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 Abstract 

To determine the expression of myocardin in dilated cardiomyopathy, the cross-
sectional study was done on dilated cardiomyopathic subjects visiting Fatima 
Memorial Hospital Lahore during Jan, 2016 – June, 2016. The subjects were 
divided into two groups as diseased group (n=20) & control group (healthy 
persons) (n=20). A self-designed questionnaire was filled by each subject to collect 
data regarding age, exercise and disease history. RNA was isolated from the blood 
samples of studied subjects. After quantification of RNA by nano drop, cDNA 
was prepared and RT-PCR was performed for expression of myocardin. Statistical 
analysis was done by using SPSS. The expression level of Myocardin in DCM i.e. 
diseased group (n =20) was in the range of 1.6 to 7.5 with a mean value of 3.66± 
0.357. While for control group containing healthy persons (n=20), gene 
expression level was 1.00 as assessed in blood samples of control group. The 
expression of myocardin gene has been increased in dilated cardiomyopathic 
subjects. 
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INTRODUCTION
Cardiomyopathy, a group of myocardial disorders and 
is emerging worldwide. Cardiomyopathy is a 
prolonged disease related to heart muscle 
(myocardium) causing ventricular dysfunction in 
heart. In this disease, cardiac muscle is abnormally 
enlarged, stiffened, thickened, or weakened. This 
weakened heart muscle, in turn, loses the ability to 
pump blood effectively, leading to irregular heartbeats 
(arrhythmias) and possibly even heart failure. It is the 
structural and functional abnormalities of the 
ventricular myocardium. Cardiomyopathies (disease 
with various types) are a group of non-inflammatory 

conditions of myocardium resulting in cardiac-
dysfunction (Fazal and Tariq 2009).  
Several forms of “hemodynamic stresses, such as 
myocardial infarction, “hypertension, and aortic 
“stenosis, lead to in cardiac compensatory remodeling 
that can “ultimately cause functional disorders and 
the outset of heart failure (HF). These and few other 
kinds of stress signals generate cardiac hypertrophy, 
which may progress to ventricular dilation. 
Sometimes, ventricular dilation and heart “failure is 
caused without intermediate hypertrophic stage 
(Olson, 2003; Sussman, 2002). Hence, these 
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complications ultimately lead to the situation of 
cardiomyopathy. 
Cardiomyopathies are a group of non-inflammatory 
conditions of myocardin, resulting in cardiac 
dysfunction.7 In Europe and North America, 2 to 3% 
of the population had been affected in 2014. This 
displayed an increase from 0.4 to 1% of populations 
from 2005. In the unindustrialized world, its 
prevalence is about 0.6% for males and 0.4% for 
females. Cardiomyopathy is the second most common 
reason of heart failure in children of our country 
(Rahim, 2003). 
It has several subtypes including 
dilated”cardiomyopathy (DCM), hypertrophic 
cardiomyopathy (HCM), peripartum cardiomyopathy 
(PCM), arrhythmogenic right ventricular dysplasia   
(ARVD) etc. Dilated Cardiomyopathy (DCM) has 
been reported to be the most common type of 
cardiomyopathy in Pakistan (Khan et al., 2010). 
Structural features of dilated cardiomyopathy include, 
increased left ventricular mass with increased left 
ventricular cavity size, having normal or reduced left 
ventricular wall thickness.  
In the “lethal stages, thrombus may develop in the 
heads of ventricles” (Davies, 2000). The causes for 
dilated Cardiomyopathy (DCM) are largely not 
known but generally it is observed that disease 
represents a final common expression of myocardial 
damage that could be consequence of multiple insults, 
such as hemodynamic, infective, immunologic, toxic, 
nutritional or genetic factors (Wynne and 
Braunswald, 2001).  
At molecular level, cardiac disorders affect genetic 
program. Prior to the onset of these disorders, cardiac 
remodeling occurs at molecular level (Oka et al., 2007; 
Rajabi et al., 2007). Myocardin (MYOCD) is a 
remarkably powerful transcriptional coactivator 
exclusively expressed in cardiomyocytes (Parmacek, 
2007).” It is a cardiac muscle–specific and 
transcriptional co-activator of serum response factor 
(SRF) that trans-activates “CArG-box” comprising 
“cardiac” and “smooth muscle target genes”, such as 
“atrial natriuretic factor (ANF)”, being among the 
most “sensitive markers” of “hypertrophic signaling” 
(Wang et al., 2001).  It regulates its action by linking 
directly with serum response factor (SRF), which then 
attaches to CArG elements located in the “regulatory 
regions of many muscle cell structural genes  (Miano, 

2003).  Its expression changes in response to stress and 
diseased condition which is also a cardio-protective 
mechanism. 
 
