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Abstract. Background/Aim: Left ventricular hypertrophy
(LVH) involves increased muscular mass of the left ventricle
due to increased cardiomyocyte size and is caused by
cardiomyopathies. Several microRNAs (miRNAs) have been
implicated in processes that contribute to heart disease. This
study aimed to examine miRNA-133, miRNA-26 and miRNA-
378 as candidate biomarkers to define prognosis in patients
with LVH. Patients and Methods: The study group consisted
of 70 patients who were diagnosed with LVH and 16
unaffected individuals who served as the control group.
Real-time polymerase chain reaction (RT-PCR) was used to
analyze serum miRNA-133, miRNA-26, and miRNA-378
expression levels in LVH patients and the control group.
Receiver operating characteristic (ROC) curve analysis was
performed to assess the diagnostic capability of miRNA-378.
Results: When crossing threshold (CT) values were
compared between patient and control samples, we found
that there were no statistically significant differences in
miRNA-133 and miRNA-26 CT values, while the miRNA-378
expression was significantly increased in LVH patients. ROC
analysis demonstrated that the expression levels of miRNA-
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378 (AUC=0.484, p=0.0013) were significantly different
between groups. Conclusion: We observed a statistically
significant relationship between miRNA-378 expression
levels and LVH, suggesting that circulating miRNA-378 may
be used as a novel biomarker to distinguish patients who
have LVH from those who do not.

Left ventricular hypertrophy (LVH) is defined as increased
muscular mass of the left ventricle due to increased
cardiomyocyte size (1). LVH arises from either physiological
processes, as seen in athletes, or pathological conditions,
such as primary LVH, a result of primary myocardial
diseases including hypertrophic cardiomyopathy (HCM) or
dilated cardiomyopathy (DCM) (2). HCM is a genetic
disease and several mutations in genes encoding sarcomeric
proteins have been found to contribute to its pathology (3).
Asymmetric hypertrophy has been observed while abnormal
cardiomyocyte calcium cycling and hypersensitivity have
been implicated as causes of impaired myofibrillar
contractile function (4). DCM usually results from
myocarditis or exposure to cardiotoxic agents and presents
with eccentric hypertrophy (5).

Several studies have implicated miRNAs in the disease
pathogenesis (6). miRNA levels relative to their target
mRNAs largely determine the fate of these mRNAs, and also
miRNAs are believed to participate in modulating the
expression of over 60% of protein-coding genes (7). The
majority of mature miRNAs either inhibit mRNA
transcription or directly degrade them, while few promote
mRNA transcription (8). These extracellular circulating
miRNAs have been reported to be stable under a variety of
extreme conditions, such as repeated freeze—thaw cycles and
boiling, and are suitable for long-term storage. An increasing
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number of studies have revealed miRNAs to be potential
biomarkers and emphasized their possible therapeutic roles
in various diseases (9).

Several miRNAs have been implicated in the regulation
of the processes involved in heart disease. Kura et al.
reported miRNA-133 involvement in the regulation of ion
channels, such as K*/Na*, contributing to arrhythmia, and its
ability to regulate anti-hypertrophic genes (10). Han et al.
showed miRNA expression in neurons; miRNA-26 was
found to be highly expressed during atrial fibrillation (11).
Several isoforms of human miRNA-378 are listed in the
microRNA database. miRNA-378 variants, encoded by
different genomic loci, share identical sequences, and are
thus considered to have common regulatory targets. miRNA-
378 has potential roles in cardiac remodeling, such as
enhanced expression levels when miRNA-378 is chemically
modified or reduced expression levels with miRNA-378
antisense oligonucleotides (12).

This study aimed to determine the expression levels of
miRNA-133, miRNA-26, and miRNA-378 in LVH and
investigate their possible use as candidate biomarkers for
LVH prognosis.

