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Abstract. Heart failure (HF) is a complex clinical syndrome,
characterized by inadequate blood perfusion of tissues and
organs caused by decreased heart ejection capacity resulting
from structural or functional cardiac disorders. HF is the most
severe heart condition and it severely compromises human
health; thus, its early diagnosis and effective management
are crucial. However, given the lack of satisfactory sensitivity
and specificity of the currently available biomarkers, the
majority of patients with HF are not diagnosed early and
do not receive timely treatment. A number of studies have
demonstrated that peripheral blood circulating nucleic acids
[such as microRNAs (miRs), nRNA and DNA] are important
for the diagnosis and monitoring of treatment response in HF.
miRs have been attracting increasing attention as promising
biomarkers, given their presence in body fluids and relative
structural stability under diverse conditions of sampling. The
aim of the present review was to analyze the associations
between the mechanisms underlying the development of
HF and the expression of miRs, and discuss the value of
using circulating miRs as diagnostic biomarkers in HF
management. In particular, miR-155, miR-22 and miR-133
appear to be promising for the diagnosis, prognosis and
management of HF patients.
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1. Introduction

The causes of heart failure (HF) include ischemic cardio-
myopathy (ICM) and dilated cardiomyopathy (DCM),
hypertension, valvular heart disease, diabetic cardiomyopathy
and congenital heart disease (CHD) (1). The pathogenesis
of HF is associated with myocardial hypertrophy, fibrosis
or necrosis, cardiomyocyte apoptosis, renin-angio-
tensin-aldosterone system imbalance and collagen changes,
as well as several other factors (2-7).

MicroRNAs (miRs) are small (~22 nucleotides in length),
single-strand, non-coding RNA sequences derived from
precursors that control gene expression in a variety of physi-
ological and developmental processes, which are involved in
post-transcriptional regulation of gene expression (8). miR
disorders are associated with a number of human diseases,
including diabetes, myocardial infarction and cardiovas-
cular disease, obesity and cancer. Several studies have
demonstrated that miRs may affect different aspects of the
occurrence and development of HF (9-14). The association
between miRs and HF is discussed in detail below.

Circulating miRs are increasingly recognized as prom-
ising biomarkers, given their stability and resistance to
endogenous RNase (15); these miRs, to some degree, may
also be used as diagnostic biomarkers for angiocardiopathy.
In addition, miRNAs and various types of HF have complex
relationships, as described below.

2. Changes and associated mechanisms of miRs in various
types of HF

miRs may be involved in several aspects of the occurrence
and development of HF, such as cardiomyocyte apoptosis,
hypertrophy, fibrosis, inflammation, oxidative damage and
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hypoxic damage (9-14), among others. The specific regula-
tory functions of miRs are indicated in Figs. 1 and 2 and are
summarized in Table I (16-66).

3. Circulating miRs as diagnostic biomarkers

HF is primarily caused by cardiomyopathy, hypertension,
diabetes and CHD, among other causes (15). The different
etiology is associated with several miRs.

