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Discussion
The research presented in this thesis focuses on the identification of novel regulators of 
cardiomyocyte hypertrophy, as well as the role of miRNA-30c in cardiac biology. We set out 
to find new factors that hopefully turn out to be good candidates for the early diagnosis 
and eventual treatment of heart failure. The present work indeed identified several 
new potential regulators of cardiomyocyte hypertrophy, but as with every experiment 
the findings raised more questions than they could answer. The goal of this discussion 
is to place our findings in a broader context. Here I would also like to consider some of 
the challenges of experimental molecular biology, and the scientific process in general. 
Awareness and acknowledgement of these challenges will hopefully contribute to a more 
robust scientific method and improve the translation of in vitro findings to the in vivo 
complexity of living organisms. 

Studying hypertrophy in cultured cardiomyocytes
In the first part of this thesis we describe the optimization and results of a siRNA screen 
for the identification of novel regulators of cardiomyocyte hypertrophy (Chapters 2 and 
3). Our experimental approach used primary cardiomyocytes from neonatal rats (NRCM) 
as a model system. NRCM represent the most widely used in vitro model in cardiac 
hypertrophy research (1-3). As NRCM feature spontaneous contractility they stand as 
close to the in vivo cardiomyocyte as any available in vitro model. While there are several 
other cardiomyocyte cell lines none of them has gained widespread use in hypertrophy 
research, even though spontaneous contractility can be induced in cell lines like HL-1 
(4). Still, HL-1 cells are far from stable and the phenotype depends on passage number 
of the line (personal observation). Combined with the large body of knowledge that has 
accumulated, the NRCM therefore remains the favoured model system in hypertrophy 
research.
This does not mean that NRCMs are the most robust model system to work with. The 
delicacy of working with cultured NRCM is illustrated for example by the fact that cell 
density affects cell survival in primary cultures (2). This probably results from the 
necessity for cell-cell contact, a condition that represents the in vivo situation which is 
obviously lacking at low density cultures in vitro. It is however even more complex, as the 
hypertrophic response of NRCMs is also affected by culture density (2). In addition, it has 
been shown that the interactions between cardiac fibroblasts and cardiomyocytes enhance 
the hypertrophic response in vitro (5). Since fibroblasts can never be completely removed 
from primary cultures it is important to standardize the culture purity consistently. In 
our model we achieved an average cardiomyocyte purity of ~95%, although the range in 
individual isolations started from ~85% (Chapter 2).
Although we were aware that these factors could affect cardiomyocyte hypertrophy in 
vitro, we discovered that other experimental conditions also represent main determinants 
of the observed hypertrophic response (Chapter 2). For instance, the composition 
of culture medium was identified as an important modifier of cell size at baseline and 
even more so during prolonged culture (Chapter 2, Figure 2A). Also the culture purity 
was greatly affected by medium composition (Chapter 2, Figure 2C). It was therefore not 
surprising that the observed hypertrophic response of cardiomyocytes greatly varied 
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between cultures in rich or basal culture medium (Chapter 2, Figure 3A-B).
The main factor that induced hypertrophic growth was probably the presence of bovine 
serum albumin in the rich medium. Albumin is a constituent of the blood that carries 
lipids and growth factors. Although purified fractions are available, its exact composition 
remains undefined and variable. In our subsequent experiments with NRCMs we therefore 
refrained from the use of albumin, instead using a more defined basal culture medium.
Since cardiac hypertrophy usually results from chronic cardiac stress we decided to 
perform our experiments in the absence and presence of a hypertrophic stimulus. We 
identified the β1-adrenergic agonist phenylephrine as the most consistent and reliable 
hypertrophic stimulus for our in vitro model (Chapter 2, Figures 3A and 4). Phenylephrine 
induces both an increase in cell size and induces ANF expression, two suitable parameters 
to quantify in a large-scale screen. Phenylephrine binds to the β1-adrenergic receptors, a 
class of G-protein coupled receptors, and mediates its effect mainly via activation of Gαq 
and phospholipase C. Phospholipase C activation in turn induces hypertrophic growth 
and ANF expression via the indirect activation of transcriptional regulators (6).

