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Introduction

Duchenne muscular dystrophy (DMD) is the most fre-
quent and severe form of progressive muscular dystrophy, 
with an incidence rate of 6.11 per 100000 population ac-
cording to the data of the National Center for Reproductive 
Health and Medical Genetics of the Republic of Moldova 
[1, 2]. DMD is a myogenic disorder due to mutations in the 
dystrophin gene on the Xp21.1 chromosome [3]. Mutations 
in this gene cause the absence of dystrophin – a compo-
nent of the cell membrane complex of skeletal, cardiac, and 
smooth muscle cells and is one of the links between the cy-
toskeleton and the extracellular matrix [4].

According to literature data, Duchenne myodystrophy 
has a rapid evolution, with severe disability, approximately 
at 10-15 years of age [5, 6]. In addition, DMD is the second 
most common lethal human genetic disease globally [7].

Cardiac complications occur in more than 90% of pa-
tients with DMD, with 20% of them dying. The fibrotic 
region of cardiomyocytes will gradually stretch, become 
thinner, and lose contractility, resulting in dilated cardio-
myopathy [8]. 

Studies show that dilated cardiomyopathy is the leading 
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Abstract
Background: Standard pediatric cardiology examinations and echocardiography fail to discover when the cardiomyopathy will occur in patient with 
Duchenne muscular dystrophy (DMD). Noninvasive markers are needed to fill this gap. 
Material and methods: This cohort study included a total number of 30 children (21 children (70%) with DMD and 9 (30%) healthy children. Blood 
samples were used for biochemical (level of creatine kinase, creatine kinase-MB, lactate dehydrogenase) and miRNA (presence of miR133a 3p, miR133b 
3p, miR206 3p, miR208a 3p, miR208b 3p) analysis. All patients underwent partial conventional echocardiography ECOCG and Speckle Tracking. 
Results: The children in the working group presented compared to healthy children: FCC values ​​increased by 15 (71%) vs 2 (22%), high levels of CK, 
CK-MB, LDH, which is characteristic for the disease and reflects its stage. Also, there is a decrease in systolic function indicators in the working group: 
mean FE 59 ± 3.8 %, and GLS: -16.2 ± 3.1%. MiRNA analyses confirmed the presence of miR133a 3p, miR133b 3p, miR206 3p, miR208a 3p, miR208b 
3p in both working and control group.
Conclusions: For the first time in the Republic of Moldova, we developed and adapted protocols for RNA extraction from human blood, performing 
screening of specific miRNA in the serum of patients with DMD and healthy children. Also, altered LV strain notwithstanding a normal or mildly modified 
LVEF represents an essential viewpoint for prospective pediatric drug trials in DMD-related cardiomyopathy prevention.
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cause of death, so it remains a severe problem that affects 
survival and requires timely behavior management [5, 9, 
10]. According to the 2017 TREAT-NMD report, 12% of 
registered patients (study cohort – 5345 subjects) developed 
cardiomyopathy [11]. 

In the case of DMD, cardiomyopathy is usually asymp-
tomatic due to the compensatory mechanisms, which leads 
to a later manifestation of the symptoms characteristic of 
heart failure (HF). Therefore, in general, any representation 
of HF in this group of patients is masked by the severity of 
myopathic syndrome [12].

So, involvement of the heart in the pathological process 
in Duchenne myodystrophy has been actively studied since 
the eighties of the twentieth century [13], the level of early 
detection of cardiovascular disorders and the prevention of 
severe complications in patients with hereditary progressive 
muscular dystrophies remains very low, and the cause of 
death in most forms of the disease is the involvement of the 
heart muscle in the pathological process [14, 15]. 

Studies in recent years, aimed at the treatment and sup-
port of people with DMD, seek a high-performance treat-
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ment [16]. Current clinical and preclinical therapies are 
currently based on exon skipping therapies for patients with 
deletions or duplications of DMD gene exons. Also, there is 
now a long-term study with Ataluren [17]. 