miRs associated with cardiomyopathy. The cardiomy-
opathies leading to HF predominantly include DCM and
ICM (67-71). DCM, characterized by left ventricular dila-
tation, ventricular wall thinning and diffuse myocardial
dysfunction, leads to congestive HF (72) and right ventricular
dysfunction (73). These pathological changes result in the
transition from compensatory hypertrophy to DCM (74). The
heart undergoes continuous remodeling of myocardial cells
through transduction of intercellular signals and activation
of the transcription and transmission pathways (75). Naga
Prasad er al (76) performed reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR) analysis on a
set of samples used for miR microarray analysis, and identi-
fied that hsa-mir-378 (P<0.0055), hsa-mir-001 (P<0.0001),
hsa-mir-007 (P<0.0009) and hsa-mir-29b (P<0.0087) were
notably decreased in DCM compared with control samples;
by contrast, hsa-mir-342 (P<0.0004), hsa-mir-214 (P<0.0001),
hsa-mir-125b (P<0.0785), hsa-mir-145 (P<0.0091) and
hsa-mir-181b (P<0.0047) were significantly increased in
DCM compared with non-failing controls, and may be used to
indicate the stage of HF development. Enes Coskun er al (77)
investigated 23 pediatric patients (aged 2-192 months) with
isolated idiopathic DCM as the experimental group, and
26 age-matched healthy children with innocent murmur
as the control group. Patients with fractional shortening
of <25% and with a left ventricular end-diastolic diameter
>112% of the predicted dimension were considered to
have DCM. The results of RT-qPCR demonstrated that the
expression levels of miR-454 and miR-518f were signifi-
cantly higher in DCM patients compared with those in the
control group. Furthermore, the expression levels of 10 miRs
(miR-618, miR-875-3p, miR-205, miR-194, miR-302a,
miR-147, miR-544, has-miR-99b, miR-155 and miR-218)
were notably lower in patients with DCM compared with
control subjects, suggesting that they may be used as poten-
tial diagnostic biomarkers. Interestingly, Miyamoto et al (78)
observed that 2 miRs (hsa-miR-636 and hsa-miR-155) were
upregulated and 2 miRNAs (hsa-miR-646 and hsa-miR-639)
were downregulated in patients with DCM compared with
patients with DCM with recovered ventricular function,
which indicated that they may serve as diagnostic as well as
prognostic biomarkers. However, further research is required
to elucidate the specific underlying mechanisms.

Leger et al (79) and Zeng et al (80) measured left
ventricular ejection fraction (LVEF) and the 6-min walk test
distance (6MWTD) and CBP/p300 interacting transactiva-
tors with ED-rich termini 2 (CITED2), hypoxia-inducible
factor-1 (HIF-1) in patients with ICM before and after
treatment, and identified that LVEF, 6MWTD, CITED2
and HIF-1 levels were significantly lower in the ICM group
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compared with those in the control group prior to treatment
(P<0.01). The N-terminal pro-B-type natriuretic peptide
(NT-proBNP), HIF-1 and miR-182 levels in the ICM group
were significantly higher compared with those in the control
group (P<0.01). Following 4 months of treatment, the levels of
6MWTD, CITED2 and LVEF in the ICM group were signifi-
cantly increased, whereas the levels of plasma NT-proBNP,
HIF-1 and miR-182 were significantly decreased (P<0.01).
Furthermore, the plasma miR-182 level was negatively
correlated with CITED2, LVEF and 6MWTD (P<0.05) and
positively correlated with HIF-1 (P<0.05) in the ICM group.
Therefore, miR-182 is correlated with several indicators
of HF, and may be considered to reflect the severity of the
disease. Olson and Rooij (81) and Fichtlscherer et al (82)
observed upregulation of miR-208a and miR-499 and
downregulation of the circulating levels of miR-126, miR-17,
miR-92a and the inflammation-associated miR-155 in
patients with coronary artery disease compared with healthy
controls by qPCR. Similarly, the level of miR-145 in smooth
muscle was significantly reduced. By contrast, the levels of
cardiac muscle-enriched miRs (miR-133a and miR-208a)
tended to be higher in patients with coronary artery disease.
Li et al (83) demonstrated a decrease of miR-125a, miR-20a
and miR-302d levels in ICM using Deep RNA sequencing.
Notably, only 55 miRs were indicated to be consistently
increased in ICM and non-ischemic cardiomyopathy (NICM),
including miR-21-5p, miR-125b-1-3p and miR-106b-5p,
among others. However, 38 miRNAs were downregulated
in both ICM and NICM (non-ischemic cardiomyopathy),
including miR-20a-5p, miR-17-5p and let-7e-5 (83). The find-
ings suggest that miR-182 appears to be a promising new
biomarker for the diagnosis of ICM and DCM in clinical
research.

