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Abstract 

The pulsatile organ, heart consists of cells possessing different functions during developmental stages and in adult, lack 
of which causes pathological condition. Previous studies show increased alkaline phosphatase (ALP), osteopontin 
expression in atherosclerosis and vascular calcification, increased reactive oxygen species (ROS) generation and Runt-
related transcription factor-2 (Runx2), osteocalcin during aortic valve calcification, increased Runx2, osteopontin in 
cardiac fibroblasts upon osteogenic induction. Recent findings indicate that cardiomyocytes too take osteoblastic 
phenotype during hypertrophy. Cardiac injuries including hypertrophy, oxidative stress make the cells prone to 
calcification. This review mainly focusses on the current knowledge of the osteoblastic modification of cardiac cells with 
special emphasis on the rare cases of myocardial, pericardial and fetal cardiac calcification. Since cardiomyocyte and 
pericardial calcification are rare but gradually increasing phenomenon, better understanding of the associated 
molecular mechanism is needed for therapeutic intervention and in targeting specific molecules for treating or slowing 
down the calcification process. 
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1. Introduction

Heart development is an important event which occurs through 3 main stages, the cardiac progenitor, cardiac crescent 
and looped heart stage. Cells of the cardiac crescent form the first heart field (FHF) whereas the second heart field (SHF) 
is formed by the progenitor cells occupying the medial position of the cardiac crescent. The heart is mesodermal in 
origin but presence of some cells from neuroectodermal and endodermal origin is also evident. Out of the two cell 
lineages of myocardium, FHF cells form one lineage, forming left ventricle while cells of the SHF form another lineage 
resulting in the outflow tract and right ventricle formation [1]. In mouse, cardiac crescent formation occurs at embryonic 
day E7.5, looped heart stage at E8.5 and the fetal heart at E14.5 [1]. After E7.5, the cells start expressing different genes 
which leads to the differentiation of progenitor cells into cardiomyocytes, fibroblasts, smooth muscle cells (SMCs) and 
endocardial cells [2]. Each of these cell types performs their specific functions that are required for proper heart 
development and functioning. Figure 1 gives a brief idea about the various types of cells in heart, the marker genes 
expressed by them and the functions of the cells. Plethora of studies reveal that these various cell types of heart have 
the potential to take osteoblastic fate upon different modes of injuries like myocardial infraction (MI), cardiomyopathy, 
diabetes, renal disorders. Thus, in this review, we will discuss about the osteoblastic potential of the different cell types 
of heart with special emphasis on two very rare phenomenon of calcification, myocardial and pericardial calcification. 
Several recent researches have been focused on cardiac calcification, but the mechanism of transformation and entry 
into osteogenic lineage by the cells needs more studies. 
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Figure 1 Schematic diagram of the different types of cells in the adult heart in normal condition.  

Cardiomyocytes, fibroblasts, vascular smooth muscle cells, endothelial cells, pericardial cells, stem cells express a 
variety of marker genes. Each cell type performs specific functions mentioned in the figure 

α-MHC: α-myosin heavy chain; ECM: extracellular matrix; FGF-2: fibroblast growth factor-2; IFN-γ: interferon-γ; MMP9: 
matrix metalloproteinase 9; TGF-β: transforming growth factor-β. 

2. Calcification, a crosstalk on passive and active process 

Cardiac calcification being a problem for many human beings worldwide since many years, several studies regarding 
the process have been done so far and are also ongoing. However, there is a major difference between the previous and 
present concept of calcification in different regions of the heart. Atherosclerotic lesions being prone to calcification, 
according to previous concept, it was thought that the mode of calcification is passive involving precipitation of calcium 
[3,4]. Many years ago, Virchow examined vascular calcification during atherosclerosis and noted that the process is not 
merely calcification but similar to ossification and bone formation [3]. But recent studies challenge this concept. Cases 
of ectopic calcification in blood vessels reveal that the cells of the vessels take osteoblast like character producing a 
bony matrix. Calcification of the aortic valve is also one of the most common calcification phenomena in heart. It was 
previously believed to be an age-related damage process besides wear and tear of the valve [5]. Many studies are being 
done now which indicate that the process of calcification of different regions of heart is active, the mechanism of which 
will be discussed in this review. 

