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ABSTRACT 

Cardiac fibrosis is abnormal accumulation of extracellular matrix and collagen in myocardial tissues. It is major 

reason of progression of heart failure, so its prevention and treatment is main aim for curing heart failure. The 

objective of this review is to discuss the pathways and several mechanisms at molecular level which may involve in 

cardiac fibrosis. Dynamic network of fibrillar collagen, glycoprotein, proteoglycans and other main bio molecules 

represents ECM, where its regulation controlled by various components synthesis and degradation. The collagen 

network gives Support and alignment of myocyte blood vessels and lymphatic vessels, relative to one another 

thereby preserving myocardial thickness and architecture. Some stem cells therapy helps in cardiac fibrosis. Ang II 

stimulation increases mRNA and protein expression by cardiomyocytes and cardiac fibroblasts. TGF-β with RAS 

system increases progression of cardiac fibrosis. 
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INTRODUCTION 

Cardiovascular disease responsible for 31% of all 

deaths and also main reason of deaths throughout 

worldwide. Ischemia & IHD, end myocardial fibrosis 

are primary cause of heart disease. According to 

American heart association 7.0 million Americans 

>20 years of age self-report having stroke, where risk 

of atrial fibrillation recently has been estimated to be 

1 in 3 whites & 1 in 5 blacks in United States [1]. 

Each year CVD cause 3.9 million deaths in European 

Union. Cardiac fibrosis is the major reason of 

progression of heart failure, so its prevention and 

treatment is main aim for curing heart failure [2]. The 

mechanism of cardiac fibrosis is under investigation 

because several signaling pathways are involved & 

still emerging. Where cardiac fibrosis classified in 

four groups 

 Interstitial fibrosis 

 Infiltrative fibrosis 

 Replacement fibrosis 

 Endomyocardial fibrosis 
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Fibrosis described as several myopathic diseases 

involving hypertrophy, ischemic, hypertensive, 

restrictive cardiomyopathy & also radiation induced 

cardiac myopathy. Cardiac fibrosis described to 

excess retention of extracellular matrix in cardiac 

muscles &possesses the structural as well as 

electrical changes that increase chances of 

Arrhythmia’s, heart failure & ischemia in patients. 

Due to inappropriate proliferation of fibroblasts there 

is increase in the thickening of heart valves [3]. 

Coxsackievirus (B3) (CVB3), Adenoviruses or 

Parvoviruses B19 or Protozoan, trypanosome, cruzi 

viral infection cause carditis by autoimmune 

responses against heart tissue antigens. The dynamic 

network of fibrillar collagen, glycoprotein, 

proteoglycans and other main bio molecules 

represents ECM, where its regulation controlled by 

various components synthesis and degradation [4]. 

Zinc dependent matrix metalloproteinase (MMP’s) 

gives degradation of ECM which is a proteolytic 

enzyme. 

According to evidences cardiac fibrosis 

associated with genetic cardiomyopathy not only in 

terms of cardiomyocyte injury phenomenon but also 

involved in pathological cardiac dysfunction [5]. The 

common cell events in fibrotic conditions are 

activation of cardiac fibroblasts. Pathophysiological 

uneasiness can trigger activation of fibrosis that 

changes ECM compositions and affect the function of 

cardiomyocyte [6]. All types of fibrosis results 45% 

all cause of human death and not any proper 

treatment available yet. The molecular and cellular 

events and must be light on to develop treatments for 

cardiac fibrosis. This review will focus on possible 

mechanisms which contribute cardiac fibrosis [7]. 

 

ASPECTS OF MYOCARDIAL 

FIBROSIS 

Excess deposition of collagen type I and III fibers 

within myocardium interstitium relative to mass of 

cardiomyocyte defines myocardial fibrosis. On the 

basis of measuring purpose, it is characterized as 

increase in percentage of total myocardial tissue 

occupied by collagen fibers, denoted as collagen 

volume fraction (CVF) [8]. For normal systolic and 

diastolic function requires proper myocardial 

framework small change can disturb the ratio of 

synthesis and degradation of myocardial interstitium, 

where it shows functional abnormalities. Growth in 

deposition of collagen in perimysal and endomysial 

space gives rigid ventricles and change in diastolic 

function. Not only in the diastolic but also in systolic 

function can changed through several mechanisms. 

 Co-ordination of myocardial excitation 

contraction coupling. 

 Triggering micro vascular dysfunction   

 Collagen deposition may activate 

Protease-dependent pathway that degrade fibrillar 

collagen thus change balance between matrix and 

contractile apparatus. According some researchers 

salt, sex, pressure overload, harmones, vasoactive 

substance, genetic variation, cytokine and growth 

factors responsible for increase the collagen in 

fibrillar tissue can leads to the cardiac fibrosis [9]. 

