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Abstract
Background. Diabetic patients present an increased risk for heart failure (HF) independently of the presence 
of coronary artery disease (CAD) and hypertension. However, little is known about circulatory microRNA 
(miRNA), an important regulatory RNA in this population.

Objectives. To evaluate serum miRNA profile of patients with diabetes mellitus (DM) and HF and analyze 
its relationship with pathophysiological pathways involved.

Materials and methods. The accumulation of 179 miRNAs was measured in serum of diabetic patients 
with HF and compared to the same measurements in healthy control subjects. The miRNAs were assayed 
using quantitative polymerase chain reaction (qPCR) on the Serum/Plasma Focus microRNA PCR panel 
(Qiagen) with LightCycler® 96 Real-Time PCR System (Roche). A pairwise comparison of mean relative miRNA 
accumulation levels was performed to establish those miRNAs that are differently expressed in patients 
with: 1) HF; 2) HF and chronic coronary syndrome (HF-CAD); and 3) HF without chronic coronary syndrome 
(HF-nonCAD) compared to healthy controls. To gain insight into these functions of miRNAs, we applied Gene 
Ontology (GO) enrichment analysis of Biological Processes and Molecular Functions of their predicted targets.

Results. The pairwise comparison revealed that 12 miRNAs were significantly downregulated in HF-CAD 
patients compared to controls, whereas 4 miRNAs were considerably deregulated in HF-nonCAD patients, 
with miRNA-15b-5p being downregulated in both groups. The GO analysis revealed that differentially accu-
mulated targets of miRNAs include genes involved in potassium channel function, MAPK kinase activity and 
DNA transcription regulation, with similar alterations observed in the whole HF group and HF-CAD subgroup 
as well as a response to stress and apoptosis (in HF group), and genes involved in the development (in HF-CAD 
group). No oriented specialization of deregulated miRNA targets was observed in the HF-nonCAD subgroup.

Conclusions. We observed a significant downregulation of 13 miRNAs in diabetic HF patients, which was 
not reported previously either in HF or diabetic patients. Downregulated miRNAs regulate angiogenesis and 
apoptosis.
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Introduction

Diabetes mellitus (DM) is an independent risk factor 
for heart failure (HF). Diabetic patients manifest 4 times 
greater risk for HF and earlier HF onset compared 
to  the  general population.1,2 Myocardial dysfunction 
in DM has a heterogeneous phenotype and multifactorial 
origin, as it frequently occurs due to concomitant coro-
nary artery disease (CAD) and hypertension. It may also 
stem from DM itself, more specifically, a condition termed 
diabetic cardiomyopathy.3,4 In vitro and in vivo studies 
demonstrated that microRNAs (miRNAs) play important 
roles in the pathogenesis of cardiovascular complications 
of DM by exerting a direct effect on cardiomyocytes and 
influencing vascular smooth muscle cells, platelets, as well 
as processes such as lipid metabolism and inflammation.5,6 
However, little is known about circulating miRNAs in dia-
betic patients.7

Objectives

In this study, we aim to evaluate profiles of circulat-
ing miRNAs of diabetic patients with HF diagnosis and 
the correlation between deregulated miRNAs and patho-
physiology of HF in DM.

Materials and methods

Study group

We  included 6  adult diabetic patients, in  whom HF 
had been diagnosed according to the European Society 
of Cardiology Guidelines at least 3 months before the onset 
of the study.8 Diabetes was diagnosed according to current 
guidelines.9 The control group consisted of 3 healthy age- 
and sex-matched subjects with no history of cardiovascu-
lar disease. The study was approved by the Medical Ethics 
Committee of the Medical University of Warsaw and was 
conducted conforming to the tenets of Declaration of Hel-
sinki. All participants provided written informed consent. 
The exact inclusion and exclusion criteria are described 
in Supplementary Text S1.

miRNA isolation

Blood samples from 6 patients and 3 healthy donors 
were centrifuged at 1000 × g for 20 min at 4°C. The se-
rum was stored at −80°C until analyzed. The miRNA was 
extracted from serum using a commercial column-based 
system (Micro RNA Concentrator, cat. No. 035-25C; A&A 
Biotechnology, Gdańsk, Poland), following the manufac-
turer’s instructions. The  obtained concentration and 
quality of miRNA were measured using a NanoDrop Lite 

spectrophotometer (cat. No. LD-LITE-PR; Thermo Fisher 
Scientific, Waltham, USA) at 260 nm and a purity analysis 
based on a 260/280 ratio.