Materials & Methods 
In this case study, 20 patients with DCM and 20 
healthy subjects (controls) of similar age and sex 
distribution, were enrolled after medical examination 
from Fatima Memorial Hospital Lahore. The duration 
of this study was from January 2016 to August 2016. 
Fresh blood samples were collected from diseased as 
well as controls after the consent of hospital’s ethical 
committee, according to inclusion & exclusion 
criteria. 
 
Inclusion criteria   

•  patients with suspected heart failure,  
• Patients with the presence of left ventricular 

(LV) dilation and dysfunction. 
• LV end-diastolic dimension >55 mm. 

 
Exclusion criteria  

• Patients of any genetic disorder 
• Inflammatory and infectious, autoimmune 

diseases 
Physical examination, history and routine tests were 
also used to exclude patients with chronic or acute 
renal failure or hepatic failure. 
Blood Samples were processed immediately after 
collection for RNA isolation. RNA was isolated by 
Trizole method. After RNA isolation, quantification 
of RNA was done by Nanodrop.  
Isolated RNA was reverse transcribed for cDNA 
synthesis. That cDNA was confirmed by gradient 
polymerase chain reaction (PCR) and gel 
electrophoresis.  
 
Kits used  
• Thermo First Strand cDNA synthesis Kit 

Fermentas 
• PCR Master Mix (2X) Fermentas 
• SYBR Green Mix qPCR Master Mix (2X) 

Fermentas 
 
Primer Designing 
Primers were designed by primer designing tool 
(www.primer3) after retrieving myocardin (MYOCD) 
gene sequence from NCBI. Only exonic sequences 
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were used for primer designing to avoid genomic 
DNA contamination. The sequences were placed into 

primer designing tool i.e. (www.primer3) for primer 
designing. 
Primer designed for myocardin gene is as follows: 

 
Table-1: Primer designed for myocardin gene 

Primer Sequence Gene Name Product size 

F’: 5’-TTCAGAGGTAACACAGCCTCC-3’  
R’: 5’-TGATCCTCTCTAGCGTCTGCT-3’ 

MYOCARDIN 132 bp 

Table-1: Primer designed for myocardin gene 
Criteria, kept under consideration during primer 
designing are as follows:  
• GC rich content near to 50%  
• Primer length was kept 20-22 nucleotides 
•  Minimal complementarities within the primers 

of the same gene in order to avoid primer dimmer 
formation. 

Then primers were optimized for best reaction 
conditions by PCR and gel electrophoresis. Gene 
expression of myocardin (MYOCD) was analyzed by 
real time- polymerase chain reaction (RT-PCR).   
 
Statistical Analysis 
Data was expressed as mean ± SE.  Difference between 
groups was determined with help of t-test. While all 
the statements of significance were made on the 
probability level of 0.05 and confidence level 95%. 
Level of significance and standard error was 
determined by SPSS software for Windows.  
 
Results 
This case control study includes twenty patients with 
DCM (aged 39.1 ± 6.03 years) and 20 healthy subjects 
(aged 34 ± 3.71 years) (Figure 1)Among these, , 55% 
(n=12) were females with mean value of age 33.3 ± 
0.50 and 45% (n=8) were males with mean value of 
age 62.37 ± 4.18 (Figure 2). In control group, 80% 
(n=8) were males with mean value of age 62.375±4.18 
and 20% (n=2) were females with mean value of age 
39± 5.0 (Figure 3). As both DCM and control group 
were age matched, there was no statistically significant 
difference between the groups.   
On the basis of physical activity, three categories were 
formed: vigorous activity, moderate activity and 
sedentary life style. In DCM group, 5% (n=1) showed 
the vigorous activity, 20% showed moderate activity 

