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Abstract
Introduction: Despite the fact that cardiovascular magnetic resonance
(CMR) with late gadolinium enhancement (LGE) is a proven method for detecting myocardial fibrosis, there is a need for new and reliable serological
biomarkers. Circulating miRNAs could be a practical and attractive alternative. The purpose of the study was to assess the miRNAs well established
in myocardial fibrosis – miR-21, miR-29a, miR-30d and miR-133a – in the
plasma of patients with left ventricular non-compaction (LVNC) that have
areas of LGE assessed by CMR.
Material and methods: We prospectively enrolled 13 adult patients (9 males
and 4 females; mean age: 39 ±11.7 years) considered to meet standard CMR
criteria for LVNC and 10 healthy age- and sex-matched subjects. All LVNC patients and control subjects underwent CMR examination and the measurement of peripheral plasma levels of 4 miRNAs: miR-21, miR-29a, miR-30d
and miR-133a.
Results: The LGE was present in 9 of the 13 (69.2%) LVNC patients, and
most often located in the ventricular septum. Compared with LGE-negative
patients, LGE-positive patients had significantly lower LVEF (28.3 ±13.3%
vs. 53.5 ±14.9%, p = 0.0113) and greater LV end-diastolic diameter (67.8
±9.5 mm vs. 57 ±2.2 mm, p = 0.01). Significant up-regulation of all 4 miRNAs
was observed among LGE-positive patients vs. LGE-negative patients:
miR-21 (p = 0.007), miR-29a (p = 0.0001), miR-30d (p = 0.001) and miR-133a
(p = 0.0003).
Conclusions: The up-regulation of miR-21, miR-29a, miR-30d and miR-133a
indicates the presence of LGE in LVNC patients, and therefore they may
serve as potential biomarkers for myocardial fibrosis.
Key words: miRNA, cardiac magnetic resonance, left ventricular noncompaction, late gadolinium enhancement.

Introduction
Left ventricular non-compaction (LVNC) is an uncommon cardiac abnormality characterized by multiple prominent ventricular trabeculations
and deep intratrabecular recesses [1, 2]. It can occur as an isolated disorder or in combination with other congenital cardiac diseases or neu-
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romuscular conditions [3–5]. Myocardial fibrosis is
a common characteristic of LVNC, related to clinical disease severity and left ventricle (LV) systolic
dysfunction [6, 7].
Cardiovascular magnetic resonance (CMR) with
late gadolinium enhancement (LGE) is a proven
method for noninvasive detection of myocardial
fibrosis that contributes to heart failure, arrhythmias and sudden death [8, 9]. Nevertheless, CMR
is limited by high cost and low availability, and
contraindicated in patients with significant renal
dysfunction and implanted cardiac devices. Therefore there is a need for new and reliable serological biomarkers to detect myocardial fibrosis.
MicroRNAs (miRNAs) are small, noncoding RNAs
that post-transcriptionally regulate gene expression and have a well-documented role in the regulation of the cardiovascular system [10]. Some of
them, that is miRNAs miR-21, miR-29a, miR-30d
and miR-133a, are also involved in myocardial fibrosis [11, 12]. However, circulating miRNAs serving as potential biomarkers for myocardial fibrosis
in LVNC patients have not been described so far.
Hence, the aim of this study was to assess the
miRNAs well established in myocardial fibrosis –
miR-21, miR-29a, miR-30d and miR-133a – in the
plasma of patients with LVNC that have areas of
LGE assessed by CMR.

Material and methods
Patient population
The study included 13 unrelated patients with
isolated LVNC diagnosed in the period 2012–2016.
The diagnosis of isolated LVNC was based on the
presence of the following cardiac MRI and clinical
criteria [13]: (a) appearance of two distinct myocardial layers; (b) marked trabeculation and deep
intertrabecular recesses within the non-compacted layer; (c) end-diastolic ratio of non-compacted-to-compacted (NC : C) myocardium > 2.3 : 1,
and (d) absence of other associated congenital or
acquired heart disease. Clinical information was
obtained from the medical database.
In addition, 10 healthy age- and sex-matched
subjects were enrolled in the study to serve as controls. None of the selected healthy subjects had an
abnormal blood pressure response to exercise or
a family history of cardiovascular disease. All LVNC
patients and controls underwent comprehensive
CMR studies as well as venous blood sampling on
the same day. The study protocol was approved
by the institutional ethics committee and written
informed consent was given by all patients.