cDNA synthesis and real-time polymerase 
chain reaction

Briefly, 8 μL of RNA eluate was reverse transcribed 
in 20-μL reactions using the miRCURY LNA™ Universal 
RT cDNA Synthesis Kit (cat. No. 339340; Exiqon, Co-
penhagen, Denmark). The cDNA was diluted 30 times 
and assayed using real-time polymerase chain reaction 
(PCR), according to  the  protocol for the  miRCURY 
LNA™ Universal RT microRNA PCR System (cat. No. 
3393306; Exiqon); each microRNA was assayed once us-
ing quantitative PCR (qPCR) on the Serum/Plasma Focus 
microRNA PCR panel (cat. No. 3393325; Qiagen, Hilden, 
Germany). A no-template control (NTC) of water was 
purified with the samples and profiled like the samples. 
The amplification was performed in a LightCycler® 96 
Real-Time PCR System (cat. No. 05815916001; Roche, 
Basel, Switzerland) in  96-well plates. The  amplifica-
tion curves were analyzed using the Roche LC software 
(Roche), both for the determination of the quantification 
cycle (Ct; using the second derivative method) and for 
the melting curve analysis. The amplification efficiency 
was calculated using algorithms similar to  the  Lin-
RegPCR software (https://medischebiologie.nl/files/). 
All assays were inspected for distinct melting curves, 
and the melting temperature was checked to be within 
known specifications for the assay.

Quantification of miRNA accumulation

The Ct values for all miRNAs and all samples were 
extracted from the reverse transcription results reports 
and uploaded into R/Bioconductor environment (https://
www.bioconductor.org/), where the  analysis was per-
formed. In particular, for data quality control and nor-
malization, the “HTqPCR” package was employed. Two 
forms of normalization were applied. To compensate for 
the bias of obtaining Ct values in different runs, normal-
ization to Interplate Calibrator (IPC) UniSp3 (a compo-
nent of the miRCURY LNA™ Universal RT microRNA 
PCR System (cat. No. 3393306; Exiqon)) was performed. 
The second form was normalization to endogenous nor-
malizer. As in serum samples, widely used controls such 
as snoRNAs or snRNAs are not accumulated on the ap-
propriate level; therefore, we decided to perform normal-
ization to invariant miRNA, and the intra-normalization 
was performed to hsa-miR-21. As a result, we obtained 
ΔCt values that are equal to  log2-transformed miRNA 
accumulation levels. Differential miRNA accumulation 
profiles were performed using fold change calculations 
based on ΔCt values.

https://medischebiologie.nl/files/
https://www.bioconductor.org/
https://www.bioconductor.org/
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Statistical analyses

First, a heatmap was used to visualize the hierarchi-
cal clustering of 179 miRNAs. Second, principal compo-
nent analysis (PCA) was applied to verify the differences 
in miRNA profiles between the patients. Subsequently, 
a pairwise comparison of mean relative miRNA accumula-
tion levels was performed to establish those miRNAs that 
are differently expressed in patients with: 1) HF; 2) HF and 
chronic coronary syndrome (HF-CAD); and 3) HF with-
out chronic coronary syndrome (HF-nonCAD) compared 
to healthy controls. The cutoff values for identifying signif-
icantly differentially accumulated miRNAs were adjusted 
p-value < 0.05 and fold change (FC) >2 or FC < 0.5 (same 
as |log2FC| > 1). To gain insight into these functions of miR-
NAs, we applied Gene Ontology (GO) enrichment analysis 
of Biological Processes and Molecular Functions of their 
predicted targets, selected with TargetScan (https://www.
targetscan.org) and miRDB (https://mirdb.org). Data were 
analyzed with the R Bioconductor environment. A more 
detailed description is given in Supplementary Text S2.

Results

In total, 6 male patients with DM and HF were included 
in  the preliminary analysis (Table 1). The median age 
of the patients was 69 years (range: 61–70 years). All pa-
tients were in the New York Heart Association (NYHA) 
class I or II, with median left ventricular ejection fraction 
(LVEF) equal to 41% (range: 35–50%) and median glycated 
hemoglobin (HbA1c) equal to 6.9% (6.6–7.5%). The control 
group consisted of 3 healthy males (age: 66 ±8 years, body 
mass index (BMI): 28 ±6 kg/m2).

