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Abstract: In the cardiac remodelling game, the casting is represented by certain players in form of 

four mesenchymal cells: one main player, represented by the fibroblast /and three secondary players, 

represented by the endothelial cell, vascular smooth muscle cell and the cardiac stem cell. The 

fibroblast plays a role in recruiting inflammatory cells (PMN, macrophages) in the primary secretory 

phase and another role in extracellular matrix remodelling in the secondary proliferative phase. 

Myofibroblasts are mesenchymal cells that, due to their phenotype, are often described as a bridge 

between fibroblasts and smooth muscle. The endothelial cells and vascular smooth muscle cells are 

involved in vascular remodelling, while the cardiac stem cells are involved in cardiogenesis, but at a 

slow rate. Last, but not least, there are transient players, in the very first moments of the game, 

represented by the inflammatory cells (PMN, macrophages), which clean the injured (necrobiotic) 

area, paving the way for the myofibroblast to cardiac remodelling. Ischemic lesions, as well as cardiac 

tumours produce a large variety of symptoms and changes in extracellular matrix composition.  
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1. Introduction 
Cardiovascular diseases (CVD) represent the leading cause of mortality in the world.  With major 

social health global impact, they exceed any other diagnostic group. Heart failure (HF) resumes the 

common final manifestation of most CVD. HF represents the hospitals' discharge leading diagnosis. 

Most patients associate other risk factor as well as dyslipidemia, diabetes and smoking, with 

hypertension and diabetes predominating in women and smoking more frequent in men [1].  

Normal cardiac activity consists of a dynamic interaction between all cellular elements, both 

myocyte and non-myocyte cells [2, 3]. Developing new treatments for CVD represents a novel 

challenge. It should start with a better understanding of the pathophysiology of hypoxic tissue damage, 

focusing on remodelling in organization and composition of the extracellular matrix (ECM), including 

fibroblasts, with conversion to myofibroblasts and cardiac stem cells. The aim of this review is an up 

to date characterisation of ECM composition and interactions between different cell types in cardiac 

ischemic lesions, which may provide new therapeutic targets for its treatment.  

 

2. Materials and methods 
We performed a narrative review by searching scientific databases (Pubmed, Scopus, Web of 

Science and EMBASE), between 1987 and 2020, regarding the composition of ECM and interactions 

between different cell types in cardiac ischemic lesions. Two author (ZC, BS) independently did the 

search job and data were analyzed by the other authors.  
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The used key words were "extracellular matrix", "mesenchymal cells", "fibroblast", "cardiac 

disease", "stem cells" and combinations of them, like "cardiac stem cells".  
 

3. Results and discussions 
The state of current knowledge  

3.1. The fibroblast / myofibroblast 

Cardiac collagen network organization is established shortly after birth and this cardiac ECM is 

maintained in normal adult heart. The main cellular constituents of the cardiac tissue include 30% 

myocytes and 70% non-myocytes [4, 5]. The space between cardiac myocytes, known as the cardiac 

ECM, is a dynamic microenvironment with multiple cell types, consisting of cardiac fibroblasts, 

myofibroblasts, endothelial cells, vascular smooth muscle cells, inflammatory cells and stem cells 

(Figure 1), that interact with each other in a very complex manner [6]. As for fibroblasts, they have 

long been recognized as important stromal cells, playing a key role in synthesizing extracellular matrix 

molecules and expression of fibrillar collagen. Fibroblasts' main roles are synthesis and post-

translational modification.  

 

 
Figure 1. Different cell populations of the cardiac mesenchymal  

cro-environment and their functions 

 

Cardiac fibroblasts (CF) proved to be derived from different cell populations, the epicardium is 

viewed as the main origin (80%), followed by origin in endothelium/ endocardium, and neural crest 

[4]. In adult periods of ages, the proportion of fibroblasts are slightly higher [4]. Banerjee, studying the 

cell composition from different locations of the adult heart, observed that there was no significant 

difference  [4, 5].   

From the morphologically point of view, fibroblasts look flat, having a spindle shape, the main cell 

body emanating multiple extensions.Fibroblasts lack a basement membrane, this being a characteristic. 

Their Golgi apparatus is prominent, while rough endoplasmic reticulum is extensive [7]. They have an 

oval, speckled nucleus that typically has one or two nucleoli [7, 8]. In culture in vitro, fibroblasts 
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showed the ability to adhere to plastic cell culture plates. They can transmit electrical impulses 

between cardiomyocytes through intercellular gap junctions, leading to synchronized cardiomyocyte 

contractions [9]. The study of Masur SK, et al., 1996 [10] have demonstrated the phenotypic plasticity 

of fibroblasts cultured in vitro at low density. Cardiac regeneration, that is, restoration of the original 

structure and function in a damaged heart, differs from tissue repair, which involves collagen 

deposition and scar formation [11]. A number of factors, including known cytokine and growth 

factors, such as Tumor Necrosis Factor-α (TNF-α), Interleukin (IL)-1, IL-10, chemokines, members of 

the Transforming Growth Factor-β (TGF-β) family, IL-11, and Platelet-Derived Growth Factors 

(PDGF) are secreted in the cardiac interstitium, bind to cell surface receptors in fibroblasts, such as 

cytokine receptors, integrins, syndecans and CD44, and activate the fibrotic response. PDGRFα is 

strongly expressed by fibroblasts, whereas high PDGFRβ expression is associated with pericytes [12]. 