RNA extraction
miRNAs were isolated from 400 µl samples of
serum taken from patients with LVNC and healthy

controls using the mirVana PARIS Kit (Ambion)
according to the manufacturer’s protocol [14].
The amount and quality of the isolated RNA was
checked with the Agilent RNA 6000 Nano Kit in
accordance with the manufacturer’s recommendations using the 2100 Bioanalyzer (Agilent Technologies). Complementary DNA (cDNA) was transcribed from RNA using the TaqMan RNA Reverse
Transcription kit (Applied Biosystems).

Real-time RT-PCR of selected miRNA
miRNA conversion to cDNA was performed using the TaqMan MicroRNA Reverse Transcription
Kit (Applied Biosystems, Carlsbad, CA). The samples were incubated (30 min at 16°C and 30 min
at 42°C) in a thermocycler (Biometra). Reverse
transcriptase was inactivated (5 min at 85°C) and
the obtained cDNA was stored at –80°C. Five nmol
mirVana miRNA Mimic (cel-miR-39) was used as
an endogenous control (Ambion, Austin, TX) for
normal reverse transcription conditions. Realtime RT-PCR was performed by using 1 ng of
cDNA, TaqMan probes: 477975_mir, 478002_mir,
479362-mir, mo481491_mir specific for mir 21,
miR 29a, miR 30d, miR 133a and 2xTaqMan Universal PCR Master Mix (Applied Biosystems). RNU
48 was used as an endogenous control to estimate
expression of miRNA genes. Each target probe
was amplified in a separate 96-well plate. All samples were incubated at 50°C for 2 min and at 95°C
for 10 min, and then cycled at 95°C for 30 s, at
60°C for 30 s and at 72°C for 1 min; 40 cycles were
performed. Fluorescence emission data were captured and miRNA levels were quantified using the
critical threshold (Ct) value in total. Analyses were
performed with the ABI Prism 7000 (SDS Software). Controls without RT and with no template
cDNA were performed with each assay. Relative
gene expression levels were obtained using the
∆∆Ct standard 2–∆∆ct calculations and expressed as
a fold change of the control sample [15]. Amplification specific transcripts were further confirmed
by obtaining melting curve profiles.

CMR image acquisition and analysis
All CMR examinations were performed using
the Magnetom Avanto 1.5T scanner (Siemens, Erlanger, Germany) with a 32-channel cardiac coil.
Retrospective electrocardiographic gated cine images were acquired using true fast imaging with
a steady-state free precession sequence in three
long-axis views (LV two-chamber and four-chamber long-axis, and LV outflow tract) and short-axis views encompassing the entire LV from base to
apex. After baseline imaging, an injection of gadolinium at a dose of 0.2 mg/kg (Gadovist, Bayer
Health Care) was administered. Ten minutes later,
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the LGE images were obtained using an ECG-triggered, segmented inversion-recovery gradient-echo
pulse sequence at the three long-axis and standard
short-axis views covering the whole LV.
All CMR data were analyzed using Argus
post-processing software (Siemens Medical Systems). The LV ejection fraction and ventricular volumes were measured on the SAX cine images. The
presence or absence of non-compaction and LGE
was qualitatively assessed using the AHA 17 segment model [16]. The ratio of non-compacted to
compacted (NC/C) myocardium was measured for
each involved myocardial segment in diastole, on
short axis slices, and the maximum ratio was then
used for analysis. As previously demonstrated, the
assessment of NC/C ratio of the apex (segment
17) was excluded; non-compaction was defined
as a ratio of non-compacted to compacted myocardium > 2.3 [13].
The presence of LGE was determined for each
LV myocardial segment by reviewing all short and
long axis contrast-enhanced images, with a particular focus on images with elevated signal intensity.
The LGE was then quantified by a semiautomatic
detection method using a signal intensity threshold of > 2 SD above a remote reference region [17].
The mass of LGE was expressed as a percentage
of total left ventricular mass (LGE% of LV mass).
Patterns of LGE were visually classified as subendocardial, subepicardial, midmyocardial, or transmural (LGE occupying ≥ 75% of LV wall thickness).