So, the prevention of cardiomyopathy holds as one of the 
most challenging clinical research issues in children with 
DMD. At the moment, pediatric cardiology examinations, 
first and foremost echocardiography, fail to discover when 
and to what level the cardiomyopathy will occur. In addi-
tion, most studies have struggled to prove drugs’ efficacy 
on DMD cardiomyopathy incipience and progression rate 
using conventional echocardiographic measures. The drugs 
include ACE inhibitors, b-blockers, and corticosteroids. In 
the modern era, pediatric DMD drug trials require reliable 
and noninvasive cardiac biomarkers. Unfortunately, cur-
rently available tools to evaluate cardiac function may not 
be precise (blood tests), challenging to perform in pediatric 
patients (cardiovascular magnetic resonance imaging), or 
too invasive (myocardial biopsy). 

The above exacerbates the need to promote researches 
related to the early diagnosis of heart problems in DMD to 
determine the treatment tactics, prevent the development of 
severe cardiovascular disorders, improve quality, and pro-
long patients’ lives [17].

MicroRNAs implicated in the development of the 
myopathic process and cardiomyopathy

Non-coding RNAs (ncRNAs), such as miRNAs and long 
non-coding RNAs, are key regulators of post-transcription-
al gene expression and represent promising therapeutic tar-
gets and biomarkers for several human diseases, including 
DMD. In some studies, a role for ncRNA has been suggested 
in the pathogenesis of muscular dystrophies, although it is 
still incompletely understood. Long and short non-cod-
ing RNAs are differentially expressed in DMD and have a 
mechanism of action through targeted mRNAs. A subgroup 
of miRNAs, the so-called myomiRs (miR-133, miR-206, 
miR-208), have increased values in the serum of patients 
with DMD and animal models with dystrophin deficiency. 
Interestingly, myomiRs could be used as biomarkers, as 
their levels can be corrected after dystrophin restoration 
in dystrophic mice. Additional scientific evidence demon-
strates that nRNAs also play a role in dystrophin expression. 
Thus, their modulation could represent a potential thera-
peutic strategy to increase dystrophin levels in combination 
with other gene therapies [18].

Abnormal serum expression of different miRNAs has 
been associated with oncological, neurodegenerative, car-
diovascular, metabolic, and hereditary diseases, suggest-
ing a potential role as a minimally invasive biomarker [19]. 
MiRNAs selectively involved in muscle pathways and relat-
ed to muscle dystrophies have been termed dystromies or 
myomiRs. These include miR-1, miR-133a, miR-133b, miR-
31 and miR-206 [20].

MiR-1 and miR-133a are expressed from the exact tran-
scription in skeletal muscle but have different functions 
[21]. For example, miR-1 promotes myogenesis and ter-

minal differentiation, acting on HDAC4 and connexin-43, 
while miR-133 enhances myoblast proliferation [22].

The same ncRNA also encodes miR-206 and miR-133b. 
MiR-206 is specific for skeletal muscle, especially oxidative 
fibers, and is expressed in the proliferation of myoblasts un-
der negative regulation of TGF-β and myostatin and posi-
tive for myogenin [23-25].

The dystrophin gene is the largest in the human genome, 
containing 79 exons, and comprises 2.6 million base pairs of 
the genomic sequence, accounting for about 1.5% of the en-
tire X chromosome. Its mutations lead to errors in protein-
coding dystrophin.

