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Securing reliability and validity in
biomedical research: an essential task

Thomas Wilckens

The buzzword ‘translational’ dominates concepts to optimize value creation from science. This article
discusses the impact of ‘old’ and contemporary data on hypothesis generation in relation to human

physiology and in the effort to optimally implement translational sciences. I outline how dogmas and
errors, sometimes perpetuated over decades, impact contemporary research and drug discovery projects.
As a consequence and to improve value creation from science, a reevaluation of old data (i.e. of the

validity and reliability of research with regard to human physiology) seems necessary. In line with this,
the compliance of newly generated hypotheses, assays and tools with a conceptual focus on human

physiology as the gold standard seems essential. To achieve improved research success, several measures
need to be initiated and guided by industrial and academic leaders in concert to have an impact on the
quality of research in the very near future. There is no ‘holy grail’, but in general terms, a constructive but
critical approach - not just to contemporary biomedical research - seems mandatory to avoid the errors
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of the past and enable solutions to evolve dynamically.

A recent article in the Financial Times proposed
‘drug research needs serendipity’ [1]. What
seems rather more needed is an incentive to
identify and question pre-existing errors and
dogmas, some of which have evolved over
decades, and to re-evaluate essential data, which
build the foundation of our contemporary
research with respect to their relevance to
human biology. This requirement could be
defined as ‘transcriptional science’ (TS). | will use
this paraphrase to describe a conceptual
approach analogous to translational science,
simply because in biology, transcription is the
rate-limiting step for translation, and, if it goes
awry, it can lead to false or irrelevant products.
To this author, translational science means
that human physiology is positioned in the

centre of all biomedical sciences to enable the
right questions to translate biomedical research
into new therapeutics [2-4]. Thus, the reliability
and validity (Table 1) of a given study needs to
be assessed a priori.

What, however, assures the reliability and
validity of the data that are used to delineate
translational hypotheses and generate the
related experimental designs? An old Chinese
saying implicates one aspect: old data should
not be neglected but might require reconsi-
deration in a new context (Fig. 1).

In general, the quality and value of a study are
only as good as the design of the study and,
equally importantly, the previous data and
related interpretations on which the new
hypothesis will be built. This is where the idea of

TS steps in: TS aims to exclude data and related
interpretations, which poorly relate to human
conditions, whether generated in vitro or in vivo,
for both hypothesis generation and the design of
new studies. If possible, TS will re-evaluate data
and extract the content that can be used for
translational databases or hypothesis genera-
tion, a task that obviously requires manual data
analysis and (re)interpretation. TS should serve
as an essential prerequisite and quality control
for translational research and related drug dis-
covery projects; otherwise, errors will inevitably
be perpetuated and invalidate all efforts made in
translational sciences. TS requires that
researchers approach their own work and the
work of others (as well as the related interpre-
tations) most critically, from ancient reports to
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TABLE 1

Definitions.

Validity and reliability (partially adopted from Wikipedia.org and L.T.F. Gamut, Logic, Language, and Meaning: Introduction to logic, p. 115):
Reliability does not imply validity. Both terms are used in test theories and relate to the logic and accuracy of a test, i.e. an experimental design and the

related results, if adapted to biomedical research.

A reliable measure is measuring something consistently, but one may not be measuring what is being intended to be measured. For example, while there
are many reliable tests of specific biological reactions, not all of them would be valid for predicting, for example a glucose response to different stressors. In
terms of accuracy and precision, reliability is analogous to precision, while validity is analogous to accuracy.

An example often used to illustrate the difference between reliability and validity in the experimental sciences involves a common bathroom scale.

If someone who is steps on a scale 10 times and gets readings of 25, 50, 100, 125, etc., the scale is not reliable. If the scale consistently
reads “65", then it is reliable, but not valid. If it reads “80" each time, then the measurement is both reliable and valid. This is what is meant by the
statement, “Reliability is necessary but not sufficient for validity.”

Reliability requires better comparable experiments, while validity asks the question if the experiment is tailored to appropriately answer the questions being
asked; i.e. if the experiment is valid in logic terms. In the dynamic context of increasing knowledge in biomedical research, both, reliability and validity of an
experiment may require adjustment to the current status of science. l.e. in retrospective reliability and validity may need to be newly assessed for a given
experiment, which may enable new hypothesis generation and even conclusions based on data generated earlier.

modern biomedical research and contemporary
work.