Statistical analysis
Continuous variables are expressed as the
mean ± SD, and nominal variables as numbers
and percentages. The normality of data was
examined using the Kolmogorov-Smirnov test
while the hypothesis determining the equality of variance was verified via the Levene test.
Differences in continuous variables between the
groups were assessed using Student’s t-test or
the Mann-Whitney U-test. The c2 test or Fisher’s
exact test was used for non-continuous variables.
The c2 test with Yates’ correction and Fisher’s
test were used when the observed frequencies
were less than 10. Pearson’s test was used to
evaluate the potential correlation between clinical variables and miRNA levels. A statistical analysis was performed using the SPSS 14.0 (SPSS)
statistical package. For all calculations, p < 0.05
was considered significant.

Results
Clinical characteristics
The clinical characteristics of the study group
are summarized in Table I. Thirteen patients were
considered to meet the criteria for LVNC, as assessed by CMR. The mean age was 39 ±11.7 years
(range: 25–57 years) and 9 (69%) were male. Most
of the patients (69.2%) were seriously symptomatic (New York Heart Association (NYHA) func-

Table I. Clinical characteristics of LVNC patients and controls
Parameter

LVNC (n = 13)

Controls (n = 10)

Age:

P-value
0.3970

Mean (SD)

39.0 (11.7)

35.7 (6.3)

Range (min.–max.)

25.0–57.0

22.0–45.0

Median

39.0

37.0

95% CI

31.9–46.1

31.2–40.2

Sex:

0.6450

Female

4 (30.8%)

4 (40.0%)

Male

9 (69.2%)

6 (60.0%)

NYHA functional class III/IV

9 (69.2%)

0 (0.0%)

0.0007

Thromboembolic events

3 (23.1%)

0 (0.0%)

0.1033

Abnormal ECG

10 (76.9%)

0 (0.0%)

0.0002

VT/VF

4 (30.8%)

0 (0.0%)

0.0536

Smoker

3 (23.1%)

1 (10.0%)

0.4121

Diabetes

1 (7.7%)

0 (0.0%)

0.3698

Hypertension

1 (7.7%)

0 (0.0%)

0.3698

Data are expressed as mean ± SD, and n (%). Bold text indicates a significant p-value of < 0.05. NYHA – New York Heart Association, ECG
– electrocardiography, VT/VF – ventricular tachycardia/ventricular fibrillation.
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tional classes III/IV). Four (30.8%) patients presented with documented ventricular arrhythmia,
3 (23.1%) patients had signs of systemic emboli
and most of the patients (76.9%) had an abnormal ECG. In our study 3 of the 13 patients underwent invasive coronary angiography, according
to the clinical judgment at the time of diagnosis.
Only one patient had coronary artery lesions causing greater than 50% narrowing with no history
of myocardial infarction. Clinical information was
obtained from the medical database. The control
group comprised 10 healthy volunteers aged 35.7
±6.3 years.