Screening for regulators of cardiomyocyte hypertrophy
After considering the potential confounding factors, we selected the optimal culturing 
conditions for our high-content siRNA screen for novel regulators of cardiomyocyte 
hypertrophy (Chapter 3). We are not the first group to perform high-content screening on 
cultured NRCMs, and others have followed similar approaches to quantify the hypertrophic 
response of NRCMs (7, 8). Jentzsch et al. for example investigated the effects of miRNA 
over-expression in NRCM and, interestingly especially with regards to the second part 
of this thesis, identified miRNA-30c as a regulator of cardiomyocyte hypertrophy (8). 
We decided to quantify hypertrophy based on cardiomyocyte area, similarly to the other 
groups. In addition, we managed to quantify ANF expression at the protein level, thereby 
adding an independent parameter that illustrates the transcriptional activation of the 
hypertrophic gene program (9-11).
In order to study the function of individual genes on the hypertrophic response we 
used RNA interference i.e. the siRNA-mediated knockdown of protein expression. The 
effect of siRNAs resembles the effects of miRNAs on mRNA transcripts: a siRNA binds 
via complementary base-pairing to an mRNA transcript and targets it for degradation, 
thereby decreasing the amount of protein that is formed in the cell (12). We showed the 
feasibility of siRNA-mediated knockdown in cardiomyocytes in vitro (Chapter 2, Figure 
5), and proof-of-principle was delivered with our experiments KLF15. KLF15 acts as a 
transcriptional inhibitor of cardiomyocyte hypertrophy, and knockdown of this gene 
caused an increase in cardiomyocyte size and ANF expression, both in rat and mouse 
neonatal cardiomyocytes (13).

In Chapter 3 we described the results of the large-scale siRNA screen in which we tested 
the effect of knockdown of ~2000 individual genes on cardiomyocyte hypertrophy 
and ANF expression. After two successive rounds of screening we ended up with a set 
of 34 candidate regulators of the hypertrophic response that consistently showed the 
same results. This represents 1,7% of the tested genes being identified as candidates. 
The candidate list contains genes that have already been linked to cardiac hypertrophy, 
among which the transcriptional regulator NFATc4, as well as several interesting leads 
that require further validation (Chapter 3).

 7
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A candidate is however not a validated regulator, and extensive follow-up studies are 
required to confirm which of the candidates represent true regulators of the hypertrophic 
response. This could be done via additional in vitro studies, in which the function of the 
gene is further investigated in controlled experiments. In vivo experiments with small 
animal models to investigate the effect of either cardiomyocyte-specific over-expression 
or knockout of the gene of interest would also provide useful information about the 
function of our candidate genes. Another approach would be the screening of human 
heart failure populations. If the candidate genes are mutated in populations with an 
unknown underlying cause for the disease this might be an additional indication of their 
involvement in heart failure.

There are several confounding factors in translating our in vitro findings to the in vivo 
pathology of heart failure. Cell area and ANF expression for example are not fully specific 
for cardiomyocyte hypertrophy. Cardiomyocyte area, especially in cell culture, is partially 
determined by osmotic effects. This means that the osmolarity of the intracellular 
environment in relation to the culture medium represents a key determinant of the 
observed cell area. Due to the absence of homeostasis in in vitro cell culture, osmotic 
effects might present a confounding factor in the identification of genuine regulators of 
cardiomyocyte hypertrophy. Similarly, ANF expression is definitely not only activated in 
response to hypertrophic signalling. In vivo ANF expression is activated upon cardiac 
pressure overload, a response that might be partly regulated by osmotic effects that cause 
cardiomyocyte stretch at the cellular level (14). ANF is also expressed in cardiomyocytes 
during embryogenesis, but its expression is down-regulated immediately after birth. This 
down-regulation coincides with the time of isolation of NRCMs and the mechanisms at 
play might still affect ANF expression during subsequent culture (15).
Secondly it has to be appreciated that a cultured neonatal cardiomyocyte is not a substitute 
for a fully differentiated adult cardiomyocyte, let alone one that is integrated in the 
working heart of a living organism. This was already illustrated above for ANF expression, 
but there are more factors involved. For instance, the intact heart predominantly uses 
fatty acids as its energy source (16). Fatty acids are however absent in most culture 
media, including the one in our model, and cultured cells are therefore fully dependent 
on the oxidation of glucose. This has several consequences for the metabolic state of the 
cultured NRCMs, especially since it is known that energy substrate use is altered during 
disease progression in diabetes and heart failure (16). 
Our list of candidates does contains several genes, among which NFATc4, that have already 
been linked to cardiac hypertrophy, but the list of known regulators that are absent from 
our candidates list is even longer. There are several explanations for this discrepancy, 
of which some factors have already been discussed. The experimental setup does add 
several additional limitations that directly affect the outcome of the screen. The timing of 
knockdown and hypertrophic stimulation, which are determined by the maximum time 
that NRCM can be kept in culture, affects the degree in which the gene of interested is 
down-regulated. The actual kinetics of siRNA-mediated protein knockdown, which are 
unique for each individual gene, therefore play an important role in the final results 
(17). Proteins with a long half-life might not be sufficiently down-regulated in the time-
span of our experiment. The single dose of phenylephrine also does not represent the 
chronic activation that is present in vivo. Moreover, regulators that are not affected by β1-
adrenergic signalling are unlikely to show up in the results of our screen, unless they play 
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an important role under unstimulated conditions.
A final consideration is the discussion about the extent to which cardiomyocyte 
hypertrophy represents a beneficial response that maintains cardiac output, or a primary 
cause in the progression towards heart failure. The initial induction of hypertrophy is 
considered beneficial, as it preserves cardiac output. This hypertrophic growth usually 
represents a secondary response to an underlying cause which, if not properly treated, 
induces chronic stimulation of pro-hypertrophic signalling. It is the chronic nature of 
this stimulation that might induce mal-adaptive cardiac remodelling. Instead of viewing 
cardiac hypertrophy and heart failure as separate entities we should appreciate their 
interrelationship along the progression towards disease.