Obviously, the quest for an approach that
assures higher validity and reliability of data
used for translational science implies that there
are many dogmas and perpetuated errors in our
scientific literature and community. Indeed, they
do exist and might even have become stronger
with time. Some of them seem to erode (i.e.
drug-target selectivity as a predictor of desired
therapeutic effects has been questioned), and
the fact that most compounds are acting on
multiple targets is implying new concepts [5].
Similarly, the animal models that are the cor-
nerstones of a research field are being chal-
lenged [6].

The cortisol story

Here, just one example, which | consider of major
impact for our contemporary therapeutic con-
cepts and drug discovery related to a plethora of
pathological conditions, will be briefly discussed
to demonstrate some interrelationships
between various mechanisms that can contri-
bute to the constitution of a dogma.

Before getting into details, it should be
mentioned that | am not questioning the
undisputable negative effects of chronic exces-
sive stress or hypercortisolism. However, that
acute cortisol release enables coping with a
variety of stressors to defend homeostasis and
even enhances immunity [7] challenges the
general view of the effects that ‘glucocorticoids’

as a drug class might have on immunity and
inflammation from a teleological viewpoint.

| argue that the almost standardized approach
- that is, the interpolation of effects mainly
generated by the use of synthetic glucocorti-
coids, which cannot be used in physiological
concentrations per definition, or the supraphy-
siological use of cortisol, often in conjunction
with the neglect of appropriate experimental
design (there is no physiological state without
cortisol present) — has perpetuated a false
dogma: glucocorticoids as a drug class are, in
general, considered to be immunosuppressive
and anti-inflammatory, although the ‘class’
comprises compounds with highly different
physiological and pharmacological profiles.

Cortisone therapy fell out of favor in the 1950s
because of undesired effects observed in high
non-physiological doses. The voices of Hench’s
contemporary colleagues, who emphasized that
low, physiological replacement-like dosing
regimens (i.e. lower than those currently con-
sidered low dose and using the endogenous
cortisol, not prednisone or prednisolone) benefit
patients and all the negative effects were due to
the very high pharmacological regimens, were
overheard [8,9]. When the patents for cortisone
expired, new compounds were generated, which
aimed to limit some of these undesired effects
[10]. In this context, it is almost ironic that low-
dose corticosteroid therapy with synthetic
compounds, mainly prednisolone, has become a
new standard [11].
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FIGURE 1

On Ko Chi Shin, ‘The new ideas reside within the old.” Confucius (551-479 BQ). As this saying indicates, to
(re-)investigate and understand old ideas is essential for innovation.

Thus, in the very early days of corticosteroid
research, dexamethasone (DEX) - a very potent,
high-affinity synthetic steroid, which behaves
completely differently to the endogenous hor-
mone cortisol — became the gold standard. Fig. 2
summarizes how DEX differs from cortisol, with
the sole exception that it also binds to the
glucocorticoid receptors (GRs), but not the
mineralocorticoid receptor (MR), which cortisol
binds to with a higher affinity than the GRs. It
was postulated that the sum of DEX's effects on
various targets would eventually reflect the
physiological functions of cortisol; although the
logic behind this concept has already been
questioned, more than ten years ago, the well-
supported arguments had little to no impact
[12,13].

The complex interactions of the GRs and a
proposed regulation at the tissue level have
been described recently [14]. In line with this, a
variety of microarray studies have documented
that the standard GR and MR agonists induce
and repress an overlapping but not identical
portfolio of genes: in human liver cells, for
example, of a total of 300 genes that are var-
iously regulated by cortisol or corticosterone
(both binding to the MRs) and DEX (only GRs),
only 25 are equivalently regulated by all three of
the gold standard agonists (M. Cidlowski, per-
sonal communication). Thus, the interpolation
from one compound to the other as a ‘class
effect’ seems obsolete, not least because we
know that targets like nuclear receptors might
dynamically and highly specifically respond to
different ligands [15].

A recent and elegant study, however, has
demonstrated that minor changes in low phy-
siological corticosteroid concentrations have a
major impact on experimental arthritis (i.e. a
decrease in local cortisol prevents bone
destruction), which is in stark contrast with all
clinical experiences with glucocorticoid treatment
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FIGURE 2

