined patient characteristics and sample size. An optimum 

methodology should be high-sensitive, cost-effective, and fast, and requires further 

development and standardization. Additionally, the previous results should be validated in 

multicenter studies.  

 The potential clinical use of miRNA-based therapies to prevent or regress HF 

development also seems attractive. However, such challenges as the need for minimizing off-

target effects, effective delivery strategies, and tissue-specificity of miRNA therapeutics have 

to be overcome first. 
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Figure 1. Potential fields of application of circulating miRNAs as biomarkers in heart failure 

(HF). HFrEF: heart failure with reduced ejection fraction; HFpEF: heart failure with 

preserved ejection fraction; CRT: cardiac resynchronization therapy; LVAD: left ventricular 

assist device. 
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Table 1. MicroRNAs (miRNAs) associated with ejection fraction (EF) and differentiating patients with heart failure with reduced EF (HFrEF) and 

preserved HF (HFpEF).  

miRNA Study group Control group Effect Ref # 

1246 

HFpEF n=8, stable DCM n=10, 

decompensated DCM n=13 

n=8 upregulated in diastolic dysfunction 34 

375 HFpEF n=90, 90 HFrEF n=90 n=90 downregulated in HFrEF vs HFpEF 35 

328 HFpEF n=90, 90 HFrEF n=90 n=90 downregulated in HFrEF vs HFpEF 35 

125a-5p HFpEF n=30, HFrEF n=30 n=30 upregulated in HFrEF vs HFpEF 36 

671-5p HFpEF n=30, HFrEF n=30 n=30 upregulated in HFrEF vs HFpEF 36 

211-5p HFpEF n=30, HFrEF n=30 n=30 downregulated in HFrEF vs HC 36 

494 HFpEF n=30, HFrEF n=30 n=30 downregulated in HFrEF vs HC 36 ACCEPTED
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638 HFpEF n=30, HFrEF n=30 n=30 downregulated in HFrEF vs HFpEF 36 

545-5p HFpEF n=30, HFrEF n=30 n=300 upregulated in HFpEF vs HC 36 

1233 HFpEF n=30, HFrEF n=30 n=30 upregulated in HFpEF vs HC 36 

193-5p HFpEF n=30, HFrEF n=30 n=30 downregulated in HFpEF vs HC 36 

190a HFpEF n=30, HFrEF n=30 n=30 downregulated in HFpEF and HF vs HC 36 

3135b HF n=33 n=20 upregulated in HFrEF vs HC 37 

3908 HF n=33 n=20 upregulated in HFrEF vs HC 37 

 

All miRNAs were measured in plasma. DCM: dilated cardiomyopathy; HC: healthy controls. 
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Table 2. MicroRNAs associated with left ventricular remodeling and heart failure (HF) prognosis.  

miRNA 

Study 

group 

Control 

group 

Biological ma-

terial 

Effect Value as a biomarker Ref # 

34a AMI n=21 n=65 serum upregulated in AMI vs HC prognosis, post-MI HF 44 

192 AMI n=21 n=65 serum upregulated in AMI vs HC prognosis, post-MI HF 44 

194 AMI n=21 n=65 serum upregulated in AMI vs HC prognosis, post-MI HF 44 

34a MI n=29 n=14 plasma upregulated post-MI vs HC prognosis 45 

208b MI n=29 n=14 plasma upregulated post-MI vs HC prognosis 45 
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126 MI n=29 n=14 plasma upregulated post-MI vs HC prognosis 45 

24 MI n=29 n=14 plasma downregulated post-MI vs HC prognosis 45 

29a MI n=29 n=14 plasma downregulated post-MI vs HC prognosis 45 

34a AMI n=359 none plasma 

upregulated in LV remodeling 

vs without LV remodeling 

prognosis, 6-month mortality or de-

velopment of heart failure 

46 

208b AMI n=359 none plasma 

upregulated in LV remodeling 

vs without LV remodeling 

prognosis, 6-month mortality or de-

velopment of heart failure 

46 

126 

NIDCM 

n=51, ICM 

n=55 

n=45 EPC downregulated in HF prognosis, 2-year mortality 69 
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508-5p 

NIDCM 

n=51, ICM 

n=55 

n=45 EPC upregulated in HF prognosis 69 

1306-5p HF n=456 none plasma upregulated 

prognosis, all-cause mortality, HF 

hospitalization 

70 

1306-5p HF n=2203 none plasma upregulated 

prognosis, all-cause mortality, HF 

hospitalization 

71 

1254 HF n=2203 none plasma upregulated 

prognosis, all-cause mortality, HF 

hospitalization 

71 

133b HF n=2203 none plasma upregulated prognosis, all-cause mortality 71 

622 HF n=2203 none plasma upregulated prognosis, all-cause mortality 71 
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208a-3p HF n=2203 none plasma upregulated prognosis, all-cause mortality 71 

 

 

AMI: acute myocardial infarction; EPC: endothelial progenitor cells; HC: healthy controls; ICM: ischemic cardiomyopathy; LV: left ventricle; MI: 

myocardial infarction; NIDCM: non-ischemic dilated cardiomyopathy. 

 

 

 

 

 

 

 

 ACCEPTED

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



35 

 

Table 3. Challenges in Circulating MicroRNA (miRNA) Analysis and Recommendations. 

Challenge Recommendations 

Defining the study population 

- Estimate sample size. 

- Consider influence of biological factors on the study results. 

- Define the appropriate study inclusion and exclusion criteria. 

Source of circulating miRNA 
- Use plasma or serum rather than whole blood. 

- Compare findings obtained from the same sample type. 

Methodological challenges 

- Avoid heparin as anticoagulant. EDTA is the anticoagulant of choice. 

- Use heparinase protocols if needed. 

- Avoid physical disturbance. 

- Process the blood samples immediately. 

- Use two-step centrifugation or filtration. 

- Assess hemolysis. 

- Use appropriate phlebotomy technique. 

- Normalize extraction efficiency and detection. ACCEPTED
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Detection method - Use qRT-PCR for high sensitive miRNAs detection and accurate quantification.  

- Use NGS for detection of novel miRNAs and distinguishing close similar sequences. 

- Use microarrays for cheap analysis of multiple miRNAs. 

 

EDTA: ethylenediaminetetraacetic acid; qRT-PCR: quantitative real-time reverse-transcription polymerase chain reaction; NGS: next-generation 

sequencing. 
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