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1
BACkgRouND

RNA silencing

When Fire et al.1 reported in 1998 the discovery of a powerful RNA-based mechanism 
that silences genes in a sequence-specific manner, an exciting new area of research on 
the world of noncoding RNAs began. The discovery of RNA silencing, more specifically 
termed RNA interference (RNAi), revealed a novel, evolutionarily conserved mechanism 
of gene regulation in a variety of organisms. Gene silencing triggered by either endog-
enously expressed microRNAs (miRNAs) or exogenously derived double stranded RNAs 
(dsRNAs) act in a broad range of eukaryotic species to regulate endogenous genes and 
to defend the genome from invasive nucleic acids.2

Cells possess dedicated ribonuclease (RNase) III enzymes such as Drosha and 
Dicer, which process precursor dsRNAs into short double stranded fragments of ~20-22 
nucleotides with 3’ overhangs known as small interfering RNAs (siRNAs) or miRNAs de-
pending on their origin. Usually the guide strand is incorporated into the RNA-induced 
silencing complex (RISC) whereas the passenger strand gets degraded. Argonaut 2 
(Ago2), the catalytic component of the RISC induces cleavage of mRNAs bound by a 
perfect complementary siRNA leading to mRNA degradation. However, miRNAs typi-
cally base pair imperfectly to their target mRNAs which leads to translational repression 
and re-localization of repressed messages to so called P-bodies in the cytoplasm. Both 
mechanisms result in the post-transcriptional repression of target genes.3-5

At the time when Andrew Fire and Craig Mello received the Nobel Prize in Physiol-
ogy or Medicine for their discovery of RNAi in 2006, the RNAi machinery and related 
silencing pathways were under intensive investigation with an continuous interest as 
shown by the articles published in PubMed with the search term “RNA silencing” from 
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Figure 1. “RNA silencing” publications in PubMed by year. The figure resulting from annual entries in 
PubMed related to the search term “RNA silencing” shows an annual increase in publications since 1998 
until 2013.
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1998 until 2014 (see Figure 1). Besides the application of gene silencing as powerful tool 
for biological research, miRNAs hold great promise to become novel biomarkers in the 
cardiovascular field as well as for a variety of other diseases.6 Furthermore, understand-
ing the role of miRNAs in disease pathology can provide the basis for new therapeutic 
strategies. Currently, the therapeutic potential of RNAi-induced gene silencing is being 
explored with ongoing or partially completed clinical trials mainly in cancer and infec-
tious disease applications.7

AimS oF the theSiS

The first part of this thesis covers research on early mechanistic studies of RNA silencing 
induced by dsRNA in a plant model system aiming to investigate whether RNAi-based 
strategies could be used to generate viral resistance (Chapter 2). In Chapter 3 we aimed 
to discover the effect of RNAi key enzyme depletion such as DICER and Ago2 on mRNA 
levels in Human Embryonic Kidney 293 (HEK293) cells.

In the second part of the thesis we focused on the assessment of the potential clini-
cal application of miRNAs circulating in the blood stream as novel biomarkers in heart 
failure (Chapter 4 and 5).

Further, we aimed to identify a signature of circulating miRNAs in patients with acute 
heart failure in the third part of the thesis (Chapter 6). In this context we intended to 
study the association of acute heart failure specific miRNAs with known heart failure 
biomarkers (Chapter 7).

Part 1

RNA silencing as natural defense mechanism of plants against viruses
In Chapter 2 of this thesis we study the regulatory proteins of the Mungbean Yellow 
Mosaic Virus in plant model systems. Mung bean is native to the Indian subcontinent 
and is used as an ingredient in both savory and sweet dishes. The Mung bean yellow 
mosaic geminivirus is transmitted by whitefly and is responsible for huge losses in mung 
bean and black gram. Geminiviruses are small, circular, single-stranded DNA viruses 
that replicate in the nucleus of an infected cell via double-stranded intermediates. In 
plants, RNA silencing has been shown to play a role as an adaptive immune system in 
antiviral protection.8 To counteract this defense system, viruses have evolved suppressor 
proteins that interfere with different steps of the RNA silencing pathway.9,10 Identifying 
viral proteins capable of regulating essential host RNA silencing suppressor genes could 
lead to the development of RNAi based strategies in order to generate viral resistance by 
blocking viral replication and systemic spread of the infection.
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RNA silencing key enzymes in mammalian cells
Chapter 3 focuses on mechanistic studies of the RNAi pathway in mammalian cells. miR-
NAs derive from regions of endogenous RNA transcripts folding into a stem loop struc-
ture. miRNAs play an essential role during development and in the regulation of many 
cellular processes. Aberrant expression of miRNAs has been linked to various diseases. 
miRNAs function in RNA silencing at the post-transcriptional level. mRNAs targeted by 
endogenous miRNAs can either undergo translational repression or endonucleolytic 
mRNA degradation depending on the degree of complementarity between the miRNA 
and the mRNA target, rather than on the origin of the short dsRNA.11

In this chapter, we investigate the effect of sequence complementarity using reporter 
constructs with one or several perfectly or imperfectly base-pairing miRNA binding sites 
in the 3’ UTR of a reporter gene in two mammalian cell lines (HeLa and HEK293). Further, 
we study the effect of depletion of the RNAi key enzymes DICER and Ago2 as well as the 
other three mammalian Argonaute proteins (Ago1, Ago3, Ago4) on the levels of mRNAs 
targeted by miRNAs in HEK293 cells.

