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Abstract

Objectives: MicroRNAs (miRNA) are functional RNAs that have emerged as pivotal gene expression regulators in
cardiac disease. Although several cardiomyocyte miRNAs have been reported to play roles in heart failure
progression among patients with idiopathic dilated cardiomyopathy (DCM), the role of circulating miRNAs has not yet
been well-examined.

Methods: After total RNA extraction from the peripheral blood samples of three control participants and six patients
with DCM, miRNA profiling was performed using miRNA arrays. Based on the results of this initial screening, real-
time polymerase chain reaction (RT-PCR) was used to perform a quantitative analysis of blood samples from a larger
number of matched patients (DCM, n=20; controls, n=5). Finally, the correlations between specific miRNA
expression levels and hemodynamic parameters were analyzed.

Results: A primary screening of 2,565 miRNAs resulted in the identification of nine miRNA candidates. Quantitative
RT-PCR results revealed significantly increased miR-489 expression levels in the DCM group. Moreover, there was a
significant positive correlation between miR-489 expression level and left ventricular ejection fraction.

Conclusions: Our results suggest that circulating miR-489 could be a potential noninvasive diagnostic biomarker for
DCM. Additionally, the quantification of circulating miR-489 may have value as a potential prognostic marker for

patients with DCM.
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Introduction

MicroRNAs (miRNAs), which are noncoding RNAs that are
21-25 nucleotides in length, are generally considered to act as
intracellular endogenous RNAs that regulate post-translational
gene expression.’? Dysregulation of intracellular miRNA
expression has been detected in various diseases, including
several cardiovascular disorders.>* Furthermore, recent studies
have demonstrated that miRNAs are detectable and highly stable
in circulating blood, and that these circulating miRNAs may serve
as biomarkers for early disease detection and prognosis.®
Although the physiological roles and importance of circulating
miRNAs are not yet well-understood, their utility and
practicability as potential biomarkers for various diseases has
attracted much attention, especially in cancer.’ In cardiovascular
diseases, distinctive patterns of circulating miRNAs have been
identified for myocardial infarction, coronary artery disease, heart
failure (HF), type 2 diabetes mellitus, and hypertension. Several
studies involving congestive HF have evaluated the relationship
between miRNA expression profiles and underlying pathological
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conditions, including cardiac fibrosis, cardiac hypertrophy,
ventricular remodeling, and cardiac failure.>'! Our group has
previously revealed associations between reduced catecholamine
sensitivity and several miRNAs extracted from right ventricular
myocardium biopsy specimens in patients with idiopathic dilated
cardiomyopathy (DCM).® Furthermore, other studies have
reported upregulated miR-423-5p and miR-361-5p expression in
the myocardium of patients with DCM.!2 However, little is known
about the relationship between circulating miRNAs and DCM.
The present study aimed to profile the expression levels of
circulating cardiac-associated miRNAs in patients with DCM and
determine their utility as biomarkers for DCM.

Methods

Diagnosis of DCM

DCM was diagnosed on the basis of <50% left ventricular
gjection fraction (LVEF), as determined by contrast ven-
triculography, in the absence of the following: >50% coronary
artery stenosis, as determined by coronary angiography; arterial
hypertension; valvular heart disease; sustained atrial fibrillation;
implantation of any mechanical cardiac support devices;
complications that influence cardiac function, such as diabetes
mellitus; chronic kidney disease and peripheral artery disease;
and cardiac muscle disease secondary to any systemic disease.’®
After considering both the risks and values for patient prognosis,
magnetic resonance imaging and endomyocardial biopsies were
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not used in this study. Patients with DCM who had a New York
Heart Association functional class of I or II with normal sinus
rhythm were enrolled in the present study.

Study protocol

A two-step process was used to investigate miRNA profiles. In
six patients with DCM and three age- and sex-matched healthy
controls with normal LVEF and coronary perfusion, we first
performed a screening study using the microarray analysis
system. Serum miRNA samples were hybridized to 3D-Gene
Human miRNA chips (ver. 21) containing 2,565 miRNAs (Toray
Industries, Inc., Tokyo, Japan). In this screening study, we
selected candidate miRNAs in descending order of p-value for
further detailed analysis using Quantitative Real-time
Polymerase Chain Reaction (qQRT-PCR).

