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Abstract
Background: Epicardial Adipose Tissue (EAT) accumulation is associated with sustained arrhythmias, suggesting
that EAT contributes to the development of a pro-arrhythmic substrate. We hypothesize that adipokines
secreted by EAT exert a pro-arrhythmic effect on the neighboring myocardium.
Aim: Compare the effects of EAT and subcutaneous adipose tissue (SAT) secretomes incubation on
cardiomyocytes electrophysiology.
Material and Methods: EAT and subcutaneous adipose tissue (SAT) were collected from 25 patients with
persistent atrial fibrillation undergoing video-assisted thoracoscopic pulmonary vein isolation, and incubated for
24H in culture medium. The secretome of adipose tissue was harvested. Monolayers of neonatal rat ventricular
myocytes (NRVMs) were cultured with the EAT or SAT secretome for 72H. Gene expression, action potentials
and conduction velocity were measured. Lastly, the electrophysiological changes observed in cardiomyocytes
after EAT secretome incubation were implemented into an in-silico model of human left atrium and arrhythmia
inducibility was tested.
Results: Incubation with EAT secretome decreased cardiomyocyte gene expression of the potassium channel
subunit Kcnj2 by 26% and correspondingly reduced the inward rectifier K+ current (IK1) by 35%, resulting in a
depolarized resting membrane of cardiomyocytes and a reduced action potential upstroke velocity in
comparison to the control. EAT secretome also decreased expression of gap junction protein connexin43 (29%
mRNA and 46% protein). Incubation of cardiomyocytes with SAT secretome did not lead to significant changes
of ion channels expression or action potential characteristics. Finally, NRVMs incubated with the secretome of
EAT showed reduced conduction velocity and increased conduction heterogeneity compared to SAT secretome
and control. Computer modeling of human left atrium revealed that the electrophysiological changes induced
by EAT secretome promote reentrant arrhythmias when EAT partially covers the myocardium.
Conclusion: The EAT secretome slows conduction, depolarizes the resting membrane of cardiomyocytes, alters
electrical coupling and facilitates reentrant arrhythmias. The EAT is a potential target to prevent arrhythmias.

Dpep1-/- increases diastolic blood pressure and adventitial (myo-)fibroblast density in an
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200 Word Abstract 6th NLHI-DCVA congress 2022:
Previously, murine aortic scRNAseq was used to delineate adventitial fibroblast
heterogeneity. We found dipeptidase 1 (Dpep1) demarks an abundant adventitial fibroblast
population, regarded as profibrotic cells. Because hypertension can be attributed to vascular
fibrosis/stiffening and considering GWAS indications that reduced DPEP1 is associated with
hypertension, we hypothesise Dpep1 knock-out to alter (myo-)fibroblast density and
subtypes, increase blood pressure (BP) and age-related vascular stiffening.
Immunohistochemistry of DPEP1 with vascular cell markers ascertained its adventitial
fibroblast-specificity across murine arteries. In the aortic arch adventitia of 18-month-old
mice, Dpep1-/- caused 65% and 1000% increases in PDGFRα single-positive and
PDGFRα/SM22α double-positive cells, respectively (flow cytometry). This was confirmed by
multispectral imaging of aorta sections, revealing a 5-fold increase in PDGFRα/SM22α
double-positive pixels. Dpep1-/- increased diastolic BP by 5% in aged, but not young mice.
Unexpectedly, Dpep1-/- did not affect age-related vascular fibrosis or stiffening (pulse wave
velocity, pressure myography, histology). However, Dpep1-/- did cause an age-dependent
loss of carotid artery contraction to U46619 (3μM, 36%) and relaxation to acetylcholine and
sodium nitroprusside of up to 62% (100nM, n≥6; p=0.0047) and 46% (10μM, n≥6; p=0.0006)
respectively, explaining BP changes.
This study, for the first time, implicates fibroblast DPEP1 in vessel contractility and blood
pressure regulation.

IL-33 interact with BMP mediated downstream signaling in Pulmonary Arterial Endothelial Cells and
induces endothelial-to-mesenchymal transition
Introduction: Pulmonary Arterial hypertension (PAH) is a rare disease which results from a progressive
increase in vascular resistance, caused by pulmonary vascular remodeling leading to right ventricular
overload and heart failure. Endothelial-to-mesenchymal transition (EndoMT) has been shown to
contribute to pulmonary vascular remodeling in PAH, by causing endothelial dysfunction and
muscularization of the pulmonary arteries. Mutations in the gene encoding for the bone morphogenic
protein receptor type II (BMPR2), is most abundant in patients with PAH. BMPR2 is a transmembrane
serine/threonine kinase receptor of the Transforming growth factor (TGF)-β pathway and binds
cytokines of the bone morphogenic protein (BMP) family.
We have previously shown that BMP9, a high affinity BMP for endothelial cells, promotes EndMT in
combination with classical inflammatory cytokines. In this project we focus on Interleukin-33 (IL-33),
a member of the IL-1 family to investigate the cross talk of IL-33 with the BMP pathway.
Methods: For the investigation of the cross talk between IL-33 signaling and the TGF-β pathway,
protein and mRNA levels were analyzed in Pulmonary Arterial Endothelial Cells (PAEC) that were
cultured under normoxic (20% O2) or hypoxic (1% O2) conditions.
Results: IL-33 interacts with the TGF-β superfamily by decreasing TGF-β induced pSMAD2 and
increasing BMP9 induced activation of pSMAD1/5/8 and target gene (ID1, ID3) expression.
Furthermore, BMP9 induced the expression of IL-33 unique receptor ST2, which was dependent on
the BMP Type I receptor kinase activity. In addition, IL-33 was found to be a driver EndMT in PAECs.
Outlook: Next, the role of BMP9 on EndMT in combination with IL-33 has to be further evaluated.
Also, in further experiments, shear stress levels will be implemented to create a physiological
relevant model to study PAH in vitro.

F. T. Bekedam, M.C. Smit , A. Vonk Noordegraaf, H.J. Bogaard, M.J. Goumans, F.S. De Man, A. LluciàValldeperas
Studying the effect of mechanical stress on cardiac fibroblasts in pulmonary arterial hypertension
Pulmonary arterial hypertension (PAH) is a rare, fatal, disease with vascular remodeling leading to
increased pressure on the right ventricle and, subsequently, fibrosis. To study PAH-induced cardiac
fibrosis and to develop an in vitro model of the failing right ventricle, cardiac fibroblasts were
generated from healthy subjects’ and PAH patients’ induced pluripotent stem cells (iPSC).
iPSC were cultured in TeSR-E8 medium until confluent. Differentiation started by switching to RPMI
supplemented with B27 without insulin and 12 µM CHIR99021 for 24h. Next, cells recovered for 24 h,
followed by stimulation with 75 ng/ml FGF2 up to day 20. Finally, cells were exposed to 10% equiaxial
cyclic stretch at 1 Hz for 4 days using the Flexcell FX-6000 system. Control and PAH cardiac fibroblasts
were characterized at gene and protein levels.
The differentiated cells presented the spindle morphology typical of fibroblasts. Furthermore, the
presence of cardiac (GATA4, TCF21) and fibroblast (VIM, PDGFRα, COL1A1) markers at gene and
protein levels confirmed the production of cardiac fibroblasts. At the end of differentiation, a trend
toward increased expression of fibroblast related genes was observed in PAH cells. When kept in
culture for 4 weeks, cells increasingly expressed markers of activated fibroblasts (ACTA2 and POSTN)
over time, similar to cultures of commercial adult cardiac fibroblasts. When exposed to mechanical
stretch, cells aligned to the stretch direction . Surprisingly, the cells showed no increase in gene
expression of extracellular matrix genes (COL1A1 and COL3A1) or activated fibroblasts markers (ACTA2
and POSTN). Interestingly, under static and stretch conditions expression of these genes was increased
in PAH cells compared to healthy cells.
The cellular morphology after differentiation as well as the gene and protein analyses indicate that
cardiac fibroblasts were successfully generated. Furthermore, cyclic stretch induced alignment of the
cells but was not sufficient to stimulate fibroblast activation.