Part 2

Potential clinical application of circulating miRNAs in heart failure
Heart failure is the leading cause of death in the Western world and the prognosis for 
heart failure patients has remained alarmingly poor over the last twenty years. About 
half of the people who develop heart failure die within 5 years of diagnosis. With an 
ageing population, treatment of heart failure has an increasing impact on health expen-
diture driven by frequent, prolonged and repeated hospitalizations.12,13

Besides all the intensive research in the past decades, heart failure remains a complex 
clinical syndrome with many unknown facets. Apart from the need of novel treatment 
options, the challenge of heart failure management starts with the lack of objective 
diagnostic parameters. Heart failure definitions are divers and in general rather vague. 
The U.S. National Library of Medicine provides the following definition: “Heart failure is a 
complex clinical syndrome of symptoms and signs that suggest impairment of the heart 
as a pump supporting physiological circulation. It is caused by structural or functional 
abnormalities of the heart. The demonstration of objective evidence of these cardiac 
abnormalities is necessary for the diagnosis of heart failure to be made.”14

Biomarkers play an important role in the diagnosis and have impacted the way heart 
failure patients are evaluated and managed. B-type natriuretic peptide (BNP) and 
N-terminal proBNP (NT-proBNP) are the gold standards in determining the diagnosis 
and prognosis of heart failure. Recently, additional biomarkers reflecting on different 
pathophysiological processes in the development and progression of heart failure such 
as inflammation and fibrosis (e.g. CRP and Galectin-3), apoptosis (e.g. troponin), myo-
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cyte stretch and oxidative stress (e.g. MR-proANP) have been discovered.15,16 Some of 
those novel biomarkers show an additional diagnostic and prognostic potential beyond 
the one of the established natriuretic peptides but more studies are required in order 
to establish their role in clinical care of heart failure patients. Chapter 4 provides an 
overview of novel heart failure biomarkers and discusses their established and potential 
clinical value compared to natriuretic peptides as reference markers. In this chapter, we 
introduce the potential role of circulating miRNAs as novel biomarkers in heart failure.

Circulating miRNAs in the diagnosis of HFpEF versus HFrEF
Chapter 5 addresses the question if miRNAs can advance the diagnosis of heart failure 
patients with preserved ejection fraction versus patients with reduced ejection fraction. 
Initially, heart failure research concentrated on patients with reduced ejection frac-
tion. During the past years it was recognized that half of the patients suffering from 
heart failure have a preserved ejection fraction. Although Heart Failure with preserved 
Ejection fraction (HFpEF) and Heart Failure with reduced Ejection Fraction (HFrEF) have 
similar morbidity and mortality risks, both types of heart failure require specific disease 
management due to their distinctly different pathophysiological mechanism.17

Here we summarize the potential of miRNA signatures as biomarkers based on the 
latest research data on their ability to differentiate HFpEF from HFrEF. This chapter also 
highlights the challenges to be overcome in order to establish miRNAs as clinical bio-
markers.

Part 3

Circulating miRNA profile in patients with acute heart failure
It has been widely recognized that miRNAs play a crucial role in cardiac development 
and are involved in the pathogenesis of cardiovascular diseases, including heart fail-
ure.18-20 The discovery that miRNAs are released and circulate remarkably stable in the 
blood stream has raised the interest in studying circulating miRNAs as biomarkers in a 
variety of pathological conditions including cardiovascular diseases. Specific circulating 
miRNA profiles have previously been described in patients with chronic heart failure, 
myocardial infarction, atherosclerosis, hypertension, and type 2 diabetes mellitus.21-23 
The fact that only very little was known about circulating miRNA profiles in the acute 
heart failure patient population, prompted us to screen the blood samples from a large 
number of patients admitted for acute heart failure. In chapter 6 we report about a 
specific circulating miRNA signature associated with the acuity of heart failure and clini-
cal outcome in acute heart failure patients.
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Association of circulating miRNAs and biomarkers in patients with acute heart failure
Apart from the potential of circulating miRNAs to improve the diagnosis and prognos-
tication of patients, exploring any causal relationship between aberrant miRNA expres-
sion and disease development could lead to novel information about the pathogenesis 
of heart failure. Mechanistic studies and miRNA target identification could open up new 
strategies for miRNA based treatment options. Early clinical trials are ongoing testing 
the therapeutic applicability of miRNAs in cancer, infectious -, metabolic – and other 
diseases.24-26 Currently, circulating miRNA research in heart failure is only in its infancy.27 
In chapter 7, we attempt to functionally position the identified circulating miRNAs in 
heart failure related disease pathways. Therefore we compared the levels of the miRNAs 
with the values of novel and established heart failure biomarkers related to certain heart 
failure disease pathways such as angiogenesis, endothelial function, inflammation, 
cardiac stretch and remodeling. Moreover, we use a bioinformatics approach to identify 
putative miRNA targets and enriched pathways to gain further insight into potentially 
related pathways and mechanisms.
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