The ¢RT-PCR analysis of the candidate miRNAs was
performed in a larger number of age- and sex-matched patients
(DCM group, #=20; control group, #=5) using a PRISM-7900HT
thermocycler (Applied Biosystems, Foster City, CA, USA).
Caenorhabditis elegans miR-39 (cel-miR-39) was spiked to each
sample as a control for the extraction and amplification steps,
because it has been reported that there are few differences
between individuals in expression levels in RT-PCR. The relative
expressions were calculated using the comparative ACT method
with spiked cel-miR-39 levels. DCM-specific miRNA was
detected when the expression level was significantly higher than
either miR-16 or miR-423-3p, which were used as the internal
controls.!*

Hemodynamic parameters were assessed using echocardi-
ography and blood chemistry analysis. Echocardiography was
used to measure LVEF (using Simpson’s method), left
ventricular end-systolic dimension (LVDs), left ventricular end-
diastolic dimension (LVDd), left atrium diameter, fractional
shortening (%), interventricular septum thickness, left
ventricular posterior wall thickness, E/A (peak early diastolic LV
filling velocity/peak atrial filling velocity ratio), and E/E' (peak
early diastolic LV filling velocity/myocardial relaxation ratio).
Blood tests included serum creatinine, hemoglobin, and B type
natriuretic peptide (BNP) measurements.

The study protocol was approved by the Ethics Review
Committee of Fujita Health University, and written informed
consent was provided by each patient at the time of registration.

Statistical analysis

Variables are presented as the mean=standard deviation (SD),
and qualitative data are presented as percentages. Patient
characteristics were assessed using Student’s #-test and Fisher’s
exact test, and the results were analyzed using Student’s /-test.
Correlations were tested using Pearson’s correlation coefficient.
To compare differences in serum miRNA expressions between
the DCM and control groups, Mann-Whitney U tests were used.
All statistical analyses were performed using SPSS version 11.0
(SPSS Japan, Inc., Tokyo, Japan). Covariates that were found to
be significant (»<0.05) during univariate analyses were
incorporated into the multivariate analyses. All reported p-values
are two-tailed, and statistical significance was set at p<0.01 for
the microarray analyses and p <0.05 for the qRT-PCR analyses.

Results

miRNA microarray
The miRNA microarray analysis was performed to identify

DCM-associated differences in circulating miRNA profiles
between six patients with DCM and three controls. The baseline
clinical characteristics of the DCM and control groups are shown
in Table 1. There were no significant differences between the two
groups except for the left ventricular contraction and diameter
values. Of the 2,565 miRNAs in the miRNA chips, there were
significant differences between the two groups in the expression
levels of nine miRNAs (Table 2).

qRT-PCR analysis

Table 3 shows the clinical characteristics of the two groups
that were used for the qRT-PCR analysis, which comprised 20
patients with DCM and five control participants. There were no
significant differences in age and sex between the two groups.
Echocardiographic measurements revealed that patients with
DCM had significantly lower LVEF and larger LVDd and LVDs
compared with the controls. The left ventricular thickness and
other structural and functional parameters were comparable in
the two groups. The heart rates and QRS intervals in
electrocardiograms between the two groups were not
significantly different. Blood examinations indicated that both
groups had comparable serum levels of high-sensitivity C-
reactive protein, cardiac troponin I, creatinine, hemoglobin, and
BNP. The DCM patients were only treated with cardiac
protective agents, such as beta-blockers and angiotensin-

Table 1 Baseline clinical characteristics of the DCM and control groups
from the miRNA array
DCM Control pValue
n=6 n=3
Age (years) 53.5+14.8 53.7x7.37 0.49
Male (%) 50 67 0.65
LVEF (%) 30.3+7.23 63.3+2.31 <0.01
LVDd (mm) 69+15.3 42.7+1.15 0.02
LVDs (mm) 57+16.7 25.3+4.62 0.01
IVST (mm) 8.17+1.83 8+1 0.89
LVPWT (mm) 9.12+2.04 8+1 0.39
Heart rate (bpm) 66.2+5.08 74+8 0.11
QRS interval (msec) 97.9+5.81 91.8+2.11 0.12
BNP (pg/mL) 171.6+192.4 15.8+11.9 0.22
Hemoglobin (g/dL) 13.4+1.39 13.9+0.75 0.59
Creatinine (mg/dL) 0.71+0.16 0.77+0.18 0.65