miRs associated with hypertension. Hypertension is an
independent risk factor for cardiac and cerebrovascular
disease (84). It has been reported that at least 50% of patients
with long-term hypertension will likely undergo cardiac
remodeling, particularly left ventricular remodeling (85).
Myocardial cell hypertrophy is among the primary causes
underlying the occurrence of HF (86). Notably, it has
been demonstrated that miR-208 can induce cardiac
hypertrophy and results in the overexpression of 3-myosin
heavy chain in myocardial fibrosis (87). Several miRs were
indicated to be differentially expressed in hypertension,
including miR-296-5p, let-7e and human cytomegalovirus
(HCMV)-miR-UL112, as encoded by HCMYV in previous
studies of the hypertension-associated miR spectrum (88-90).
Interferon regulatory factor 1, which is involved in the regu-
lation of blood pressure by acting on nitric oxide synthase
and vascular angiotensin (Ang) receptor, was demonstrated
to be a direct target of HCMV-miR-UL112 (91). However,
in hypertension, HCMYV titers are considered to reflect the
expression level of HCMV-miR-UL 112 (91), which is an
independent risk factor for hypertension. HCMV has been
reported to inhibit vasodilation by impairing nitric oxide
synthase function (92) and causing endothelial cell dysfunc-
tion (93). However, further research is warranted due to the
elusive association between HCMV infection and endothelial
dysfunction.
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Figure 1. Association between miRs and different pathogenic mechanisms of heart failure. Solid lines represent positive regulation and dashed lines represent
negative regulation. The nock of the arrow controls the tip of the arrow, for example miR-7a/b downregulates Spl, PARP-1 and caspase-3, whereas Spl,
PARP-1 and caspase-3 promote myocardial fibrosis. Therefore, miR-7a/b protects cardiomyocytes against apoptosis. CFL2, Cofilin-2; HMGBI, high-mobility
group box 1 protein; HSBP1, Heat Shock Factor Binding Protein 1; ACE2, Angiotensin-convertingenzyme2; Bcl-2, B-cell lymphoma-2; SRF, serum response
factor; TAGLN2, Transgelin 2; NFATC4, Nuclear Factor Of Activated T Cells; CTGF, connective tissue growth factor; DOX, Doxorubicin; MMP-9, matrix
metalloproteinase-9; B1AR and 32AR, p1-and f2-adrenoceptor; TGF-f, transforming growth factor-f3; IL-1f, Interleukin-13; MCPI1, monocyte chemoat-
tractant protein-1; PDCD4, programmed cell death 4; SP1, specific protein 1; PARPI, poly ADP-ribose polymerase; ALDO, aldosterone; PTEN, phosphatase
and tensin homolog deleted on chromosome 10; PI3K, phosphatidylinositol-4,5-bisphosphate 3-kinase; Akt, Protein Kinase B; Collal, collagen 1A1; Colla2,
collagen 1A2; coll5al, collagen 15A1; Col I1I, type I1I collagen; Col I, type I collagen; MAPK, mitogen-activated protein kinase; VEGF, Vascular endothelial
growth Factor; ERK, extracellular regulated protein kinases; MMP-2, matrix metalloproteinase-2; SPRY1, Protein sprouty homolog 1.
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Figure 2. Association between miRs and different pathogenic mechanisms of heart failure. Solid lines represent positive regulation and dashed lines represent nega-
tive regulation. The nock of the arrow controls the tip of the arrow, for example miR-451 downregulates the LKBI/AMPK pathway, and the LKB1/AMPK pathway
negatively regulates the tendency for cardiomyocyte hypertrophy. Therefore, miR-451 promotes myocardial hypertrophy. JUN, Jun proto-oncogene product which
is a subunit of the AP-1 transcription; HOXA9, Homeobox A9; UCA1, urothelial carcinoma-associated 1; KLF13, Kruppel-like transcription factor 13; CIAPIN1,
cytokine-induced anti-apoptotic molecule; BDNF, brain derived neurotrophic factor; TGFf-1, transforming growth factor 3-1; Bcl-2, B-cell lymphoma-2; APAF-1,
apoptotic protease activating factor-1; SGK, Serum and Glucocorticoid Induced Kinase; PI3K, phosphatidylinositol-4,5-bisphosphate 3-kinase; ITGB3, integrin
p3; PTEN, phosphatase and tensin homolog deleted on chromosome 10; MCU, mitochondrial calcium uptake; INSR, insulin receptor; IGFR1, Insulin-like growth
factor 1 receptor; SIRT4, Sirtuin-4; fos-AP1, Fos-Associated Protein 1; MMP, matrix metalloproteinase; AMPK, adenosine monophosphate-activated protein
kinase; LKBI1, Liver kinase Bl; NF-«xB, nuclear factor kappaB; TRAF3, TNF receptor associated factor 3; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6;
AP-1, activator protein-1; ALK-5, activin-like kinase 5; PKC, protein kinase C; CAV3, Caveolin 3; ROS, reactive oxygen species; COX, cycloxygenase.
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Kontaraki et al (94,95) reported that upregulated miRs
included miR-1 and miR-21, whereas downregulated miRs
included miR-9, miR-126, miR-133, miR-143 and miR-145 in
the hypertension group compared with the healthy control
group. In addition, miR-21, miR-143 and miR-145 were nega-
tively correlated and miR-133 was positively correlated with
24-h ambulatory mean blood pressure, mean diastolic blood
pressure and mean pulse pressure in the hypertension group.
Furthermore, miR-9 and miR-126 were positively correlated
with mean pulse pressure, but the association between
miR-9 and left ventricular hypertrophy index was positively
correlated with the 24-h ambulatory mean blood pressure
and mean diastolic blood pressure. Therefore, this miR may
reflect the severity of hypertensive HF.