Defects or absence of dystrophin protein in cardio-
myocytes results in DCM by a similar pathway described. 
Specifically, recent studies have suggested that the absence 
or mutation of dystrophin disrupts the function of mem-
brane ion channels, especially sarcolemmal stretch-activat-
ed channels, which respond to mechanical stress [26-29]. 
When cardiomyocytes with deficient or mutant dystrophin 
stretch during ventricular filling, the activated stretching 
channels do not open properly, increasing calcium influx. 
High intracellular calcium activates calcium-induced cal-
pain, a group of proteases that will degrade troponin I and 
compromise cardiomyocyte contraction. The destruction of 
the Calpain-mediated membrane protein allows more cal-
cium to enter. Finally, chronic calcium overload leads to car-
diomyocyte death [28, 29]. Cardiomyocyte death initiates 
an inflammatory cascade during which macrophages mi-
grate to remove damaged cells and debris [26-29]. After re-
cruiting macrophages, fibroblasts invade the damaged area 
and form scar tissue or fibrosis in the heart. Fibrotic tissue is 
very inflexible compared to normal heart tissue and thus re-
stricts the efficiency of myocardial contraction. Fibrosis be-
gins in the LV wall in DMD and the right ventricular wall in 
BMD, moving epicardium to endocardium. It spreads pro-
gressively over most of the outer half of the ventricular wall. 
This pattern of fibrosis is unique to dystrophinopathy. The 
fibrotic region will gradually stretch, become thinner, lose 
contractility and result in DCM. Dilation of the heart in-
creases left ventricular volume, decreases systolic function, 
and often leads to mitral valve insufficiency, resulting in 
decreased cardiac output and hemodynamic decompensa-
tion. The cardiac phenotype in each DMD or BMD patient 
results from the particular type of patient with dystrophin 
gene mutation; however, the relationship between genotype 
and phenotype remains elusive [26, 27, 29].

According to recent studies, miRNAs can alter cardiac 
differentiation: proliferation, maturation, and pathological 
remodeling responses to stress, injury, and abnormal regu-
latory expression [26, 28, 29]. Several miRNA matrices have 
been reported in human cardiac tissue, and several have ad-
dressed plasma miRNA profiles in HF [30-32]. 

Tijsen et al. suggested that miR-423-5p was a diagnostic 
marker for HF [28]. Others have disclosed classes of miR-
NAs in the detection of HF. In addition, many studies have 
identified miRNAs (miR-1, -133, -499, and -208) as signifi-
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cantly elevated in acute myocardial infarction (AMI), and 
a series of meta-analyses were performed to verify the role 
of miRNAs in the AMI [33]. However, although numerous 
reports have been published, the impact of miRNA in CI 
management is still being discussed.

In the study Noviskas R. [33] miR-1, miR-133, miR-
145, miR-208, and miR-499 were identified as significant 
diagnostic and/or prognostic markers in different stages of 
cardiovascular disease progression. Next miRNAs regulate 
endothelial function and angiogenesis (miR-1, miR-133), 
vascular smooth muscle cell differentiation (miR-133, miR-
145), communication between vascular smooth muscle 
and endothelial cell for plaque stabilization (miR-145), 
and regulates endothelial apoptosis and CMNV (miR-1, 
miR-133, miR-499), differentiates cardiac myocytes (miR-
1, miR-133, miR-145, miR-208, miR-499) and represses 
cardiac hypertrophy (miR-133).

Speckle Tracking Echocardiography
Among the new echocardiography techniques, speckle-

tracking echocardiographic (STE) imaging, or two-dimen-
sional (2D) strain, has emerged as an interesting noninva-
sive functional biomarker in pediatric cardiology and has 
also recently been considered in the early detection of DMD 
cardiomyopathy [34]. STE imaging evaluates myocardial 
function with a dynamic regionalized analysis of the overall 
ventricular contraction. This technique measures localized 
myocardial movements of natural acoustic markers, also 
called speckles. STE imaging supposedly allows a rapid, pre-
cise, and objective segmental and global myocardial func-
tion assessment in three longitudinal, radial, and circumfer-
ential strain [35]. In addition, several pediatric studies have 
pointed out the ability of STE analysis to detect preclinical 
myocardial dysfunction, such as after anthracycline chemo-
therapy, dilated cardiomyopathy [36], septic shock, isch-
emic heart disease, and heart transplantation. 

Similarly, recent studies with small cohorts or retrospec-
tive data suggested that STE strain was altered before the 
onset of DMD-related cardiomyopathy in animal models 
and children with DMD [34, 37]. 

