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Valorization 

SOCIETAL RELEVANCE 

Cardiovascular diseases (CVD) are today the most common cause of death worldwide1 and 

almost everyone has experienced neighbors, friends, or relatives dying from heart attack, 

stroke, or heart failure. The burden of CVD lies especially in the suffering of the patients and 

the grief of the relatives, but objectively speaking also in major health care costs, amounting 

to more than 100 billion euros in the EU in 20092. Several cardiovascular diseases, most 

importantly ischemic heart disease, hypertension, and inherited or acquired 

cardiomyopathies ultimately result in heart failure (HF), a disabling condition in which the 

heart cannot maintain sufficient blood flow through the circulation. The consequences for 

the patient begin with shortness of breath during physical activity and progress into 

complaints at rest, the inability to walk, and eventually death. Standard treatment of heart 

failure currently relies on reducing the hemodynamic strain on the heart and to improve 

muscle contraction. However, the prognosis for HF patients is very poor with reported 

5-year mortality ranging from 40% to 65%3,4. A better option than treating HF would be to 

prevent the progression of the underlying disease but our knowledge about the determining 

molecular mechanisms are limited. The aim of this thesis was to contribute to a better 

understanding of the molecular features of HF and its development due to cardiac pressure 

overload or viral myocarditis.  

TARGET GROUPS 

The focus of this thesis is on HF as consequence of pressure overload or viral infection. In 

2014, the global prevalence of hypertension was 20-25%5, and the incidence of myocarditis 

is estimated to be up to 12%6. These numbers indicate that a large fraction of the general 

population may at some point suffer from HF and underlines the importance of basic 

research in this field. The ultimate target groups of this thesis are therefore patients with 

hypertensive heart disease or myocarditis that are at risk of developing HF. Above that, the 

findings may be transferrable to HF of different origin in which similar mechanisms are 

activated in the same cell types. 

INNOVATION, PRODUCTS, AND IMPLEMENTATION 

This thesis presents data from basic research, which only in rare cases results in directly 

applicable findings. However, the acquired knowledge will directly contribute to the 

expertise of the researchers involved, allowing them to further advance our understanding 

of the molecular mechanisms of HF. In addition, the resulting publications will enable 

scientists world-wide to build on the research presented in this thesis. The long-term societal 

value of basic research is often difficult to predict but in the following I will try a brief 

prognosis on how our finding may be helpful in the future. 
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The improvement of diagnostic tools and treatment options for HF will depend on a 

comprehensive knowledge of the cellular and molecular disease mechanisms. This thesis 

contributes to a better understanding by describing the role of three different non-coding 

RNAs in HF: 

 1) Cyclic adenosine monophosphate (cAMP)-signaling is deregulated in HF and inhibition 

of cAMP-degrading phosphodiesterases (PDEs) was thought to strengthen the failing heart. 

On the long run, however, the side-effects of PDE inhibition overshadowed the benefits7. 

MiR-139 may constitute an innovative target to improve cardiac contractility by specifically 

regulating certain PDE isoforms and thereby fine-tuning subcellular cAMP 

compartmentalization with reduced side-effects (chapter 2). 

 2) The miR-221/222 family is a fine-tuner of fibroblast function and may allow for 

adjusting the level of fibrosis in the myocardium (chapter 3). This is important because 

connective tissue is critical to stabilize wounds, for example after myocardial infarction, but 

is also involved in arrhythmogenesis and myocardial stiffening in HF8. Inhibition or activation 

of the miR-221/222 family as fine-tuner of fibroblast function could therefore be beneficial 

for stabilizing infarcted myocardium or preventing excessive scarring of hypertrophic hearts, 

respectively. 

 3) Infection with enteroviruses, such as CVB3, only induces mild symptoms in the vast 

majority of people but in some cases leads to massive inflammation of the heart that can 

progress to dilated cardiomyopathy and heart failure. A better knowledge of the molecular 

determinants of VM could help to explain this discrepancy and to develop better diagnostic 

tools and treatments. Malat1-associated small cytoplasmic RNA (mascRNA) is the first 

reported lncRNA-derived regulator of VM and therefore an innovative target with possibly 

broad applicability in viral diseases (chapter 6). 

Future steps will have to confirm the findings from this thesis in larger animal models and 

human tissue samples. After successful translation, the named non-coding RNAs can be 

defined as possible targets for pharmaceutic research companies. Above that, further 

research into molecular pathways related to these candidates may uncover additional 

pharmaceutical target RNAs and proteins. Currently, there are several companies working on 

RNA-based therapeutics and the first drugs targeting microRNAs are in clinical trials9,10. 

It remains to be seen how the findings from this thesis can be utilized for the development 

of applicable drugs. 
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