and 75% had sedentary lifestyle (Figure 4). In control 
group, 20 % (n=2) showed vigorous activity, 5% 
sedentary lifestyle and 70% were moderately active 
(Figure 5). In DCM group, 15% (n=3) former smokers 
were recorded (Figure 6) but in control group there 
were no smokers included. Age groups of the subjects 
in diseased group had distribution of 20% children 
(n=4), 5% young and 70% older individuals (Figure 7) 
because child subjects were all girls so included in 
female subjects distributing diseased group in male 
and female.  
Systolic and diastolic blood pressure of the diseased 
group was found with the mean value of 125± 0.7 and 
84±0.8 as compared to control group having 103± 0.9 
and 79±1.5 respectively. Etiological attributes of the 
disease were idiopathic 65%, nutritional 15% and 
multifactorial 15% (Figure 8). Symptomatology of the 
disease includes 85% breathlessness, palpitation 75% 
and chest pain in 40% of the patients (Figure 9).   
The expression level of myocardin in DCM i.e. 
diseased group (n =20) was in the range of 1.6 to 7.5 
with a mean value of 3.66± 0.357. While for control 
group containing healthy persons (n=8), gene 
expression level was one as assessed in blood samples 
of diseased group as well as control group by RT-PCR. 
Myocardin level in both the groups was compared. 
Consequently, myocardin gene expression level was 
found to be more in diseased group i.e. dilated 
cardiomyopathy patients in comparison to control 
group containing healthy persons (Figure 10). 
The reactivation of fetal gene program due to any 
mutation or cause which body encounters at 
molecular, cellular or genetic level, affects heart and 
switch towards fetal gene program increased the 
myocardin level in DCM patients. All the values were 
found statistically significant after statistical analysis (P 
< 0.05) after student’s sample t-test and SPSS version 
22. 
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The values for gene expression analysis as revealed by 
RT-PCR in case of control and diseased group are as 
follows in the table. 
 
Table 2: Gene expression values for control and diseased samples 

#    Values for gene expression (Control) Values for gene expression (diseased) 

1 1 1.6 

2 1 1.8 

3 1 2.7 

4 1 3.2 

5 1 4.5 

6 1 2.84 

7 1 2.95 

8 1 3.3 

9 1 7.4 

10 1 3.0 

11 1 2.7 

12 1 2.4 

13 1 4.9 

14 1 2.4 

15 1 4.2 

16 1 2.2 

17 1 3.7 

18 1 6.5 

19 1 5.4 

20 1 5.7 
 

 
Figure 1: %age distribution of total subjects in diseased (Cardiomyopathy) and control (heathy) group 
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Fig. 2: %age distribution of both male and female subjects in cardiomyopathy 

 

 
Figure 3: %age distribution of both male and female in Control group 

 

 
Figure 4: Prevalence %age of physical activity in diseased group (dilated cardiomyopathy) 

 
Figure 5: Prevalence %age distribution of physical activity in control group 
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Figure 6: Prevalence %age of smoking in diseased group 

 
Figure 7: Symptomatology of the disease group (dilated cardiomyopathy). 

 

 
Figure 8: Distribution of age groups in dilated cardiomyopathy subjects 

 

 
Figure 9: Attributes of disease 
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Figure 10: Comparison of Myocardin gene expression (mean ± SE) in control/healthy person and diseased 

(Dilated Cardiomyopathy) subjects 
 

Discussion 
Cardiomyopathy is a prolonged disease related to 
heart muscle causing ventricular dysfunction. WHO 
has recognized that cardiac dysfunction may result 
from a failure to control hypertension or to control 
volume/pressure burden in valve disease (Davis, 
2007). Among cardiovascular problems, 
cardiomyopathy has originated as  prominent cardiac 
disorder leading to heart transplantation. Among all 
types of cardiomyopathies, dilated cardiomyopathy 
occupies significant position. From the last two 
decades, it has shown  increased prevalence. The 
prevalence of dilated cardiomyopathy in western 
countries is round about 36.5 lacs with annual 
incidence of 5 to 8 per lac population (Brawnswald, 
1991). 
The present study observed the expression of 
myocardin gene in dilated cardiomyopathy subjects. 
Among cardiomyopathy, subjects suffering from 
dilated cardiomyopathy were selected as treatment 
and for comparison selected healthy persons as 
control. In comparison to control group, myocardin’s 
overexpression was demonstrated in diseased group 
i.e. dilated cardiomyopathy subjects. This alteration in 
“myocardin gene expression” in the blood cells of 
dilated cardiomyopathic subjects is observed under 
the influence of diseased condition and defected gene 
program at molecular level.  
Just like in previous studies by Torrado et al., 2003 
and Joanna et al., 2010 , myocardin expression has 
been shown to be augmented in failed hearts 