Dickinson et al (96) reported that the circulating levels
of miR-423-5p, miR-106b, miR-20b, miR-223, miR-16 and
miR-93 were markedly increased in hypertension-induced
HF, which was confirmed via RT-qPCR analysis of plasma
RNA from hypertensive rats. These results indicate that
several miRs can reflect disease progression to a certain
extent, and may be used as biomarkers of hypertensive
HF. This suggests that miRs should be detected pre- and
post-treatment to reduce the effects of medication on the
results of the experiment. Hou et al (97) randomly divided
16 spontaneously hypertensive rats (SHR) into the SHR
control (distilled water) and intervention SHR (captopril
10 mg/kg/day) groups. An additional 8 Wistar male rats
comprised the normal control groups (captopril 10 mg/kg/day
or distilled water for 8 weeks). The expression of miR-137
was detected by RT-qPCR and western blot analysis in rat
hearts, and miR-137, Ang II, transforming growth factor
(TGF)-p1,Smad3, collagen (Col)-I and Col-III were identified
to be more highly expressed in the SHR treatment and SHR
control groups than the normal control group (P<0.01 and
P<0.05, respectively); by contrast, the levels of miR-137, Ang
IT, TGF-p1, Smad3, Col-I and Col-III were significantly lower
in the normal control groups compared with the SHR control
group (P<0.01 and P<0.05, respectively). Thus, miR-137
may promote cardiac remodeling in SHR by upregulation of
Ang IT and the TGF-f1/Smad3 signaling pathway; in addi-
tion, captopril intervention can inhibit miR-137 expression.
Therefore, miR-137 not only indicates the presence of high
blood pressure, it may also reflect its severity.

Li et al (98) reported that insulin-like growth factor
(IGF)-1 prevented diabetes-induced cardiomyopathy via
marked anti-apoptotic and anti-fibrotic effects, which are
mediated by miR-1. These findings provide a new paradigm
for the endocrine effects of IGF-1 in the heart, and suggest
that cardiac-specific miR-1 may be a useful biomarker and
therapeutic target for diabetes-induced cardiomyopathy.
Yang et al (99) observed that miR-505 interfered with the
migration of cultured endothelial cells through targeting
fibroblast growth factor 18, suggesting that miR-505 may
be involved in vascular regeneration. In addition, a group of
miRs (miR-92a, miR-130a and miR-195) were demonstrated
to be abnormally expressed in hypertensive patients with
metabolic syndrome. Notably, miR-92a is differentially
expressed in the blood of hypertensive and non-hypertensive
patients (100) and may promote miR-mediated intercellular
communication (101). Kontaraki er al (94,95) confirmed