UNDERSTANDING THE CONTRIBUTION OF STRETCH-ACTIVATED ION CHANNELS TO
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Background
Cardiac electrophysiology and mechanics are strongly interconnected. Among other things,
their interaction is mediated by cardiac mechano-electric feedback through stretch-activated
ion-channels (SACs). These channels could contribute to the development of arrhythmias, but
their precise role remains unclear.
The purpose of this work is to elucidate SACs contribution to arrhythmias using a novel
computational model of cardiac electromechanics.
Materials and Methods
We implemented two SACs in the Tomek, Rodriguez - O’Hara, Rudy model (2019) of human
ventricular electrophysiology: potassium-selective and non-selective SACs (conducting
sodium and potassium). The model was calibrated based on isolated cardiomyocytes
undergoing stretch. The calibration also considered inter-species differences, background
potassium current reduction, and disease-related stretch remodelling. Subsequently, to
investigate stretch effects on action potential (AP), we varied stretch amplitude, duration, and
timing.
Results
Afterdepolarization events were observed with short stretch stimuli (10ms), and their
amplitude modulated by stretch amplitude and time of application variation. The events were
not triggered during AP phase 1-3 and with stretch<15%, while with stretch≥25% during AP
phase 4, new triggered activities occurred. Furthermore, stretch could shorten subsequent
AP duration (APD) or prevent AP trigger. Particularly, this happened in a time window during
AP phase 4 with stretch≥25% because of stretch preventing sodium and late calcium channels
from being opened. These effects, including AP repolarization failure with longer stretch
stimuli (1s), were more pronounced with disease-related stretch remodelling due to
increased stretch sensitivity of older and diseased hearts.
Conclusions
Using a novel human electromechanical computational model, we quantified the contribution
of SACs to cardiac AP changes. We showed that SACs may lead to afterdepolarizations,
triggered activities, can shorten the subsequent APD, and prevent a beat trigger. These effects
can be modulated by both disease-related SAC remodelling and variations of amplitude,
timing, and duration of cardiomyocyte stretch and may contribute to arrhythmias generation.

ZEB2 promotes cellular survival and represents a potential therapeutic target
to ameliorate oxidative stress after cardiac injury.
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During ischemic injury, the cardiac redox homeostasis of the heart is dysregulated, and the
massive release of Reactive Oxygen Species (ROS) extensively damages the heart. Classical therapeutic
approaches have aimed to minimize cardiac injury after ischemia by down- or up-regulating ROSproducing enzymes or endogenous antioxidant systems. However, none of these therapies aimed to
restore the original redox balance of the heart. Here, we propose the transcription factor ZEB2 as a
new potential therapeutic approach against oxidative stress.
Cardiac-specific overexpression of Zeb2 results, in mice, in the downregulation of ROSproducing enzymes and an augmented gene expression of endogenous antioxidants systems. Here,
we show that adeno-associated virus (AAV) -driven overexpression of Zeb2 in vitro improves survival
in neonatal rat cardiomyocytes (NRCMs) and iPSC-derived cardiomyocytes after acute oxidative insult.
In NRCMs treated with H2O2, we show that overexpression of Zeb2 corresponds to lower oxidative
damage, down-regulation of stress markers such as Nppa and Nppb, and the downregulation of ROSproducing enzymes such as Nox2. Based on these results, we tested the AAV9-mediated delivery of
Zeb2 in the heart of uninjured wild-type mice through the retroorbital injection. To identify the best
therapeutic delivery, we tested two different viruses for Zeb2 transgenic overexpression, CMV-driven
or human TNNT2 promoter-driven. Fourteen days post-infection, we collected the hearts together
with the lungs, liver, and skeletal muscle to assess Zeb2 overexpression in different tissues.
So far, the data generated supports the hypothesis that Zeb2 is involved in the oxidative stress
response. However, to better understand the role of Zeb2 in cardiac redox homeostasis and its
therapeutic value against oxidative stress, we aim to deliver Zeb2 in a murine injury model of ischemiareperfusion.
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Introduction; Variants in KCNH2, encoding the hERG channel and responsible for the rapid component
of the cardiac delayed rectifier K+ current (IKr), have been linked to Long QT Syndrome type 2 (LQTS2).
We identified eight index patients with a new variant of unknown significance (VUS) KCNH2-p.S906L.
To date, functional assessment of this variant is lacking, hampering clinical follow up of these patients
and their relatives. We aimed to elucidate the biophysiological effect of the KCNH2-p.S906L variant,
in order to enable proper classification and consequent clinical decision making.
Materials & Methods; All data of the patients and available relatives were used to generate a
genotype-phenotype overview. The biophysiological effects were assessed by manual whole-cell
patch-clamp using HEK293a cells expressing: (i) the wild type (WT) KCNH2, (ii) KCNH2-p.S906L alone
(homozygous, Hm) or KCNH2-p.S906L in combination with WT (1:1) (heterozygous, Hz).
Results; Incomplete penetrance of the LQTS2 in KCNH2-p.S906L carriers was observed. In addition to
KCNH2-p.S906L, some index patients were heterozygous for other VUS’ in CACNA1C, PKP2, RYR2, and
AKAP9. The phenotype of carriers of KCNH2-p.S906L ranged from asymptomatic to life-threatening
arrhythmic events. Whole-cell patch-clamp showed a reduced current density in both the
heterozygous and homozygous models, compared to KCNH2-WT. Current density was reduced by
69.8%, and 60,4% in KCNH2-p.S906L-Hm and KCNH2-p.S906L-Hz, respectively. Furthermore, the time
constant of activation was increased in KCNH2-p.S906L-Hm compared to KCNH2-WT. While the time
constant of the deactivation and inactivation kinetics were unaffected.
Conclusion; The reduced current density in the KCNH2-p.S906L-Hz indicates a moderate loss-offunction of hERG. These observed functional changes, combined with the reduced penetrance indicate
that this variant in KCNH2 is a risk factor for LQTS2. We hypothesize that in combination with other
genetic substrates, or known risk factors LQTS2 carriers with this variant can experience cardiac
events.

Background: Diseased atria are characterized by functional and structural heterogeneities (e.g.
dense fibrotic regions), adding to abnormal impulse generation and propagation, like ectopy and
block. These heterogeneities are thought to lie at the origin of complex fractionated electrograms
(CFAEs) under sinus rhythm (SR) in atrial fibrillation (AF) patients, but also in the onset and
perpetuation (e.g. reentry) of this disorder. The underlying mechanisms, however, remain
incompletely understood.
Objective: To test the hypothesis that dense local fibrotic regions can create an electrically
isolated conduction pathway (EICP) in which reentry can be established via ectopy and block to
become “trapped”, only to be “released” under dynamic tissue changes.
Methods: The geometry of such an EICP was explored in vitro using optogenetics by creating
conduction blocks of any shape by means of light-gated depolarizing ion channels (CatCh) and
patterned illumination. Insight from these studies was used for complementary investigation in
virtual human atria to assess clinical relevance.
Results: Optical mapping studies, in monolayers of CatCh-activated atrial cardiomyocytes,
revealed that reentry can be established and trapped by creating an EICP with a bulk-connecting
isthmus causing source-sink mismatch. A tachyarrhythmia was shown to exist locally with SR
prevailing in the monolayer bulk tissue. Next, conditions were found under which reentry could
escape this pathway, thereby converting a local dormant arrhythmic source into an active driver
with global impact. Pseudo-electrograms derived from complementary computational 3D studies
showed CFAEs at the site of "trapped reentry" in coexistence with normal electrograms of SR in
the atrial bulk, which showed arrhythmic patterns upon reentry release.
Conclusions: Trapped reentry as a dormant source can explain the sudden onset of focal
arrhythmias which are able to transgress into AF. Besides this result, our study might also aid in
improving our understanding of the effectiveness of aberrant signal ablation in clinical practice.

