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Valorization 

Relevance 

Heart failure remains one of the major public health problems with increasing 
morbidity and mortality worldwide. More than 20 million people currently suffer 
from heart failure and this prevalence steeply increases with age.1,2 According to 
the American Heart Association (AHA) 1 out of 5 adults at the age of 40 and 
above will likely to develop heart failure in their life time.3 Although current heart 
failure medication can ameliorate signs and symptoms, mortality rate 5 years 
after diagnosis has been reported to be as high as 45-60%4,5 and survival rate is 
lower than some of the most common forms of cancer.6,7 These reports are 
clearly pointing to the need for developing novel therapeutic strategies for the 
treatment of heart failure. 
In the European Society of Cardiology (ESC) guidelines (2016), heart failure is 
defined as ‘a clinical syndrome caused by structural and/or functional 
abnormality, resulting in a reduced cardiac output and/or elevated intracardiac 
pressures at rest or during stress.8 Being a complex syndrome, the etiology of 
heart failure is highly diversified and patients may develop various pathologies. 
As summarized in Chapter 2, both genetic factors and epigenetic mechanisms 
can significantly contribute to the development and progression of heart failure.9 
Thus, a better understanding of these underlying mechanisms hold great 
significance in successfully developing effective therapies for heart failure 
patients.  

Target groups 

Scientific community  

Among epigenetical mechanisms, microRNAs (miRNAs) have drawn great 
attention for their ability to regulate gene expression and thereby to be involved 
in various human diseases including heart failure.10,11 miRNAs exert their 
regulatory function by disturbing protein production after binding to target 
mRNAs and in that way, they are able to influence different cellular processes.12 
To date, numerous miRNAs have been identified as regulators of pathological 
remodeling processes leading to heart failure including hypertrophy, fibrosis, 
apoptosis and angiogenesis.13,14 Previously, microRNA-199b (miR-199b), a 
miRNA associated with cardiac hypertrophy, has been established by our group 
as a promising therapeutic target using an animal model mimicking human aortic 
stenosis.15 However, differential expression patterns of miRNAs depending on 
the etiology of heart failure (ischemic, aortic stenosis and/or idiopathic) have 
been reported.16 In this regard, further analysis of miR-199b has been performed 
in this thesis using different animal models consisting of myocardial infarction 
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(Chapter 5) and right ventricular failure (Chapter 4). In accordance with our 
previous data, targeting miR-199b in an animal model of myocardial infarction 
was also shown to be beneficial, even though our molecular studies suggested 
that miR-199b carried out its function in this animal model via a different 
molecular pathway. Thereby, the findings reported in this thesis are of great 
importance for the scientific community, indicating that comprehensive studies 
into the distinct subtypes of heart failure are required to determine therapeutic 
significance of a molecule before extrapolating preclinical data to clinical 
application.  

