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SummARy

This thesis describes research on small non-coding RNA molecules the so called siRNAs 
(small interfering RNAs) and miRNAs (microRNAs) and their function in RNA silencing 
and post-transcriptional regulation of gene expression1. The work included in this 
thesis spans a decade of research on small non-coding RNA molecules ranging from 
early mechanistic studies in plants and human cell lines up to the recent evaluations of 
miRNAs as potential novel biomarkers in heart failure.

Initially, small non-coding RNAs were envisioned as moderate biological modifiers. 
Meanwhile it has become evident that miRNAs are potent regulators of cellular pro-
cesses. Besides their crucial role during development, aberrant miRNA expression has 
also been linked to pathophysiological processes and tissue remodeling in various 
diseases including heart failure2. Due to the great excitement and intense research ef-
forts focused on small non-coding RNAs, within 10 years from the discovery of miRNAs 
in mammals we have reached a stage in which therapeutic applications of miRNAs are 
under evaluation in numerous diseases. However, the rapid advancements in the miRNA 
field also demand for standardized and validated experimental methods to accurately 
study the expression and biological function of miRNAs in a large scale and reproducible 
manner.

In the first part of this thesis the aim was to investigate a viral protein for its putative 
function as host silencing suppressor contributing to the overarching goal to develop 
new strategies for generating viral resistant plants. Furthermore the effect of RNAi key 
enzyme depletion such as DICER and AGO 2 was studied in HEK293 cells in order to 
obtain more mechanistic insights on miRNA target recognition and degradation based 
on sequence complementarity.

The second part aimed to provide an overview of novel heart failure biomarkers 
and discusses the potential of miRNAs to distinguish between patients with different 
heart failure etiologies such as HFpEF versus HFrEF. Besides highlighting the need for 
more accurate biomarkers in conjunction with the encouraging potential of circulating 
miRNAs, this chapter objectively positions the current research data and emphasizes on 
the challenges to be overcome prior to the clinical application of circulating miRNAs in 
heart failure diagnostics and patient management.

The third part concentrates on establishing a signature of circulating miRNAs in acute 
heart failure patients. The association of the miRNA panel with clinical outcome and 
other known heart failure biomarkers was assessed with the intention to gain more 
insights into the pathophysiological mechanism of acute heart failure and to study the 
potential of circulating miRNAs as novel biomarkers in this particular disease.
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Part 1

RNA silencing as natural defense mechanism of plants against viruses
In chapter 2 we report about a study published in 2005 in which the Mungbean Yellow 
Mosaic viral gene AC2 was shown to act as transactivator of viral transcription and as 
a suppressor of RNA silencing by activating transcription of host silencing suppressor 
genes. Until today, no complete viral resistance could be generated in commercially 
available mungbean cultivars.3 However, pathogen-derived resistance (PDR) is one of 
the promising strategies for controlling MYMV disease which can lead up to 85–100% 
yield loss if the plants are infected at the seedling stage.4 Efforts to engineer resistance 
against Begomoviruses are focused mainly on silencing of complementary-sense viral 
genes essential for replication, encapsidation of the viral genome, cell to cell - and 
systemic movement.5

In 2010, Haq et al5 reported that host plants coagroinoculated with infectious con-
structs of Mungbean yellow mosaic India virus (MYMIV) along with an antisense con-
struct of AC1 encoding for the Replication-initiation protein (Rep) showed resistance to 
the virus. Similar to AC2 studied in our work, Rep is a multifunctional protein involved 
in viral replication and regulation of its own transcription capable of activating host-
encoded proteins.

RNA silencing key enzymes in mammalian cells
In chapter 3, we investigated sequence complementarity requirements for mRNA target 
inhibition in two mammalian cell lines. It was observed that degradation of mRNAs bear-
ing sites imperfectly complementary to the endogenous let-7 miRNA is considerably 
stronger in human HEK293 than HeLa cells. Based on the mapping of the cleavage sites, 
the mRNA degradation was likely to be a consequence of the relocation of the trans-
lationally repressed mRNAs to P-bodies combined with decapping and 5’ → 3’ exonu-
cleolytic processing rather than endonucleolytic cleavage mediated by Ago2. To identify 
transcripts regulated by RNA silencing in HEK293 cells, we have analyzed the effect on 
mRNA levels upon knock-down of DICER and Argonaute (Ago1- Ago4) proteins in tetra-
cycline inducible cell lines. Microarray analysis identified most pronounced changes in 
cellular mRNA levels in Ago2 and Dicer knock-down lines. Analysis of potential miRNA 
targets significantly up-regulated upon knock-down of Ago2 or Dicer revealed a cor-
relation with the magnitude of the miRNA seed over-representation in the 3’-UTRs. The 
fact that the statistically significant changes were small (<2-fold) led to the suggestion 
that miRNAs generally have a tuning role in regulating gene expression in HEK293 cells.