Material and methods

The research results were obtained in 2019-2021 in a 
prospective cohort study which took place in the Institute 
of Mother and Child Care, after enrolling 30 subjects: 21 
boys diagnosed with DMD recruited from the Register of 
Neuromuscular Diseases of the Human Molecular Genetics 
Laboratory and evaluated in the Cardiology Department of 
the Pediatrics Department of the Institute of Mother and 
Child and 9 healthy patients recruited from the Republic of 
Moldova performed routine analyses within the Specialized 
Integrated Consultative Department of the Mother and 
Child Institute.

The study was conducted according to the princi-
ples of the Helsinki Declaration (Code of Ethics of the 
Global Medical Association, amended at the 64th General 
Assembly of the Global Medical Association, Fortaleza, 

Brazil, in October 2013) for experiments involving hu-
mans. All participants in this study expressed informed 
consent, respecting confidentiality. The Research Ethics 
Committee of Nicolae Testemitanu University of Medicine 
and Pharmacy issued a favorable opinion within the doc-
toral scientific project.

The children in the study were assessed according to an 
individualized examination protocol. Clinical examination 
was performed with evaluating the following anthropomet-
ric parameters: mass, waist, body mass index, hemodynam-
ics (pulse, blood pressure), and paraclinical investigations.

Blood samples and serums taken in the morning by 
puncture from the ulnar vein after 12 hours of fasting, with-
out exercise before collecting from each subject, were iso-
lated for biochemical and miRNA analysis. Serum samples 
were used to determine the level of creatine kinase, creatine 
kinase-MB, lactate dehydrogenase. Increased values ​​of cre-
atine kinase level will be considered > 308 U / l, creatine 
kinase-MB> 24 U / l, lactate dehydrogenase for age category 
0-1 year > 600 U / l, 2-14 years > 300 U / l,> 15 years> 225 
U / l.

The blood samples for miRNA investigation were stored 
at -80°C until analysis. Then, the presence of miR133a 3p, 
miR133b 3p, miR206 3p, miR208a 3p, miR208b 3p was ap-
preciated. 

Molecular methods of nucleic acid analysis took place 
in 3 steps: total RNA purification using two different kits, 
control 18S rRNA presence by RT-qPCR method, and the 
last one with an appreciation of specific miRNA presence 
or absence.

All patients underwent partial echocardiography, echo-
cardiographic measurements with the assessment of systolic 
function (ejection fraction and global longitudinal strain 
VS) and LV dimensions after the modified Simpson method 
[38]. 

The IBM SPSS Statistics program using parametric and 
nonparametric criteria was used for statistical processing 
and descriptive analysis.

Results and discussion

The DMD group included nine children aged 4-8 years, 
nine children aged 9-12 years, 3 children older than 12 years 
with a mean age of 9 ± 3.7 years, and the control group in-
cluded 4, 4, and 1 child respectively but the average age 8 ± 
2.5 years.

The children in the workgroup had an average BMI of 
17.5 ± 3.6 kg/m2, of which one child was impossible to mea-
sure due to immobility. On the other hand, the children in 
the control group showed an average BMI of 17.9 ± 2.5 kg/
m2.

In the working group, 6 children did not have the data 
for increased pulse rate. In 15 children, tachycardia was an 
indirect indicator of stage I impairment in cardiomyopa-
thies with dystrophin deficiency [39]. Of the patients with 
DMD – 18 children have already started treatment with 
GCS, three children have refused treatment with Defal.
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Fig. 1. MiRNA profile in children with Duchenne muscular dystrophy
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Table 1. Clinical characteristics of DMD children 
included in the study

