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Abstract 

The myocardium consists of several types of cells: cardiomyocytes, cardiac fibroblasts, endothelial cells and smooth 
muscle cells. Fibroblasts are cells of mesenchymal origin and are present in all tissues in the body. Cardiac damage can 
activate available CFBs, provoke transformation of endothelial or epithelial cells into fibroblasts, or induce the 
production of CFBs from hematopoietic cells and bone marrow. The change in ECM is a key point in the remodeling of 
the heart in response to the disease process. Disruption of the reticular structure of the ECM alters the connection 
between myocardial cells and blood vessels, thereby disrupting the structure and function of the heart muscle. Type I 
and III collagen fibrils are the predominant part of the ECM of the heart. They are synthesized as procollagen, which is 
converted to a mature collagen molecule. Procollagen type I propeptide (PICP), amino-terminal propeptide type I 
procollagen (PINP) and N terminal type III collagen peptide (PIIINP) are released in proportional amounts in the 
synthesis of collagen types I and III and can be used as serum markers for these processes. On the other hand the 
differentiation from CFBs to myoFB is supported by the transforming growth factor beta (TGF-β), connective tissue 
growth factor (CTGF), a number of cytokines in the ECM and others. The scientific community is faced with the question 
of which biomarkers to use to identify the early stages of development of cardiac fibrosis, as well as how to assess the 
degree of progression of this pathological process.  
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1. Introduction

The myocardium consists of several types of cells: cardiomyocytes, cardiac fibroblasts, endothelial cells and smooth 
muscle cells. A study by Nag, as early as 1980, quantified the cellular content of heart tissue from rats using an electron 
microscope [1]. He found that the heart muscle consists of 70% non-myocyte cells and 30% cardiomyocytes. 

Fibroblasts are cells of mesenchymal origin and are present in all tissues in the body. In the myocardium, they are called 
cardiac fibroblasts (CFBs) and are unique, in comparison to other cell types, because they do not have a basement 
membrane. 

With appropriate stimulation, CFBs can be transformed into myofibroblasts (myoFBs), which are more mobile and 
contractile, and also have increased secretory activity in order to produce extracellular matrix (ECM) proteins [2]. 
MyoFBs, discovered and named by Gabbiani in 1971, are not found in a healthy myocardium, they appear in the 
presence of myocardial damage. 

MyoFBs play a key role in the development of fibrous tissue in the area of myocardial infarction, as well as in a number 
of other pathological processes leading to tissue damage [3]. The differentiation from CFBs to myoFB is supported by 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2021.11.2.0368
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2021.11.2.0368&domain=pdf


World Journal of Advanced Research and Reviews, 2021, 11(02), 093–099 

94 

the transforming growth factor beta (TGF-β), connective tissue growth factor (CTGF), a number of cytokines in the ECM 
and others. 

Cardiac damage can activate available CFBs, provoke transformation of endothelial or epithelial cells into fibroblasts, 
or induce the production of CFBs from hematopoietic cells and bone marrow [4]. Development of myocardial fibrosis is 
a result of a pathological response to the pressure-loaded heart muscle and occurs with proliferation of available CFBs, 
as well as transformation of endothelial cells into mesenchymal and production of CFBs and myoFBs. 

There are two types of myocardial fibrosis: replacement and interstitial [5]. Replacement fibrosis develops in the area 
of the scar after myocardial infarction. It can also occur in hypertrophic cardiomyopathy, sarcoidosis, myocarditis, 
chronic renal failure and toxic cardiomyopathy. Interstitial fibrosis is a diffuse process, which affects the myocardium 
and can be reactive and infiltrative. Reactive fibrosis manifests in a number of diseases, including hypertension and age-
related increase in fibrous deposition. Infiltrative fibrosis is relatively rare and is caused by progressive interstitial 
deposition of insoluble proteins in amyloidosis or glycosphingolipids in Anderson-Fabry disease [6]. 