CMR imaging findings
The CMR characteristics of patients with LVNC
and controls are listed in Table II. The mean LVEF
and end-diastolic volume (EDV) in the LVNC group
were 36.1 ±17.9% and 269.5 ±143.3 ml, respectively, whereas all subjects in the control group
demonstrated normal CMR findings.
The mean number of non-compacted segments
per patient was 6.7 ±1.8 and the mean NC/C ratio
was 4.0 ±1.7. The areas of non-compaction were

most commonly observed at the apex, the anterior and the lateral walls, mainly on their apical and
mid-cavity segments.
The LGE was present in 9 of the 13 (69.2%)
LVNC patients. The LGE was observed most frequently in the ventricular septum commonly on
basal and mid-cavity segments. The distribution
of LGE was midmyocardial (n = 37; 72%), subepicardial (n = 7; 14%), transmural (n = 5; 10%) and
subendocardial (n = 2; 4%) in a total of 51 LGE (+)
left ventricular segments. The volume of LGE as
a percentage of the total LV volume was 8.2 ±1.8%
using the 2-SD method (Table III).
The detailed results of the CMR findings between LGE (+) and LGE (–) patients are given in Table III. Compared LGE (–) patients, LGE (+) patients
had significantly lower LVEF (28.3 ±13.3% vs.
53.5 ±14.9%, p = 0.0113) and greater LV end-diastolic diameter (67.8 ±9.5 mm vs. 57 ±2.2 mm,
p = 0.01). The mean NC/C ratio was greater in
LGE (+) patients compared to the LGE (–) group
(4.4 ±1.8 vs. 2.9 ±0.3, p = 0.0253). There were no
significant differences in terms of the number of
non-compacted segments between LGE (+) and

Table II. Cardiovascular magnetic resonance characteristics of LVNC patients and controls
Parameter

LVNC (n = 13)

Controls (n = 10)

P-value

Mean (SD)

6.7 (1.8)

0.0 (0.0)

–

Range (min.–max.)

4.0–10.0

0.0–0.0

Mean (SD)

4.0 (1.7)

0.0 (0.0)

Range (min.–max.)

2.5–9.0

0.0–0.0

Non-compacted segments per patient:

Non-compacted/compacted ratio:

0.0004

LV end-diastolic diameter:
Mean (SD)

64.5 (9.4)

52.6 (3.3)

Range (min.–max.)

55.0–80.0

47.0–56.0
0.0001

LV end-diastolic volume:
Mean (SD)

269.5 (143.3)

138.1 (13.9)

Range (min.–max.)

160.0–655.0

120.0–160.0
0.0001

LV end-systolic volume:
Mean (SD)
Range (min.–max.)

190.3 (143.5)

52.4 (8.7)

70.0–525.0

40.0–72.0
0.0003

LV ejection fraction:
Mean (SD)

36.1 (17.9)

61.0 (5.1)

Range (min.–max.)

11.0–66.0

55.0–69.0

9 (69.2%)

0 (0.0%)

LGE presence

–

0.0007

Data are expressed as mean ± SD, range and n (%). Bold text indicates a significant p-value of < 0.05. LVNC – left ventricular noncompaction, LGE – late gadolinium enhancement, LV – left ventricle.
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Table III. Cardiovascular magnetic resonance characteristics in LVNC patients with LGE (–) and LGE (+)
Parameter

LGE (+) (n = 9)

LGE (–) (n = 4)

LVNC (n = 13)

Non-compacted segments per patient:

0.5770

Mean (SD)

6.9 (2.1)

6.3 (1.0)

6.7 (1.8)

Range (min.–max.)

4.0–10.0

5.0–7.0

4.0–10.0
0.0253

Non-compacted/compacted ratio:
Mean (SD)

4.4 (1.8)

2.9 (0.3)

4.0 (1.7)

Range (min.–max.)

2.7–9.0

2.5–3.2

2.5–9.0
0.0100

LV end-diastolic diameter:
Mean (SD)

67.8 (9.5)

57.0 (2.2)

64.5 (9.4)

Range (min.–max.)

55.0–80.0

55.0–60.0

55.0–80.0

LV end-diastolic volume:

0.3159

Mean (SD)

303.9 (161.8)

192.0 (27.1)

269.5 (143.3)

Range (min.–max.)

170.0–655.0

160.0–220.0

160.0–655.0

LV end-systolic volume:
Mean (SD)
Range (min.–max.)