3. Osteogenic transformation of different cells upon cardiac injury 

Several studies have indicated the alteration of cellular and physiological activities of different cell types of heart 
following cardiac injury.  Increased ECM deposition, cell death, hypertrophy, dedifferentiation of cells along with 
reactivation of fetal genes are some common alteration that has been identified post cardiac injuries [6,7,8,9,10]. Very 
interestingly, recent studies identified that different cell types of heart including valvular interstitial cells (VICs), 
cardiomyocytes, fibroblasts, SMCs, and even pericardial cells are prone to undergo differentiation into osteogenic 
lineage which leads to overall compromised function of heart. Transformation to the osteogenic lineage in extreme cases 
leads to calcific nodule deposition. Calcification can be seen in valve defects, like Calcific Aortic Valve Disease (CAVD), a 
major problem in many countries nowadays. Apart from calcification of valvular interstitial cells (VICs), calcification 
also occurs in fibroblasts, cardiomyocytes, SMCs, pericardial cells. However, very few studies have been done on 
understanding the molecular mechanisms of calcification in cardiomyocytes, fibroblasts and pericardial cells upon 
different modes of cardiac injury such as myocardial infarction, diabetes, obesity, atherosclerosis, increased ROS 
generation due to aging. Analysis of the mechanism of calcification of these different types of cells is necessary to find 
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out new medicines that will manipulate the signaling pathways and help in attenuating the diseased state. Moreover, 
the known signaling pathways involved in calcification of SMCs, VICs may also be analysed in case of calcification of 
cardiomyocytes and pericardial cells to understand whether the same mechanism is followed in these cases. Here, we 
will focus on the various signaling pathways that trigger the different types of cells to enter into the osteogenic lineage 
with detailed discussion of various rare cases of myocardial and pericardial calcification (Table 1). 

Table 1 Signaling pathways involved and the therapeutic strategies in osteoblastic transformation of the various cardiac 
cell types. 

Cell type          Signaling 
pathway/molecules 
affected                         

Probable therapeutic approach                                  Selected references 

Cardiomyocyte CD73-TNAP signaling                                          Suppression of TNAP.                                                 Gan et al. (2014) 

Fibroblast ENPP1-PPi-Pi axis Etidronate targets the pathway 
and prevents calcification. 

Pillai et al. (2017) 

TNAP Studies on TNAP inhibitors and                                                                                                          
TNAP knockdown/knockout 
studies required. 

Schuetze et al. (2015) 

Smooth muscle 
cell                      

Notch Notch inhibitor reduces 
osteogenic differentiation in vitro. 

Shimizu et al. (2009) 

Some studies show the role of 
Notch in reducing calcification.       

Sciaudone et al. (2003)                                                                                                                                                                                              
Hilton et al. (2008) 

Engin et al. (2008)  

Tezuka et al. (2002)                                                                                                                      
Nobta et al. (2005)   

Marix GLA protein                 Activation of this protein may be a 
therapeutic approach.                      

Hruska et al. (2005) 

 Chen et al. (2008)                                                                                                                                                          
Reynolds et al. (2004)                                                                                                                                                      
Luo et al. (1997) 

TGF-β, ELR-1, ALK-5 
protein kinase C 
signaling         

Blocking these pathways in 
diabetic condition may reduce 
osteogenesis.                

Sinha and Vyavahare (2003) 

 

BMP-2 signaling                        TGF-β administration reduces 
BMP activity and phosphate 
induced osteogenesis. 

Guerrero et al. (2014) 

p38 and ERK pathway                Downregulation of these two 
pathways will be important 
therapeutic target in vascular 
calcification. 

Vickers et al. (2010) 

 

Aortic valve 
cell               

Wnt signaling    

 

Inhibition of Wnt may reduce 
valve pathogenesis.  

Alfieri et al. (2010) 

 

Notch 

  

Complementary to Wnt signaling, 
thus Notch may help in controlling 
osteoblastic transformation.    