Selected differences affecting function: cortisol binding globulin; (@) metabolism by 118-HSD; intracellular activation/recycling; binding to GR (five isoforms), MR
(two isoforms); (b) GR and MR dimer formation; heterodimer formation occurs physiologically; receptor affinity; receptor-ligand interactions (conformational
changes induced by ligand); receptor-ligand co-activator, repressor assembling; (c,d) transrepression/transactivation (differences between all GR ligands); ligand-
dependent change of conformation and related effects. Endogenous cortisol differs from synthetic glucocorticoid receptor ligands (in particular, dexamethasone)
at almost every step along the activation and metabolism pathways. Figure modified, with permission, from Ref. [14].
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in rheumatoid arthritis [16]. Interestingly,
although this contention would have immediate
consequences for cortisol research related to
inflammation and immunity, the authors high-
light other results as their major finding, rather
than the conflict with current views. It seems there
is a bias to stay within the accepted conceptual
framework. Similar observations (i.e. a ‘white hat
bias’) have been made in obesity research. In
general, there seems to be a trend to interpret
data within the mainstream framework of a
research community [17]. The impact of this
dramatic perpetuation of the bias in cortisol
research on biomedical research and related drug
discovery is best documented by the fact that the
putative pro-inflammatory function and essential
role of endogenous cortisol in cardiovascular
disease, stroke and, possibly, many other diseases
might have been overlooked for 50 years [18].

That DEX and similar synthetic glucocorticoids
do not activate the MR, which is protected from
occupation with cortisol in some, but not all,
tissues by a cortisol-catabolizing enzyme [19],
might explain why some of these proposed pro-
inflammatory actions of cortisol via the MR [20]
were overlooked for decades. The opportunities
that will arise from these new discoveries could
affect inflammatory conditions such as arthritis,
asthma or even metabolic diseases [19,20]. It is
also easy to imagine the immense consequences
this observation could have had on public health
if it had been discovered 40 years ago.

A dogma can evolve from various influences,
including patenting interests and the standar-
dization of mainstream thinking and experi-
mental designs; protected by converging
commercial and academic interests, it might
predominate over decades of research and drug
development.

In the following paragraphs, some ideas are
presented to avoid a similar situation and create
new value from existing data.

Data integration and interpretation:
improving content

How could better ‘content’ in translational terms
be achieved? Often, scientists will uncritically or
in a biased manner extrapolate experimental
conditions and related results from recent high-
profile publications to design their studies
because it is neither common nor appropriate to
question the publications of scientific leaders.
This procedure ensures that views and designs
that, in retrospect, seem irrelevant from a
translational, ‘human physiology first’ viewpoint
are perpetuated. The new study, consequently,
might result again in data with little physiolo-
gical relevance, no matter how elegantly and
elaborately it is performed. This consequence
often seems to be overlooked by the editors and
reviewers of leading journals, in which cutting-
edge technologies sometimes dominate the
evaluation of a manuscript over the generation
and foundation of the hypothesis per se.

In conjunction with this constellation, systems
biology [21], systems chemical biology [22],
bioinformatics, semantics and other tools that
aim to support translational science in general
[23] also rely on the quality of data entered into
the relevant database. As outlined above, how-
ever, these data might be confounded if they are
not manually evaluated. Thus, all computational
methods are certainly helpful to extract and
organize data; however, they cannot replace
content ranking by the human brain, which is
still superior in validating complex data con-
stellations and experimental designs.

Creating transcriptional (i.e. high-confidence
content) databases might seem an insurmoun-
table obstacle in light of the exponential growth
of data. However, if each project were to start
with a standardized approach to ranking and
interpreting data in hypothesis generation, with
respect to their relevance to the in vivo dynamics
of human physiology, improved validity and
reliability of contemporary research seems fea-
sible. The standards for such a content ranking
approach need to be generated first, which is
challenging because even defining which
questions should be asked and identifying
common denominators in a given field of
research might seem too complex. Nevertheless,
it is anticipated that even simple standards and
ranking tools could improve the quality of new
data considerable. There must be both academic
and commercial interest in further developing

Identification of
physiologically
relevant data

Identification of

Validated
physiological

Incorporation of
semantic
computational
technologies with
individual content
ranking

Definition of standardized
translational/physiological
experimental designs

physiologically relevant Repetition of key
irrelevant data databases experiments under
physiological
conditions

“Transcriptional Science”:

® Ensuring reliability and validity

® Ensuring physiological content

® Re-evaluation of existing data

® Validation of existing data

® |dentification & elimination of dogmas

Selected benefits:

® New views and theories

® New uses for existing compounds
® New therapeutic concepts

® Optimized use of resources

® Enabling open disputation?
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FIGURE 3

Transcriptional science: an essential prerequisite to enable translational sciences. If uncritically adopted, existing physiologically questionable or irrelevant data,
related interpretations and dogmas will unequivocally be perpetuated and invalidate translational science a priori, including all financial investment.
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this kind of knowledge base and content rank-
ing, which is essential for informed decision
making in any problem in biomedical sciences.
Some aspects of the problem (i.e. too many
neglected data) have been acknowledged [24],
but the solution might require ‘competitive
collaboration] not only within the pharmaceu-
tical industry [25] but also including academia.