Data are presented as the mean=SD. DCM, idiopathic dilated
cardiomyopathy; LVEE left ventricular ejection fraction; LVDd, left
ventricular diastolic diameter; LVDs, left ventricular systolic diameter;
IVST; interventricular septal thickness, LVPWT; left ventricular
posterior wall thickness; BNP, brain natriuretic peptide.

Table 2 Altered miRNA expression in blood samples from patients with
idiopathic dilated cardiomyopathy (DCM)

p-Value Ratio (DCM/control)

miR-489 0.009 1.7

miR-496 0.005 0.56
miR-3156 0.008 0.56
miR-4721 0.001 0.66
miR-4745 0.002 0.69
miR-4781 0.005 0.6

miR-5010 0.007 0.73
miR-5088 0.008 1.38
miR-8052 0.001 0.68

Each p-value was calculated using a paired ¢-test.
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converting enzyme inhibitors, because they had no major
complications that influenced cardiac function.

We further examined the expression levels of the nine
miRNAs identified during the first miRNA microarray screening,
as well as those of three miRNAs (miR-1, miR-134,
miR-423-5p)> 17 whose relationships with cardiomyocyte
degradation are well-established. The levels of five miRNAs
(miR-3156, miR-4721, miR-4745, miR-4781, and miR-8052) were
below the limit of detection for gRT-PCR. However, the
expression level of miR-489 was significantly higher in the DCM
group than in the control group when using miR-16 as the
internal control (p=0.03), and it also had a higher tendency in the
DCM group when miR-423-3p was used as the internal control
(»=0.09). In contrast, the levels of the remaining miRNAs and
the previously reported three miRNAs were comparable between
the two groups (Table 4).

Assoctation between miR-489 expression and LVEF

When we analyzed the association between serum miR-489
levels and cardiac functional markers, there was a significant
positive correlation between LVEF and miR-489 expression
levels (p=0.04, r=0.46; Figure 1). There were no significant
correlations between serum miR-489 levels and other
hemodynamic parameters (data not shown).

Table 3 Baseline clinical characteristics of the DCM and control groups
from the RT-PCR experiments

DCM Control -Value

n=20 n=>5
Age (years) 57.4+15.3 53+6 0.54
Male (%) 65 60 0.84
LVEF (%) 37.1x10.3 62.8+1.92 <0.01
LVDd (mm) 61.2+12.9 42.6+0.89 <0.01
LVDs (mm) 49.4+14.6 26.8+3.9 <0.01
IVST (mm) 8.2+2.6 9.3+3.1 0.65
LVPWT (mm) 8.1+2.8 8.9+2.8 0.54
Heart rate (bpm) 71.4+15.6 64.6+4.8 0.24
QRS interval (msec) 98.8+7.86 92.4+2.86 0.18
BNP (pg/mL) 117.4+148.8 15.68+10.2 0.15
Hemoglobin (g/dL) 13.6+1.34 13.1+1.5 0.49
Creatinine (mg/dL) 0.99+0.79 0.78+0.13 0.56

Data are presented as the mean=SD. DCM, idiopathic dilated
cardiomyopathy; LVEE left ventricular ejection fraction; LVDd, left
ventricular diastolic diameter; LVDs, left ventricular systolic diameter;
IVST; interventricular septal thickness, LVPWT; left ventricular
posterior wall thickness, BNP, brain natriuretic peptide.

Discussion

DCM, which is transmitted by autosomal dominant inheritance
and often results from mutations in multiple genes, is one of the
most common causes of HE Although DCM has been previously
reported to have a poor prognosis,’® a large number of patients
with DCM have had positive responses to pharmacological and
mechanical therapies for left ventricular reverse remodeling,
which confers a more favorable long-term prognosis. However, it
remains challenging to identify patients with increased
likelihoods of improvement after therapeutic optimization.
Several miRNAs in human heart tissue have been suggested as
valuable diagnostic and prognostic markers for HE!® However,
although numerous studies have been published, the reported
impact of miRNAs in HF management remains variable.