Increased oxidative stress alters coronary microvascular tone in exercising swine with multiple
comorbidities
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Division of Experimental Cardiology, Department of Cardiology, ErasmusMC, Rotterdam, The
Netherlands
Introduction. Diabetes mellitus (DM), chronic kidney disease (CKD) and
hypercholesterolemia either alone or in combination, induce sustained systemic inflammation,
increased oxidative stress and coronary endothelial dysfunction. The resulting alterations in
microvascular tone may contribute to impaired myocardial perfusion in patients chronically
affected by these comorbidities.
Purpose: We tested, in exercising swine, the hypothesis that increased production of reactive
oxygen species (ROS) due to DM, CKD and high fat diet (HFD) results in loss of NO
bioavailability in the coronary microvasculature leading to altered myocardial perfusion.
Methods: In 12 female swine, DM (streptozotocin 3x50mg/kg iv), CKD (renal embolization),
and hypercholesterolemia (via high fat diet, HFD) were induced for 6 months
(DM+HFD+CKD). 10 female healthy swine on normal pig chow served as controls (Normal).
The role of ROS in the regulation of coronary flow was studied at rest and during graded
treadmill exercise with or without ROS scavengers (MPG+Tempol).
Results 6 months after the induction of comorbidities, DM+HFD+CKD animals had sustained
hyperglycemia (19.5±1.1 vs 8.7±0.5mmol/L), renal dysfunction (plasma creatinine: 163±7 vs
120±3 µmol/l), hypercholesterolemia (12.7±2.1 vs 1.7±0.1mmol/l) and sustained systemic
inflammation (TNFα 52±5 vs 25±6 pg/ml, all P<0.05). Myocardial superoxide production was
increased in DM+HFD+CKD animals due to NADPH oxidase activation and eNOS uncoupling,
(Sorop et al, CVR 2018) and total antioxidant capacity was reduced (Fig. A), which was
associated with a lower myocardial NO production, (P<0.05). In vivo experiments showed that
myocardial oxygen delivery was impaired in DM+HFD+CKD swine at rest and during exercise,
requiring an increased myocardial oxygen extraction (MEO2) compared to Healthy (compare
control runs in panels C and D, P<0.05), that is due to a loss of NO vasodilator influence (van
de Wouw et al. BRIC 2021). Interestingly, scavenging of ROS had no effect in Healthy but
resulted in increased MEO2 in DM+HFD+CKD (Fig. C, D), indicating that increased oxidative
stress resulted in increased production of vasodilator ROS, most likely H2O2. The latter was
also supported by an increase in ceramide production (138±34 vs 45±4 nmol/ml, P<0.05) and
increased activity of catalase in the myocardium (Fig. B, P<0.05).
Conclusion: In swine, 6 months exposure to multiple comorbidities resulted in increased
oxidative stress associated with impaired myocardial oxygen delivery, due to a loss of NO that
was partially compensated for by increased H2O2-mediated coronary vasodilation.
Funding: CVON-RECONNEXT

E2F7/8 is involved in cardiomyocyte polyploidy but does not affect
myocardial function after myocardial injury
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Background: Polyploidy cells contain more than two complete sets of homologous

chromosomes. Although this is a characteristic feature of cardiomyocytes and observed in all
mammalian species, its biological functions are still unknown. Cardiomyocytes polyploidy in
rodents occurs mainly through incomplete cytokinesis and increases with age. Studies have
demonstrated that E2F7/8 transcription factors are key regulators of polyploidy in the liver and
pancreas, however, it remains unclear if E2F7/8 control the generation of polyploidy
cardiomyocytes and what the functional consequence is post- myocardial ischemia reperfusion
injury (IRI).
Methods: By using a tamoxifen inducible Cre/LoxP approach in new-born mice, we deleted

E2F7/8 transcription factors ubiquitously and evaluated the biological significance of postnatal
E2F7/8 loss. Mice underwent myocardial ischemia reperfusion injury (IRI) and heart function
was assessed by 4D-echocardiography. Cardiomyocyte nucleus polyploidy was measured by
FACS and microscope.
Results: Deficiency of E2F7/8 significantly suppress cardiomyocyte mononucleated and

multinucleated polyploidy and also led to a decrease in cardiac stress related marker lever such
as ANP, BNP, β-MHC/α-MHC and an increase in CD31 expression level. Surprisingly, E2F7/8
deletion did not have impact on cardiac function and dimensions post-IRI.
Conclusion: In summary, we identified that E2F7/8 activity is involved in the cellular

polyploidy in the heart, and although stress markers post MI are affected, general myocardial
function did not change after applying myocardial injury.

Human primary plaque cells cultures to study molecular mechanisms of sex-differences in
atherosclerosis
Introduction
We previously showed that female key driver genes are involved in vascular smooth muscle
cell plasticity in female atherosclerotic plaques. To further study mechanisms on how those
sex-driven genes contribute to atherosclerotic disease they need to be first prioritized in a
relevant in vitro model system. We hypothesize that human isolated plaque cells retain
diseased key driver gene expression and activity and therefore can be used for plasticity
experiments to prioritize and study the function of female key driver genes.
Method
Conditioned outgrowth of cells from freshly obtained atherosclerotic lesions under optimized
conditions were performed from 20 male/female, which underwent atherectomy surgeries.
Using a combination of bulk and single-cell RNAseq, plaque cells have been deeply
characterized. To investigate their lineage plasticity, we stimulated them with low-densitylipoproteins (LDL and oxidized LDL) to induce foam cell trans-differentiation.
Results
We found that plaque cells maintain a stable transcriptome over 10 passages of culture (~10
weeks) and resemble synthetic VSMCs when compared with human single-cells directly
characterized from tissue. We identified female-specific key driver genes amongst the highest
expressed genes (FN1, COL1A2, IGFBP7, SPARC, VCAN, CALD1). Moreover, after lipoproteins
exposure, macrophages/foam cells specific markers (CD86, CD64, CD163, ABCA1, CD68 and
LGALS3) were significantly upregulated, suggesting the capability of those cells to
differentiate into other cell lineages.
Conclusions
Isolated plaque cells seem to retain the phenotypic and functional capabilities of synthetic
VSMCs - what makes them suitable for further prioritization and mechanistic studies of female
key driver genes involved in VSMC plasticity

Fernanda M. Bosada, Alexandra Giovou, Bastiaan J. Boukens, Geert J. Boink, Monika M. Gladka,
Vincent M. Christoffels
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Modest upregulation of Tbx5 stimulates prenatal ventricular cardiomyocyte proliferation
Heart development and rhythm control are highly Tbx5 dosage-sensitive. TBX5 haploinsufficiency
causes congenital heart defects and conduction disorders, whereas slightly increased levels of TBX5 in
human heart samples have been associated with atrial fibrillation. To gain insight into the impact of
slight dosage changes of Tbx5 in vivo, we deleted the mouse orthologue of a conserved atrial
fibrillation-associated regulatory region in the TBX5 locus (RE(int)-/- mice). Postnatal RE(int)-/- mouse
atria showed slightly increased Tbx5 expression levels (30%) and increased susceptibility to atrial
arrhythmia. Strikingly, we observed increased Tbx5 (30%) in the ventricles before birth, accompanied
by increased heart size. We observed an increase in fetal cardiomyocyte proliferation rates specific to
the left ventricle. Transcriptional profiling of ventricles of fetal control and RE(int)-/- mice revealed
induction of several cell cycle related genes and Prrx1, a transcription factor associated with atrial
fibrillation. When expression of Prrx1 was reduced by introducing a Prrx1 enhancer deletion in RE(int)/mice, we observed a normalization of heart size. These data indicate prenatal cardiomyocyte
proliferation rates are Tbx5 dosage sensitive and act in part through moderating Prrx1 levels. To
examine the potential of Tbx5 to induce postnatal cardiomyocyte renewal, AAV9-TNNT2-TBX5 was
retro-orbitally administered to juvenile mice. Preliminary results show cardiomyocyte-specific
expression of TBX5, and induction of target genes (Gja5, Nppa) and genes involved in proliferation.
Future experiments will focus on the capacity of Tbx5 to induce cardiomyocyte proliferation and the
underlying mechanisms.

