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The European Society of Cardiology defines heart failure as a complex clinical syndrome 

characterized by symptoms such as shortness of breath, persistent coughing or wheezing, 

ankle swelling, and fatigue, that may be accompanied by increased jugular venous pressure, 

pulmonary crackles, increased heart rate, and peripheral edema1. About half of the people who 

developed heart failure die within five years and heart-failure related medication, hospitalization, 

and medical costs consume almost 10% of total health expenditure in the USA, suggesting 

that heart failure is a substantial public health burden2,3. Based on the ejection fraction, this 

condition is classified into heart failure with preserved, mid-range, and reduced ejection 

fraction. Heart failure with preserved ejection fraction, previously named diastolic dysfunction, 

is more prevalent in older individuals, with accompanied risk factors such as obesity, diabetes, 

hypertension, or coronary artery diseases4. The pathologic basis of heart failure with preserved 

ejection fraction is left ventricular remodeling, especially abnormal left ventricular relaxation 

and an increased left ventricular myocardial stiffness. Regrettably, the treatment options for 

heart failure with preserved ejection fraction are limited today5. 

Usually, cardiac fibroblasts are responsible for the production of the extracellular matrix. 

The extracellular matrix forms the structural scaffold for cardiomyocytes, distributes mechanical 

forces throughout cardiac tissue, and mediates electronic conduction. The creation of the 

extracellular matrix is a continuous process of remodeling where older collagen is broken down, 

and new collagen is deposited6,7. However, as a reaction to injuries (e.g., ischemia, hypertension, 

degeneration, etc.), fibroblasts undergo a phenotypic transition to myofibroblasts. Activated 

myofibroblasts can redundantly express extracellular matrix-related genes to synthesize several 

types of collagens, including collagen I and III. An altered ratio of collagen type I to collagen 

type III is attributed to cardiac fibrosis8. Fibrotic scars of the cardiac muscle most commonly 

occur after myocardial infarction, but the excessive deposition of extracellular matrix culminates 

in several pathologies, such as reduced cardiac contractility, diastolic dysfunction, impaired 

coronary blood flow, and malignant arrhythmias. Altogether, these processes lead to a decrease 

in tissue compliance and impaired cardiac function, ultimately accelerating the progression of 

heart failure. As cardiac resident fibroblasts deposit extracellular matrix from the organogenesis, 

the gene expression profile and functions differ from the other fibroblasts. Recent publication 
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using genome-wide RNA sequencing and ribosome profiling 

analysis revealed that widespread transcriptional changes 

occur during the TGFβ-1 mediated myofibroblast activation9. 

However, the myofibroblasts in cardiac tissue display a 

substantial heterogeneity that can partially be explained by 

the different origins of the myofibroblasts10. In addition to 

fibroblasts of cardiac origin, bone marrow-derived, circulating 

monocyte-derived, and endothelium-derived myofibroblasts 

have been identified11-14. These results indicate the importance 

of further studies of the origin, activation, molecular pathway 

of the activated myofibroblasts.  The findings will allow us to 

disentangle the molecular mechanism of cardiac fibrosis, which 

may further lead to the discovery of the druggable targets.

References

1. Ponikowski P, Voors AA,  Anker SD,  Bueno H,  Cleland 
JGF, Coats AJS, et al. 2016 ESC Guidelines for the diagnosis 
and treatment of acute and chronic heart failure: The Task 
Force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology (ESC) 
Developed with the special contribution of the Heart 
Failure Association (HFA) of the ESC. Eur Heart J 2016;  37: 
2129-200.

2. Savarese G, Lund LH. Global public health burden of heart 
failure. Card Fail Rev 2017; 3: 7-11.

3. Mozaffarian D, Benjamin EJ,  Go AS,  Arnett DK,  Blaha 
MJ,  Cushman M, et al. Heart disease and stroke 
statistics-2016 update a report from the American Heart 
Association. Circulation 2016; 133: e38-48. doi: 10.1161/
CIR.0000000000000350.

4. Dunlay SM, Roger VL, Redfield MM. Epidemiology of heart 
failure with preserved ejection fraction. Nat Rev Cardiol 
2017; 14: 591-602. doi: 10.1038/nrcardio.2017.65. 

5. Zile MR, Baicu CF, Gaasch WH. Diastolic heart failure—
abnormalities in active relaxation and passive stiffness of 
the left ventricle. New Eng J Med 2004; 350: 1953-9.

6. Travers JG, Kamal FA, Robbins J, Yutzey KE, Blaxall BC. 
Cardiac fibrosis. Circulation 2016; 118: 1021-40.

7. Vasquez C, Benamer N, Morley GE. The cardiac fibroblast: 
functional and electrophysiological considerations in 
healthy and diseased hearts. Cardiovasc Pharmacol 2011; 
57: 380-8.

8. Hinderer S, Schenke-Layland K. Cardiac fibrosis–A short 
review of causes and therapeutic strategies. Adv Drug 
Deliv Rev 2019; S0169-409X(19)30061-4. doi: 10.1016/j.
addr.2019.05.011.

9. Chothani S, Schäfer S, Adami E, Viswanathan S, Widjaja 
AA,  Langley SR, et al. Widespread translational control 
of fibrosis in the human heart by RNA-binding proteins. 
Circulation 2019; 140: 937-51.

10. Krenning G, Zeisberg EM, Kalluri R. The origin of fibroblasts 
and mechanism of cardiac fibrosis. J Cell Physiol 2010; 
225: 631-7. doi: 10.1002/jcp.22322.

11. Fredj S, Bescond J, Louault C, Potreau D. Interactions 
between cardiac cells enhance cardiomyocyte hypertrophy 
and increase fibroblast proliferation. J Cell Physiol 2005; 
202: 891-9.

12. Van Amerongen M, Bou-Gharios G,  Popa E,  van Ark 
J, Petersen AH, van Dam GM, et al. Bone marrow‐derived 
myofibroblasts contribute functionally to scar formation 
after myocardial infarction. J Pathol 2008;  214: 377-86.

13. van Amerongen MJ, Harmsen MC, van Rooijen N, Petersen 
AH, van Luyn MJ. Macrophage depletion impairs wound 
healing and increases left ventricular remodeling after 
myocardial injury in mice. Am J Pathol 2007; 170: 818-29.

14. Zeisberg EM, Tarnavski O,  Zeisberg M,  Dorfman 
AL,  McMullen JR,  Gustafsson E, et al. Endothelial-to-
mesenchymal transition contributes to cardiac fibrosis. Nat 
Med 2007; 13: 952-61. DOI: 10.1038/nm1613.