Both types of fibrosis, interstitial and infiltrative, can lead to apoptosis of cardiomyocytes and development of 
connective tissue deposition. Regardless of the type, myocardial fibrosis is a complex process leading to changes in 
quantity and composition of ECM. 

The change in ECM is a key point in the remodeling of the heart in response to the disease process. Disruption of the 
reticular structure of the ECM alters the connection between myocardial cells and blood vessels, thereby disrupting the 
structure and function of the heart muscle. On the other hand, increased production and accumulation of structural 
proteins in the ECM or development of fibrosis leads to increased myocardial stiffness, thus compromising its 
contraction and relaxation. Collagen overproduction and subsequent fibrosis is a clear cause of increased myocardial 
stiffness, resulting in systolic and diastolic dysfunction. 

2. Collagen in the ECM 

Type I and III collagen fibrils are the predominant part of the ECM of the heart. They are synthesized as procollagen, 
which is converted to a mature collagen molecule by cleavage of a propeptide region through procollagen peptidase. 

Grouping and twisting of mature collagen molecules gives rise to collagen fibrils and subsequently fibers. During 
physiological metabolism in the ECM or in pathological remodeling processes, collagen fibers undergo degradation by 
cleavage of the telopeptide from the amino-terminal or carboxy-terminal end of the collagen molecule. Propeptides from 
the carboxy-terminal or amino-terminal region of type I collagen (PICP, PINP) and those from type III collagen (PIIICP, 
PIIINP) are released into the bloodstream in proportional amounts and are biomarkers for collagen synthesis. On the 
other hand, the carboxy-terminal or amino-terminal telopeptide region of type I collagen (CITP, NITP) and type III 
(CIIITP, NIIITP) are produced and are biomarkers for its degradation. 

The types of collagen that are present in myocardial tissue in greater quantities are type I and III [7]. Type I has low 
specificity, but represents the majority of cardiac collagen (85%), providing tensile strength and resistance to tension 
and deformation. Type III is less represented, but much more specific to the heart and provides elasticity. 

Collagen fibrils in the myocardium are a substrate for matrix metalproteinases (MMPs), with MMP-1 having the highest 
affinity and degrading mainly type I and III collagen. Metalproteinase activity depends on the relative concentration of 
the active enzyme and presence of a tissue inhibitor of MMPs called TIMPs. These two enzymes are simultaneously 
present in cardiac fibroblasts, and their fine regulation is the basis for maintaining the architecture of ECM [8]. Changes 
in ECM balance can lead to cardiac fibrosis. Fibrosis, in its turn, is crucial for the development of diastolic dysfunction, 
impaired pumping capacity and may be a structural substrate for arrhythmogenicity, development and progression of 
congestive heart failure (HF) and sudden death. Proliferation and phenotypic transformation of fibroblasts is associated 
with a change in MMPs expression and is a major process in ventricular remodeling in the pathophysiology of 
hypertension, myocardial infarction and HF. 

As already mentioned, procollagen type I propeptide (PICP), amino-terminal propeptide type I procollagen (PINP) and 
N terminal type III collagen peptide (PIIINP) are released in proportional amounts in the synthesis of collagen types I 
and III and can be used as serum markers for these processes. 

Studying these biomarkers in patients with heart diseases may elucidate the process of ECM remodeling in various 
pathological conditions in the myocardium [9]. 
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3. Role of CTGF and TGF-β in the manifestation of cardiac fibrosis 

CTGF, also known as CCN2, is one of the best-studied members of the CCN family, which are regulatory proteins of the 
ECM [10]. The acronym CCN stands for the first three proteins found in this family: Cysteine rich angiogenic inducer 61 
(CYR61), CTGF and Nephroblastoma overexpressed protein (NOV). 

CTGF is normally expressed in minimal amounts, but its concentration increases dramatically in profibrous conditions 
[11]. 

