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By Andy Tay

Cardiovascular disease is the largest
single cause of death worldwide. The
World Economic Forum estimates total
global costs from cardiovascular diseases
(2010-2030) to be USD$20 trillion. The
primary treatment for cardiovascular dis-
eases is routinely taking a combination of
drugs to reduce blood clotting and choles-
terol levels. Unfortunately, this only alle-
viates symptoms in 50-70% of patients
and has adverse side effects, such as un-
explained muscle weakness, occasional
pain, and weight loss. To improve the un-
derstanding of cardiac physiology and drug
screening, researchers want to create better
heart models, even patient-specific ones.
Another solution to treat heart disease
is to develop biomaterials such as cardiac
patches that can meet the biochemical/
electrical/mechanical demands of the heart
simultaneously to promote regeneration
following cardiac infarction (more com-
monly known as heart attack) when blood
stops flowing to some regions of the heart.
Cardiac patches are formed from a mesh of
biocompatible polymers with seeded cells
and/or chemicals such as growth factors.
They can be attached onto the surface of
heart tissue to provide biochemical cues
for regeneration. Also, the seeded cells in
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Materials meet bioelectrical
and -mechanical demands of
the heart

the patches may form electrical junctions
with native cardiac cells to generate bio-
electrical signals essential for growth.

Piezoelectric scaffolds
for drug screening

The predominant heart model for drug test-
ing is to culture cardiac cells in two-dimen-
sional (2D) polystyrene plates, a material
commonly used in plastic packaging. In
reality, cardiac cells grow by integrating
biochemical/electrical cues from neighbor-
ing cells in three-dimensional (3D) spaces
that flat polystyrene plates cannot emulate.

These limitations motivated the re-
search group led by Lino Ferreira at
the University of Coimbra, Portugal,
to engineer a piezoelectric scaffold en-
vironment for cardiac cells. They pub-
lished the results of their work last fall
in Biomaterials (doi:10.1016/j.biomateri-
als.2017.05.048). Pedro Gouveia, the first
author of this article, says that their idea
for the scaffold came from the “use of
piezoelectric materials in mobile devices
and how they can produce energy by ex-
ploiting environmental cues.”

The research group coated micro-
poly(vinylidene fluoride-trifluoroethylene),
or PVF, onto their scaffolds. PVF exhibits

alignment. Credit: Biomaterials.

MNF-T12

Figure 1. Cardiac cells cultured on piezo nanofiims (MNF+PIEZO) display greater alignment
compared to polystyrene plates (PS) and nanofilms (MNF) day 12 after seeding (T12). Cardiac
cells are stained with DAPI (blue) for nuclei and sarcomeric a.-actinin (red) to show cytoskeletal

MNF+PIEZO-T12
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piezoelectrical properties, as discovered in
1969 by scientist Heiji Kawai, who was
then at the Kobayashi Institute of Physical
Research (Japanese Journal of Applied
Physics, doi:10.1143/JJAP.8.975).

By analyzing confocal images and quan-
tifying expression levels of connexin 43,
a protein that indicates whether cells are
forming electrical gap junctions to allow
cell—cell communications and have healthy
rhythmic contractions, the research group
found that cardiac cells preferentially grew
and aligned much better on their piezoelec-
tric scaffolds than on the 2D polystyrene
plate (Figure 1). The cardiac cells grew
so well on the piezoelectric scaffolds that
they generated 10-30 mV in electricity,
enough to induce action potential, and had
3.5x more beats per minute.

The research group then demonstrated
the high physiological relevance of their
heart model by testing it with the drug nor-
epinephrine, which modulates contractile
activities of cardiac cells. As expected, with
their heart models, when norepinephrine
was administered, cardiac cells experi-
enced contractions. The research group also
demonstrated an inhibition of contractions
with increasing dosages of propranolol,
which blocks adrenergic receptors (the
target of norepinephrine).

Stephanie Seidlits, an assistant profes-
sor researching regenerative medicine at
the University of California, Los Angeles,
who was not involved in this study, is
excited about the utility of piezoelectric
scaffolds for toxicity screening. “Cardiac
tissue is highly sensitive to drug toxicity,
and cultures used for in vitro screens do
not reflect the properties of real heart tis-
sue. The use of human-induced pluripo-
tent stem cell (iPSC)-derived cardiomyo-
cytes [cardiac muscle cells] means that
toxicity screens could be personalized to
some genetic characteristics of patients in
the future,” she says.