A comprehensive analysis of circulating miRNA pro-
files revealed that analyzed individuals fall into 4 separate 
clusters, with all 3 healthy individuals clustered together, 
as uncovered by hierarchical clustering (Supplementary 
Fig. 1A,B) and PCA (Supplementary Fig. 1C). We  ob-
served a clear shift in HF patients’ miRNA levels, with 
65 miRNAs (36.3%) being downregulated (Supplementary 
Fig. 2A). In the case of 13 miRNAs, the downregulation 
was significant compared to healthy controls (Supplemen-
tary Fig. 2B,C). The pairwise comparison revealed that 

12 miRNAs are significantly downregulated in HF-CAD pa-
tients compared to controls (Fig. 1), whereas 4 miRNAs are 
considerably deregulated in HF-nonCAD patients (Fig. 1), 
with miRNA-15b-5p being downregulated in both groups.

The GO analysis revealed that differentially accumu-
lated targets of miRNAs include genes involved in potas-
sium channel function, MAPK kinase activity and DNA 
transcription regulation, with similar alterations observed 
in the whole group and HF-CAD subgroup (Supplementary 
Fig. 3A) as well as genes involved in response to stress and 
apoptosis (HF), and genes involved in the development 
(HF-CAD) (Supplementary Fig. 3B). No oriented special-
izations of deregulated miRNA targets were observed for 
the HF-nonCAD subgroup. Functional networks of path-
ways regulated by mRNA targets of significantly altered 
miRNAs are presented in Fig. 2.

Discussion

This is the first study that investigated serum miRNA 
profile in HF patients with DM. We identified significant 
differences in  serum miRNA accumulation compared 
to healthy controls. The pathway analysis revealed that 
deregulated miRNAs might influence angiogenesis and 
apoptosis in response to stress in HF patients, as well as cell 
development, response to glucocorticoids, negative regula-
tion of cytokine production, and membrane lipid metabo-
lism in HF-CAD patients.

MicroRNAs downregulated in HF-CAD patients have 
been investigated in the preclinical setting. The miR-15 
group is implicated in the negative regulation of cardio-
myocyte proliferation.10 The miR-30-b has been shown 
to repress cyclophilin D-induced necrosis and promote 
hypoxia-induced apoptosis, similarly to miR-145-5p.11–13 
The miR-143/145 cluster is  also involved in  inhibiting 
the phenotype switch of the contractile, mature and differ-
entiated vascular smooth muscle cell type to a dedifferenti-
ated, synthetic and proliferative one.14 The mir-29b-3p was 
identified as anti-apoptotic and anti-fibrotic to the myo-
cardium.15,16 Substantial evidence supports the use of anti-
fibrotic miR-29b as a potential therapeutic target against 
myocardial remodeling, but this application still requires 
verification in the clinical setting.17

Table 1. Characteristics of the study population 

Patient number Sex Age EF (%) CAD HbA1c (%) Anti-diabetic medication

1 M 70 50 1 7.5 insulin

2 M 69 35 1 6.6 glimepride, metformin

3 M 80 55 0 6.9 insulin

4 M 54 20 0 7.7 insulin

5 M 68 40 1 6.6 insulin

6 M 61 45 0 – metformin

CAD – coronary artery disease; EF – ejection fraction; HbA1c – glycated hemoglobin. 

https://www.targetscan.org
https://www.targetscan.org
https://mirdb.org
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In the clinical context, none of the 13 downregulated 
miRNAs have been reported to be a diagnostic or prognos-
tic biomarker in HF. Still, the higher circulating miR-145-5p 
expression is associated with a positive response to cardiac 
resynchronization therapy.18 According to the recent sys-
tematic review, none of the 13 circulating miRNAs, except 
for the miR-30 family, are deregulated in CAD patients.19 
Similarly, none is deregulated in the case of DM alone.20 
Therefore, we hypothesize that the identified miRNA set 
is distinctive for HF-CAD patients.

Limitations

In this article, we focused on male patients with HF and 
CAD. Thus, the results should not be extrapolated to pa-
tients with HF without an ischemic component, neither 
pure diabetic cardiomyopathy nor women.