Mitochondrial dysfunction as an underlying cause for arrhythmogenic cardiomyopathy
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Arrhythmogenic cardiomyopathy (ACM) is a rare cardiac disease characterized by
arrhythmias and progressive fibrofatty replacement of the myocardium, which can ultimately
lead to heart failure. It is one of the leading causes of sudden cardiac death in young adults,
especially athletes. The genetic cause is well studied where the majority of ACM patients
carry a mutation in desmosomal genes. However, the molecular disease-driving mechanisms
remain poorly understood.
To model and study ACM, we used cardiomyocytes differentiated from human induced
pluripotent stem cells (hiPSCs) that were generated from an ACM patient carrying a
pathogenic mutation in the desmosomal gene Plakophilin-2 (PKP2 c.2013delC/WT). These
mutant hiPSC-derived cardiomyocytes (hiPSC-CMs) show haploinsufficient PKP2 levels,
decreased desmosomal protein expression and a reduced sodium current compared to their
isogenic control; recapitulating the molecular and electrophysiological phenotype in ACM
patients. Furthermore, RNA-sequencing showed that many genes related to oxidative
phosphorylation were downregulated in the mutant cells. This decline corresponded to
reduced ATP production and decreased respiratory capacity in the cardiomyocytes harboring
the PKP2 mutation. Using siRNA-mediated PKP2 inhibition in control hiPSC-CMs, we were
able to show that this decreased expression of components in the electron transport chain
(ETC) and loss in mitochondrial function was a direct consequence of PKP2 depletion and
occurred in a dose-dependent manner. We are currently investigating the effect of oxidative
stress in mice harboring the murine equivalent of PKP2 c.2013delC.
Together, our findings demonstrate that a decline in PKP2 levels alters gene expression of
ETC components that consequently cause mitochondrial dysfunction, indicating a possible
increased susceptibility for oxidative stress in ACM patients. Improving mitochondrial
function or oxidative capacity in cardiomyocytes could be a new potential therapeutic
strategy for patients suffering from the disease.
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ABSTRACT:
Aims: The presence of multiple pathogenic variants in the desmosomal genes (JUPD, DSP, PKP2, DSC2, DSG2) in
patients with arrhythmogenic right ventricular cardiomyopathy (ARVC) has been previously linked to a more
severe phenotype. However, variants are reclassified frequently, implicating a different clinical risk level.
Therefore, to establish the true clinical outcome in ARVC patients with more than one pathogenic or likely
pathogenic (P/LP) desmosomal gene variant, we reclassified all variants in previously published, and a series of
unpublished, patients with multiple variants and then correlated these to clinical outcome.
Methods and results: We: a) collected data of 331 published and unpublished patients from our registries with
more than one desmosomal variant, b) reclassified these variants using internal criteria, based on the current
American College of Medical Genetics sequence variant interpretation criteria, and c) collected follow-up clinical
data to determine event-free survival. After variant reclassification, only 27% (89/331) patients had two, 44%
(145/331) had one, and 29% (97/331) had no P/LP variant. Patients with two P/LP variants reached the
composite endpoint (consisting of the occurrence of ventricular arrhythmias, heart failure and death)
significantly earlier (39 years [95% CI, 32 to 46 years]) than patients with one (53 years, P = 0.004) or no P/LP
variant (50 years, p< 0.001). Carrying two P/LP variants is significantly associated with reaching the composite
endpoint with hazard ratios of 2.4 (95% CI, 1.6 to 3.4) and 2.2 (95% CI, 1.5-3.2) compared to those with one P/LP
or no P/LP variant, respectively.
Conclusion: After reclassification, 27% of ARVC patients previously believed to carry two P/LP variants had in
fact two P/LP variants. To our knowledge, this is the largest series of ARVC patients with two reclassified P/LP
variants. We identified a more than 2-fold chance of reaching the composite endpoint compared to those with
a single or no P/LP variant. Periodic reclassification of identified variants contributes to a more accurate risk
stratification and subsequent clinical management strategy.
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ABSTRACT
Although canine DCM has similar disease progression and subtypes as in humans, only a few candidate
genes have been found to be associated with DCM while the genetic background of human DCM has
been more thoroughly studied. Additionally, experimental disease models using induced pluripotent
stem cells (iPSCs) have been widely adopted in the study of human genetic cardiomyopathy but have
not yet been fully adapted for the in-depth study of canine genetic cardiomyopathies. The clinical
presentation of DCM is extremely heterogeneous for both species with differences occurring based on
gender or sex predisposition, age of onset, and the rate of disease progression. Both genetic
predisposition and environmental factors play a role in disease development. Interestingly, different dog
breeds have shown to develop distinct DCM phenotypes, and this presents a unique opportunity for
modeling as there are multiple breed-specific models for DCM with less genetic variance than human
DCM. A better understanding of DCM in dogs has the potential for improved selection for breeding and
could lead to better overall care and treatment for human and canine DCM patients. At the same time,
progress in research made for human DCM can have a positive impact on the care given to dogs
affected by DCM. Therefore, we analyzed the feasibility of canines as a naturally occurring bidirectional
disease model for DCM in both species. The histopathology of the myocardium in canine DCM was
evaluated in three different breeds compared to control tissue, and the known genetics that contributes
to both canine and human DCM were summarized. Lastly, the prospect of canine iPSCs (ciPSCs) as a
novel method to uncover the contributions of genetic variants to the pathogenesis of canine DCM are
introduced along with the applications for disease modeling and treatment.
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AIM: Cardiac diseases remain a leading cause of cardiovascular disease (CVD)
related hospitalisation and mortality. As a result, research to improve our
understanding of pathophysiological processes underlying cardiac diseases is of great
importance. There is a strong need for healthy and diseased human cardiac tissue
and related clinical data to accomplish this, since currently used animal and in vitro
disease models do not fully grasp the (patho-)physiological processes observed in
humans. This design paper describes the initiative of the Netherlands Heart Tissue
Bank (NHTB) that aims to boost CVD-related research by providing an open-access
biobank.
METHODS: The NHTB, founded in June 2020, is a non-profit biobank that collects
and stores biomaterial (including but not limited to myocardial tissue and blood
samples) and clinical data of individuals with and without previously known cardiac
diseases. All individuals aged≥18 years that live in the Netherlands are eligible for
inclusion as potential future donor. The stored samples and clinical data will be
available upon request for cardiovascular researchers.
CONCLUSION: To improve the availability of cardiac tissue for cardiovascular
research, the NHTB will include extensive (cardiac) bio-samples, and clinical data of
donors with and without previously known cardiac disease(s). The NHTB will function
as a translational bridge to boost a wide range of cardiac disease-related fundamental
and translational studies.

Dysregulation of cardiac endothelial lncRNA H19 in COVID19 patients induces
endothelial dysfunction leading to impaired cardiomyocyte function
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Background: COVID19 can be accompanied by cardiac dysfunction. Nevertheless, it
cannot be fully explained by direct infection of SARS-COV-2 on cardiomyocytes.
Evidence shows that endothelial dysfunction underlies several manifestations of
COVID19. Here, we investigated whether COVID19 induces cardiac microvascular
endothelial dysfunction, leading to impairment of cardiac function, and whether
dysregulation of the endothelial-specific long non-coding RNA (lncRNA) H19 underlies
the pathogenesis of cardiac complication of COVID19. Methods and Results: We
discovered that endothelial-enriched lncRNA H19 is downregulated in the heart of
patients with COVID19 (~2 fold, p<0.01). H19 was highly expressed in cardiac
microvascular endothelial cells (CMEC) as compared to other endothelial cell types
(~10 fold, p<0.05), suggesting its cardiac enrichment. H19 silencing in CMEC induced
endothelial stress phenotype and a reduction in endothelial specific markers, VEcadherin and eNOS (~1.5 fold, p<0.01), indicating its importance in endothelial
physiology. Using the endothelial-cardiomyocyte co-culture system we previously
developed, we showed that H19 silencing in CMEC reduced cardiomyocyte (CM)
relaxation and contraction (~1.5 fold, p<0.01). Interestingly, exposure to plasma from
COVID19 patients reduced endothelial H19 level and impaired endothelial
enhancement of CM function. Mechanistically, reduced level of H19 increased
endothelial IL6 expression (~1.5 fold, p<0.01). Further, exposure of CMs to IL6 also
impaired CM function, suggesting that endothelial cells devoid of H19 release IL6
which represses CM function. Interestingly, we also found increased IL6 levels in the
heart of COVID19 patients (~2 fold, p<0.05), and the impairment of endothelial
enhancement of CM function upon H19 silencing was restored in the presence of
tocilizumab, an IL6 receptor antagonist (~1.5 fold, p<0.01). Furthermore, the
impairment of the endothelial regulation on CM function upon exposure to COVID19
plasma was mitigated when the patients were treated with tocilizumab (~1.5 fold,
p<0.01). Conclusion: COVID19 reduces cardiac endothelial H19 level and induces
impairment of endothelial enhancement of CM function via increased release of
endothelial-derived IL6, the effect that can be rescued in the presence of IL6 receptor
blocker tocilizumab.
Desmin Dislocation and Sarcomere Disruption in αB-Crystallin Dilated
Cardiomyopathy

Ilse R. Kelters, Petra H. van der Kraak, Aryan Vink, Niels P. van der Kaaij, Linda W. van
Laake, Joost P.G. Sluijter and Jan W. Buikema
Purpose:
This study aimed to elucidate pathophysiology initiated by a heterozygous CRYAB*.176Trp+19
mutation in developing severe adult-onset cardiomyopathy. Insight in compensatory
cytoprotective mechanisms activated in response to cellular and protein stress originating
from this CRYAB mutation is necessary to excogitate potential therapeutic options and
obtain clinical hallmarks of disease. This ultimately contributes to early recognition and
optimal treatment of CRYAB cardiomyopathies.
Methods:
We report a longitudinal follow-up of a family with three affected members (n=3) that
ultimately underwent cardiac left ventricular assist device implantation followed in 2 patients
by cardiac transplantation. Explanted heart tissue obtained at the time of Left Ventricular
Assist Device implantation and/or subsequent heart transplant was histologically analyzed
and compared to non-cardiac diseased heart tissue.
Results:
Affected family members manifested congenital a combined phenotype of posterior pole
cataract and adult-onset dilated cardiomyopathy. Microscopic analyses of the explanted
heart sections revealed a fibrotic myocardium with hypertrophic cardiomyocytes containing
intracellular aggregates with αB-crystallin, desmin, and p62. Troponin-I and desmin staining
showed disarray of the sarcomere and the absence of desmin filaments at the intercalated
disc.
Conclusions:
This study provides evidence that the functional deficit in the cytoskeletal network’s integrity
and the intercalated disc’s remodeling could be a critical factor in the pathophysiology of
CRYAB*.176Trp+19 dilated cardiomyopathy. The Interplay between αB-crystallin and desmin is
crucial to maintain the architecture of the sarcomeres and intercalated disks. Obtaining a
patient mimicking model, like human induced pluripotent stem cell-derived cardiomyocytes of
our patients, could be the first step forward to expand the knowledge of the cytoskeletal
network in the pathophysiology of dilated cardiomyopathy.
Key words: CRYAB; Heart failure; intracellular aggregates; sarcomere dysfunction;
cardiomyopathy.

