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Editorial on the Research Topic

Bridging Techniques: Basic Science of Molecules, Cellular

Whole-Organ Physiology

Systems, and

Understanding cardiovascular physiology and improving cardiovascular disease prevention
and/or treatment are tightly intertwined with the rigor of experiments and interdisciplinary
interpretation of the data. Experimental rigor is the prerequisite for robust and reproducible
data that provide confidence and certainty. Interdisciplinary data interpretation allows for novel
perspectives that build upon the data and conclusions of others. Hence, advancing and innovating
cardiovascular (patho)physiology requires the continued integration of multiple disciplines,
scientific backgrounds, and a detailed understanding of available methodology.

Current routinely implemented methods for quantifying cardiovascular performance involve
several layers of complexity in their scope ranging from the whole organism to ex vivo
organs, individual protein-protein interactions, and genome regulation. Despite or because of
the worldwide availability and usage of these fundamental techniques, there exists a vital need
to continuously re-evaluate and comprehensively discuss their strengths and limitations. This is
especially important when translating/scaling the findings to whole organs or even the entire
organism. In this current Research Topic of Frontiers in Physiology we were seeking to highlight
the advantages and limitations of some of the most frequently applied techniques in cardiovascular
and specifically cardiac research.

Proper heart function depends on adaptive changes in load and muscle length during the cardiac
contraction-relaxation cycle. Chronic perturbation of proper heart pump function is clinically
classified as heart failure. Modulation of the cardiac cycle involves many contributions, including
alterations in cellular jon dynamics (i.e., excitation-contraction coupling) and changes to the
viscoelastic properties of the myocardial wall, such as alterations to sarcomeric (i.e., cross-bridges
and titin) and non-sarcomeric proteins (i.e., microtubules and the extracellular matrix) (Sequeira
and van der Velden, 2015). The influence of these alterations on cardiac contraction-relaxation
over the cardiac cycle varies in magnitude, duration and timing within the cycle, and thus a
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FIGURE 1 | Spatial scaling of the heart's functional components. The heart is composed of many layers of complexity, which span many orders of magnitude. From
the nanometer length range of actin-myosin interactions to the micrometer level of the sarcomeric apparatus and up to the hundreds of micrometer of single cells,
passing through multicellular sheets of bundles of cells measured in the millimeter length that make up the millimeter rodent animal heart.
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comprehensive understanding of these routinely available
methodologies to assess their roles in cardiac function is
paramount to the understanding of cardiovascular health and
disease states (Figure 1).

In this Research Topic, Knight et al. elaborate on the strengths
and weaknesses of five of the most commonly used in vitro
and ex-vivo techniques to understand cardiac muscle mechanics.
The simplicity offered by solution systems with purified actin
and myosin provides an attractive reductionist approach to
investigate the molecular underpinnings of sarcomeric proteins
in isolation - stripped of their confinement within the sarcomere
cytoskeleton. The comparison between demembraned - loaded -
intact membraned - (un)loaded - cardiomyocyte systems allows
investigation of viscoelastic properties, in respect to the presence
(or absence) of the cellular membrane, intracellular organelles
and changes in ion fluxes. Explanted whole-heart approaches are

the most powerful in combination with ex vivo hemodynamic
evaluations of pressure and volume relations, which are essential
to characterize the pump function of the heart in the absence of
neurohormonal influences.

The extent to which the heart can relax and fill - ie,
diastolic function - is largely dependent on the compliance
of the ventricular wall, in response to the magnitude and the
intrinsic speed of the stretch imposed on its cardiomyocytes
and the extracellular matrix (ECM). Most studies, however,
mainly addressed the effects of the large sarcomeric protein
titin as the central determinant of myocardial compliance and
diastolic (dys)function (van Heerebeek et al., 2012; Hamdani and
Paulus, 2013). Caporizzo and Prosser discuss how several non-
sarcomeric components, including the microtubules and desmin,
affect myocardial viscoelastic properties and the important
issue of how many of the prior approaches have been either
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inadequate or incomplete to reveal their involvement in diastolic
function. The authors provide substantial evidence to support
the role of non-sarcomeric proteins as crucial components of
myocardial compliance and strain, and the mechanisms through
which pathophysiological alterations facilitate the transition from
adaptive to maladaptive cardiac remodeling.

The ECM is an important component of the non-sarcomeric
cytoskeleton that contributes to diastolic stiffness during the
diastolic phase by limiting overstretch of cardiomyocytes,
slippage, and tissue deformation during filling. Wittig and
Szulcek review proportional changes in the major ECM
components of the heart and elastic vessels. Despite identifying
a surprising lack of human data, small donor numbers, and
inconsistent or outdated methodology the authors found that
pathological ECM ratio changes fall within a continuous
scale distinguishing cardiovascular pathologies from the aged
individual as well as differentiating vessels from the heart
itself. The findings highlight the specific nature of biophysical
microenvironmental changes and importance for experimental
model systems.

Animal models are often used as final proof-of-concept.
However, confounding variables are typically present in the
models and often affect interpretation of the work. Craig
Lygate provides a critical overview on important considerations
regarding the use of gain- and loss-of function mutations in
mouse models. Exemplified by the creatine kinase system,
the author discusses the importance and interdependency
of genetic background, promoter, group size, age, sex,
diet, circadian rhythm, tissue-specificity, redundancy in
signaling, compensatory adaptation, and how the choice
of proper controls can impact the comparison of cardiac
phenotypes in vivo. Such elemental issues lie at the heart
of intense scientific debates surrounding animal-drug-
responsiveness and the replicability of studies with heart
failure animal models.

Finally, traditional approaches that investigate the
pathogenesis of cardiovascular disease in small animal
models typically do not allow for microscopic evaluation of
in situ single cardiomyocytes and microvascular function.
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Waddingham et al. demonstrate that conventional limitations to
image microvessels in small rodents (diameter 30-100 um) can
be overcome by synchrotron microangiography imaging allowing
for direct investigations of small coronary microvascular
function. Moreover, the authors discussed the complementarity
of utilizing several synchrotron radiation imaging techniques
in the same animal models to understand microlevel coronary-
myocardial interactions. Uniquely, real time small-angle X-ray
scattering recordings can facilitate the investigation of actin-
myosin filament interactions within in the intact myofilament
lattice, and provide novel insights into cardiac function in vivo
at the sarcomere level, including a new understanding of myosin
super-relaxation in pathophysiological states.

In conclusion, this Research Topic features a collection of
articles that highlight essential experimental consideration well
established in expert labs, but difficult to relate to until now for
non-experts. By showcasing each of these methods, with their
advantages and limitations, this Research Topic aims to provide
a resource for scientists and help design studies that provide
maximal insights on cardiovascular function.
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