Patients and Methods

Study population and clinical procedures. This study included 70
patients diagnosed with LVH, with 16 individuals without LVH
serving as the control group. Whole blood samples of all
participants were obtained from the Cardiology Department of
Yeditepe University, Istanbul, Turkey. All procedures performed in
this study were in accordance with the ethical standards of the 1975
Declaration of Helsinki guidelines and amendments. The research
procedures were approved by the Yeditepe University Medical
Faculty Ethics Committee (file no: 25.05.2017/722).

The following formula was used to evaluate patients with no
major distortions of LV geometry [left ventricle end diastolic
dimension (LVEDD), interventricular septal end diastole
measurement (IVSd), posterior wall thickness at end-diastole
(PWd)], such as hypertension:

Left ventricular mass=
0.8{1.04[([LVEDD+IVSd+PWd]3>~LVEDD?)]}+0.6g.

With this formula, even the smallest errors may be magnified
owing to the required cubing of primary measurements. The formula
(2PWTd)/(LVIDd), used to calculate relative wall thickness (RWT),
permits the categorization of an increased LV mass as either
concentric (RWT=0.42) or eccentric (RWT=0.42) hypertrophies.
Furthermore, it identifies concentric remodeling of normal LV mass
with an increased RWT. In this study, patient samples were selected
based on those who had presented to the cardiology polyclinic with
complaints of masticatory swelling of the temporalis muscle. The
exact determination of the left ventricle mass served as a key factor
in the successful assessment of LVH.

Blood collection. Whole blood samples were collected from 86
participants. Samples were centrifuged at 1500xg for 10 min and
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the obtained serum samples were transferred to new sterilized tubes
and immediately stored at —80°C.

miRNA selection. In the present study, target miRNAs were selected
using the “mirbase” database (13). The chosen miRNAs and their
gene targets involved in LVH molecular mechanisms were assigned
using the “targetscan” database (14). miRNA-26, miRNA-133, and
miRNA-378 were chosen as the target miRNAs owing to their roles
in LV pathogenesis.

miRNA isolation and expression analysis. miRNAs were isolated
using a miRNA Serum/Plasma Isolation Kit (Qiagen, Hilden,
Germany) in accordance with the manufacturer’s instructions. The
optical density of isolated miRNAs was measured using a
NanoDrop2000 (Thermo Scientific, Waltham, MA, USA). The
purity of the RNA samples was determined using the
0D260/0D280 ratio and samples with ratios >2 were accepted as
pure. miRNA isolates were converted to cDNA by reverse
transcription using the miScript II RT Kit (Qiagen, Hilden,
Germany). miRNA samples were quantified using the Qubit miRNA
Assay Kit on a Qubit 3.0 Fluorometer (Thermo Scientific, Waltham,
MA, USA). cDNA samples were stored at —20°C.

miRNA expression analysis by Real -Time PCR. Expression levels
of miRNA-133, miRNA-26, and miRNA-378 were determined
using a real-time reverse transcription-PCR (Rotor Gene-Q, Qiagen,
Hilden, Germany). The miRNA-U6 housekeeping assay was used
to determine the delta cycle threshold (ACt) values of the primer
(Qiagen, Hilden, Germany). SYBR Green dye (miScript SYBR
Green PCR, Qiagen) was used for the determination of the target
miRNA primer sequence binding (Qiagen, Hilden, Germany),
cDNA sequences and mirR-U6 as a housekeeping primer (Qiagen,
Hilden, Germany). Expression status of the target miRNAs was
determined by calculating C and ACy normalized to the internal
control (RNUG6).

Statistical analyses. Statistical analyses were performed using SPSS
23.0 software (SPSS, Inc., Chicago, IL, USA). Values are expressed
as meanztstandard deviation (SD). Chi-square and Fisher’s exact
tests were used to compare demographic information. Differences
between the patient and control groups were evaluated using
Student’s t-test. miRNA expression levels were calculated using Ct
and ACt. Altered miRNA expression levels were analyzed by
Student’s #-test and one-way analysis of variance (ANOVA).
Correlations were determined using Pearson’s correlation. The
diagnostic value of circulating miRNA-378 was determined using
receiver operating characteristic (ROC) curve analysis. MedCalc
software (MedCalc Software Ltd, Ostend, Belgium) was used for
ROC analysis with a 95% confidence interval (CI). A p-value <0.05
was considered statistically significant.