It has been shown in cell culture studies, that CTGF regulates multiple processes leading to fibrogenesis and cell 
proliferation. This occurs with participation of TGF-β and affects various cells involved in fibrogenesis, such as 
mesenchymal stem cells, glomerular podocytes, mesangial cells, lung type II alveolar cells, vascular smooth muscle cells, 
endothelial cells, cardiomyocytes, fibroblasts and others. During embryogenesis, CTGF is expressed in larger amounts, 
participating in the development of the kidneys, cardiovascular system and skeleton. In adults, its expression is minimal, 
and at transcriptional level is induced by stimuli such as growth factors, cytokines, hormones, mitogens, ultraviolet light, 
hypoxia and mechanical stress [12]. 

Correlation studies with pathologically altered human cells also show a strong connection between CTGF and TGF-β 
and a number of diseases including diabetic nephropathy, pulmonary fibrosis, liver fibrosis, atherosclerosis, congestive 
heart failure, pancreatitis and some forms of malignancies. 

TGF-β is a major regulator of tissue growth, regeneration, remodeling and fibrosis [13]. This is associated with close 
interaction with CTGF, as well as stimulation of processes in the ECM such as proliferation of fibroblasts, osteoblasts 
and astrocytes and fibrosis in healing processes. 

Cardiac fibrosis is most common in the presence of hypertensive heart disease and diabetes mellitus. It is a process that 
affects a large percentage of cardiovascular patients, and at the same time, there are no major therapeutic options at the 
moment. CTGF is expressed in cardiac fibroblasts and in cardiomyocytes, and this process is enhanced by TGF-β. This 
leads to increased synthesis of ECM components such as fibronectin, collagen type I and III. These changes have been 
established in animal models with a history of myocardial infarction, and these growth factors are found in high 
quantities in the connective tissue replacing the necrotic area [14,15]. 

4. High cardiovascular risk profile and cardiac fibrosis 

Оver weight is associated with major cardiovascular risk factors such as diabetes mellitus, hypertension and 
dyslipidemia. A number of studies have found a connection between obesity and increased cardiac fibrosis. Overweight 
is associated not only with development of metabolic risk factors for atherosclerosis, but is also strongly associated with 
left ventricular hypertrophy, HF, atrial fibrillation (AF) and stroke. Changes in the levels of procollagen type III, 
metalproteinases and their tissue inhibitors have been established, and these changes correlate with manifestation of 
diastolic dysfunction [16]. Increased interstitial fibrosis in the atrial myocardium has also been found in experimental 
animal models with obesity. These structural changes are associated with changes in the conductive properties of the 
LА myocardium, which increases the risk of developing arrhythmias. This coincides with data from epidemiological 
studies, where obesity is an established risk factor for manifestation of AF [17]. 

Increased body weight is associated with increased myocardial oxygen consumption, increased myocardial fatty acid 
metabolism, and decreased efficiency of myocardial contraction [18,19]. There is evidence to suggest a strong link 
between obesity, development of diastolic dysfunction, left ventricular hypertrophy and left atrial strain. On the one 
hand, this is due to increased minute volume, increased peripheral vascular resistance and development of left 
ventricular hypertrophy. Elevated concentrations of free fatty acids in obese patients have a cardiotoxic effect, which is 
also related to the development of LV hypertrophy. 

Obesity has been shown to increase TGF-β activity [20]. It has three isoforms, the most important being type 1, which 
is known to be expressed in human adipose tissue and its levels correlate with BMI. 

TGF-β overexpression is associated with isolated atrial fibrosis, myocardial heterogeneity, and increased AF 
manifestation in transgenic mice [21]. TGF-β and CTGF induce the transformation of fibroblasts into myofibroblasts. 
This induces extracellular gene expression for increased collagen synthesis and at the same time inhibits gene 
expression for MMPs. 
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Changes in cardiac tissue composition have been observed in patients with left ventricular hypertrophy in hypertension 
and heart failure and lead to structural remodeling of the myocardium [22]. One of these changes is imbalance between 
the synthesis and degradation of type I and III collagen, leading to increased myocardial collagen content. Myocardial 
fibrosis is a consequence of a number of pathological processes mediated by mechanical, neurohormonal and cytokine 
pathophysiological processes. The clinical significance of fibrosis is that it can lead to HF and other complications in 
patients with hypertensive heart disease.  