1995

several types of differentially expressed miRs in an animal
model: Myocardial hypertrophy was induced by miR-21,
miR-208b and miR-499; the anti-myocardial hypertrophy
miRs comprised miR-1, miR-26b and miR-133a, of which
miR-1, miR-21, miR-208b and miR-499 were upregulated,
whereas miR-26b and miR-133a were downregulated in
peripheral blood mononuclear cells from patients with hyper-
tension compared with healthy controls. In patients with
hypertension, the degree of left ventricular hypertrophy was
negatively correlated with the miR-1 and miR-133 indices,
whereas the miR-21, miR-26b, miR-208b and miR-499
indices were positively associated with left ventricular
hypertrophy.

miRs associated with diabetic HF. Dickstein (102)
reported that the occurrence and development of insulin
resistance in HF was correlated with overactivation of the
renin-angiotensin-aldosterone system (103,104), distur-
bance of energy metabolism in the myocardium (105),
liver pathology, as well as other factors. It was previously
demonstrated that the expression of miR-133 and miR-1
increased significantly in myocardial cells following hyper-
glycemic injury (106). IGF-1 and IGF-1 receptor are the
two target genes of miR-1 (107). Previous studies demon-
strated an increasing level of miR-133 and decreasing
levels of miR-650, miR-222 and miR-338 in hyperglycemic
cardiomyocyte injury (108,109). Greco et al (110) collected
biopsies from the peri-infarctual area (border zone) and
the non-ischemic remote zone from patients with diabetic
HF (D-HF), non-diabetic HF (ND-HF) and the control
group. miR expression was measured using RT-qPCR in
left ventricular biopsies from 10 patients with D-HF and
19 patients with ND-HF affected by non-end-stage isch-
emic cardiomyopathy. A total of 17 miRs were revealed to
be differentially expressed in patients with D-HF and/or
ND-HF when compared with control subjects; in particular,
miR-34b, miR-34¢c, miR-210, miR-199b and miR-372 were
upregulated, whereas miR-650 and miR-223 were down-
regulated. Therefore, miRs may not only be obtained from
the blood or serum, but also from tissue biopsies, when
the content in the body fluids is low. Nandi et al (111) and
Deng et al (112) reported that attenuation of miR-133a in
diabetic hearts is associated with the induction of autophagy
and hypertrophy. In conclusion, attenuation of miR-133a
appears to serve a key role in D-HF and contributes to
the exacerbation of diabetes-mediated cardiac autophagy
and hypertrophy in patients with HF undergoing left
ventricular assist device implantation. Chavali et al (113)
used multiplex RT-qPCR in insulin 2 mutant Akita mouse
hearts (a diabetic mouse model with heart disease) and
observed marked downregulation of miR-744, miR-142-3p,
miR-384-3p, miR-494, let-7a, miR-450, miR-338, miR-130,
miR-142-3p, miR-148, miR-338, miR-345-3p, miR-433,
miR-451, miR-455, miR-500, miR-542-3p and miR-872. By
contrast, miR-295 was upregulated in Akita mouse hearts.
Therefore, miR-295 may be used as a mammalian-specific
miR in early embryonic stages. Increased miR-295 expres-
sion was associated with pathological changes in Akita
mouse hearts. miR-223, as an anti-inflammatory miR,
may reflect the progression of diabetic Ins2*~ Akita heart
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disease or D-HF. In another study, miR-1 and miR-133A
were demonstrated to act as regulators of glucose homeo-
stasis in vitro (113). Notably, miR-133a/b can reduce the
expression of glucose transporter 4 and inhibit the uptake
of glucose by insulin-induced myocardial cells (114).
Furthermore, miR-133a/b targets Kruppel-like tran-
scription factor 15, which is directly involved in this
process (108). Two other target genes of miR-133a/b are
the human ether-a-go-go-related gene and KCNQI, and
these two genes are involved in the regulation of cardiac K*
channels and the presence of long QT syndrome in patients
with diabetes (115). The decrease of miR-126 in diabetic
microvascular tissues may indicate the severity of diabetic
vascular complications (116); however, the expression
of miR-126 did not decrease, but was rather significantly
increased in patients with coronary atherosclerosis (117). In
a mouse model of type 1 diabetes mellitus established by
streptozotocin (118), 15 miRs were differentially expressed
in the myocardium, among which 10 miRs (miR-195,
miR-199a-3P, miR-700, miR-142-3p, miR-24, miR-21,
miR-22, miR-499-3p, miR-208a and miR-705) were upregu-
lated, whereas 5 miRs (miR-29a, miR-1, miR-373, miR-143
and miR-20a) were notably downregulated. Histological
examination revealed hypertrophy of the myocardial cells
in type 1 diabetes mellitus group mice compared with the
control group, with a disorderly arrangement and enlarged
nuclei. Notably, the prediction of associated target genes
primarily involves cell growth, differentiation, prolifera-
tion, collagen fiber growth, apoptosis and angiogenesis.