The present study revealed that circulating miR-489 may be a
potential noninvasive diagnostic biomarker for DCM, and that
expression levels of circulating miR-489 may correlate with
cardiomyocyte viability in patients with this disease. The
expression levels of circulating miR-489 were significantly higher
in patients with DCM than in controls in our study. Moreover,
there was a positive correlation between circulating miR-489
levels and LVEF in patients with DCM. Given that DCM is a
degenerative myocardial disease, a reduction in LVEF is mainly
dependent on the degree of myocardial fibrogenesis. These
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Figure 1 There was a significant positive association between LVEF
and circulating miR-489 levels in patients with DCM (p=0.04, »=0.46).
LVEE left ventricular ejection fraction; DCM, idiopathic dilated
cardiomyopathy.

Table 4 Quantitative comparison of candidate miRNAs and previous reported myocardium miRNAs between DCM and control patients

miR-16 miR-423-3p
Internal control DCM Control p-Value DCM Control p-Value
n=20 n=5 n=20 n=>5
miR-489 109.9+151.8 36.4+39.6 0.03 133.9+328.3 32+374 0.09
miR-496 6.45+11.3 1.36+1.61 0.06 2.32+3.15 1.07+1.14 0.11
miR-5010 40.3+47.9 27.2+43.8 0.33 15.2+16.4 19.8+31.5 0.41
miR-5088 222.7+268.5 105.1+136.8 0.1 229.4+552.5 91.6+123.6 0.16
miR-1 2.17+2.81 2.75+5.01 0.31 1.34+1.54 2.2+1.51 0.15
miR-134 77+113 33.5+49 0.11 96.3+245 31+49.3 0.14
miR-423-5p 15.1+16.7 11.6+13.8 0.33 5.61+4.3 9.46+10.2 0.22

Relative miRNA expressions were calculated using the comparative ACT method with spiked C. elegans miR-39.

Data are presented as the mean+SD. DCM, idiopathic dilated cardiomyopathy.
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results therefore indicate that myocardial degeneration
upregulates circulating miR-489, whereas the progression of
myocardial fibrogenesis decreases circulating miR-489. Thus,
circulating miR-489 levels may serve as a valuable marker for
detecting myocardial degeneration and identifying disease stage
and prognosis in DCM.

Several investigations of the role of miR-489 have recently
been published. Although recent reports have mainly focused on
the role of miR-489 in suppressing tumor proliferation and
metastasis,?*?! miR-489 dysregulation has also been reported in
muscle-related disorders; it is downregulated in cardiac
cachexia?? and upregulated in muscular dystrophy.® These
findings support the pivotal role of miR-489 in muscular turnover
and degeneration, the depletion of fetal muscle cells, and fibrosis.
Moreover, these observations with regard to skeletal muscle
abnormalities are consistent with our present findings in
cardiomyocytes.

We therefore suggest the utility of measuring miR-489 as a
noninvasive diagnostic and prognostic biomarker for patients
with DCM. Studies elucidating the importance of the miR-489
signaling axis in regulating cell proliferation and metastasis are
ongoing. As such, we expect to further unravel the mechanisms
behind the relationship between myocardial degeneration and
miR-489 regulation, which would further benefit patients with
DCM through prevalent miRNA screenings.

Study limitations

Our study has several limitations. First, regarding the qRT-
PCR analysis, multiplicity was not adequately considered. In this
study, we conducted the microRNA array using miR-16 and
miR-423-3p as the internal controls, based on a report by
Sedigheh et al.* However, this methodology is not standard, and
reliable reference genes for quantifying miRNAs in serum
samples have not yet been well-established.

Second, we revealed a significant positive correlation between
miR-489 expression levels and LVEE However, it is possible that
the number of cases in our study was too small to conclude this
association. Moreover, miR-489 expression levels were only
significantly higher in the analysis using miR-16 as the internal
control. More extensive studies are therefore needed to
demonstrate the utility of miR-489 measurement as both a
diagnostic and prognostic marker for DCM in the future.
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