Graphic abstract:

Coronary calcium scoring as first-line test to detect and exclude
coronary artery disease in patients presenting to the general
practitioner with stable chest pain: protocol of the clusterrandomized CONCRETE trial
Moniek Y. Koopman, Jorn J.W. Reijnders, Robert T.A. Willemsen, Rykel van Bruggen, Carine J.M.
Doggen, Bas Kietselaer, Martijn J Oude Wolcherink, Peter van Ooijen, Jan Willem C. Gratama, Richard
Braam, Matthijs Oudkerk, Pim van der Harst, Geert-Jan Dinant, Rozemarijn Vliegenthart
ABSTRACT
Introduction: Identifying and excluding coronary artery disease (CAD) in patients with atypical angina
pectoris (AP) and non-specific thoracic complaints is a challenge for general practitioners (GPs). A
diagnostic and prognostic tool could help GPs to determine the likelihood of CAD and guide patient
management. Studies in outpatient settings have shown that the computed tomography (CT)-based
coronary calcium score (CCS) has high accuracy for diagnosis and exclusion of CAD. However, the CT
CCS test has not been tested in a primary care setting. In the CONCRETE study, the impact of direct GP
access to the CT CCS will be investigated. We hypothesize that this will allow for early CAD diagnosis
and treatment, more efficient referral to the cardiologist and a reduction of health care related costs.
Methods and analysis: CONCRETE is a pragmatic multicenter trial with a cluster randomized design,
in which direct GP access to the CT CCS is compared to the standard of care. In both arms, at least 40
GP offices, and circa 800 patients with atypical AP and non-specific thoracic complaints will be
included. To determine the increase in detection and treatment rate of CAD in GP offices, the
cardiovascular risk management registration rate is derived from the GPs’ electronic registration
system. Individual patients’ data regarding cardiovascular risk factors, expressed chest pain
complaints, quality of life, downstream testing, and CAD diagnosis will be collected through
questionnaires and the electronic GP dossier.
Results: Currently, the CONCRETE trial is carried out in 101 GP offices in the Netherlands and already
442 patients have been included in the trial. Ultimately, CONCRETE will determine the efficiency of CT
CCS with regard to diagnosing and excluding CAD, downstream testing and (unnecessary) referral
rates. Furthermore, it will give insight into the cost-effectiveness of both strategies.

Mending broken hearts through the spiny mouse
Ischemic heart disease is a major concern for global health and despite half-century of advances in
cardiovascular science and preventive medicine continues to kill more people than any other disease
worldwide. To find ways of rebuilding a damaged heart we can employ model species that display
innate regeneration. However, our current repertoire consists primarily of lower vertebrates,
precluding the study of class-specific traits that have emerged throughout evolution, and reducing
translatability to humans. Here, we present the spiny mouse (Acomys spp.), a murid rodent that can
recover from ischemic injury after permanent ligation of the coronary artery. By comparing them to
non-regenerating mice (Mus musculus), we report a similar acute injury response in spiny mice, but
with an associated tolerance to infarction through superior survivability, improved ventricular
conduction, and near-absence of pathological remodeling. Critically, spiny mice display a potent
vascular response, pro-regenerative scar make-up, and increased cardiomyocyte immaturity, with a
corresponding improvement in heart function. These findings present new ways to study heart
regeneration by leveraging unique properties of the spiny mouse. Having established a proof of
concept we can now start to define in more detail the mechanisms of regeneration, generating
much needed avenues for cardiac regenerative medicine.
Keywords: heart disease, myocardial infarction, remodeling, regeneration, acomys

Title: Restoring levels of PKP2 as a novel therapeutic approach for Arrhythmogenic
cardiomyopathy
Authors: Eirini Kyriakopoulou, Danielle Versteeg, Hoyee Tsui, Sebastiaan van Kampen, Mauro
Giacca, Eva van Rooij
Abstract:
Arrhythmogenic cardiomyopathy (ACM) is a severe cardiac disorder characterized by lethal
ventricular arrhythmias and sudden cardiac death (SCD). To date, there is no effective curative
treatment for the disease.
ACM patients often carry mutations in desmosomal genes, with Plakophilin 2 (PKP2) being
the most prevalent. Our lab has shown that most of the patients harboring a PKP2 mutation,
exhibit reduced levels of PKP2 protein, which corresponds to a lowering in other desmosomal
components and the dysregulation of ACM-related factors, such as alpha-catenin and NCAD.
These data suggest that point mutations in PKP2 weaken desmosomal assembly, which
subsequently disrupts the connection between cardiomyocytes and activates downstream
disease processes. To further explore these ACM aspects, our lab has generated multiple in
vitro and in vivo knock-in models harboring disease-associated point mutations.
Since PKP2 haploinsufficiency is the underlying cause of ACM, we hypothesized that
restoration of PKP2 levels would reverse the phenotype caused by PKP2 mutations. To do so,
we used AAV-mediated overexpression of wildtype PKP2 in our preclinical models of ACM.
Restoring PKP2 back to physiological levels in hiPSC-CMs carrying the human pathogenic PKP2
c.2013delC mutation resulted in subsequent recovery of DSP, PKG and DSG protein levels.
Importantly, this result was corroborated by intravenous administration of AAV9-Pkp2 to
mutant mice harboring the equivalent of the human pathogenic PKP2 mutation.
These findings suggest that restoration of PKP2 levels in ACM patients carrying a pathogenic
PKP2 mutation could reverse the disease phenotype and as such be of therapeutic value in
this patient population.

mRNA delivery to the heart using lipid nanoparticles
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●

Background/Introduction

After myocardial infarction, endogenous mechanisms that enable repair of the
functional damaged tissue can be triggered by modified mRNA (modRNA) delivery,
locally in the infarcted area. Lipid nanoparticles (LNPs) represent a well
characterized class of mRNA delivery systems, which were recently approved for
clinical usage in their application for mRNA-based covid-19 vaccines.
●

Aims
-

●

Deliver mRNA to the heart using LNPs as delivery systems.
Determine which of the tested LNP formulations better transfects the heart
both in a murine healthy and infarct heart model.

Methods

Different LNP formulations varying in type and amount of helper lipid were used as
delivery systems for modRNA encoding the reporter genes luciferase or eGFP. In
vivo, modRNA delivery was evaluated in C57BL-6 mice, undergoing open chest
heart surgery under general anaesthesia in order to infuse LNPs into the left
ventricular wall. For determination of luciferase expression levels, animals were
infused with luciferin substrate intraperitoneally 24 hrs after injection. Heart, liver,
lungs, spleen and kidneys were extracted for imaging in a bioluminescence imaging
system. The organs were then stored in liquid nitrogen for further ex-vivo modRNA
delivery analysis. For determining cellular tropism, histology was performed on mice
treated with eGFP modRNA.
●

Results

Both bioluminescence imaging and luminescence analysis in tissue lysates showed
that mRNA transfection is achieved in the myocardium 24 hours after LNP
intramyocardial administration. Furthermore, LNP-mediated delivery of mRNA
greatly outperformed naked mRNA in terms of transfection efficiency. However, all
LNP formulations also resulted in high expression levels in other organs, including
liver and spleen. Changes in type or amount of helper lipid in LNPs had only limited
effect on cardiac transfection levels. Histology of the treated hearts revealed a
distinct transfection pattern. The targeted, interstitial cells were negative for CD31
(marker for endothelial cells and monocytes) and Troponin I3 (marker for
cardiomyocytes).
●