compared with non-failed, augmented expression of 
myocardin in blood cells in patients was found in our 
study when compared with healthy individuals. 
Joanna et al., 2010 in a study observed a positive 
relation between myocardin expression and left 
ventricular ejection fraction (LVEF). It demonstrated 
that increased expression of myocardin reflects better 
left ventricular function. Perhaps, that increased 
expression of myocardin, at least in the peripheral 
blood of idiopathic dilated cardiomyopathy subjects, 
attends a less acute stage of the disease. The result of 
our study is in according to previous study that 
showed that before transplantation forced expression 
of myocardin in was associated with better left 
ventricular function (Joanna et al., 2010).  
In this study, myocardin expression in dilated 
cardiomyopathy (DCM) suffering subjects was 
analyzed by RT-PCR. The RT-PCR analysis revealed 
the overexpression and upregulation of myocardin in 
DCM from the range of 1.6 to 5.7 having mean value 
3.66 ± 0.357 having far more values than controls. 
The average increase in the myocardin level observed 
to be 3.305. Another  study confirms the 
overexpression of myocardin level in DCM patients in 
which levels of myocardin mRNA in failing left 
ventricular myocardium from patients of dilated 
cardiomyopathy were assessed by both semi-
quantitative RT-PCR and northern blotting. The 
results showed that all deteriorating left ventricular 
samples with elevated levels of myocardin mRNA 
ranging from 2.0 to 7.2 records having enhancement 
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over non-failing left ventricular myocardium samples. 
Averaged upsurge of the myocardin mRNA in DCM 
samples was 4.5 as compared to normal. RT-PCR data 
was confirmed by northern blotting experiments, 
showing up-regulated myocardin mRNA levels in 
failing hearts (Torrado et al., 2003).  
Present studies showed certain and direct relationship 
in the myocardin’s increased expression and dilation 
of the left ventricle. It is obvious to accept that early-
developmental genes are related to the onset of the 
disease. Our results for the expression of myocardin 
gene in DCM patients compared to healthy 
individuals are in settlement with other animal and 
human studies using myocardial tissue. Early cardiac 
genes in peripheral blood might possibly be expressed 
in circulating stem cell progenitor cells that reside in 
the bone marrow. This indicates that peripheral blood 
could feasibly act as radar of gene expression 
adjustments happening in response to disease.  
The results of present study augmented the support 
for this hypothesis that gene expression in peripheral 
blood cells may be the reflection of the disease 
harshness. As proved by Obikili, and Okoye, 2005, 
there is a strong correlation between the cardiac 
diameter and body mass index, suggesting that the 
cardiac diameter is principally dependent on the body 
build (Obikili and Okoye 2005). This present study 
also proved the hypothesis that blood could perhaps 
be a noble alternate for expression enquiry, even in 
non-endstage cardiovascular disease (Jabbar et al., 
2023). 
 
Conclusion 
In this study, it is concluded that “myocardin 
(MYOCD)” gene is augmented in dilated 
cardiomyopathy suffering subjects as compared to 
healthy subjects. Its expression in dilated 
cardiomyopathy is recorded as (mean ± SE) 3.66 ± 
0357. This altered expression is one of the most 
significant factors in causing the dilation of the heart 
ventricle.  It is an important factor in the progression 
of dilated cardiomyopathy. Its expression is Cardiac 
gene transcript levels changes in the peripheral blood 
cells of DCM patients by following indices of LV 
function.  It can be suggested here that gene 
expression levels in peripheral blood cells of IDCM 
patients may reflect the disease severity. Therefore, 
peripheral blood could possibly be a good substitute 

tissue for gene expression analysis in 
cardiomyopathies.  
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