Myofibroblasts are mesenchymal cells that are often considered as a bridge between fibroblasts and 

smooth muscle, because of their phenotype. Physiologically, under normal conditions, fibroblasts 

ensure extracellular matrix homeostasis. Myofibroblasts could not be detectable in the heart at any 

significant level, with the exception of heart valve leaflets [13, 14]. In response to various cardiac 

insults, such as myocardial infarction, pressure overload or ischemic injury, fibroblasts assume an 

activated phase. Myofibroblast phenotype express smooth muscle cell markers (smooth muscle actin) 

and contractile proteins and and will differentiate into myofibroblasts with an enhanced migratory and 

proliferative properties. 

The transformation fibroblasts to myofibroblasts is modulated by TGF-β1 [15]. Myofibroblasts are 

able to synthesize proteins of the extracellular matrix (fibroblasts have the same capacity, too). The 

isoform α of smooth muscle actin (α-SMA), which is myocyte-specific, becomes visible as stress 

fibres in cells. By these features, contractile force of the myofibroblasts is insured. 

 

3.2. Cardiac fibroblast / myofibroblast markers 

Several types of antibodies have been used to identify and characterize fibroblasts, but so far there 

is no specific marker for CF, due to the marked phenotypic heterogeneity identified both within the 

localization in various tissues and at the level of the heart lesions under different physiological 

conditions. One of these is Vimentin, an intermediate filament protein composing the cell 

cytoskeleton. Vimentin can be found in a number of different cell types like endothelial cells, some 

immune system cells and fibroblasts, confirming their mesenchymal origin [16]. 

Another marker, member of the S100 intracellular calcium binding proteins, is represented by 

fibroblast specific protein (FSP1), also known as SA100A4. It was originally used for fibroblasts, but 

lacks specificity and is also expressed by hematopoietic and vascular cells [17, 18]. Adult embryonic 

fibroblasts, which come from numerous tissues, express FAP. This marker has been also detected on 

scar fibroblasts [19].  

Another immunohystochemical marker for cardiac fibroblasts characterisation is Discoidin domain 

receptor 2 (DDR2) [20, 21]. DDR2 is a cell surface receptor that mediates many cellular functions, 

including growth, migration and differentiation. DDR2 was detected on only fibroblasts during heart 

development [22]. The epithelial and mesenchymal cells activated during epithelial-mesenchymal 

transformation as part of the development of atrioventricular valves also express DDR2 [23].  

 

3.3. Fibroblasts in ischemia 

Due to ischemic resistance, wide distribution in cardiac interstitial space, secretor and pro-

inflammatory properties, fibroblasts are considered sentinel cells during ischemia, triggering an 

inflammatory reaction. The main mediators of the extracellular remodelling are matrix 

metalloproteinases (MMPs) [24]. Immediately after an ischemic episode CF in the infarcted heart, 

fibroblasts develop a pro-inflammatory phenotype secreting cytokines and  chemokines  as IL-1, TNF-

ά, TGF-ß, oncostatin-M and they exhibit matrix-degrading properties enhancing MMP activity [24, 25, 

26]. The next level in cardiac repair is suppression of inflammation and beginning of a proliferative 
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phase. This is the time when fibroblasts become the main cell type in the infarcted myocardium and 

switch their secretory phenotype to a proliferative myofibroblast phenotype.  

It is of interest to adopt new strategies for the specific influence of pathological cardiac fibrosis in 

the healing process, but without disturbing the adaptive healing response. For this purpose, the 

molecular mechanisms that control fibroblast plasticity and myofibroblast activation must be well 

understood. There are three main transcriptional regulatory axes which regulate fibroblast plasticity in 

differentiated heart tissue. The three axes are represented by: 1. TGFβ / Smad signaling; 2.  Rho / 

myocardin-related transcription factor (MRTF) / serum response factor (SRF); 3. Calcineurin / 

transient receptor potential channel (TRP) / nuclear factor of activated T-Cell (NFAT) signaling [27] . 

 

3.4. The endothelial cells 

The endothelial cells line the inner wall of blood vessels and play an important role in the 

regulation of vascular tone, vascular permeability, and new vascular formation. They proliferate and 

play an important role in angiogenesis during ischemic heart disease, such as vascular thrombosis, 

infarction and fibrosis [28, 29]. Their therapeutic potential due to mesenchymal properties could be 

speculated in the sense of regeneration and repair of the damaged myocardial tissue [30].  