P-value

0.0538
234.8 (151.8)

90.3 (39.8)

190.3 (143.5)

88.0–525.0

70.0–150.0

70.0–525.0
0.0113

LV ejection fraction:
Mean (SD)

28.3 (13.3)

53.5 (14.9)

36.1 (17.9)

Range (min.–max.)

11.0–50.0

32.0–66.0

11.0–66.0

Mean (SD)

8.2 (1.8)

–

8.2 (1.8)

Range (min.–max.)

5.0–11.0

–

8.2 (1.8)

LGE of LV mass, %:

Data are expressed as mean ± SD, range and percentage. Bold text indicates a significant p-value of < 0.05. LVNC – left ventricular noncompaction, LGE – late gadolinium enhancement, LV – left ventricle.

LGE (–) patients. Figure 1 shows examples of CMR
images of patients with LVNC.

miRNA findings in LVNC patients vs. controls
The plasma miRNA results of patients with
LVNC and controls are listed in Table IV. Four plasma miRNAs levels, that is miR-21, miR-29a, miR30d and miR-133a, were assessed in 13 LVNC
patients and 10 age- and sex-matched healthy
controls. Plasma levels of all 4 miRNAs were found
to be significantly increased in LVNC patients
compared to healthy controls: miR-21 (0.263-fold,
p = 0.0013), miR-29a (0.222-fold, p = 0.0024),
miR-30d (0.093-fold, p = 0.0003) and miR-133a
(0.071-fold, p = 0.0003). Moreover, significant
up-regulation of all 4 miRNAs was observed among
LGE (+) patients vs. LGE (–) patients: miR-21 (0.059fold, p = 0.007), miR-29a (0.038-fold, p = 0.0001),
miR-30d (0.0-fold, p = 0.001) and miR-133a
(0.022-fold, p = 0.0003) (Table V). Figure 2 shows
significant differences in plasma miRNAs levels
between LGE (+), LGE (–) patients and controls.
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Correlation between miRNAs
and CMR results
In this analysis, a significant correlation between miRNA levels and CMR results in LVNC patients was found only for a few parameters. We
found a positive correlation between miRNAs and
NC/C ratio for miR-29a (r = 0.62, p = 0.0247) and
miR-21 (r = 0.61, p = 0.0273). Another positive
correlation was found between LV-ESV (end-systolic volume) and miR-21 (r = 0.56, p = 0.0483).
However, there was no correlation between miRNA
levels and such CMR parameters as the number
of non-compacted segments, LV end-diastolic diameter, LVEDV and LVEF. Moreover, we did not find
any correlation between circulating miRNAs and
LGE% of LV mass.

Discussion
This study investigated the circulating levels of
4 well-established miRNAs in myocardial fibrosis
– miR-21, miR-29a, miR-30d and miR-133a – in
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A

B

C

D

Figure 1. Examples of cardiac magnetic resonance images of different patients with left ventricular non-compaction. Short axis (A) and four chamber (B) images with steady-state free precession (SSFP) sequences showing two
layer structure with prominent trabeculations and deep intertrabecular recesses. Short axis (C) image of transmural and subendocardial late gadolinium enhancement in the basal anterolateral and inferolateral segments.
Four-chamber (D) image of late gadolinium enhancement with mid-myocardial distribution in the interventricular
septum

patients with LVNC and healthy individuals. Our
aim was to assess whether circulating miRNAs
can serve as potential biomarkers for myocardial fibrosis in LVNC patients. To the best of our
knowledge, this is the first study to examine the
diagnostic value of circulating miRNAs for the detection of myocardial fibrosis in LVNC patients.
We found that plasma levels of all 4 miRNAs were
significantly higher in LVNC patients compared to
healthy controls. Moreover, significant up-regulation of all analyzed miRNAs was observed among
patients with vs. without LGE based on the CMR
study. Our results suggest that up-regulation of
the circulating miRNAs miR-21, miR-29a, miR-30d
and miR-133a is related to the presence of myocardial scars in LVNC patients.
The LVNC has a broad spectrum of clinical manifestations that range from asymptomatic status
and progressive dysfunction to arrhythmias and
heart failure, which have been found to be associated with myocardial fibrosis [6, 7]. In the present study we evaluated the relationship between
the prevalence of myocardial fibrosis, clinical
characteristics and other CMR findings. In agreement with previous studies, we observed that the