While nowadays, the role of miRNAs in fine-tuning of fundamental cellular processes 
such as proliferation, cell death and cell cycle control is widely accepted there are still 
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major gaps in understanding the molecular principles of the crosstalk between signal-
ing pathways and gene silencing processes.6,7

Part 2

Chapters 4 and 5 of this thesis focus on evaluating the clinical suitability and potential 
future application of circulating miRNAs as disease markers, particularly in patients with 
heart failure.

Potential clinical application of circulating miRNAs in heart failure
Chapter 4 reviews the established and potential value of novel heart failure biomarkers 
(mid-regional atrial natriuretic peptide (MR-proANP), soluble ST2, Growth differentiation 
factor 15 (GDF15), galectin-3, renal tubular damage markers, and miRNAs) in comparison 
with the natriuretic peptides as reference markers. This chapter provides an overview of 
novel heart failure biomarkers categorized by diagnostic, prognostic and therapeutic 
potential based on published results from existing databases and the limited prospec-
tive clinical trials that have been conducted to date. Apart from the presented data 
around prognostic and diagnostic utilities we highlight the great potential of novel bio-
markers in contributing to a more personalized therapeutic approach based on specific 
biomarker profiles. Another important aspect about biomarker research is the increased 
understanding of the pathogenesis of heart failure. miRNAs but also other biomarkers 
possess an enormous potential to unravel new insights into heart failure development 
and related disease processes and might themselves become future therapeutic targets. 
For example, human recombinant forms of natriuretic peptides have been studied as a 
treatment in acute decompensated heart failure and anti-galectin studies are currently 
ongoing in patients with hypertension at risk for the development of heart failure8-9. 
miRNA research in heart failure has not yet progressed to a therapeutic target stage 
but in cancer and infectious diseases miRNA-based therapies are under investigation in 
early clinical trials.10

Circulating miRNAs in the diagnosis of HFpEF versus HFrEF
In chapter 5 we outline and evaluate the results of two independent studies conducted 
by Wong et al.11 and Watson12 et al. which aimed to establish a miRNA signature as diag-
nostic tool to differentiate HFpEF from HFrEF. Both labs discovered four to five circulating 
miRNA candidates. The AUC values of all individual miRNAs besides miR-375 had a lower 
discriminative power to distinguish between blood samples analyzed from heart failure 
patients with preserved versus reduced ejection fraction compared to the reference 
biomarkers NT-proBNP or log(BNP). However, both groups found an added diagnostic 
value compared to the reference markers when AUCs were calculated for the identi-
fied miRNAs combined into a panel. The highest intergroup distinction was achieved in 
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both studies by combining the miRNA panel with the reference marker resulting in AUC 
values between 0.86 and 1.0. The encouraging results of those studies and one other 
study previously conducted in a similar patient population were put into perspective 
with the challenges and inconsistencies that we still face in RNAi based research studies. 
Pre-analytical variations as well as the lack of standardize protocols for the stable detec-
tion and normalization of circulating miRNAs were discussed as pre-requisites in order 
to generate consistent data sets from larger clinical trials supporting the establishment 
of miRNAs as novel clinical biomarkers in heart failure.

Part 3

While many groups have studied specific circulating miRNA signatures in chronic heart 
failure populations, not much data is available on circulating miRNA profiles in acute 
heart failure patients. BNP and NT-proBNP still remain the best studied biomarkers in 
acute heart failure and are one of the few objective measures to rule out acute heart 
failure beyond a certain threshold but although widely used for AHF diagnosis other 
factors such as arrhythmia, BMI and age can compromise the accuracy of those bio-
markers.13 High natriuretic peptide concentrations were also associated with a poor 
prognosis but it has not yet been convincingly shown in randomized clinical trials 
that natriuretic peptide guided treatment leads to better outcome.14 miRNAs belong 
to the pipeline of interesting potential novel biomarkers under investigation. Due to 
the limited knowledge about specific circulating miRNAs in acute heart failure patients 
we studied the circulating miRNA profile in several cohorts of patients with acute and 
chronic heart failure compared to control cohorts (Chapter 6). We further investigated 
the association of plasma levels of circulating miRNAs and other known heart failure 
biomarkers (Chapter 7).