 

3.5. Vascular smooth muscle cells 

Vascular smooth muscle cells (VSMCs) represents a small cell population of ECM, which has the 

property of expressing phenotypic and functional plasticity in response to vascular injuries. At the 

same time with vascular injury, VSMCs change from the 'contractile' phenotype to the 'pro-

inflammatory' phenotype and production of pro-inflammatory mediators [31]. In recent years, many 

studies demonstrated that, during ischemic heart disease, VSMCs get activated for vascular wall repair, 

migrate and efficiently proliferate into the lesion. In the affected blood vessels and in pathological 

vascular remodelling, VSMCs become less differentiated at the pro-inflammatory signals.  

 

3.6. Inflammatory cells  

The fibroblasts play an important role in recruiting inflammatory cells (PMN, macrophages) in the 

primary secretory phase and another role in the cardiac ECM remodelling in the secondary 

proliferative phase. In ischemic cardiac disease, PMNs accumulate in the lesions within 24 h. PMN 

accumulation has been demonstrated by marked PMNs [32]. PMNs participate in infection elimination 

and removal of dead tissue. Cardiac inflammatory macrophages gather in myocardial infarction tissue, 

being derived from circulating monocytes. Macrophages are also involved in ischemic tissue 

remodelling, resolution of inflammation, and cardiac remodelling. In all these processes, inflammatory 

cells interact with fibroblasts, monocytes and endothelial cells.  

Monocyte chemoattractant protein-1 (MCP-1) is a pro-inflammatory chemokine up-regulated in 

failing myocardium, attracting circulating monocytes and macrophages into injured tissue [33, 34]. 

Myeloperoxidases derived from leucocytes is considered a cardiac ischemic biomarker [35]. MCP-1 

mediates in the myocardium a controlled secretion of collagens and MMPs by CFs and determines 

their transformation into a myofibroblast phenotype [36, 37], as well as increased apoptotic activity 

[38]. MCP-1 induces up-regulation of pro-inflammatory cytokine production, MMP secretion, and 

adhesion molecule expression on monocytes [39, 40, 41], thus it is increased both their presence into 

ischemic heart tissue [42], and their proinflammatory characteristics. Moreover, MCP-1 determines the 

recruitment signal from bone marrow of CD34+/CD45+ fibroblast precursors into the cardiac tissue. 

They grow the endogenous CF population and determine an increased fibrotic behaviour [43, 44].  

 

3.7. The endogenous cardiac stem cells 

The new dynamic considerations show that both cell death and cell restoration in the ischemic 

lesions of the heart are a part of organ homeostasis, but the rate of myocyte renewal remains very low. 

During recent years, the interest of researchers has been directed towards the identification and 
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characterization of many cardiac stem cells (CSCs) or resident cardiac progenitors, which are 

immature, but already committed cardiac cells. These cells can proliferate and mature into precursors 

expressing the stem cell surface marker c-kit in the adult heart [45].  

Activated CSCs are pluripotent. They are involved in regeneration of the myocardium. In normal 

myocardium they are quiescent and adopt a dormant state (retaining the regenerative capacity), but 

they become activated in stress conditions, particularly in cardiac ischemia. Some studies [46, 47] 

showed that they are in close contact with telocytes, which may play a role in their activation.  

CSCs concentrate in certain areas of cardiac tissue, such as the atrium or pericardium and form a 

heterogenic group of cells [48]. They express mesenchymal stem cell markers, like CD90 and CD105 

and extra-cellular markers, like: Sox-2, Nanog, Rex1 [46, 47, 49]. ]. CSCs are part of the bigger family 

of adult stem and mesenchymal cells, also present in the gut and other adult tissues [50, 51].  

CSCs also express markers of early cardiac differentiation such as platelet derived growth factor 

receptor-α and fetal liver kinase-1, which allowed their identification [52]. CSCs include together 

progenitor cells, mesenchymal and stromal cells. Culture of biopsies obtained by endo-myocardial 

percutaneous punctures form spherical clusters of cells, ‘cardiospheres’. These clusters could serve to 

harvest proliferative cells positive for progenitor cell-related antigens, or stromal and mesenchymal 

antigens, as well as other cellular populations with cardiac differentiation [53].  

 

4. Conclusions  
All myocardial cells are enmeshed within a dynamic network of ECM composed of many cell 

types, which not only serves a structural role and facilitates mechanical force transmission, but also 

interact dynamic to maintain the homeostasis and function of the heart, regulates cell phenotype and 

function.  

A better understanding of the cellular composition of ECM will improve the cardiac therapies, 

focusing on genetics and proteomic profile. Fibroblasts and myofibroblasts represent the sun and the 

moon of myocardial remodelling. While the fibroblast is assumed to regulate homeostatic ECM 

remodelling, myofibroblasts act in adverse myocardial remodelling during cardiovascular disease.  

It is not clear whether certain cellular precursors contribute only to fibroblast populations involved 

in specific pathologies (ischemic and reperfusion phenomena, infarction, cardiac overload), nor exactly 

what influences on fibroblastic remodelling have certain cells depending on their origin.  

Expansion of our knowledge on the structure, proteomic profile, and functional properties of matrix 

constituents will help us to find new therapeutic opportunities in all cardiac injuries. 
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