MicroRNAs and heart failure
Chapter 4 serves as an introduction to miRNA-based therapeutics, and focuses on their 
potential in the treatment of cardiac fibrosis (18). With all the excitement that a new class 
of regulatory mechanisms brings there have been many claims about the therapeutic 
potential of miRNAs. Indeed, there have been some very convincing findings and the most 
promising studies, in this case about miRNA-122 as a treatment for hepatitis C infection, 
have made it till the stage of clinical trials (19). Also in the field of heart failure research, 
investigations into the functions of miRNAs have yielded many breakthroughs, as briefly 
recapitulated in Chapter 4.

In this thesis we described our findings into the role of miRNA-30c in heart failure. This 
specific miRNA was first identified as a potential regulator of heart failure by in vitro 
studies in our lab (20). We therefore decided to further investigate its function in vivo, 
either by cardiomyocyte specific over-expression or down-regulation (Chapters 5 and 6).
It was found that miRNA-30c was down-regulated in several models of heart failure and 
hypertrophy (20). Therefore we initially investigated the in vivo effect of miRNA-30c down-
regulation in several mouse models, both cardiomyocyte-specific as well as systemically. 
Our experiments confirmed the efficacy of miRNA-sponges, as we could down-regulate 
miRNA-30c expression through the use of miRNA-sponges, both in vitro (Chapter 5, Figure 
1D) and in vivo (Chapter 5, Figure 2B-D). Our studies thereby provide one of the first 
successful attempts to apply the concept of miRNA sponges in mice, although it has been 
previously shown to function in mammalian cells and even in living organisms as the fruit 
fly Drosophila (21, 22). Unfortunately the cardiomyocyte-specific down-regulation did 
not result in an in vivo phenotype under basal or chronically stressed conditions (Chapter 
5, Figures 3 and 4). We therefore studied the effect of systemic down-regulation of miRNA-
30c via the use of antimiRs. We were able to decrease cardiac miRNA-30c expression 
by more than 90% (Chapter 5, Figure 5B and C), but again this did not result in a gross 
hypertrophic phenotype under basal conditions. We did however find that connective 
tissue growth factor (CTGF) expression increased. This fits with the previous hypothesis 
that CTGF is a direct target of miRNA-30c (20). Under chronically isoproterenol-stressed 
conditions we found that miRNA-30c down-regulation gave a slight increase in cardiac 
hypertrophy (Chapter 5, Figure 6A and B). To get a more thorough view of the possible 
function of miRNA-30c in relation to heart failure, mice were subjected to transverse aortic 
constriction (TAC). This experimental intervention chronically increases the pressure 
on the heart and eventually leads to heart failure (23). Also in this model we could not 
establish a clear phenotype of miRNA-30c down-regulation, neither on cardiac function 
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nor fibrosis (Chapter 5, Figure 7 and 8). We could also not reproduce the observation of 
antimiR-30c-induced CTGF up-regulation at baseline (Chapter 5, Figure 8B). There were 
also no clear indications for a role for miRNA-30c in cardiac fibrosis, a process potentially 
regulated by this miRNA (Chapter 5, Figure 8C-D) (20).
Subsequently the focus of our studies shifted to cardiomyocyte-specific overexpression 
of miRNA-30c in mice, as we found that this causes an extreme dilated cardiomyopathy 
(24). The model itself worked properly, as we achieved miRNA-30c over-expression in 
the heart (Chapter 6, Figure 1). The miRNA-30c transgenic mice subsequently developed 
progressive cardiac dilation with impaired function, although this model also did not 
reveal any effects on cardiac fibrosis (Chapter 6, Figure 2 and 3). We did find indications of 
mitochondrial dysfunction, with a decreased expression of mRNA transcripts and proteins 
in the oxidative phosphorylation complexes, which preceded the onset of the phenotype 
(Chapter 6, Figure 4). Since mitochondrial dysfunction is observed during the progression 
towards heart failure in humans we might have uncovered one of the mechanisms by 
which miRNA-30c causes the dilated phenotype (25-27). This is especially interesting 
since miRNA-30c has already been found to regulate mitochondrial function in in vitro 
experiments (28). We were however unable to discover a direct miRNA-30c target that 
could explain the mitochondrial defects and dilated cardiomyopathy in our mouse model.