miRs of HF in CHD. CHD is a multi-gene genetic disease
resulting from structural or functional cardiovascular
abnormalities present at birth that are caused by congenital
abnormalities (119). Disrupted miR expression may result
in CHD via specific protein regulation. miR-133 and
miR-1 are present in the same transcription unit (120);
miR-1 is the most abundant miR and is highly conserved
in human myocardial cells (121). Mature miR-1-1 and
miR-1-2 have the same gene sequence; the miR-13 family
includes miR-133a-1, miR-133a-2 and miR-133b (122,123).
During heart development, the deletion or mutation of the
essential gene Hand2 of muscle precursor cells in early
embryonic development may lead to cardiac hypoplasia and
even cardiac arrest (124). Mukai et al (125) revealed that
miR-486-3p, miR-155-5p and miR-486-5p were increased
in patients with cyanotic heart disease compared with
those without heart disease. Furthermore, let-7e-5p and
miR-1260a were decreased in patients with early-stage
acyanotic heart disease compared with those without heart
disease, suggesting that these miRs may be used for early
diagnosis.

Zhao et al (126) reported that the expression of miR-1-2
was upregulated in myocardial and skeletal muscle cells.
Overexpression of miR-1 during cardiac development
may inhibit ventricular myocyte dilatation. It was also
demonstrated that miR-1-2 targets the Hand2 gene, which
may block Hand2 protein synthesis and regulate cardiac
morphogenesis (127); its abnormal expression may even lead
to CHD (127). Another study reported that the mouse pheno-
types were almost normal with deletion of either miR-133a-1

HUANG et al: ROLE OF microRNAs IN HEART FAILURE

or miR-133a-2, but the synchronous lack of these two miRs
led to a fatal ventricular septal defect in approximately
half of the mice during the embryonic period (128). Thus,
miR-133 can promote myoblast proliferation, and miR-1 can
stimulate myogenic differentiation. Therefore, miR-1 and
miR-133 exhibit a dialectical association, and abnormalities
may lead to the development of CHD.

Chen and Li (129) quantified the levels of miR-19a
by RT-qPCR in the plasma of 30 patients with CHD, and
changes in the levels of miR-19a, miR-130a and miR-27b
were also confirmed using RT-qPCR. The levels of miR-19a,
miR-198, miR-130a and miR-27b were significantly
increased in patients suffering from pulmonary arterial
hypertension induced by CHD. These observations suggest
that circulating miR-19a may be a novel biomarker for the
diagnosis of pulmonary arterial hypertension induced by
CHD.

The abovementioned data summarize the differences in
expression of miRs in patients with HF (including cardio-
myopathy, hypertension, D-HF and CHD). Their clinical
significance as HF biomarkers were analyzed (Table II).