Nakahara et al. found that serum PIIINP concentrations significantly correlated with relative wall thickness (RWT) in 
hypertensive patients with overt left ventricular hypertrophy [23]. Interestingly, although the subgroups with eccentric 
and concentric hypertrophy did not show differences in LVMI and BNP, the serum concentration of PIIINP was 
significantly higher in those with concentric hypertrophy. The authors then suggested that aldosterone, whose 
concentration in blood is associated with that of PIIINP, could lead to the development of eccentric hypertrophy by 
increasing cardiac fibrosis. 

Presence of HF in hypertensive patients has been associated with manifestation of diastolic LV dysfunction, caused by 
changes in myocardial relaxation and stiffness as a result of collagen accumulation [24]. Also, deposition of collagen 
fibrils in the perivascular areas can lead to reduced vasodilatory capacity of intramyocardial vessels, and hence to 
reduction of the coronary reserve in the hypertensive heart. Determination of serum levels of markers for the 
metabolism of type I and III collagen provides indirect information on the extent and ability of antihypertensive 
treatment to affect myocardial fibrosis. Echocardiography showed a significant association between PIIINP serum levels 
and decreased longitudinal strain. 

As early as 2005, a team of researchers conducted a study in 239 patients with chronic HF, 64 patients with hypertension 
and diabetes mellitus and compared them with 92 healthy volunteers [25]. Results showed that the markers for collagen 
synthesis were increased in chronic HF patients, while those for its degradation were reduced. This resulted in 
subsequent cardiac fibrosis and unfavorable outcome. They also found that changes in collagen metabolism may occur 
early in high-risk patients, before the clinical manifestation of HF symptoms. 

Lofsjogard et al examined the relationship between metabolism biomarkers of type I collagen and clinical symptoms, 
LV size, systolic and diastolic function, BNP and the manifestation of asynchrony in patients with congestive HF [26]. 
They found that higher PICP levels were associated with higher BNP levels, greater LV end-diastolic diameter (LVEDd), 
shorter isovolumetric relaxation time (IVRT), and also a tendency toward more pronounced ventricular asynchrony. 

They also found that in higher CITP levels, there were elevated BNP levels, increase in the septal E/e’s ratio, and a wider 
QRS complex. 

This proves once again that PICP and CITP levels reflect type I collagen metabolism [27]. The association of these 
biomarkers with BNP, diastolic function, and LV sizes demonstrates the role of collagen metabolism in the 
pathophysiology of HF. 

Myocardial fibrosis accompanies chronic HF, but its manifestation depends on the etiology of the cardiac dysfunction. 
It can manifest by prolongation of the QRS complex, frequent ventricular ectopia and ventricular tachyarrhythmias [28]. 

When fibrosis diffusely affects the heart muscle, it leads to impaired contractility. The degree of myocardial involvement 
can be assessed by MRI, endomyocardial biopsy, and study of collagen synthesis and degradation serum markers. 
According to a study conducted by Lopez et al, serum PICP levels correlated with total collagen volume in HF patients 
in hypertensive heart disease, but not in ischemic disease and idiopathic cardiomyopathy (ICM) [29]. However, PIIINP 
levels correlated with type III collagen fraction in patients with overt CH in ICD and ICM. Significant disadvantage of 
both biomarkers is their low specificity. Liver and lung fibrosis, as pathological manifestations of various diseases, can 
lead to similar increase in these markers. 

It is an indisputable fact that fibrous content in tissues and ECM in particular increases with age. 

Currently available data indicate that there is an increased expression of CTGF with age, which may be associated with 
ECM remodeling with aging [30]. This in turn is associated with a number of pathological changes in the blood vessels 
such as atherosclerosis, aortic dissection, cerebral microhemorrhages and others. 