Total ammount %
Age

4-8 years 9 42.9
9-12 years 9 42.9
> 12 years 3 14.3

Median age 9 ± 3.7
BMI (kg / m2) 17.5 ± 3.6

Cardiovascular symptoms

No cardiovascular symptoms 11 52.4
Exercise dyspnea 3 14.3

Rest dyspnea 1 4.8
Palpitations 4 19.1
Weakness 3 14.3

Tachycardia 15 71.4

Muscular stage

0 stage 2 9.5
1 stage 16 76.1
2 stages 1 4.8
3 stages 2 9.5

Glucocorticosteroids 18 85.7

Analyses

CK, U/l 10606 ± 7489
CK-MB, U/l 257 ± 173

LDH, U/l 257 ± 509
Echocardiography

FE, % 59 ± 3.8
GLS, % -16.2 ± 3.1

Mutation
Deletion 11 52.4

Duplication 8 38.1
Point 2 9.5

The children in the working group presented different 
stages of the disease: stage 0 (no signs of myopathy) – 2 chil-
dren, stage 1 (able to walk, impossible to run) – 16 children, 
stage 2 (impossible to walk) – 1 child, stage 3 (impossible to 
use hands) – 2 children.

In total, the children in the workgroup presented the in-
creased values ​​of creatine kinase levels – 10606 ± 7489 U / 
L, CK-MB – 257 ± 173 U / L, LDH – 257 ± 509 U / L, which 
is characteristic of children with DMD and reflects the stage 
of the disease.

Different types of mutation were reported in children di-
agnosed with DMD – 11 children with deletions, 8 children 
with duplication, and 2 children with point mutation.

The children in the working group presented data on 
impaired systolic heart function: mean FE 59 ± 3.8%, and 
SGL – 16.2 ± 3.1%. 

The presence or absence of miRNA in serum was con-
firmed by RT and qPCR using specially developed primers 
for the project.

MiR133a, miR133b, miR206, miR208a, miR208b were 
detected in healthy children and children with DMD (fig. 
1, 2).
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Discussion

This study was performed among children with DMD 
presenting no evidence of significant DMD-related car-
diomyopathy and without any relevant symptoms of heart 
failure and with normal or subnormal systolic function on 
conventional echocardiography. 

Global left ventricular 2D strain in boys with DMD was 
significantly altered with STE analysis before the onset of 
relevant patterns of cardiomyopathy. This study confirms 
recently reported preliminary results using evaluation of LV 
STE strain in patients with DMD. Spurney CF et al. used 
STE imaging to identify subclinical myocardial dysfunc-
tion, showing a decrease in circumferential and longitudi-
nal strain, in a cohort of 33 children with DMD [34]. The 
retrospective study by Taqatqa A et al. analyzed circumfer-
ential and longitudinal STE strain in 19 children with DMD 
versus 16 control subjects and found similar results, with 
an even larger magnitude of difference (global longitudinal 
STE strain, 18.8 ± 3.0% vs 13.6 ± 5.0%; p = .001) [37]. 

So, our results suggest that speckle-tracking analysis 
in children with DMD is more accurate than conventional 
echocardiography to identify areas of myocardial dysfunc-
tion and, therefore, early cardiomyopathy onset. This tool 
could help clinicians identify early cardiac dysfunction in 
this specific population and begin medical therapy at an 
early stage of the disease.

Thus, the main result of this study, that is, altered LV 
strain despite a normal or mildly altered ejection fraction, 
represents an important perspective for future pediatric 
drug trials in DMD-related cardiomyopathy prevention. In-
deed, reliable and noninvasive biomarkers are necessary for 
pediatric cardiology trials.

After analyzing several specific data, this paper reported 
the functions of the most important miRNAs in skeletal 
muscle tissue and their modification in patients with DMD. 
Attempts to correlate myomiR levels with clinical param-
eters in patients with DMD have so far produced contro-
versial results. Several studies have reported a negative cor-
relation between myomiRs levels and the patient’s age with 
DMD, similar to the negative correlation observed with se-
rum creatine kinase.