Limitations of miRs as biomarkers of HF. Establishing an
accurate, reliable circulating miR system for HF diagnosis,
prognosis and prediction of response to treatment is chal-
lenging, from sample collection and processing to data
analysis. First, overlapping between various failure mecha-
nisms leads to difficulties in assessing which mechanisms
underlie the expression changes in circulating miRs. Second,
serum or plasma are the first choices for sample selection and
handling, but the level of circulating biomarker miRs was low,
which to some degree impedes the detection of miRs (130).
Serum hemolysis may result in waste of samples (131).
Furthermore, the serum level of miRs was higher than for
circulating plasma, indicating that serum samples can prevent
potential interference caused by platelets and leukocytes
during sample preparation (132). Therefore, use of the same
type of material and synchronous sampling is important for
the patient and control groups, as well as a standard scheme
to avoid sample hemolysis, minimizing differences between
patient selection and classification. Third, some studies
have reported fluctuation of miR levels in patients with HF
following treatment (133,134). Blood samples were collected
at three stages, namely prior to, during and following treat-
ment. A fourth factor was the choice of measurement platform
for miR. As indicated in Fig. 2, all research techniques have
advantages and disadvantages, but the most commonly used
method is RT-qPCR. This method is more sensitive and more
cost-effective compared with other methods, but its primary
limitation is the inability to detect new miRs. In addition,
the standardization of miR expression level may be difficult,
as the expression levels of miRs fluctuate with changes in
physiological and pathological conditions. Therefore, standard
methods are commonly used for the experiments, including
the use of equal amounts of starting material (such as serum or
plasma), which is more reliable for endogenous miRs for data
normalization.

As observed in the present study, the clinical manifesta-
tions of HF caused by expression changes of different miRs
are similar, and the changes in miR expression caused by
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Figure 3. MiRNAs in different heart failure have different regulatory mechanisms for pathogenesis of heart failure. Solid lines represent positive regulation
and dashed lines represent negative regulation. The nock of the arrow controls the tip of the arrow, for example, upregulation of miR-22 in diabetic heart
failure alleviated myocardial inflammation through inhibiting tumor necrosis factor-o or interleukin-6 expression. TNF-a, tumor necrosis factor-a; IL-6,
interleukin-6; AP-1, activator protein-1; HMGBI, high-mobility group box 1 protein; Bcl-2, B-cell lymphoma-2; TAGLN2, Transgelin 2; NFATC4, Nuclear
Factor Of Activated T Cells; LKBI, Liver kinase BI; AMPK, adenosine monophosphate-activated protein kinase; MMP-9, matrix metalloproteinase-9; CAV3,
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collagen; Col I, type I collagen; PARP 1, poly ADP-ribose polymerase 1.

different types of HF may also be similar, reflecting the
complexity of miR biology.

4. Conclusion

As described in Fig. 3, the expression of miR-145 was
upregulated and the expression of miR-147 and miR-7 was
downregulated in DCM, ultimately inhibiting cardiomyocyte
apoptosis. The upregulation of miR-181 inhibited oxidative
stress. Furthermore, upregulation of miR-214 and downregu-
lation of miR-29b attenuated cardiomyocyte fibrosis, which
may be a late regulatory mechanism. By contrast, upregu-
lation of miR-155 promotes cardiomyocyte inflammation,
which may be an early regulatory mechanism. The above-
mentioned miRs appear to be promising potential candidate
markers associated with DCM.

In ischemic HF, upregulation of miR-155 intensified
cardiomyocyte inflammation, and upregulation of miR-182
promoted apoptosis, which may be an early indicator of this
condition. Upregulation of miR-21 alleviated apoptosis via
negative feedback regulation. Thus, miR-21 may be a late-age
indicator in ischemic HF.

In hypertensive HF, downregulation of miR-133 inhibited
cardiomyocyte hypertrophy and promoted cardiomyocyte
apoptosis, which may be a late-stage decompensation.

In D-HF, upregulation of miR-22 reduced cardiomyocyte
fibrosis, apoptosis and inflammation, and downregulation of
miR-455 restrained cell fibrosis, which may be a late indi-
cator of diabetic heart failure, whereas the upregulation of

miR-195 and miR-142 aggravated apoptosis and miR-451
downregulation exacerbated cardiomyocyte hypertrophy,
which may be an early indicator.

In conclusion, miR-155, miR-22 and miR-133 appear to
be promising markers of the development, diagnosis and
prognosis of HF. However, further research is required to
determine whether there is an efficient miR template for
application in clinical oncology practice.
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