Rusanescu et al. (2008) 

TGF-β                  More studies needed to 
understand the VICs mediated 
inhibition of EndMT and 
osteoblastic changes in VECs 
involving TGF-β.                                                

Hjortnaes et al. (2015) 
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Pericardial cell       Case reports available, 
mechanism yet 
unknown                                                                                                                                          

Therapeutic strategies to be found 
out. 

Nguyen et al. (2014) 

Isaacs et al. (2003) 

Stem cell Unknown Regenerative potential of stem 
cells in reducing calcification may 
be studied. 

 

3.1. Cardiomyocyte calcification: 

Many case studies have been done which shows different instances of myocardial calcific depositions. However, cases 
of myocardial calcific deposits are usually rare. Two types of calcification cases are detected. One is the dystrophic 
calcification which occurs in abnormal tissues as a result of wear and tear, detected in the myocardium and other regions 
when the heart has been subjected to several injuries during surgeries, congenital defects and others. It has been 
detected that there is a positive relationship between the myocardial infarct size and chondro-osteogenic mass 
deposition [11]. The other one is metastatic calcification showing calcific granule deposits in the undamaged 
cardiomyocytes. The following are several cases of myocardial calcification [12]. 

3.1.1. Case studies: 

Case study 1 

A 6 year old Caucasian boy with congenital cyanotic heart disease underwent several surgical procedures and later on 
was detected with various complications, one of them was calcific deposits in the ventricular chamber and its wall.  

Case study 2 

An 84 year old Caucasian with renal disease and other previous problems like hypertension and MI was detected with 
white calcific deposits in the left ventricular wall.  

Case study 3 

A calcified thrombus was detected in the right ventricular apex in a 45 year old Caucasian female suffering from renal 
disease and other complications. 

Case study 4 

An 82 year old female with chronic lymphocytic leukemia was detected with calcification in the left ventricular 
myocardium. However, the calcium level in blood serum was normal and she did not suffer from any MI [13]. 

Case study 5 

A 48 year old man without any previous history of cardiac disease was examined with patchy calcifications in the 
myocardium after he was detected with signs of heart failure and other problems like fever, dyspnoea. He was also 
diagnosed with pneumonia. Cytochemical studies showed that in normal cardiomyocytes, calcium deposition occurred 
in the inner leaflets of sarcolemma, T-tubules, mitochondria but in necrotic cardiomyocytes, extensive calcium 
deposition was observed in the mitochondria along with loss of calcium from the sarcolemma. This case indicates that 
calcium overload occurs in viable cardiomyocytes and is not a mere case of secondary and passive deposition of calcium 
after cardiomyocyte death [14]. 

Case study 6 

A 66 year old man with acute myocardial infarction died from clinical complications and septic shock was detected with 
intracellular and extracellular myocardial calcium deposition at the periphery of the infarct. According to some authors, 
calcific deposition is deleterious since it hampers the normal repair process and disrupts the balance in the calcium in 
the body. Others consider the calcification phenomenon to be a process of cardiac remodeling [15]. 

Case study 7-18 

Case study 7- A 78 year old man was detected with calcification in the ventricular region. The person had previous 
history of MI. Case study 8- A very rare case of infant heart calcification was observed after delivery complications due 
to enterovirus myocarditis. Calcification was mainly detected in the left ventricle. However, the baby did not survive. 
Case study 9: Several calcific depositions were detected not only in heart but also in other organs like lungs, kidneys in 
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a 49 year old man suffering from renal disorder. Fibrosis was detected along with calcification in the myocardium. Case 
study 10: Calcific deposits in the ventricular myocardium were detected in a 62 year old woman having oxalosis. Case 
study 11: A 46 year old man with congenital heart disease was detected with patchy calcification throughout the left 
atrium, left ventricle and papillary muscles. Several cardiac complications may be the cause of extensive calcification. 
Case study 12: Chalky calcification was detected in a 2 year old girl in right and left ventricle. Studies showed that the 
girl suffered from renal failure. Case study 13: A 61 year old man suffering from acute renal failure was initially not 
detected with cardiac calcification but gradually developed epicardial calcification. Case study 14: A 51 year old woman 
underwent heart transplant due to nonischemic cardiomyopathy. She was also suffering from chronic renal 
insufficiency. The woman was detected with extensive calcification along with fibrosis in the left ventricle. Case study 
15: Calcification was detected in the septum of a 76 year old man who had a history of MI. Case study 16: Calcifications 
were also detected in a 52 year old man having chronic renal insufficiency. Case study 17: In an 80 year old woman, 
calcification occurred in the papillary muscle. The woman was a patient of coronary artery disease. Case study 18: 
Calcification was also detected in the papillary muscle of a 4 year old girl with tetralogy of Fallot [16]. 