Conclusion(s) and further plans

We show that, using an optimized LNP formulation, a significant degree of modRNA
local transfection of the heart can be achieved, outperforming administration of
naked modRNA. However, despite the local route of administration (into the left
ventricular wall), the highest LNP transfection is shown in remote organs such as
liver and spleen. More improvements of the LNP formulations must be done to
increase their tropism towards the heart tissue for their optimization as cardiac
delivery systems. Determining which cell types are being targeted is also important
in order to establish a therapeutic target when applying the LNPs for cardiac
therapy.
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ABSTRACT (272/300 words)
Background
Cardiotoxicity is a common side effect of doxorubicin treatment. Nevertheless, the
pathophysiology underlying doxorubicin-induced cardiotoxicity and the detrimental molecular
mechanisms leading to heart failure are poorly understood. Accelerated ageing and cellular
senescence have been described in doxorubicin-treated cancer survivors. Whether cellular
senescence in involved in development of doxorubicin-induced cardiotoxicity in humans is
unknown.
Methods Biopsies from the left ventricle (LV) of seven patients with severe doxorubicininduced cardiotoxicity were compared to five control samples to study the potential
involvement of cellular senescence and signs of premature aging. To study the functional
consequences of senescence, we generated 3D dynamic engineered heart tissues (dyn-EHTs)
using human pluripotent stem cell–derived cardiomyocytes (hPSC-CMs) and exposed them to
repeated low doses of doxorubicin with recovery periods in between.
Results Senescence markers were significantly upregulated in the LV of patients with
doxorubicin-induced cardiotoxicity compared to controls, while no changes in apoptosis
markers were observed. In 3D dyn-EHTs, doxorubicin exposure resulted in upregulation of
senescence markers, accompanied by tissue dilatation, decreased force generation, and
increased troponin release. Mitochondrial function, assessed in a 2D model, was impaired as
well. Treatment of the 3D dyn-EHTs with senomorphic drugs, including 5-aminoimidazole-4carboxamide ribonucleotide (AICAR) and resveratrol, led to a decreased expression of
senescent markers, but not an improvement of function.
Conclusions Cellular senescence is present in hearts of patients with severe doxorubicininduced cardiotoxicity. Exposure of 3D dyn-EHTs to repeated low doses of doxorubicin
induces senescence and leads to mitochondrial dysfunction, troponin release, tissue dilatation,
and force generation, all key hallmarks observed in patients with severe cardiotoxicity.
Treating 3D dyn-EHTs with senomorphics to prevent the senescent phenotype does not result
in functional improvement.

The discovery of human-induced pluripotent stem cells (hiPSCs) offered unprecedented opportunities
to study human development and disease. Over the past decade, using developmental lessons, various
protocols were established to ensure the efficient differentiation of hiPSCs into cardiomyocytes (CMs).
hiPSC-derived cardiomyocytes (hiPSC-CMs) are of paramount importance for modeling genetically
inheritable cardiovascular diseases, testing cardiac safety for new drugs, and cardiac regenerative
strategies. With this poster, we would like to present the current possibilities in the disease modeling of
the Phospholamban (PLN) p.arg14 deletion (R14del), by using hiPSC-CMs. PLN is a critical regulator
of calcium cycling and contractility in the heart. The loss of arginine 14 is associated with dilated
cardiomyopathy with a high prevalence of ventricular arrhythmias. How the R14 deletion causes dilated
cardiomyopathy is poorly understood, and there are no disease-specific therapies. First, by using
hiPSC-CMs and single-cell RNA sequencing, we found that hiPSC-CMs harboring the PLNR14del
mutation recapitulated the contractile deficit and induction of the unfolded protein response (UPR)
pathway associated with the disease in vitro. These findings suggest that the UPR exerts a protective
effect and that modulation of the UPR might be exploited therapeutically. Secondly, we explored the
role of transcriptional regulation on disturbed (lipid) metabolism in PLN-R14del cardiomyopathy. We
confirmed the disturbed (lipid) metabolism in human-induced pluripotent stem cell-derived
cardiomyocytes (hiPSC-CMs) from PLN-R14del carriers. Lastly, we recently published a cost-effective
strategy for the massive expansion of hiPSC-CMs in two dimensions (2D). Thereafter, we’ve created a
scalable, high-throughput-compatible workflow for the generation, maintenance, and optical analysis of
cardiac spheroids in a 96-well-format. These small cardiac spheroids are essential to fill the gap present
in current in vitro disease models and mimick even more phenotypic characteristics of the PLNR14del
disease, which could be used for high-throughput screening and novel therapeutic interventions.
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Consortin: a potential modulator of ventricular conduction
Background: Consortin, encoded by the CNST gene, is a ubiquitously expressed protein putatively
involved in trafficking of connexins to the plasma membrane. In the heart, connexins form gap
junctions, which are essential for cardiac conduction. Reduced levels and abnormal cellular
distribution of connexins have been found in patients with heart failure, atrial fibrillation,
arrhythmogenic cardiomyopathy and Brugada syndrome.
Purpose: To elucidate the role of Consortin in cardiac electrophysiology.
Methods: Homozygous Cnst knockout mice (Cnst-/-) were generated using CRISPR/Cas9
technology. Consortin expression was assessed by Western blot. Cardiac conduction parameters
were recorded by electrocardiography in anesthetized wild-type (WT) and Cnst-/- male and female
littermates aged 3-6 months. Conduction velocity (CV) was determined in Langendorff-perfused
hearts by optical mapping of the right ventricle (RV) at a pacing cycle length of 120 ms. Statistical
significance was determined by Student’s t-test and P < 0.05 was considered significant.
Results: Western blot analysis confirmed the presence of Consortin in WT mouse hearts, and its
absence in Cnst-/- hearts. Heart rate, P-wave duration and PR-interval did not differ between
groups, whereas QRS interval was significantly prolonged in Cnst-/- (mean±SEM 8.7±1.3 ms, n=13)
compared to WT mice (7.9±1.1ms, n=13; (p=0.0009)). Hearts were structurally normal, and
heart:body weight ratio was similar between groups. Preliminary optical mapping at the RV of
Langendorff-perfused hearts demonstrated lower, although not significantly different, transversal
CV in Cnst-/- (56±4.3 cm/s, n=6) compared to WT (65±7.1 cm/s; n=3; p=0.31), whereas longitudinal
CV was similar between groups (Cnst-/- 80±4.2 cm/s versus WT 83±9.1 cm/s; p=0.74). No
differences were observed in RV effective refractory period (p=0.59).
Conclusion: These preliminary findings support a modulatory role of Consortin in ventricular
conduction.
Current efforts are aimed at elucidating the underlying electrophysiological and molecular
mechanisms, including the impact of Consortin on cardiac connexins.