Results

The expression levels of circulating miRNA-133, miRNA-26,
and miRNA-378 were determined in 70 patients with LVH
and 16 controls without evidence of LVH. Table I shows the
comprehensive demographic results of the participants. There
were no significant differences between the two groups in
terms of sex, age, body mass index (BMI), family history,
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Table 1. Demographic results of patients and controls.

Variable Controls LVH Patients p-Value
(n=16) (n=70)

Gender 68.8%/31.2% 71.4%/28.6% 0.831

Male/Female (n=11)/(n=5) (n=50)/(n=20)

Age (Year) 60.63+£12.45 62.21£9.71 0.578

Smoking 18.8%/56.2%/25%  28.6%/47.1%/24.3%  0.707

(Active/ (n=3)/(n=9)/(n=4)  (n=20)/(n=33)/(n=17)

None/Quit)

Family 43.8%/56.2% 41.4%/58.6% 0.865

history

Yes/No (n=7)/(n=9) (n=24)/(n=34)

Total-K 184.12+50.81 192.07+40.83 0.524

LDL 107.43+45.12 115.67+39.65 0.484

HDL 46.25+11.43 44.58+12.20 0.629

TG 152.43+63.13 175.64+92.86 0.357

DM 25%]175% 47.1%/52.9% 0.162

Yes/No (n=4)/(n=12) (n=33)/(n=37)

HT 56.2%/43 8% 72.4%127.6% 0.216

Yes/No (n=9)/(n=7) (n=42)/(n=16)

CAD 43.7%/56.3% 45.7%/54 3% 0.887

Yes/No (n=7)/(n=9) (n=32)/(n=38)

VKI 29.24+2.72 28.77+4 .40 0.687

LVM 88.0+13.86 108.94+27.64 0.005*

RWT 0.401+0.021 0.489+0.06 <0.0001*

n, Number of samples. Values are shown as provided as mean+standard
deviation. *The difference between the groups was analyzed using the
advanced chi-square test (y2) and a double independent sample
Student’s #-test.

triglyceride (TG), low-density lipoprotein (LDL), high-
density lipoprotein (HDL), hypertension (HT), diabetes
mellitus (DM), and coronary artery disease (CAD). However,
LV mass (LVM) and RWT were significantly different
between the groups, as expected. The degree of LVH severity
was assumed to be normal for 53.5% of the patients, while
19.0% had mild, 12.1% moderate and 15,5% severe LVH.

Analysis of miRNA expression. Real-time PCR was
performed to measure the expression of miRNA-26, miRNA-
133, and miRNA-378 in human serum samples, with miRNA
expression levels evaluated as C; and ACy values. Analyses
of the circulating miRNA expression levels between the two
groups are provided in Table II.

The levels of miRNA expression were determined by
comparing the AC values of the miRNAs normalized to an
internal control (RNUG6). When the mean ACy values were
compared, miRNA-378 levels were significantly different
between the groups. However, there were no statistical
differences in the ACy values of miRNA-133 or miRNA-26
(Table III).

Comparing the LVH status with the miRNA C; and AC;
values, we found no statistically significant differences for
miRNA-133 and miRNA-26 C; values between the patient

Table II. Comparison of microRNA CT and ACT values between left
ventricular hypertrophy (LVH) patients and controls.