Case study 19 

A 55 year old woman was having dyspnea and had a history of type 1 multiple endocrine neoplasia and 
hyperparathyroidism. Several examinations showed that the person had extensive myocardial calcifications. She also 
showed extensive subepicardial calcifications [17]. 

Case study 20 

A 46 year old woman was reported with extensive calcification in the left ventricle, interatrial and interventricular 
septae. This caused coronary artery obstruction. The patient had no other previous causes that have led to myocardial 
calcification [18]. 

Case study 21 

A 56 year old man without any previous medical history had a septic shock after suffering from diarrhoea. Though he 
was improving from the condition after treatment, he was further detected with respiratory failure and cardiac 
dysfunction. He showed signs of cardiac calcification in the left ventricle [19]. 

Case study 22 

A patient with end-stage renal failure was kept on dialysis. Several clinical examinations showed that the patient had 
left ventricular hypertrophy, myocardial fibrosis, cardiac arrhythmia. Autopsy after death of the patient from 
ventricular arrhythmia revealed microcalcification and fibrosis of the left ventricular myocardium [20]. 

Case study 23 

A 62 year old woman showed subendocardial calcification as well as calcification of the lateral wall and apex of left 
ventricle. The woman had a history of hypertension and pulmonary embolism [21]. 

These are so far the recorded and rare incidents of myocardial calcification, although there are no proper records of the 
causes of such cases.  

3.1.2. Molecular mechanism of myocardial / cardiomyocyte calcification: 

Osteogenic transformation of the myocardium can be detected in various diseased conditions. Recent studies indicate 
that phenylephrine (PE), a hypertrophy inducer of cardiomyocytes can also promote cardiomyocyte calcification [7]. 
However, much more detailed studies are to be done on cardiomyocyte calcification in order to understand the 
mechanism of this phenomenon and to ameliorate it. Studies reveal that in normal state, cluster of differentiation 73 
(CD-73) is high and converts adenosine monophosphate (AMP) to adenosine (Ado). Adequate amount of Ado inhibits 
tissue nonspecific alkaline phosphatase (TNAP) which regulates calcification. Since TNAP is less in normal condition, 
there is less amount of inorganic phosphate (Pi) produced from pyrophosphate (PPi). The crosstalk between CD73 and 
TNAP has been found to play a role in cardiomyocyte calcification (Figure 2a). In PE induced cardiomyocyte calcification, 
decreased expression of CD-73 results in increased TNAP expression which leads to increased amount of Pi from PPi 
resulting in increased intracellular calcification [7]. Studies have shown that H9c2 cardiomyocytes shows calcification 
which involves the role of Forkhead box transcription factor FoxO1 and nuclear factor of activated T-cells 
NFATc3 through FoxO1/NFATc3/Runx2 signaling pathway [22]. Thus, drugs designed to target this signaling pathway 
may reduce cardiomyocyte calcification. Apart from the mentioned mechanism, many other signaling pathways may be 
involved in myocardial calcification that needs to be explored. Very few studies have been done till date on 
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cardiomyocyte calcification which is a gradually increasing phenomenon, understanding the mechanism of which will 
help us to find out new ways in treating the less studied phenomenon of cardiomyocyte calcification. 