 

POSSIBLE MECHANISM’S 

INVOLVED IN CARDIAC FIBROSIS 

The possibility of producing cardiac fibrosis by 

mechanisms of inflammatory response, hormonal 

response any others always kept in considerations. 

Here some of them are discussed: 

Collagen network 

The synthesis and degradation of collagen 

continues cycle. Where the precursor of collagen is 

synthesized by fibroblast called pro-collagen [10]. 

This where transported from fibroblast to 

intercellular space, pro peptides at Amino and 

Carboxyl terminus of pro-collagen are cleaned and 

produce mature collagen. The degradation of mature 

collagen done by Matrix metalloproteinase’s [MPP] 

that can be regulated by Tissue Inhibitors of 

Metalloproteinase’s (TIMP’s) [11, 12]. The rate of 

synthesis is 5% per day where similar amount is 

degraded daily. In diseased state of myocardium this 

balance between synthesis and degradation get 

changes so collagen deposition can occur [12]. 

The matrix metalloproteinase and myofibroblasts 

plays key role regarding collagen degradation and 

synthesis respectively. The matrix metalloproteinases 

[MPP] decreases degradation of collagen I and II. 

The degradation is necessary for cardiac myocyte 

slippage that leads to wall thinning and to muscle 

fibre alignment in direction [13]. This generally 

observed in humans dilated cardiomyopathy [14]. 
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Where along with that cardiac fibrosis and 

myofibroblasts increases the synthesis of collagen I 

and II [15]. 

 

THE FUNCTIONS OF COLLAGEN 

NETWORK 

 Prevention of muscle fibre and cardiac myocyte 

slippage. 

 Support and alignment of myocyte blood vessels 

and lymphatic vessels, relative to one another 

thereby preserving myocardial thickness and 

architecture. 

 Protections of myocyte from overstretch. 

 Transduction of myocyte generated forces to 

ventricular chamber. 

 Relengthaning of myocytes. 

 Basis for diastolic myocardial stiffness [16]. 

This overall synergism gives stiffness into 

myocardial muscle and possesses hardness to left 

ventricle. 

Due to the decrease in collagenase activity the 

pressure overload occur on left ventricle. These 

hemodynamic loads on left ventricle further leads to 

ventricular fibrosis. Type III collagen expression 

increase in patient suffers from cardiomyopathy [15]. 

Role of proginator cells in cardiac fibrosis 

Some cells fighter recruited or residual to the 

myocardium is characterized as phenotypes, where 

others represented as progenitors. Some reports 

provides in vivo evidence CD116+ monocytes, 

CD133+ progenitor cells reveal strong 

immunosuppressive power and effectively attenuates 

EAM [17].  

In mouse model of myocarditis, heart in filtering 

CD133+ progenitors for macrophages and 

myocarditis, fibroblasts [17]. Identification of bone 

marrow derived fibroblasts in fibrotic hearts further 

suggests the recruitment of progenitor cells with 

fibrogenic potential [18]. Thus, current evidence 

supports the view that progenitor cells differ into 

macrophages and fibroblasts but not cardiomyocytes 

in affected hearts. Also some stem cells therapy helps 

in cardiac fibrosis [19].  

Phospholipase –D 

According to some researchers role of PLD is 

important concern in cardiac fibrosis as PLD present 

in the synthesis of collagen and collagenase was 

tested in cultured fibroblasts by use of primary and 

secondary alcohols [20]. The presence of primary 

alcohol inhibits production of phosphatidic acid by 

PLD, progression of left ventricle fibrosis, consists 

collagen synthesis stimulation in fibroblasts by 

growth factors agonist binding G-protein receptor, 

where PLD is important component in that signalling 

platelet derived growth factor, epidermal growth 

factor oxidation stress also help to activation of PLD 

[21, 22]. A positive feedback provided by protein 

kinas C to PLD also increase chances of ventricular 

fibrosis [23, 24]. Phosphatidic acid is converted in 1, 

2-diacylglycerol results activation of protein kinas-C, 

where, Phosphatidic acid involved in inducing 

signalling pathways present in inflammatory response 

[25, 26]. During congestive heart failure and 

myocardial infarction in scar tissue PLD, mRNA, 

protein activity level decreases. Where, inhibition of 

PLD activity shows reduction in left ventricular 

fibrosis which results improvement in cardiac 

function. Some agonists that activate PLD also 

stimulate the hydrolysis of PIP2 by PI-Phospholipase 

with subsequent production of diacylglycerol and 

activation of PLC [27]. 