Variable Controls LVH Patients p-Value
(n=16) (n=70)
miRNA-133
Ct (mean+SD) 32.57+5.65 31.62+5.05 0.684
ACt (mean+SD) 5.51+5.87 1.89+11.59 0.398
miRNA-26
Ct (mean+SD) 23.12+3.10 26.59+2.29 0.522
ACt (mean+SD) —4.34+3.37 —5.20+3.54 0.438
miRNA-378
Ct (mean+SD) 21.91+2.36 24.69+4 81 0.029%*
ACt (mean+SD) -5.55+2.65 0.79+7.86 0.020%*

n, Number of samples; Cr, cycle threshold; ACr, delta cycle threshold.
Cr and ACt values are shown as meantstandard deviation. *The
difference between the groups was analyzed using the advanced chi-
square test (32) and a double independent sample Student’s t-test.

and control groups; however, miRNA-378 levels were
downregulated in the patient group. Statistically significant
differences were found between the patient and control groups
for miRNA-378 C; (p=0.029) and AC; (p=0.020) values.
The C; and ACy values of miRNA-378 were evaluated
based on the LVH status of the patients. Comparison of mean
Cr and AC; values revealed a significant relationship
between miRNA-378 expression and LVH status (p=0.029
and p=0.020). We also compared LVH types with miRNA-
378 Ct and ACy values. The eccentric group showed the
highest C expression level, followed by the remodeling
group, hypertrophy group and control group (p=0.001). In
contrast, the remodeling group had the highest AC;
expression level, followed by the eccentric LVH patients,
hypertrophy group, and control group (p=0.003).

miRNA ROC analysis. ROC curve analysis was performed to
investigate the usefulness of miRNA-378 as a diagnostic
biomarker for LVH, using both C; and AC; values. Using Cy
values, miRNA-378 showed a specificity of 100% and a
sensitivity of 25.5% (95% CI=0.482-0.732, AUC=0.612,
p=0.0013) (Figure 1a). In addition, the levels of miRNA-378
expression were determined by comparing the AC} values of
miRNA and the internal control (RNU6). The miRNA-378
ACy values had a specificity of 69.2% and a sensitivity of
76.5% (95% CI=0.602-0.831, AUC=0.484, p=0.0017)
(Figure 1b). The results of the ROC curve analyses suggest
that serum miRNA-378 levels could be a candidate
biomarker for the diagnosis of LVH.

However, there was no significant relationship between
miRNA-133 and miRNA-26 expression and LVH (p=0.110
and p=0.782), and ROC analysis performed to demonstrate
the biomarker effect of these miRNAs confirmed these
findings (Figure 2).

1607



in vivo 35: 1605-1610 (2021)

A 100 F : B 100
B i ‘| AUC=0.612 I AUC=0.484
80| 95% CI=0.482-0.732 80 95% CI1=0.602-0.831
E p=0.0013 ! p=0.0017*
> - S L
Y £ 60}
@ L | 3
S awf Sensitivity: 25.5 & 40 Sensitivity: 76.5
r Specificity: 100.0 r Specificity: 69.2
- Criterion: >27.04 - Criterion: >5.38
20F 20H
()] =& ) : ! ! L ! 0 1 E 1 1 1 ]
0O 20 40 60 80 100 0O 20 40 60 80 100
100-Specificity 100-Specificity

Figure 1. ROC analysis of miRNA-378 expression in patients with LVH. (a) miRNA-378 Cm values. (b) miRNA-378 ACm values. 100-Specificity
refers to the false positive rate.
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Figure 2. ROC analysis of miRNA Cm values of patients with LVH. (a) miRNA-26 Cm values. (b) miRNA-133 Cm values. 100-Specificity refers to
the false positive rate.

Table III. Comparison of miRNA CT and ACT values between different patient groups.

Variable Control Hypertrophy Remodeling Eccentric p-Value
(n=16) (n=34) (n=34) (n=2)
miRNA-133
Cr 32.57+5.65 30.76+4.20 0 41.83+0 0.110
ACt 5.51£5.87 3.49+7 .41 0 —7.66+30.48 0.232
miRNA-26
Cr 23.12+3.10 22.63+2.26 0 22.06+3.68 0.782
ACt —4.34+3.37 -5.10£3.62 0 -6.51£2.77 0.641
miRNA-378
Cr 21.91+2.36 22.66+3.71 26.44+4.93 27.12+8.36 0.001*
ACt —5.55£-2.65 -3.52+8.21 1.79+6.84 —1.45+7.45 0.003*

n, Number of samples; SD, standard deviation; Cr, cycle threshold; ACy, delta cycle threshold. Ct and ACt values are shown as mean+standard
deviation. *p<0.05. The difference between the groups was analyzed using one-way ANOVA.
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Discussion