3.1.3. Cardiac calcification and renal failure: 

From the above discussed and known cases of cardiac/cardiomyocyte calcification so far, it seems that there is a relation 
between renal problems and cardiovascular calcification. It has been observed that the cases of cardiac calcification are 
more prominent in patients suffering from renal failure/problems. Calcified plaques are detected more in coronary 
heart patients with uremic disease compared to the nonuremic patients [23].  Inappropriate metabolism of calcium and 
phosphate in end stage renal disease is thought to be a cause for myocardial calcification in most of the cases [24]. 
Fibroblast growth factor 23 (FGF23), a hormone synthesised by bone osteocytes and osteoblasts regulates the 
phosphate level and vitamin D metabolism. Klotho protein helps in the balance of calcium, phosphate and magnesium 
by forming a receptor complex with FGF23 in proximal renal tubules. At the time of renal failure, the level of klotho 
protein decreases which increases vascular calcification [25]. Although it is argued that there is no direct relationship 
among the levels of calcium, phosphorus or parathyroid hormone, yet it has been detected that chronic renal failure 
patients with secondary hyperparathyroidism are more prone to calcium deposition in the heart due to increased 
phosphate level.  

3.1.4. Particular chromosome locus determining myocardial calcification: 

Calcification of the myocardium can be detected in case of age-related cardiomyopathy and this is called dystrophic 
cardiac calcinosis (DCC). Studies were done to find out the locus responsible for DCC but no detailed studies have been 
done to detect the mechanism of cardiomyocyte/myocardial calcification. Gene mapping studies revealed that Dyscalc 
gene on chromosome 7 in mouse is the responsible gene for DCC [26]. Finding out the gene/genes involved in 
cardiomyocyte calcification in future will be helpful in getting an idea of cardiomyocyte injury and calcification and its 
treatment. 

3.2. Pericardial calcification 

Apart from myocardial calcification, another unusual event of cardiac calcification is pericardial calcification. 
Calcification in the outer covering of the heart is not commonly detected. Pericardial calcification is rare and often 
asymptomatic. Thus, the molecular mechanisms of calcification of the cells forming the pericardium are not yet 
understood. A recent case report demonstrated that a middle-aged Caucasian man without any history of cardiac 
problems like palpitation or dyspnea, surprisingly showed bradycardia by electrocardiographic analysis. Further 
studies revealed that patient had mild pericardial calcification [27]. By computed tomography (CT), pericardial 
calcification was also detected in cases of patients who have undergone cardiac surgery, tuberculosis, trauma [28]. 
Fibrotic change is associated to pericardial calcification causing pericardial constriction though all patients do not show 
pericardial constriction [28]. Extensive research in this area is required on this rare phenomenon to know whether the 
mechanism is similar to the known calcification processes that occur in other regions of the heart. 

4. Fetal cardiac calcification in myocardium and epicardium: 

Cardiac calcification is generally an age-related process. Since paediatric calcification is a rare event, detailed studies 
have not been done. Whether the mechanism of fetal calcification is the same as that of adult cardiac calcification is 
unknown. Several reports are there from the past few years on fetal myocardial calcification. Histopathological studies 
revealed that the maximum calcification occurred in the myocardium and epicardium at the base of the heart [29]. 

Echocardiographic results showed myoepicardial calcification along with other complications like right ventricular 
outflow obstruction, tachycardia at 18 weeks’ of gestation. There was no viral infection or autoimmune disease. The 
epicardium became thick due to calcium deposition and fibrosis. In another instance, at 21 weeks’ gestation, atrial 
calcification and fibrosis were detected along with calcific deposits at the base of the heart. In a case study, at 20 weeks’ 
gestation, the mother gave birth to a stillborn foetus although there was no infection or autoimmune disorder. Although 
the fetal heart was found to be anatomically normal, there was fibrosis along with epicardial and myocardial 
calcification. An infant male born at 37 weeks’ of gestation showed calcification in the ventricle and many other 
problems like hydrocephalus [29]. From all these observations, it is quite clear that there are several evidences of rare 
cardiac calcification events not only in adults but also in infants, a huge area of which is yet undiscovered in depth. 