presence of LGE, indicative of myocardial fibrosis,
is related to adverse clinical outcome (expressed
by NYHA III/IV, abnormal ECG, and ventricular arrhythmias) and reduced ventricular function [6, 7].
In our study, LGE was a common finding, present in
9 (69%) out of 13 patients. It was observed in both
non-compacted and compacted segments with
prevalence of compacted zones. This confirms the
concept that LVNC is a diffuse process which includes both non-compacted and morphologically
normal segments [18, 19]. Compared to LGE (–)
patients, LGE (+) patients had a significantly lower
LVEF and a greater LV end-diastolic diameter. The
presence of LGE was associated with ventricular
arrhythmias and abnormal ECG. The CMR with
LGE is a proven method for detecting myocardial
fibrosis [8, 9]. Nevertheless, due to some contraindications and limitations of CMR, there is a need
for new and reliable serological biomarkers to detect myocardial fibrosis.
The expression profile of miRNAs is gaining
popularity because they are key regulators in gene
expression networks, can influence many biological processes and have also shown promise as
biomarkers of the disease. Moreover, they have
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Table IV. Plasma miRNA results in LVNC patients and controls
Parameter

LVNC (n = 13)

Controls (n = 10)

P-value
0.0013

miR-21:
Mean (SD)

0.654 (0.310)

0.185 (0.047)

Range (min.–max.)

0.191–0.931

0.119–0.241
0.0024

miR-29a:
Mean (SD)

0.592 (0.279)

0.185 (0.057)

Range (min.–max.)

0.145–0.878

0.107–0.269
0.0003

miR-30d:
Mean (SD)

0.265 (0.120)

0.097 (0.027)

Range (min.–max.)

0.054–0.428

0.056–0.141
0.0003

miR-133a:
Mean (SD)

0.209 (0.100)

0.070 (0.029)

Range (min.–max.)

0.043–0.355

0.029–0.116

Data are expressed as mean ± SD and range. Bold text indicates a significant p-value of < 0.05. LVNC – left ventricular non-compaction.

Table V. Plasma miRNA results in LVNC patients with LGE (–) and LGE (+)
Parameter

LGE (+) (n = 9)

LGE (–) (n = 4)

LVNC (n = 13)

P-value
0.0070

miR-21:
Mean (SD)

0.847 (0.085)

0.219 (0.026)

0.654 (0.310)

Range (min.–max.)

0.698–0.931

0.191–0.245

0.191–0.931
0.0001

miR-29a:
Mean (SD)

0.764 (0.091)

0.206 (0.053)

0.592 (0.279)

Range (min.–max.)

0.633–0.878

0.145–0.269

0.145–0.878
0.0010

miR-30d:
Mean (SD)

0.326 (0.075)

0.126 (0.075)

0.265 (0.120)

Range (min.–max.)

0.187–0.428

0.054–0.232

0.054–0.428
0.0003

miR-133a:
Mean (SD)

0.263 (0.061)

0.087 (0.039)

0.209 (0.100)

Range (min.–max.)

0.169–0.355

0.043–0.124

0.043–0.355

Data are expressed as mean ± SD and range. Bold text indicates a significant p-value of < 0.05. LGE – late gadolinium enhancement,
LVNC – left ventricular non-compaction.