Coupling cardiac electrophysiology and
mechanics: why computational models
can help explain physiological pacing
outcome
Cardiac Resynchronization Therapy (CRT) has shown to reduce mortality in patients suffering from
heart failure and conduction disease, but still leads to non-physiological electrical and mechanical
activation of the heart. Recently, alternative pacing strategies such as left bundle branch (LBBP) and
septal pacing (LVSP) are being pursued, as they are thought to be more physiological. Although these
pacing strategies are well understood from an electrophysiological perspective, their effect on left
and right ventricular pump function as well as long-term outcome are less understood. This is due to
the fact that cardiac function is also highly dependent on the mechanical viability of the underlying
substrate, which is difficult to measure clinically and often already compromised in CRT-eligible
patients. Computational modelling provides an opportunity to help understand physiological pacing
outcome.
The provided computational modelling framework consists of a 3D biventricular model of a healthy
patient and includes important features such as a fast conduction system and realistic fibre
architecture. First, it calculates the electrical activation map of the cardiac walls. This map is used to
inform the CircAdapt model, which is able to accurately describe cardiovascular mechanics and
haemodynamics, allowing us to model the mechanical and haemodynamical consequences of
cardiac pacing. This two-step approach allows us to better understand the consequences of these
pacing strategies, as well as help answer questions surrounding current practice, such as the priority
between intra-ventricular dyssynchrony (LBBP) vs interventricular dyssynchrony (LVSP); or finding
the optimal pacing lead location. Finally, the effect of each pacing strategy can be simulated for
different caradiomyopathies, such as different types and/or stages of heart failure. We therefore
consider computational models to add significant value to clinical research, in both understanding of
pathologies as well as hypothesis generation.
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Poor translational rates raise concerns toward the quality and relevance of animal studies, supporting
the call for improvement, such as preregistration of animal studies. Since its first recommendation in
2000, preregistration has proved beneficial in clinical trials and might benefit preclinical research
similarly by addressing openness, reporting and study quality.
In 2018, we launched the first dedicated, open, online register for animal study protocols:
PreclinicalTrials.eu (www.preclinicaltrials.eu). Through preregistration, key features of the study’s
methodology (e.g. hypothesis, planned outcomes) are recorded and maintained as a permanent record,
enabling comparison of the completed study with what was planned. This creates transparency and can
reduce the risk of several common biases, such as HARKing, outcome switching or selective outcome
reporting. Moreover, the platform aims to provide a comprehensive overview of all animal studies,
including those with lower chances of being published (e.g., interrupted studies, neutral data), which
supports the reduction of publication bias and involuntary duplication of animal studies.
Since the platform’s launch, the preclinicaltrials.eu team stimulated preregistration with the help of
numerous stakeholders (e.g. Netherlands Heart Institute, TACTICS) [1]. Positive results are already
observed with Dutch funders, such as ZonMw or the Hartstichting, exerting requirements for
researchers to comply with preregistration. Moreover, the cooperation of ethics committees and
scientific institutes facilitates the process and promotion. As awareness grows, researchers worldwide
showed their enthusiasm to (pre)register, resulting in over 115 published protocols on the platform from
25 different countries. Cardiology and cardiovascular diseases remain the most represented research
field on the platform, with 33% of the registered protocols. With the help of local and international
support (e.g. Samenwerkende GezonheidsFondsen, European Society of Cardiology), the
PreclinicalTrials.eu team is committed to spread preregistration awareness further and participate in
making it the new standard.
References
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program that shapes the contractile function of cardiomyocytes
Authors: Pablo Montañés-Agudo1, Simona Aufiero1,2, Eva N. Schepers1, Ingeborg van der Made1,
Lucia Cócera-Ortega1, Auriane C. Ernault1, Stéphane Richard3, Diederik W.D. Kuster4, Vincent M.
Christoffels5, Yigal M. Pinto1, Esther E. Creemers1
Affiliations: Amsterdam UMC, location University of Amsterdam, Departments of 1Experimental
Cardiology, 2Clinical Epidemiology, Biostatistics and Bioinformatics, and 5Medical Biology,
Amsterdam, The Netherlands.
3McGill

University, Montréal, Canada.

4Amsterdam

UMC, location Vrije Universiteit Amsterdam, Physiology, Amsterdam, The Netherlands.

Abstract:
The functional properties of sarcomeres are orchestrated through alternative splicing of its
core components and regulators. In this study, we provide in vivo evidence that the splicing
factor Quaking (QKI) is essential for the expression of muscle-specific mRNA isoforms in adult
cardiomyocytes. We generated mice where conditional deletion of QKI from cardiomyocytes
rapidly induced heart failure, already 7 days after removing QKI from the heart.
Mechanistically, we show that QKI regulates the integrity of sarcomeres, by controlling
alternative splicing of more than 1000 genes, including sarcomere and cytoskeletal
components,

calcium

handling

genes

and

(post)transcriptional

regulators.

Forced

overexpression of QKI in cultured neonatal rat ventricular myocytes directed these splicing
events in the opposite direction, and enhanced contractility of cardiomyocytes. Altogether, our
findings show that QKI is a core orchestrator of the muscle-specific alternative splicing
program that builds the contractile apparatus of cardiomyocytes.

Real life results of a systematic diagnostic work-up in patients suspected for heart failure with
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Background
The diagnosis of heart failure (HF) with preserved ejection fraction (HFpEF) remains challenging. In
2015 our centre initiated a dedicated outpatient clinic for HFpEF applying a systematic elaborate
diagnostic work-up.
Purpose
Evaluation of findings, including newly uncovered co-morbidities, from a systematic diagnostic workup for patients with unexplained dyspnoea referred to a tertiary hospital.
Methods
Patients above the age of 18 experiencing unexplained dyspnoea were referred to our HFpEF
outpatient clinic since 2015. All patients underwent detailed clinical phenotyping including medical
history, physical examination, electrocardiogram, echocardiography, pulmonary function test,
cardiac exercise testing, six minute walk test, 24-hour Holter monitoring, overnight oximetry, and
blood and urine tests. The HFpEF diagnosis was made according to the 2016 ESC guidelines and
consensus was reached between a minimum of 2 HF cardiologists.
Results
This preliminary analysis comprises 211 patients. The median age was 74 [68-79] years, and 137
(65%) patients were female. HFpEF was diagnosed in 140 (66%) patients, no heart failure in 37
(18.%) patients, and other forms of heart failure in the remaining 34 (16%) patients. Comorbidities
associated with patient’s dyspnoea were common in all three patient categories as summarized in
Table 1, indicating that limiting factors are not restricted to only HF patients. Pulmonary disorders,
deconditioning/obesity and iron deficiency were most prevalent in HFpEF. The systematic work-up
primarily resulted in new diagnoses of sleep apnoea and iron deficiency in all three groups. These
comorbidities are treatable, which can improve symptom relief.
Conclusion
Patients referred to a systematic work-up for unexplained dyspnoea and HFpEF suspicion have
multiple comorbidities associated with dyspnoea, both in patients with and without HF. Sleep
apnoea and iron deficiency were commonly newly diagnosed, and yield therapeutic options for
symptom relief. Future research is warranted to evaluate and optimize diagnostic work-up of
patients with unexplained dyspnoea suspected for HFpEF.
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Obstructive or restrictive pulmonary disorder

HFpEF
n = 140
45 (32%)

other HF
n = 34
8 (24%)

no-HF
n = 37
14 (38%)

Deconditioning/obesity

47 (34%)

12 (35%)

13 (35%)

Arrhythmia

28 (20%)*

7 (21%)

2 (5%)

Sleep apnoea

38 (27%)

9 (27%)

10 (27%)

Anaemia

15 (11%)

3 (9%)

3 (8%)

Iron deficiency

52 (37%)

13 (38%)

10 (27%)

Chronotropic incompetence

11 (8%)

1 (3%)

2 (5%)

Obstructive or restrictive pulmonary disorder

9 (6%)

2 (6%)

2 (5%)

Sleep apnoea

42 (30%)

10 (30%)

10 (27%)

Anaemia

2 (1%)

1 (3%)

0 (0%)

Iron deficiency

49 (35%)

13 (38%)

8 (22%)

Chronotropic incompetence

10 (7%)

1 (3%)

2 (5%)

* significant difference with no-HF
Table 1. Comorbidities associated with dyspnoea symptoms and new diagnoses during systematic work-up in
the study population. HF, heart failure; HFpEF, heart failure with preserved ejection fraction.

Soluble suppression of tumorigenicity-2 (sST2) predicts mortality and right heart
failure in LVAD patients

Objectives: Studying the relationship of Soluble suppression of tumorigenicity-2 (sST2) with
adverse outcome in patients on left ventricular assist device (LVAD) support.
Background: sST2 is a predictor of all-cause mortality in heart failure patients. The
predictive value of serially measured sST2 in LVAD patients is not elucidated yet.
Methods: Between 2006 and June 2021 405 patients received an LVAD at the University
Medical Centre Utrecht, of which pre- and post-operative sST2 levels were collected.
Survival of patients with normal and elevated sST2 levels were compared using KaplanMeier analysis. A Joint model (JM) was used combining a linear mixed effects model to
estimate the sST2 trajectory and a cause specific cox regression for survival (death or urgent
heart transplantation) and right heart failure (RHF), adjusted for several covariates.
Results: The median follow-up time was 26 months (IQR: 35 months). 110 pre-operative
sST2 and 1628 post-operative sST2 levels were measured. Patients with normal pre-operative
sST2 levels have a better long term survival, although statistically insignificant (p=0.088).
The hazard ratio (HR) for a 10 unit increase in sST2 in the JM was 1.16 (95% CI: 1.08-1.24,
p<0.001) for survival, and for RHF 1.20 (95% CI: 1.07-1.33, p=0.002). The predicted change
in sST2 was not predictive for survival or RHF (p=0.979, p=0.970 respectively).
Conclusion: sST2 is a significant predictor of survival and right heart failure in patients on
LVAD support. A closer follow-up is recommended in patients with high sST2 levels. Future
research is warranted into possible target interventions and the optimal monitoring frequency.