So far, we have mentioned about the very unusual cases of fetal and adult myocardial and epicardial calcification. Now, 
we will look into the well-known mechanisms of cardiac calcification in other cell types in brief. 
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5. Some well-known calcification mechanisms in other regions/cells of heart: 

Mechanism of calcification in cardiac SMCs, VICs, fibroblasts has been studied well. The following brief discussion about 
these well-known calcification mechanisms will give us ideas to correlate or find out the unknown calcification 
mechanisms in cardiomyocyte and pericardial cells. 

5.1. Cardiac fibroblast/aortic valve fibroblast calcification: 

Although the most common type of calcification seen in mammalian heart is valve calcification, recent findings indicate 
that upon injury induction, cardiac fibroblasts undergo mineralization by upregulating ectonucleotide 
pyrophosphatase/ phosphodiesterase-1 (ENPP1), the enzyme involved in bone mineralization (Figure 2a). ENPP1 
generates PPi which upon hydrolysis produces Pi resulting in calcification [30]. Calcium hydroxyapatite deposition can 
be seen upon osteogenic induction of the cardiac fibroblasts for 21 days along with increased expression of different 
osteoblast genes like osterix, osteopontin, Runx2 [30]. 

 

Figure 2a Signaling pathways activated in diseased state in cardiomyocytes, fibroblasts, pericardial cells, stem cells 
during osteogenesis.  

CD-73 and TNAP are major players in cardiomyocyte calcification. ENPP1-PPi-Pi axis is involved in osteogenic 
transformation of fibroblast. Calcification mechanism in pericardial cells and stem cells is yet to be studied in detail. 
Upward and downward green arrows indicate upregulation and downregulation respectively 

Ado: adenosine; AMP: adenosine monophosphate; ENPP1: ectonucleotidepyrophosphatase/ phosphodiesterase-1; Pi: 
inorganic phosphate; PPi: pyrophosphate; TNAP: tissue nonspecific alkaline phosphatase. 

Few studies demonstrated that glutaraldehyde (GA) causes calcification of fibroblasts in porcine and canine aortic valve 
[31]. Evidences show that calcification occurs in the cases where stenotic valves have been replaced with 
glutaraldehyde-fixed valvular prostheses (GFVPs) [31]. TNAP also mediates fibroblast calcification similar to its role in 
cardiomyocyte calcification. 

5.2. Calcification of Smooth muscle cell (SMC) 

SMC calcification, particularly vascular calcification is one of the most prevalent problems worldwide. SMC calcification 
is mostly seen in cases of atherosclerosis, with increasing age, diabetes, high blood pressure and in renal disorders. A 
lot of studies on SMC calcification indicate that many signaling molecules like Notch, transforming growth factor-β (TGF-
β), protein kinase C, p-38, extracellular signal regulated kinases (ERK) are involved. BMP2 and Msx2 are upregulated in 
vascular calcification too. Figure 2b summarizes various signaling pathways involved in SMC calcification. Evidences 
suggest that overexpression of intracellular domain of Notch in human aortic SMCs induces increased expression of 
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Msx2 and ALP activity and also osteogenic differentiation in vitro although there are some controversies 
[32,33,34,35,36]. Previous studies show that matrix GLA protein (MGP) is expressed by the SMCs of the arterial walls in 
normal state and reduction in MGP expression leads to arterial calcification [37]. High glucose containing culture media 
mimicking diabetic condition along with TGF-β and elastin shows osteogenesis of SMCs. High glucose mediated 
increased protein kinase C signaling along with osteogenesis was detected in vascular smooth muscle cells (VSMCs). 
Two other important signaling pathways associated with osteogenesis of VSMCs are ELR-1 and ALK-5 signalling [38]. 
Another mechanism for VSMC calcification in human is p38 and ERK pathway that is activated upon lyso-
phosphatidylcholine (LPC) induced calcification [39]. 

 

Figure 2b Various signaling pathways in smooth muscle cells and aortic valve cells during calcification.  