Conclusions

We observed a significant downregulation of 13 miRNAs 
in diabetic HF patients, which was not reported previously 

either in HF or diabetic patients. Downregulated miRNAs 
regulate angiogenesis and apoptosis. Heart failure in DM 
is a heterogeneous disease, and these preliminary data 
should be viewed with caution. Further patient recruitment 
is ongoing to confirm these results.

Supplementary data

The Supplementary Files are available at https://doi.
org/10.5281/zenodo.7295018. The package contains the fol-
lowing files:

Supplementary Text S1. Supplemental methods – study 
population.

Supplementary Text S2. Supplemental methods – sta-
tistical analysis.

Supplementary Fig.  1. Explorative analysis of  serum 
miRNA accumulation profile in heart failure patients.

Supplementary Fig. 2. Profiling of serum miRNA differ-
ential accumulation between patients and healthy control 
individuals.

Supplementary Fig.  3. Gene Ontology (GO) analysis 
of miRNAs differentially accumulated in heart failure 
patients.

Fig. 1. Distinct microRNA (miRNA) accumulation profiles between healthy controls and heart failure (HF) patients with and without coronary artery disease 
(CAD). Results are represented as volcano plots to indicate statistical significance of differential accumulation. Blue dots represent miRNAs that are not 
differentially accumulated. In contrast, red dots represent miRNAs that are significantly differentially accumulated, and red lines represent threshold values 
(log2(fold change (FC)) < −1, p < 0.05) for discriminating statistically significant miRNAs

https://doi.org/10.5281/zenodo.7295018
https://doi.org/10.5281/zenodo.7295018
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Fig. 2. Functional network analysis of microRNAs (miRNAs) differentially accumulated in heart failure (HF) patients. A. Emapplot representation 
of interdependence of the pathways regulated by mRNAs that are potential targets of differentially expressed miRNAs in HF patients; B. Emapplot 
representation of interdependence of the pathways regulated by mRNAs that are potential targets of differentially expressed miRNAs in patients with 
coronary artery disease (CAD). The networks represent the 50 most significant biological processes, regardless of their p-values. Each node represents 
the biological process category listed on the right, and the size of the node corresponds to the number of genes enriched in this process. The edge 
thickness is proportional to the number of shared genes



M. Wrzosek et al. MiRNA profile of heart failure in diabetes130

ORCID iDs
Monika Wrzosek  https://orcid.org/0000-0001-9576-0042
Anna Hojka-Osińska  https://orcid.org/0000-0003-0539-2122
Dominika Klimczak-Tomaniak  
 https://orcid.org/0000-0001-8825-511X

Anna Katarzyna Żarek-Starzewska  
 https://orcid.org/0000-0003-1791-4661

Wioletta Dyrla  https://orcid.org/0000-0001-5757-8901
Magdalena Rostek-Bogacka  https://orcid.org/0000-0001-7853-9274
Maksym Wróblewski  https://orcid.org/0000-0001-9056-6398
Marek Kuch  https://orcid.org/0000-0001-7622-9758
Magdalena Kucia  https://orcid.org/0000-0002-9110-5048

References
1.	 Teupe C, Rosak C. Diabetic cardiomyopathy and diastolic heart fail-

ure: Difficulties with relaxation. Diabetes Res Clin Pract. 2012;97(2): 
185–194. doi:10.1016/j.diabres.2012.03.008

2.	 Nichols GA, Gullion CM, Koro CE, Ephross SA, Brown JB. The inci-
dence of congestive heart failure in type 2 diabetes. Diabetes Care. 
2004;27(8):1879–1884. doi:10.2337/diacare.27.8.1879

3.	 Rubler S, Dlugash J, Yuceoglu YZ, Kumral T, Branwood AW, Grish-
man A. New type of cardiomyopathy associated with diabetic glo-
merulosclerosis. Am J Cardiol. 1972;30(6):595–602. doi:10.1016/0002-
9149(72)90595-4

4.	 Seferović PM, Paulus WJ. Clinical diabetic cardiomyopathy: A two-
faced disease with restrictive and dilated phenotypes. Eur Heart J. 
2015;36(27):1718–1727. doi:10.1093/eurheartj/ehv134

5.	 Xia L, Song M. Role of non-coding RNA in diabetic cardiomyopathy. 
In: Xiao J, ed. Non-Coding RNAs in Cardiovascular Diseases. Advances 
in Experimental Medicine and Biology; vol. 1229. Singapore: Springer 
Singapore; 2020:181–195. doi:10.1007/978-981-15-1671-9_10