For example, data on elevated levels of ex-myomiR 
have been reported in younger patients with DMD (age 2-6 
years); this could be explained by the fact that, over this age 
range, patients with DMD experience a period of average 
childhood growth (and a walking distance of 6 minutes) 
that can compensate for the degeneration of myofibers. 
Consequently, serum myomiR levels were significantly 
higher in outpatients (mean age 8.2 years) than in non-
ambulatory patients with DMD (mean age 14 years), pro-
bably due to pathological progression and/or higher physi-
cal activity. Indeed, exercise in healthy individuals can also 
increase circulating myomiRs, and serum levels of myo-
miRs in mdx mice are increased after running exercise. In 
particular, the magnitude of ex-myomiR growth after acute 
exercise was found to be smaller than that observed for se-

rum creatine kinase, suggesting that measuring ex-myomiR 
levels is less sensitive to exercise-associated variability than 
serum creatine kinase [40].

In our study we confirmed the presence of miR133a 3p, 
miR133b 3p, miR206 3p, miR208a 3p, miR208b 3p in both 
working and control group, and further studies are needed 
to check their concentration.

Overall, these studies suggest that myomiR levels are in-
fluenced by several factors that contribute to the complex 
pathology of dystrophin-deficient muscle, such as changes 
in muscle mass, physical activity, and muscle growth and/
or regeneration. As a result, in elderly patients with ad-
vanced pathology, serum levels of myomiR may not be able 
to monitor disease progression (or response to therapy), as a 
decrease in their levels may indicate either improved muscle 
function or a reduction in muscle mass. In contrast, higher 
serum myomiR may suggest an increase in muscle patho-
logy and degeneration, but may also be a consequence of 
muscle growth and regeneration and/or more severe physi-
cal activity, as has been observed in young patients [41, 42].

Based on the above, miRNAs promise both as a bio-
marker to improve the diagnosis and monitoring of DMD 
progression and treatment and as therapeutic targets that 
can be adjusted to relieve early and advanced DMD symp-
toms. There is a particular need for a susceptible and mini-
mally invasive method to monitor the progression of symp-
toms and whether a specific treatment successfully amelio-
rates the outcomes.

Finally, the circumstances in which miRNAs can and 
should be administered therapeutically require careful ana-
lysis. The progression of DMD symptoms is not the same 
from one patient to another. This, combined with the fact 
that miRNA expression and function are tissue-specific, 
means that miRNAs may perform different tasks in each 
tissue and may not be an appropriate treatment option in 
all circumstances. Therefore, miRNAs with potentially op-
posite roles in different tissues should be further examined 
before considering them as therapeutic targets in treating 
tissue-specific symptoms observed in specific cases. Ideally, 
future studies will strive to combine the detection, adminis-
tration, or inhibition of miRNA with methods such as exon 
skipping to improve the diagnosis and management of the 
pathology [43].

Certainly, randomized and standardized studies are 
needed to establish the predictive value of miRNA. Sum-
marizing the most promising miRNAs and linking them to 
target genes involved in the development of cardiovascular 
pathology could also help in future studies [44].

Conclusions

For the first time, protocols for RNA extraction from hu-
man blood have been successfully developed and optimized 
methods of reverse-transcription and qualitative analysis of 
miRNAs using a mixture of specific primers in the Human 
Molecular Genetics Laboratory of the Genetic Center of Ex-
cellence. Our screening of miR133a 3p, mir133b 3p, miR206 
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3p, miR208a 3p, miR208b 3p in the serum of patients with 
DMD and healthy children will open a new perspective for 
the analysis variation of microRNA in the blood collected 
from patients with DMD and the correlation with their cir-
culating levels and the severity of the disease. In children 
with DMD, global LV 2D strain was significantly decreased 
for longitudinal displacements before the onset of DMD-re-
lated cardiomyopathy. Moreover, children with DMD pre-
sented a significant decrease in global LV longitudinal 2D 
strain with age and disease stage. Altered LV strain notwith-
standing a normal or mildly modified LVEF represents an 
essential viewpoint for prospective pediatric drug trials in 
DMD-related cardiomyopathy prevention. Further cohort 
studies need to be performed to confirm that global longitu-
dinal LV 2D strain represents a reliable surrogate endpoint 
for heart failure in patients with DMD. 
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