Auxetic cardiac patches for
in-sync movements with
heart tissues

Cardiac cells undergo huge defor-
mations while the heart is beating.
Consequently, the Young’s modulus
of the heart tissues can vary between
0.02 MPa and 0.50 MPa, depending on
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whether the heart is at the systole (con-
traction) or diastole (relaxed) phase.

Recently, the research team led by
Molly M. Stevens at the Imperial College
London published an article in Advanced
Functional Materials (doi:10.1002/
adfm.201800618) on an auxetic conduc-
tive cardiac patch that stretches and con-
tracts seamlessly with heart tissues. As the
term “auxetic” suggests, the scaffold de-
sign has a negative Poisson’s ratio, which
allows it to expand in multiple directions
when subject to forces to meet the large
mechanical deformations during the beat-
ing of the heart (Figure 2).

The auxetic property was found to im-
prove the shear and indentation resistance
of the cardiac patch, and it also stretched
and conformed to native rat heart tissues.
The research team observed promising re-
sults at day 14 after surgery, as the cardiac
patch remained adhered and well integrated
with rat heart tissue without eliciting any
adverse fibrotic activities in vivo.

Shaochen Chen from the University of
California, San Diego, who was also not
involved in this work, commented that he
is “glad they made this [auxetic cardiac
patch] happen and the work is excellent.”
He also added that with a 3D printing tech-
nique (see Advanced Functional Materials,
doi.org/10.1002/adfm.201002022), the
fabrication process could probably be faster
and more precisely controlled. However,
Stevens added that as their auxetic structure
had abilayer structure, their chosen fabrica-
tion technique was also appropriate.

Kella Kapnisi, who worked on auxetic
biomaterials in Stevens’s group, says that
auxetic materials can more comfortably

Structural water plays key role in
hybrid energy-storage device

Energy-storage devices that use lay-
ered electrodes are of great interest.
Batteries are relied on for their high charge
storage capability owing to ion intercala-
tion into electrodes. Capacitors, on the
other hand, output charge faster due to ion
adsorption onto electrode surfaces. Hybrid
energy-storage devices reap the benefits of
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form around a curved
sheet than a non-
auxetic material.
Stevens’s group is
excited to explore fu-
ture applications, such
as interfacing auxetic
materials with tissues
such as the “skin that
stretches and curves
in multiple directions, Trans
vascular tissues, and
cavities such as the
stomach.”
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Future

Cardiovascular dis-
eases present a huge
monetary cost to
society due to treat-
ments, loss of work-
ing abilities, and
mortality. Heart mod-
els that better mimic
physiology can pro-
vide more accurate
assessments of drug
toxicity and enhance

Figure 2. Most materials have a positive Poisson’s ratio. This
means that when they are stretched longitudinally, they contract
transversally. However, auxetic materials are defined as having a
negative Poisson’s ratio, which allows them to expand in multiple
directions. An example of stretching of the auxetic cardiac patch is
shown where increasing strains result in expansion of the scaffold
material. Scale bar is 1 mm. Credit: Advanced Functional Materials.
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tissue engineering ef-
ficacy. Patches with improved mechani-
cal properties can meet the biomechani-
cal demands simultaneously with the
biochemical/electrical needs of the heart
to improve treatment outcomes.
Materials innovations have significantly
impacted diagnosis and clinical treatment
of heart disease. Recently, the Japanese
government has given the green light for
clinical trials of cardiac patches loaded
with stem cells for heart regeneration, as

both. Now Veronica Augustyn’s research
group from North Carolina State University
has examined another important property
of layered energy-storage electrodes: their
mechanical behavior during charging and
discharging. The researchers used this in-
sight to show how water embedded into a
structure can transform its energy-storage
behavior from battery-like to capacitor-like.

Since ion intercalation significantly
strains materials, outstanding battery elec-
trode structures must bend and expand
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reported by David Cyranoski in Nature
(doi:10.1038/d41586-018-05278-8). An
exciting area in the future for materials
researchers is to synergize their creativity
in materials designs with patient-derived
stem cells to improve (personalize) drug
screening and cardiac regeneration.

Andy Tay, of Stanford University, is the in-
augural MRS Bulletin 2017 Postdoctoral
Publication Prize recipient.

with relative ease to accommodate ions in
order to offer high power densities and rate
capabilities. While observing and quantify-
ing local mechanical flexibility is tricky,
an appropriate probe characterization
technique, coupled with electrochemical
cycling, can provide this information. The
team has designed an in operando method
using atomic force microscopy (AFM) to
assess the charge mechanism and resulting
strain-induced deformations in tungsten ox-
ide (WO,) electrodes, and compared their
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