Diabetes mellitus is another disease that is associated with increased cardiovascular risk profile, increased ischemic 
disease and heart failure manifestation. This leads to reduced survival and impaired quality of life in affected patients. 
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Several studies have shown that HF incidence is significantly higher in female patients with diabetes mellitus (DM) [31]. 
Men with DM are twice as likely to develop HF compared to men without DM, and women with DM have a fivefold 
increase in that risk. Recently, many studies have focused on the mechanism of development of structural changes in 
the heart muscle in patients with diabetic cardiomyopathy (DCM) [32]. 

There is evidence that DCM develops as a result of a number of complex pathophysiological processes, based on chronic 
hyperglycemia and concomitant hyperlipidemia. This is followed by increased oxidative stress, metabolic disorders, 
remodeling of the extracellular matrix and cardiac fibrosis. Late manifestations of DCM include changes in cardiac 
function such as left ventricular hypertrophy, diastolic dysfunction, systolic dysfunction including terminal HF, and 
death. 

This indicates that cardiac fibrosis plays a key role in the pathogenesis of DCM [33]. TGF-β has also been found to be 
one of the mediator molecules involved in the progression of fibrosis by activating intracellular signaling pathways. 

Left ventricular hypertrophy is known to be a structural remodeling of the myocardium and is an important marker for 
cardiovascular disease [34]. An echocardiographic-based study showed that 26% of normotensive diabetics have 
elevated left ventricular muscle mass index. This suggests that diabetes provokes left ventricular hypertrophy, 
regardless of concomitant hypertension and ischemic disease. Diastolic dysfunction is another manifestation of DCM, 
developing in 40% of patients [35]. TGF-β is one of the most studied mediators. In animal models and in type 1 and 2 
diabetes, increased expression of TGF-β has been observed, which is associated with cardiac fibrosis [36]. Also, its 
inhibition can reduce fibrotic changes in the myocardium, which has been proven in animal experiments [37]. This 
raises the question of new therapeutic strategies to respond to fibrotic changes associated with a number of chronic 
diseases.  

5. Conclusion 

At first, increased cardiac fibrosis has a protective effect. Persistence of provoking factors, however, leads to negative 
effects on cardiac function, which over time progresses to manifestation of systolic and diastolic heart failure. Left 
ventricular hypertrophy also develops as an adaptive mechanism in athletes and during pregnancy. It reverses when 
the provocative situation subsides and does not progress to heart failure. Persistent left ventricular stress in existing 
heart disease leads to pathological left ventricular hypertrophy, which is associated with impaired cardiomyocyte 
function, apoptosis, and cell death. 

At present, the gold standard in diagnosis and quantification of interstitial collagen content is endomyocardial biopsy. 
There are also a number of non-invasive methods for identifying fibrous tissue. MRI with gadolinium-based contrast 
agents is most commonly used to determine LV volume and mass, as well as to assess myocardial fibrous involvement. 
However, this is an expensive methodology that requires specialized equipment as well as highly qualified personnel to 
analyze the data. 

The scientific community is faced with the question of which biomarkers to use to identify the early stages of 
development of cardiac fibrosis, as well as how to assess the degree of progression of this pathological process. A key 
point in the recovery response after heart damage is activation of fibroblasts, which is aimed at preserving the structure 
and function of the heart. Progress in deciphering these processes needs to be directed in several directions. A study of 
fibroblasts in physiological and pathological conditions is necessary. We should also establish to what extent fibroblast 
activation leads to cardiac dysfunction, arrhythmogenesis and other adverse effects. From the wide range of studied 
molecules, determination of collagen synthesis markers such as PIIINP and PICP is now routine. Emphasis is also placed 
on a number of signaling molecules involved in the initiation and progression of cardiac fibrosis such as CTGF, TGF-beta 
1, fibronectin, endothelin 1 (ET-1), IL-1 and others. 

Development of fibrous response is associated with various predisposing factors; therefore, it is necessary to develop a 
strategy to identify those patients who react with ECM overproduction. 

Thus, it will be possible to focus on the impact of different signaling pathways in order to modulate the profibrotic state.  
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