LVH is an important contributor to cardiovascular morbidity
and mortality. Several factors contribute to the development
of ventricular hypertrophy, including hypertension, CAD,
valvular pathologies, obesity, or a combination of these (1).
Many studies have described a relationship between
cardiovascular diseases and miRNAs. The latter are important
for the differentiation of cardiac cells, angiogenesis, and
myocyte development. Additionally, miRNA level variations
may lead to various cellular abnormalities, such as endothelial
dysfunction and proliferation, as well as differentiation of
vascular smooth muscle cells (VSMCs), leading to
cardiovascular disease (15).

miRNAs are single stranded non coding RNAs that
regulate gene expression by degrading or repressing target
mRNAs (16). Owing to their stability in response to
alterations in pH and temperature, they can be used as
noninvasive biomarkers that circulate in body fluids and
solid tissues (17). Indeed, circulating miRNAs have been
investigated as potential biomarkers for diagnostic and
therapeutic purposes. Thus far, a limited number of studies
have investigated the role of miRNAs and target genes
associated with atherosclerosis as potential biomarkers for
molecular diagnosis (18).

Matkovich et al. observed striking differences between the
in vitro and in vivo phenotypes of miRNA-133a expression
and suggested that mRNA signatures cannot reliably predict
either direct miRNA targets or major miRNA effects (19).
Our results align with their conclusion, and we could not
identify miRNA-133 as a biomarker in LVH.

miR-26a is known to modulate endothelial cell-associated
angiogenesis (20), cardiac hypertrophy (21), and VSMC
differentiation (22) making it a major player in the
preservation of cardiovascular health. However, we did not
identify a relationship between LVH and the mir-26 family
in this study, which could be due to the limited number of
Turkish patients in our participant groups. Whether the
miRNA-26 family does indeed play a role in LVH requires
further investigation.

The current study showed that the mean Cy and AC values
indicating miRNA-378 expression levels were significantly
different between the patient and control groups (p=0.001 and
0.003, respectively). Our findings correlate with those of
Yuan et al., who demonstrated that miRNA-378 is highly
expressed during cardiac remodeling. Based on this
information, they proposed that this miRNA regulates cardiac
fibrosis (12). Their study showed that miRNA-378 has anti-
hypertrophic activity and plays a crucial role in mediating
anti-fibrotic effects in heart muscle cells, suggesting that this
miRNA plays a dual role in suppressing cardiac hypertrophy
and cardiac fibrosis. More importantly, it also serves as a
mediator of intercellular communication and can be released

by cardiomyocytes under pressure overload, entering cardiac
fibroblasts in a secretory manner (12). Ganesan et al. showed
that miRNA-378 knockout mice experiencing a stress
response showed severe cardiac fibrosis when compared with
wild-type mice. They also demonstrated that miRNA-378
regulates cardiomyocyte hypertrophy by suppressing genes
controlling MAP kinase pathways (23). The angiogenic
effects of miRNA-378 determined by Zhang et al. showed
that miRNA-378 has a positive effect on osteogenesis and
angiogenesis by stimulating vascular endothelial growth
factor. They reported that overexpression of miRNA-378
enhanced angiogenic capacity (24).

Another study evaluated the prediction capacity of
miRNA-378 in CAD. Li et al. applied ROC curve analysis
to miRNA-378 levels in CAD patients and showed that
altered miRNA-378 expression could be a predictive
noninvasive biomarker for coronary artery lesions (25). Our
result is consistent with this report, which highlight the
importance of miRNA-378 expression in these conditions,
although mechanistic studies are needed to confirm its
potential as a biomarker. Overall, our results align with those
of several previous studies that indicate miRNA-378 to be a
key factor involved in a number of cellular and organic
metabolic processes. Thus, high expression of miRNA-378
could be a candidate biomarker for the diagnosis of LVH.
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