Our findings illustrate some of the complexity of miRNA biology, especially in regard to in 
vivo experiments. In the following section I therefore would like to discuss several in vivo 
factors that affect experimental outcomes.
First we take a closer look at the role of miRNA-30c in the regulation of CTGF expression. 
in vitro experiments indicated that CTGF mRNA levels in cultured cells decrease upon 
over-expression of miRNA-30c (20). The same publication shows decreased miRNA-
30c levels under conditions of increased CTGF expression and fibrosis. This clearly 
warrants sufficient evidence for further investigation as we did in Chapter 5 and 6. In 
our in vivo models we could however not validate these previous findings, as both 
over-expression and down-regulation did not affect the expression levels of CTGF, or 
the induction of cardiac fibrosis consistently. One of the factors at play might be the 
cardiomyocyte-specificity of our models, since both miRNA-30c and CTGF are expressed 
in cardiomyocytes as well as cardiac fibroblasts. This is supported by the observation 
that systemic miRNA-30c repression via antimiRs revealed trends towards increased 
cardiac fibrosis upon TAC-treatment (Chapter 5, Figure 8D). The effects were however 
not sufficient to reach statistical significance in our models, and therefore we cannot draw 
final conclusions about the role of miRNA-30c in CTGF expression and cardiac fibrosis 
in vivo. In this case there are several limitations of the in vivo approach that prevent us 
from drawing final conclusions. Organs like the heart contain many different cell types 
with specific functions. The quantification of mRNA or protein at the organ-level therefore 
represents the total expression from a mixed cell population. This might mask or dilute 
important contributions of specific cell populations, especially when the gene of interest 
is expressed in several populations. Expressional changes at the organ level might be 
attributed to different cell populations than where the change actually originates. An 
additional layer of complexity is added as changes in one cell type actually induce changes 
in other cell types. Increased miRNA-30c expression in cardiomyocytes might actually 
decrease CTGF expression in fibroblast, either directly or indirectly, as it has been found 
that miRNAs can act beyond the cell type where they originate (29).
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The miRNA-30c over-expression model illustrates another potential caveat of the use of 
over-expression models. Over-expression always brings the risk of causing undesired 
side-effects. In the case of pre-miRNA-30c over-expression the maturation pathway for 
miRNAs might become saturated by the overload of miRNA-30c. Supplemental Figure 1B 
of Chapter 6 shows trends towards decreased expression of four other miRNAs, although 
this does not reach statistical significance. The decreases might still reflect a real effect, 
and if the set of four miRNAs represents a general decrease for all other miRNAs this might 
wrongly attribute the observed phenotype to miRNA-30c. The field of miRNA research 
would greatly benefit from a comprehensive investigation of these secondary effects, 
as saturation of the RISC-complex has been observed in other miRNA over-expression 
models (30).
A final point to discuss relates to the drawing of conclusions about cause and effect. In 
our miRNA-30c over-expression model we found that mice with increased miRNA-30c 
expression show mitochondrial dysfunction and eventually develop an extreme dilated 
cardiomyopathy and die. Based on evidence from the literature, all these factors have 
already been linked with each other and we could be tempted in drawing the conclusion 
that miRNA-30c over-expression induces mitochondrial dysfunction, which causes severe 
cardiac dysfunction with a dilated phenotype that eventually increases their mortality. We 
were however unable to directly link any of these factors, not even the increased mortality 
to the severe cardiac dilation.