So, PLD may contribute to pathogenesis of heart 

failure with ventricular fibrosis. 

TGF-β 

It is a pleotropic peptide. Its signalling pathways 

activation regulated by active TGF-β from complex 

present in most of the tissues [27]. Its dimeric 

complex consist C terminal mature TGF-β and N- 

terminal pro-domain LAP [TGF-β latency associated 

peptide] [28]. Following steps shows activation of 

complex.  
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TGF-β release which is bioactive requires proteolytic cleavage and separation of LAP from TGF-β 

 

                            

Furin involved in processing of pro- TGF-β complex 

 

                                          

Now the complex can be activated. [29] 

 

Separation of TGF-β from active LAP 

Complex poorly known process TGF-β that 

involved Thrombospondin (TSP) 1 matricellular 

protein, where it’s binding to LAP alters the 

conformation of TGF-β makes it component to 

receptor site. TGF-β regulate function of cell 

involved tissue injury, repair and remodelling depend 

on cytokine milieu effect of TGF-β on inflammatory 

leukocyte can be inhibitory or stimulatory [30]. It 

also modulates fibroblast phenotype and function 

[31]. Myofibroblast differentiation also induces by its 

stimulation and increase extracellular matrix protein 

synthesis [32]. Where, it also shows potent matrix-

preserving action by suppressing the activity of 

metalloproteinases [MPP] and increase synthesis of 

protease inhibitors like TIMP’s and PAI-1 [33, 34]. 

In concern of lymphocyte mainly possess 

proliferation and differentiation of lymphocytes. 

RAS and TGF-β 

Many reports of clinical trial show AT1 receptor 

blockade and ACE inhibition effects in patients 

having myocardial infarction and heart failure [35]. 

Evidence shows TGF-β1 acts downstream of Ang II 

[36]. Results from several clinical trials and animal 

studies on ACE inhibitors shows that Ang II has 

important role in regulation of growth of cardiac 

fibroblast and synthesis of extracellular matrix [37-

39]. Ang II stimulation increases mRNA and protein 

expression by cardiomyocytes and cardiac 

fibroblasts. There are some evidence shows that Ang 

II contributes in cardiac fibrosis some of them are 

following 

 Cardiac myocyte necrosis induced by exogenous 

or endogenous Ang II was accompanied by 

enhanced DNA synthesis and microscopic 

scarring [40]. 

 Rat model of myocardial infarction, ACE 

inhibitor provide collagen accumulation and DNA 

synthesis [41]. 

 In some model, early treatment with Losartan on 

AT1- Receptor blocker shows completely 

inhibited collagen deposition [42].  

ACE inhibitors and AT1 blockers shows decrease 

levels of TGF-β1 in infarcted hearts. Schultz and co-

workers shows that TGF-β1-/- mice breed in immune 

compromised RagI background protected from 

development of cardiac hypertrophy related to doses 

of Ang II [43]. That shows TGF-β1 acts on 

processing of Ang II to support cardiac growth. Sun 

et.al found that marked ACE binding within 

adventitia of intramyocardial coronary arteries and 

matrix of heart vehicle by using in vitro quantitative 

autoradiography together with iodinated derivative of 

Lisinopril (125I-351A) [44]. 

High density ACE binding was found in per 

vascular fibrosis which is present in scars tissue 

around the intramural coronary arterioles in both 

ventricles within 2 weeks of AngII administration 

[45, 46]. This scars tissue which appeared with high 

circulating levels of ACE and ALDO that also 

associate with ACE binding. 

End MT 

It represents the most important contributor to the 

generation of fibrotic tissue. Abnormal activation of 

EndMT in adults and its differentiation of fibroblast 

like cells to collagen producing myofibroblast play 

significant role in development and progression of 

fibrosis in heart and lungs [47, 48]. Endothelial cell 

disaggregation, morphologic change related to 

myofibroblast differentiation and gradual loss of 

endothelial markers like VE cadherin, VWF, CD31 

helps to characterize EndMT. However, the 

molecular basis of TGF-β induced EndMT is poorly 

understood. To confirm transition of cardiac 
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endothelial cells to fibroblast like cells, Ghosh and 

co-workers exposes MCEC’s to TGF-β2 for 7 days 

labelled with Dil-AC-LDL. There results shows that 

in absence of TGF-β2 cells were labelled with Dil-

AC-LDL which shows MCEC’s loss the endothelial 

property [47]. 
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