Calcific nodule deposition is quite common in case of smooth muscle cells and aortic valve cells which occurs through 
various signaling pathways like Notch, Wnt and many more. Increased expression of Notch, TGF-β, ELR-1, ALK-5, 
Protein kinase C, p38, ERK and reduced expression of matrix GLA protein induces calcification os smooth muscle cells. 
Whereas, increased TGF-β and Wnt and reduced expression of Notch induces aortic valve calcification. 

ERK: extracellular signal regulated kinases; TGF-β: transforming growth factor-β.  

5.3. Calcification of aortic/mitral valve: 

CAVD is one of the major reasons for mortality worldwide in the developed countries. Different osteoblast specific genes 
are upregulated in cases of valve calcification like osteocalcin, Runx2, Cbfa1, osteopontin, ALP [40]. Several signaling 
pathways are involved in CAVD (Figure 2b). Wnt signaling enhances the expression of osteogenic genes like periostin, 
Runx2 in VICs treated with osteogenic media [41]. Reduced Notch signaling makes the valve cells prone to calcification 
leading to aortic valve stenosis [41]. Apart from the aortic valve cells, the mitral valve cells also undergo calcification in 
some cases. Reduced Notch signaling makes the valve cells prone to calcification leading to aortic valve stenosis [42]. 
The mitral valve cells showed increased expression of osteopontin upon treatment with TGF-β1 for 5 days and 
osteogenic media for 2 weeks consecutively [43]. 

6. Therapeutic approaches 

There are several evidences of cardiomyocyte/myocardial and pericardial calcification till date but very few studies 
have been done on this phenomenon. As a result, we have very less knowledge on the molecular mechanism of 
cardiomyocyte and pericardial calcification. From the studies so far, we can say that if we can identify the agents that 
can promote CD73 or inhibit TNAP with least side effects, it may help in reducing cardiomyocyte calcification (Table 1). 
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Two factors that are to be considered during the studies on therapeutics of calcification are, whether the strategies are 
preventive or they completely cure calcification. Another factor is whether reduction of calcification affects the normal 
calcification process in bone and teeth. Thus, the difference in the mode of calcification in bone or teeth and calcification 
of myocardium/pericardium is to be understood to specifically target the calcification process in the heart to inhibit it. 
There are some potent calcification inhibitors in vitro as also in vivo. PPi is one of them, which prevents hydroxyapatite 
deposition. Bisphosphonates work well in case of patients with ENPP1 deficiency, the enzyme involved in PPi synthesis. 
One of the bisphosphonates is etidronate which prevents fibroblast calcification if administered before osteogenic 
induction [30]. Thus, its potency in reducing calcification in cardiomyocytes or pericardial cells can be examined. 
However, bisphosphonates have some side effects, it is accumulated in the kidneys of chronic kidney disease (CKD) 
patients and also inhibits bone formation. Previous reports showed that another agent, thiosulfate inhibits vascular 
calcification [44]. However, side effects on bone formation were not analyzed. Whether thiosulfate has any role in 
reducing myocardial/pericardial calcification has not been investigated. For treatment of CAVD, different pathways like 
TGF-β, Notch signaling are specifically targeted but there is yet no ultimate solution discovered [45]. One of the common 
drugs is statins, which reduces the effects seen in CAVD. However, if excessive calcification has already occurred, then 
it is difficult to revert back by statins. Pioglitazone is another agent that reduces osteogenic markers expression in heart 
valve. Thus, these agents involved in reducing heart valve calcification can also be focussed on to find out their potency 
in reducing myocardial and pericardial calcification as well. 

7. Conclusion 

More case study analysis is needed with special emphasis on the cases of ectopic calcification in cardiomyocytes and 
pericardial cells that are very less studied. Since very few drugs are available for these cases, the known drugs for 
treating vascular or heart valve calcification can be considered in these cases to study their potency. Moreover, different 
natural products having least side effects that reduce oxidative stress can also be considered since oxidative stress is 
one of the major causes that induces cardiac calcification. The potency of some of the natural agents like resveratrol 
[46], salvianolic acid [47], Zanthoxylum alatum extracts [48], extract of edible herb Enhydra fluctuans [49] and other 
such agents may be examined in reducing cardiac calcification. 
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