Overall conclusions
The work that has been described in this thesis has presented us with some new insights 
into the mechanisms that underlie the developments of cardiac hypertrophy and heart 
failure. We have identified 34 regulators of cardiomyocyte hypertrophy of which several 
are interesting leads for follow-up experiments. Also with regards to miRNA-30c we 
have been able provide a better understanding of its function. Although we could not 
establish a clear link in relation to cardiac fibrosis, which was our initial hypothesis, we 
did find evidence for its potential involvement in the regulation of energy metabolism. 
Our inability to identify direct targets of miRNA-30c that mediate these effects prevents 
us however from drawing firm conclusions.
Additional research and follow-up on our candidate genes is required in order to gain a 
better understanding of the mechanisms involved in the development of heart failure. It 
is however in little steps that progress is made, and these little steps will eventually add 
up to a journey of increasing knowledge.

Perspectives on experimental biology
The journey of increasing knowledge is far from linear, and there are many diversions 
along the way. In the process of working on this thesis, several insights have led me to 
some thoughts about the methodology of experimental biology in practice, although my 
experience is mainly limited to the health sciences. Most of these ideas are far from novel, 
but at least they were new to me, and I would like to use the final part of this thesis to 
highlight some of them.

Surely the scientist will do everything in his or her capacity to answer questions as 
objective and unbiased as possible. Still there is the constant threat of unwillingly and 
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unconsciously introducing bias that might cause erroneous conclusions to be drawn. 
Assuming that there are no bad intentions at play, this still might greatly bias experimental 
outcomes and the resulting knowledge. Here I would like to discuss several of these biases 
with the hope that (renewed) awareness of their existence might improve the translation 
of experimental findings into actual applications.

The first potential bias is introduced during the optimizing phase of experimental 
conditions. Every experiment is performed with a certain question, and usually an 
expected outcome, in mind. Chances are that the experimental setup is designed in such a 
way that the expected result becomes inevitable.
This bias might be most clearly illustrated by the experiments on culture medium 
composition and cardiomyocyte hypertrophy as described in Chapter 2. How are 
proper culture conditions determined? It is impossible to fully recreate physiological 
conditions in an in vitro setting. Of course the cells have to survive, but there is a thin 
line between starvation and healthy survival. The culture conditions that were used to 
detect cardiomyocyte hypertrophy required a very basal medium composition, but does 
this mean that the cells are actually being starved? Would the hypertrophic response in 
vitro merely represent the return to a healthy state? Dealing with the selection of proper 
experimental conditions is very difficult and time-consuming. Moreover, an optimization 
procedure is often regarded as successful once the expected results are obtained.

A second factor is historical bias, where the biological relevance of signalling pathways 
becomes biased by the perceived importance of that given pathway in scientific literature. 
There are several interesting examples, of which the calcineurin-NFAT pathway serves 
as a good case-study. As clearly illustrated by its name NFAT (nuclear factor of activated 
T-cells) was initially identified as a transcription factor in white blood cells (31). Its role 
in cardiac function was established much later with the identification of calcineurin as 
an inducer of cardiomyocyte hypertrophy (32). This was one of the major breakthroughs 
in the study of the regulatory mechanisms of the hypertrophic response, and it came at 
a time when heart failure was being recognized as a major health issue (33). Calcineurin 
and its regulatory pathways attracted a lot of attention and stimulated many new research 
lines, making calcineurin-NFAT signalling one of the best-studied hypertrophic pathways. 
As a consequence, the number of regulators of calcineurin-NFAT signalling has steadily 
increased, a fact that contributes to the perceived importance of this pathway (34-38).
There is however one fact that is often overlooked: just because a factor attracts 
significant attention does not mean it is the most important in functional terms. Being 
first in any circumstance definitely brings advantages in daily life, but it has no relevance 
in the attribution of biological meaning. It might actually act as a source of bias, where one 
pathway attracts an uneven share of attention by the research community. This creates a 
perception of being the most important factor in a biological process, while this is mainly 
the consequence of the timing of its discovery. Still, it is only the future that holds the 
answer to this hypothetical question regarding the relative importance of calcineurin-
NFAT signalling in the induction of heart failure.