Experimental design and standardization:
biomarkers and more

When is an experiment physiologically relevant?
It would be prudent to try to give a simple
answer, but a direct consequence of this ques-
tion is the fact that we need more standardized
and truly physiologically relevant model systems
to make data better comparable and, in parti-
cular, to rank them in a physiological context.
First questions that come to mind are ‘When is
an experiment reflecting male or female con-
ditions? and ‘How relevant is this after all?’ In
relation to the discussion above, small changes
of cortisol dramatically impact on cellular func-
tions (i.e. induce opposing functions in physio-
logical concentrations) [26]. Findings like this
force thought-provoking questions, such as
‘How many in vitro assays, not just in this field,
are of physiological relevance at all?’

Ultimately, TS implies that experiments that
built the foundation of previous drug discovery
programs and studies in progress must still be
analyzed with respect to their physiological rele-
vance, but they might also need to be repeated
(e.g. to include new control conditions), perhaps
often. At first, repeating ‘old’ studies might have
little appeal for researchers driven by their hunt for
impact factor scores. If appropriately addressed,
however, the identification of new, more physio-
logical functions for any given physiological
pathway could open new and unexpected ave-
nues for innovative treatments. This would ensure
progress for both science and the scientist.

In addition to efforts to make data compar-
able, in particular for drug discovery, new stan-
dards for experiments might need to be agreed;
generally defined and accepted biomarkers are
one first approach. Regulatory authorities might
require such initiatives sooner or later, but the
consolidation of biomedical research forces a
more efficacious use of resources now. If one
only analyses the investments made in cortisol
research since the patent expired in the 1950s
(which was a major driver for new compounds at
the time) and discovery projects based on data
with limited translational relevance, it becomes
obvious what resources could be released if our
scientific approaches included a more aggressive
evaluation of the existing fundaments on which

we build our views and opinions, which often are
prematurely interpreted as the truth (Fig. 3).

Transcriptional science, an integral part of
translational sciences and its culture

In his review, titled ‘Translational research: for-
ging a new cultural identity;, Barry Coller iden-
tified several challenges ahead, including the
willingness to embrace change in general and to
induce a new culture of scientific disputation
[27]. Ensuring the reliability and validity of data
generated in the paradigm of translational
sciences will primarily require the implementa-
tion of a new culture in biomedical research, not
another new terminology like ‘transcriptional
sciences; to assess data and scientific hypothesis
more openly and with constructive criticism.
Concepts such as endogenous angiogenic fac-
tors would not have been developed success-
fully if people like Judah Folkman had not
resisted the opposition to their ideas and
questioned dogmas throughout their careers.

Scientists in the industry and academia will
have to appreciate that critical comments might
help to improve the impact of their work, if the
criticism is conveyed in an appropriate and
constructive manner, ideally before the work is
started. Open discussions and converging
expertises are the only measures that will ulti-
mately ensure a higher return of investment for
societies.

‘Open content ranking forums; established by
publishers for specific areas of research, might
be one approach worth exploring. Within com-
panies, specific IT solutions for in-house content
ranking by the companies’ scientists, enabling
them to participate proactively, could be
developed. ‘Constructive devil's advocates’ (i.e.
experts in challenging designs and ideas) could
be trained and become part of project teams to
promote a better success (translation) rate. In
general, eliminating misleading concepts and
experiments at the right time with the right
questions should be rewarded - for example, by
progression of a project to a milestone - both in
academia and the industry. In addition, negative
data or data that do not fit our current views
should be more appreciated.

Challenging dogmas or falsifying accepted or
new theories does not really exist as a research
goal, although it is an equally logical and
rewarding approach to generating knowledge
[28]. After all, science gets exciting when things
do not fitand new ground is touched. There is no
holy grail to achieve a better return on invest-
ment in biomedical research related to personal
effort and funding, but there are many ad hoc
opportunities to improve the reliability and

validity of experimental designs and extract
additional value from old knowledge. To unfold
this potential and secure progress in finding new
cures for unmet needs, however, will require a
concerted approach that can only be initiated
and guided by leaders from academia and
industry in concert.
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