a well-documented role in the regulation of the cardiovascular system and play an important role in
the pathogenesis of heart failure [10, 20, 21]. Some
of them, that is miR-21, miR-29a, miR-30d and miR133a, are involved in myocardial fibrosis [11, 12].
MiR-21 and miR-29a are directly involved in cardiac
fibrosis. MiR-21 is predominantly expressed in cardiac fibroblasts and has been shown to promote
fibroblast survival through regulation of the extracellular signal-regulated kinase–mitogen-activated
protein kinase (ERK–MAPK) signaling pathway, via
the inhibition of sprouty homologue 1 [22]. In myocardial infarction, miR-21 is up-regulated in the border zone of infarcted areas and could increase the
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collagen content in part through inhibition of TGF-β
receptor III [23]. Moreover, miR-21 up-regulated by
TGF-β could promote cardiac fibrosis by stimulating
EndMT of endothelial cells [24]. MiR-29a is another
miRNA involved in cardiac fibrosis, produced mostly by fibroblasts. It is the best characterized direct
regulator of extracellular matrix protein synthesis
[25]. In addition, miR-29a has been proposed as
a potential biomarker of fibrosis and for myocardial remodeling assessment in hypertrophic cardiomyopathy [26]. Another two miRNAs, miR-133
and miR-30, have also been found to be involved in
fibrosis by targeting connective tissue growth factor (CTGF) [27]. The CTGF is considered a key mole-
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A

B

1.0

0.8

p = 0.007

p = 0.0001

0.8

miR-29a

miR-21

0.6
0.6

0.4

0.2

0.2

0

C

0.4

LGE (+)

LGE (–)

0

Controls

LGE (+)

LGE (–)

Controls

D

0.4

0.3
p = 0.0010

p = 0.0003

miR-133a

miR-30d

0.3

0.2

0.2

0.1
0.1

0

LGE (+)

LGE (–)

Controls

0

LGE (+)

LGE (–)

Controls

Figure 2. Expression of circulating miR-21 (A), miR-29a (B), miR-30d (C) and miR-133a (D) in plasma of LGE-negative (n = 4), LGE-positive (n = 9) LVNC patients and controls (n = 10)
LGE – late gadolinium enhancement, LVNC – left ventricle non-compaction.

cule in the control of extracellular matrix synthesis
and seems to be an attractive therapeutic target
for cardiac fibrosis [28]. Both miR-133 and miR-30
directly downregulate CTGF, and thereby establish
an important role for these miRNAs in the control
of structural changes in the myocardium [27]. The
exact cause of cardiac fibrosis in LVNC has not been
determined but is possibly associated with genetic
predisposition, microvascular ischemia, coronary
artery embolism and maladaptive LV remodeling
[29–31]. Increased wall stress due to LV enlargement can lead to microvascular ischemia with subsequent myocyte necrosis and scar formation [32].
Interestingly, it is thought that the elevation of circulating miRNAs in patients with myocardial fibrosis is caused by their up-regulation in the stressed
myocardium [33]. Since miRNAs play an important
role in the pathogenesis of myocardial fibrosis, they
are emerging as potential therapeutic targets in the
treatment of heart failure.
The present study has some limitations. First, it
was performed using a small sample size because
of the relatively rare entity and its single-center
nature. Moreover, we selected miRNAs according
to the previous studies and existing evidence.

Thus, the possibility that unprofiled miRNAs may
have a greater predictive utility than those examined cannot be excluded. Finally, further studies
of larger populations with a multi-center approach
are needed to confirm the clinical utility.
In conclusion, our study suggests that the upregulation of miR-21, miR-29a, miR-30d and miR133a indicates the presence of LGE in LVNC patients, but it was not correlated, in our series, with
the amount of LGE. Plasma levels of all 4 miRNAs
were found significantly and similarly increased
among patients with myocardial fibrosis, as based
on CMR results. With further detailed elucidation
miR-21, miR-29a, miR-30d and miR-133a may
serve as potential biomarkers of the presence of
myocardial fibrosis. Nevertheless, in the present
study none of the 4 miRNAs was able to assess
the severity of fibrosis itself. Circulating miRNAs
could perhaps become a practical and attractive
alternative to CMR for assessing the possible presence of myocardial fibrosis, since they are highly
stable in body fluids, easily accessible and have no
contraindications. However, for the quantification
of fibrosis, CMR appears to remain the first-choice
non-invasive technique.
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