Biotechnology and pharmaceutical industry  

What makes miRNAs valuable therapeutic targets for the treatment of heart 
failure is the feasibility to modulate miRNA expression levels in living organisms 
such as animals and humans. While microRNA mimics, synthetic double 
stranded RNA molecules, confer the ability to supplement microRNA function,17 
antimiRs which are chemically modified single stranded small oligonucleotides, 
can block the function of targeted miRNA by direct binding.18  
Preclinical investigation has provided invaluable information not only on the 
therapeutic efficacy of these new generation drugs in diseased animals but also 
on their limitations.19 Several antimiRs have been generated by using diverse 
chemical modifications in order to improve specific properties such as cellular 
uptake, stability, inhibitory capacity and thereby, to enhance their efficacy for in 
vivo applications. In Chapter 6, we have compared features of four promising 
antimiRs (against miR-199b), carrying distinct chemical moieties. The efficacy of 
these inhibitors was determined by analyzing expression of miR-199b levels 
after treatment with antimiRs compared to control treated animals. As a result, 
two of these antimiRs namely antagomir and locked nucleic acid (LNA) revealed 
similar effects on the miR-199b expression levels in the heart while Zen-AMO 
and FMOE were unable to inhibit miR-199b in any organ examined suggesting 
the difficulty to optimally develop such compounds with robust activity. In 
addition, antagomir and LNA manifested inhibitory capacity in other organs such 
as liver, lung and kidney besides heart, demonstrating organ aspecificity.  Since 
most of the miRNAs identified to play a role in heart failure are not tissue 
specific, organ specific delivery of antimiR drugs is an important issue to 
overcome before clinical use considering the possible occurrence of unwanted 
side effects in patients. In a large animal model of heart failure this issue has 
been resolved by application of an antimiR with a catheter, which enables 
regional delivery.20 Even more, the stronger therapeutic effect was achieved 
after local delivery when compared to systemic injection.20 This approach is 
highly feasible in the clinic since patients suffering from myocardial infarction are 
undergoing this procedure for acute treatment.  
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Herewith, the comprehensive overview in Chapter 3 together with experimental 
findings in Chapter 6 provides substantial information to pharmaceutical and 
biotechnology companies developing and manufacturing antisense RNA 
therapeutics.  

Patients and society  

Increasing prevalence and incidence with poor prognosis of heart failure 
contribute to high cost to patients, society and health care system. Moreover, 
heart failure is a long-term condition that deteriorates slowly over time. Current 
treatment strategies involving multiple medications and changes in life style only 
aim to improve symptoms and quality of patients’ daily life. Therefore, a more 
innovative and effective treatment approach for heart failure is necessary to 
reduce this burden from patients and society. For instance, as demonstrated by 
animal studies, antimiRs have stable inhibitory effect on miRNA function for 
months21 and that can greatly decrease the need to apply medication (in this 
case antimiRs) at high frequency for chronic diseases such as heart failure. 
Thus, heart failure patients can benefit greatly from this advantage since they 
receive lifelong treatment with multiple drugs at changing frequencies. Although 
our approach is not yet applied in the clinic, we provide relevant findings to be 
used for future drug developments.  

Innovation and implementation 

In the past years, miRNAs have drawn considerable attention as key molecular 
players in development of various diseases. Their involvement in key signaling 
pathways and feasibility of miRNA modulation in vivo makes them invaluable 
therapeutic targets. There has been a rapid progress of miRNA based drug 
development by virtue of their therapeutic potential. Currently, TargomiRs 
containing miR-16 based mimic (NCT02369198) are under investigation in 
phase I clinical trials for their safety and efficiency in patients with different forms 
of cancer. Furthermore, phase I and IIa clinical trials for miRNA-122 anti-miRNA 
oligonucleotide (miravirsen) in chronic hepatitis C patients have been completed 
with successful outcome.22 Although there are no current clinical investigations 
with miRNA based drugs for the treatment of heart failure, the application of 
antimiR oligonucleotides or miRNA mimics in heart failure animal models have 
been carried out by numerous groups as extensively discussed in Chapter 3.  
 
In this thesis, we further characterized ‘miR-199b’ and analyzed its function and 
therapeutic value in different etiologies of heart failure. Further investigation in 
large animal models of heart failure is obviously required to corroborate the 
clinical value of miR-199b before testing in patients. In addition, we have 
experimentally demonstrated the possibility to modulate amount of miRNAs in 
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the heart of small animals but also challenges of developing antisense RNA 
therapeutics against miRNAs and we extensively discussed literature presenting 
future directions for their improvement in the context of human heart failure. All 
in all, scientific findings from this thesis can be valorized as being a basis for the 
development of an innovative therapy against heart failure. 
 



 Valorization 155 

 

8

References 

1. Roger VL. Epidemiology of heart failure. Circ Res 2013;113(6):646-59. 
2. 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(4):e38-360. 

3. Curtis LH, Whellan DJ, Hammill BG, Hernandez AF, Anstrom KJ, Shea AM, et al. Incidence and 
prevalence of heart failure in elderly persons, 1994-2003. Arch Intern Med 2008;168(4):418-24. 