6.	 De Rosa S, Arcidiacono B, Chiefari E, Brunetti A, Indolfi C, Foti DP.  
Type 2 diabetes mellitus and cardiovascular disease: Genetic and epi-
genetic links. Front Endocrinol. 2018;9:2. doi:10.3389/fendo.2018.00002

7.	 Florijn BW, Valstar GB, Duijs JMGJ, et al. Sex-specific microRNAs 
in women with diabetes and left ventricular diastolic dysfunction 
or HFpEF associate with microvascular injury. Sci Rep. 2020;10(1):13945. 
doi:10.1038/s41598-020-70848-8

8.	 Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart failure. 
The Task Force for the diagnosis and treatment of acute and chron-
ic heart failure of the European Society of Cardiology (ESC). Devel-
oped with the special contribution of the Heart Failure Association 
(HFA) of the ESC. Eur Heart J. 2016;37(27):2129–2200. doi:10.1093/ 
eurheartj/ehw128

9.	 American Diabetes Association. Classification and Diagnosis of Dia-
betes: Standards of Medical Care in Diabetes 2020. Diabetes Care. 
2020;43(Suppl 1):S14–S31. doi:10.2337/dc20-S002

10.	 Porrello ER, Johnson BA, Aurora AB, et al. miR-15 family regulates post-
natal mitotic arrest of cardiomyocytes. Circ Res. 2011;109(6):670–679.  
doi:10.1161/CIRCRESAHA.111.248880

11.	 Wang K, An T, Zhou LY, et al. E2F1-regulated miR-30b suppresses 
cyclophilin D and protects heart from ischemia/reperfusion injury and 
necrotic cell death. Cell Death Differ. 2015;22(5):743–754. doi:10.1038 
/cdd.2014.165

12.	 Zhang L, Jia X. Down-regulation of miR-30b-5p protects cardiomyo-
cytes against hypoxia-induced injury by targeting Aven. Cell Mol Biol Lett.  
2019;24(1):61. doi:10.1186/s11658-019-0187-4

13.	 Huangfu FT, Tang LQ, Wang HQ, Zhao X, Yang M. MiR-145-5p pro-
motes myocardial cell apoptosis in rats with myocardial infarction 
through PI3K/Akt signaling pathway. Eur Rev Med Pharmacol Sci. 
2020;24(24):12904–12911. doi:10.26355/eurrev_202012_24194

14.	 Feinberg MW, Moore KJ. MicroRNA regulation of atherosclerosis. Circ Res.  
2016;118(4):703–720. doi:10.1161/CIRCRESAHA.115.306300

15.	 Cai Y, Li Y. Upregulation of miR-29b-3p protects cardiomyocytes from 
hypoxia-induced apoptosis by targeting TRAF5. Cell Mol Biol Lett.  
2019;24(1):27. doi:10.1186/s11658-019-0151-3

16.	 Xue Y, Fan X, Yang R, Jiao Y, Li Y. miR-29b-3p inhibits post-infarct car-
diac fibrosis by targeting FOS. Biosci Rep. 2020;40(9):BSR20201227. 
doi:10.1042/BSR20201227

17.	 Vegter EL, van der Meer P, de Windt LJ, Pinto YM, Voors AA. MicroRNAs 
in heart failure: From biomarker to target for therapy. Eur J Heart Fail.  
2016;18(5):457–468. doi:10.1002/ejhf.495

18.	 Marfella R, Di Filippo C, Potenza N, et al. Circulating microRNA chang-
es in heart failure patients treated with cardiac resynchronization 
therapy: Responders vs. non-responders. Eur J Heart Fail. 2013;15(11): 
1277–1288. doi:10.1093/eurjhf/hft088

19.	 Kaur J, Young B, Fadel P. Sympathetic overactivity in chronic kidney 
disease: Consequences and mechanisms. Int J Mol Sci. 2017;18(8):1682. 
doi:10.3390/ijms18081682

20.	 Vasu S, Kumano K, Darden CM, Rahman I, Lawrence MC, Naziruddin B. 
MicroRNA signatures as future biomarkers for diagnosis of diabetes 
states. Cells. 2019;8(12):1533. doi:10.3390/cells8121533


	Title page