A third bias is introduced by the use of controlled experiments to investigate disease 
mechanisms. Controlled environments provide us with the great opportunity to 
investigate the effect of specific interventions. The controlled conditions are however 
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by definition artificial. One of the major drawbacks of in vitro experiments is the lack of 
feedback mechanisms that are present in a living organism. An example is the potential 
effect of factors like pH and osmosis on cardiomyocyte hypertrophy. In vivo, both pH and 
osmolarity are very well controlled via complex interactions within and between organ 
systems. In vitro conditions lack all the homeostatic mechanisms that keep these basic 
parameters within a physiological range. The lack of homeostasis thus creates a potential 
discrepancy between in vitro findings about a certain process and its actual function in a 
fully integrated biological entity.

A fourth factor is the evaluation of experiments within a predefined context. The studies 
on miRNA-30c initially focused on its relation with cardiac fibrosis and heart failure. Since 
miRNA-30c had been identified as a regulator of CTGF expression in vitro, it was obvious 
to focus on this process in our in vivo experiments. From the onset we were mainly 
interpreting our findings in the view of cardiac fibrosis, thereby missing the dysregulation 
of mitochondrial genes that was obviously present in the microarray analysis. Only after 
we had failed to establish any link with cardiac fibrosis and CTGF expression we started 
to investigate alternatives and subsequently came across the mitochondrial connection. 
Starting from a pre-defined context might therefore delay or impair scientific insights and 
decreases the chances for serendipity, which plays an important role in scientific progress. 

This brings us to another potential bias that revolves around the perception of cause 
and effect. In order to make sense of the world we probably evolved a sense of the 
concepts cause and effect. Although this is a great concept to use, it simplifies complex 
relationships into simple actions and reactions. Cause and effect helps us to make the 
world comprehensible, but the resulting simplifications might also lead us to overlook 
underlying factors and draw incorrect conclusions about the mechanisms at play.
The point of cause and effect has already been illustrated in the discussion of miRNA-30c 
over-expression in relation to the increased mortality due to dilated cardiomyopathy.

One over-arching factor that influences all the above is the notion that personal knowledge 
is limited, in contrast to the knowledge gathered by society as a whole. Currently the 
world counts arguably more professional scientists than have ever been around before 
in all of human history. In combination with the improved accessibility of scientific 
literature via the internet this creates a tremendous wealth of information that grows at 
a quicker pace than the human mind can comprehend. This vast source of accumulated 
knowledge offers both opportunities and challenges, as it is impossible to get a grip of it 
all. The diversity of experimental setups and model systems has generated so much data 
that evidence for almost any interaction can be found in literature. Moreover, the amount 
of available knowledge forces an increase towards specialization that inherently causes 
fragmentation. The key to improved understanding of disease mechanisms might however 
lie in the synthesis of knowledge that is already present in distinct fields of research. It 
is a challenge for scientists to find a proper way in dealing with all this accumulating 
knowledge.
One factor that surely acts on this level is the evolution of knowledge, where true insights 
will eventually be filtered out from the others. This is a slow process and the biases 
that have been discussed above all act to slow this filtering down. It is therefore more 
important than ever before to stay true to the scientific method.  
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Final conclusion
It is clear from this discussion that the study of disease mechanisms at the molecular level 
is challenging. Model systems, experimental designs and previous knowledge all bring 
opportunity and bias to a quest for insights that is already shrouded by uncertainty. The 
strength of the empirical approach lies however in its appreciation of trial and error. Since 
the likelihood of falsification of any hypothesis is unknown a priori, it is striking that 
confirmation is strongly overrepresented in the scientific literature. While an optimistic 
approach to science is definitely a key factor for success, it also favours the more lenient 
interpretation of data in case a hypothesis is verified compared to when it is rejected. The 
gathering of knowledge in general and scientific progress in particular could therefore 
benefit from a greater appreciation of uncertainty and prudence in drawing conclusions. 
On this quest we probably have to deal with only one certainty: it is impossible to define 
the unknown.
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