4. Ho KK, Anderson KM, Kannel WB, Grossman W, Levy D. Survival after the onset of congestive 
heart failure in Framingham Heart Study subjects. Circulation 1993;88(1):107-15. 

5. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart failure. Nat Rev 
Cardiol 2011;8(1):30-41. 

6. Stewart S, MacIntyre K, Hole DJ, Capewell S, McMurray JJ. More 'malignant' than cancer? 
Five-year survival following a first admission for heart failure. Eur J Heart Fail 2001;3(3):315-22. 

7. Stewart S, Ekman I, Ekman T, Oden A, Rosengren A. Population impact of heart failure and the 
most common forms of cancer: a study of 1 162 309 hospital cases in Sweden (1988 to 2004). 
Circ Cardiovasc Qual Outcomes 2010;3(6):573-80. 

8. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, 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 J Heart Fail 2016;18(8):891-975. 

9. Duygu B, Poels EM, da Costa Martins PA. Genetics and epigenetics of arrhythmia and heart 
failure. Front Genet 2013;4:219. 

10. Vegter EL, van der Meer P, de Windt LJ, Pinto YM, Voors AA. MicroRNAs in heart failure: from 
biomarker to target for therapy. Eur J Heart Fail 2016;18(5):457-68. 

11. Wong LL, Wang J, Liew OW, Richards AM, Chen YT. MicroRNA and Heart Failure. Int J Mol 
Sci 2016;17(4):502. 

12. Wahid F, Shehzad A, Khan T, Kim YY. MicroRNAs: synthesis, mechanism, function, and recent 
clinical trials. Biochim Biophys Acta 2010;1803(11):1231-43. 

13. Wang J, Liew OW, Richards AM, Chen YT. Overview of MicroRNAs in Cardiac Hypertrophy, 
Fibrosis, and Apoptosis. Int J Mol Sci 2016;17(5). 

14. Suarez Y, Sessa WC. MicroRNAs as novel regulators of angiogenesis. Circ Res 2009;104(4): 
442-54. 

15. da Costa Martins PA, Salic K, Gladka MM, Armand AS, Leptidis S, el Azzouzi H, et al. 
MicroRNA-199b targets the nuclear kinase Dyrk1a in an auto-amplification loop promoting 
calcineurin/NFAT signalling. Nat Cell Biol 2010;12(12):1220-7. 

16. Ikeda S, Kong SW, Lu J, Bisping E, Zhang H, Allen PD, et al. Altered microRNA expression in 
human heart disease. Physiol Genomics 2007;31(3):367-73. 

17. Wang Z. The guideline of the design and validation of MiRNA mimics. Methods Mol Biol 2011; 
676:211-23. 

18. Stenvang J, Petri A, Lindow M, Obad S, Kauppinen S. Inhibition of microRNA function by 
antimiR oligonucleotides. Silence 2012;3(1):1. 

19. Duygu B, de Windt LJ, da Costa Martins PA. Targeting microRNAs in heart failure. Trends 
Cardiovasc Med 2016;26(2):99-110. 

20. Hinkel R, Penzkofer D, Zuhlke S, Fischer A, Husada W, Xu QF, et al. Inhibition of microRNA-
92a protects against ischemia/reperfusion injury in a large-animal model. Circulation 2013; 
128(10):1066-75. 

21. Montgomery RL, Hullinger TG, Semus HM, Dickinson BA, Seto AG, Lynch JM, et al. 
Therapeutic inhibition of miR-208a improves cardiac function and survival during heart failure. 
Circulation 2011;124(14):1537-47. 

22. Janssen HL, Reesink HW, Lawitz EJ, Zeuzem S, Rodriguez-Torres M, Patel K, et al. Treatment 
of HCV infection by targeting microRNA. N Engl J Med 2013;368(18):1685-94. 

 