Circulating miRNA profile in patients with acute heart failure
In chapter 6, we performed plasma miRNA profiling in three cohorts of acute heart 
failure patients using quantitative reverse transcription–polymerase chain reaction. 
The circulating miRNA levels of 137 acute heart failure patients were compared to 20 
patients with chronic heart failure, 8 patients with acute exacerbation of chronic ob-
structive pulmonary disease (COPD) and 41 healthy controls. Plasma levels of miRNAs 
in patients with acute heart failure were decreased compared to chronic heart failure 
patients or healthy subjects. No significant changes were observed between acute 
COPD patients and controls. Twelve miRNAs which differed most significantly between 
healthy controls and acute heart failure patients were identified and 7 passed Bonfer-
roni correction threshold in an acute heart failure validation cohort. By comparing the 
miRNA levels among the various cohorts, declining levels of circulating miRNAs were 
consistently associated with an increasing acuity of heart failure. Sequential analysis of 
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circulating miRNA levels in acute heart failure patients (118 AHF patients from 2 cohorts) 
from admission to Day 7 revealed that a further decrease in miRNA levels within 48 hours 
after acute heart failure admission was associated with an increased risk of 180 day 
mortality in a subset of the identified miRNAs. Those findings could suggest a predictive 
value of the identified miRNA panel in those patients with increased likelihood for a less 
favorable outcome. Further investigations will be required to determine whether those 
miRNAs could also be utilized to measure treatment response in order to guide future 
acute heart failure therapies.

Association of circulating miRNAs and biomarkers in patients with acute heart failure
Apart from exploring the diagnostic and prognostic potential of the identified acute 
heart failure miRNA panel we were interested to find related patterns in the levels of the 
circulating miRNAs and other known heart failure biomarkers.

In chapter 7, we selected 16 out of 43 biomarkers measured in 2033 serum samples of 
patients hospitalized for acute heart failure based on their ability to significantly predict 
180 day mortality with a C index of 0.60 or higher. The biomarker values were compared 
with the levels of the 12 acute heart failure specific miRNAs in a subset of 100 patients, 
at baseline and 48 hours using correlation analysis. No significant correlations were 
found at hospital admission. However, after 48 hours of hospitalization, 7 miRNAs were 
significantly negatively correlated to biomarkers indicative for a worse clinical outcome 
in those patients with the most unfavorable in-hospital course. The selective findings 
suggest that the correlations between biomarkers and miRNAs not only depend on the 
time of measurement, but are also largely influenced by the disease state of the patient. 
In an attempt to gain additional insights into the role of the identified acute heart failure 
specific miRNAs in the pathology and progression of heart failure, miRNA target predic-
tion and pathway analysis were conducted. Several miRNA-biomarker correlation pairs 
determined in these worsening heart failure patients could be linked to the predicted 
targets and pathways related to cardiac disease, such as cardiac remodeling/ fibrosis, 
inflammation and angiogenesis.

FutuRe PeRSPeCtiVeS

Discoveries over the past two decades have revolutionized our understanding of the 
previously unexpected complex world of RNA regulation. It has become evident that 
RNA is not only a messenger between DNA and protein but also exerts an important 
regulatory role in gene expression. In fact it appears that mammals and other eu-
karyotes distinguish themselves not necessarily by the number of genes from lower 
organisms but rather by the far more complex regulatory network in which RNAi plays 
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a central role.15 Taft and coworkers demonstrated by analyzing sequenced genomes in 
2007 that the relative amount of non-protein-coding sequences increases consistently 
with the complexity of the organism.16 The characterization of the transcriptome by 
deep sequencing unrevealed tens of thousands of loci in mammals that express large 
transcripts not encoding for proteins.17

MiRNAs are just one member of the RNA silencing molecules, which are supposed to 
target more than 60% of all protein-coding transcripts. Under physiological conditions, 
miRNAs appear to act as moderate regulators that fine tune gene expression as reported 
in Chapter 3. However, under conditions of stress or disease, they appear to exert more 
pronounced functions such as studied in Chapters 6-7.

Besides major advances in exploring the molecular genetics, biochemistry and struc-
tural aspects around RNAi components, the mechanisms orchestrating the crosstalk 
between signaling pathways and gene-silencing processes remain largely unknown. Al-
though circulating miRNAs appear as excellent candidates to become novel biomarkers 
and miRNAs have therapeutic potential, many basic questions remain to be addressed. 
For example we do not yet entirely understand the origin of circulating miRNAs and 
how they are secreted into the blood stream. Even more important is to answer the 
question about the biological function of extracellular circulating miRNAs in body fluids. 
Future research is required to support the concept that miRNAs could mediate cell to 
cell signaling.18 The more we can expand our knowledge about specific miRNA signaling 
processes under pathophysiological conditions the more miRNAs can teach us about 
molecular pathways leading to disease progression such as it is the case in patients 
developing acute heart failure. More robust and harmonized miRNA profiling standards 
will need to be established in large scale experiments in order to provide the basis for 
the encouraging potential clinical application of miRNAs in cardiovascular disorders but 
also other disease areas.
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