TNNI3K delays atrioventricular conduction and reduces connexin-45 gap
junctional coupling
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Troponin-I interacting kinase (TNNI3K) is an understudied kinase, which is mainly expressed in the
heart. Human genetic variants in TNNI3K are associated with supraventricular arrhythmias, conduction
disease, and cardiomyopathy. Furthermore, studies in mice implicate the gene in regulating the PRinterval duration and thus atrioventricular (AV) conduction. However, the working mechanism of TNNI3K
and the majority of its targets remain unknown. This study aims to unravel the mechanism underlying
TNNI3K-driven PR-interval prolongation.
Electrocardiogram parameters were recorded in mice expressing physiological levels of Tnni3k
(congenic), overexpressing hTNNI3K (TNNI3Ktg), or overexpressing kinase-dead hTNNI3K (TNNI3KKDtg) and were compared to low-Tnni3k expressing DBA/2J mice. AV conduction was measured in
Langendorff-perfused isolated hearts by electrical mapping. Cellular electrophysiology was measured
with patch-clamp. AV nodal collagen levels were identified by Pico-Sirius-Red staining. Candidate
interactors and phosphorylation sites were identified in transfected HEK293A cell lysates by
immunoprecipitation and phosphoproteomics, respectively. In stable HeLa-Connexin-45 (Cx45) cells,
Cx45 protein expression levels were investigated by Western blot.
Congenic and TNNI3Ktg mice show a prolonged PR-interval. Nonetheless, the PR-interval of
TNNI3K-KDtg mice did not change. Electrical mapping experiments on TNNI3Ktg mouse hearts show a
corresponding AV conduction delay, which was neither driven by electrical remodelling nor driven by
AV-nodal fibrosis. We next identified Cx45, a highly expressed connexin in the AV node, as a potential
TNNI3K interactor. HeLa-Cx45 cells expressing TNNI3K demonstrated a reduced Cx45 conductance
compared to controls. Moreover, we identified Tyr356 as a novel TNNI3K-regulated phosphorylation
site of Cx45.
We here present TNNI3K as a kinase-driven modulator of the PR-interval, which is independent
of atrial electrophysiology and AV nodal fibrosis. We further identified Cx45 as a novel interactor of
TNNI3K. The presence of TNNI3K reduces Cx45 gap junctional conductance, which could explain the
PR-interval prolongation in vivo. Altogether, this study implies a crucial role for TNNI3K in AV nodal
conduction.

Collagen crosslinking is associated with global longitudinal strain and
long-term prognosis in dilated cardiomyopathy
A retrospective multimodality study including cardiac magnetic
resonance, endomyocardial biopsy and circulating biomarkers
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Background: Myocardial fibrosis is a fundamental process in the pathophysiology of dilated
cardiomyopathy (DCM) and is associated with increased mortality, heart failure and lifethreatening arrythmias. The association of collagen cross-linking biomarkers with myocardial
function and prognosis in DCM patients is still unknown.
Objectives: To investigate the associations of circulating collagen cross-linking biomarkers,
histological collagen volume fraction (CVF) and non-invasive cardiac magnetic resonance late
gadolinium enhancement (CMR-LGE) imaging with cardiac function parameters, and to
evaluate the associations of collagen crosslinking biomarkers with prognosis in DCM patients.
Methods: DCM patients with endomyocardial biopsies, blood samples and CMR available
were included. CVF was measured on EMB. Molecular biomarkers of collagen deposition
(carboxy-terminal propeptide of procollagen type I, [PICP]) and collagen crosslinking (collagen
type I C-terminal telopeptide [CITP] and matrix metalloproteinase-1 [MMP-1]) were
measured in blood samples. Global longitudinal strain (GLS) was assessed using CMR feature
tracking. The combined primary endpoint was mortality, HF hospitalization or life-threatening
arrythmias.
Results: A total of 209 DCM patients were included (age 54 ±13 years, 65% was male). PICP
was correlated with CVF, while CITP, MMP-1 and CITP:MMP1 were not. No associations were
observed between CVF, PICP, CITP:MMP-1 and left ventricular ejection fraction (LVEF).
CITP:MMP-1 significantly correlated with GLS in the total study population (R=-0.40,
p<0.0001), while CVF and PICP did not. This correlation was even stronger in a subgroup of
patients with LVEF >40% (R=-0.70, p<0.0001). Forty-seven (22%) patients reached the primary
endpoint (median follow-up 6 [5-8] years). High MMP-1 levels were associated with worse
outcome, even after adjustment for age, sex, LVEF, NYHA class ≥3, NTproBNP, PICP and LGE
presence (1.026, 95%CI 1.002-1.051, p=0.037), but CITP and CITP:MMP-1 were not.
Conclusions: The degree of myocardial crosslinking (CITP:MMP-1) is associated with
myocardial longitudinal contraction and MMP-1 (collagen degradation) is an independent
predictor of outcome in DCM patients.

Rossetti A, Spätjens RLH, Kämmerer S, Stoks J, Firneburg R, Seyen SR, Helderman-van den Enden
ATJM, Wilde AAM, Loeys BL, Saenen J, Heijman J, Volders PGA

“Al Cuor Non Si Comanda “–You Can’t Rule the Heart,
but the INa-Ito Balance is ruled by DPP6

Background: Dipeptidyl-peptidase-like-protein-6 (DPP6) is a subunit of the transient outward
potassium (Ito) channel, expressed in Purkinje cells (PC) and ventricular myocytes (VM). A
chromosomal risk haplotype and multiple DPP6 missense variants leading to increased Ito have been
linked to idiopathic ventricular fibrillation (VF) and J wave syndromes, respectively.
Recent literature has shown that other Ito-channel subunits, among which DPP10, influence INa. Here,
we hypothesized that DPP6 could play a broader role in the inter-regulation of Ito and INa.
Methods and results: We identified two novel DPP6 variants p.(Arg274His) and p.(His213Tyr), each
segregating in families with QT-prolongation. DPP6 p.(Arg274His) carriers also suffered from VF,
ventricular ectopies and mitral-valve prolapse. Other DPP6 variants, associated with J-wave
syndromes (p.(Ala751Val) identified in this study; p.(Gln526His) published), were also investigated,
to establish whether the phenotypic differences relate to divergent effects of DPP6 variants on the
INa- Ito balance.
We determined the effect of the DPP6 variants on INa and Ito in transfected CHO cells. Ito density was
significantly reduced when PC- but not VM - subunits were co-expressed with the DPP6
p.(Arg274His) or p.(His213Tyr). Moreover, wild-type DPP6 indeed modulated Nav1.5 channels by
reducing INaPeak and INaLate. Co-immunoprecipitation experiments in human endocardium confirmed
an interaction between DPP6 and Nav1.5 channels. DPP6 p.(Arg274His) and p.(His213Tyr) resulted in
an increase of INaPeak and INaLate compared to wild-type. Conversely, DPP6 p.(Gln526His) and
p.(Ala751Val), associated with a J-wave syndrome phenotype, led to a decreased INaPeak, while there
was a tendency towards increased Ito in both PC and VM molecular setups.
Conclusions: DPP6 regulates INa and Ito in a reciprocal manner. Clinical cardiac phenotypes of DPP6
variants encompass a spectrum between opposite poles: QT prolongation for DPP6 variants causing
loss of Ito and gain of INa, versus J-wave syndromes by DPP6 variants leading to gain of Ito and loss of
INa.

Protein Carbamylation Associates with Collagen in
Atherosclerotic Plaque and Impacts Macrophage Functions
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Background
Carbamylation is a post-translational protein modification increased in CKD patients as well
as in late-stage atherosclerotic plaques in patients without CKD. Carbamylation was shown to
cause pro-atherogenic alteration in plasma proteins and was significantly associated with
increased mortality in CKD patients. However, the exact mechanisms and role of protein
carbamylation in atherogenesis are not known.
Methods
Human carotid atherosclerotic plaque samples (n=27, ranging from early to advanced stages)
were analyzed by immunohistochemistry for extent of carbamylated lysine (carb-lys). Parallel
advanced plaque sections were analyzed by mass spectrometry imaging for carbamylated
collagen peptides. Functional effects of carbamylated collagen on primary human peripheralblood derived macrophages (PBMCs) were studied in vitro by analyzing the cell’s functional
profile on a microscale multiassay platform. Results were analyzed using Mann-Whitney U
non-parametric t-test and expressed in mean±SD.
Results
Carb-lys signal was found in plaque smooth muscle cells, macrophages, and extracellular
matrix and showed significantly higher positive relative area in advanced compared to earlystage plaques (160.39% increase, p=0.008). Mass spectrometry imaging confirmed increased
presence of carbamylated collagen type I and IV peptides compared to non-modified in the
plaque samples. PBMCs seeded on carbamylated collagen type I showed reduced ROS
production (39.85% reduction, p=0.029) and apoptosis (55.08% decrease, p=0.009) and a
trend towards decreased phagocytosis (9.48% reduction, p=0.097) and increased lipid uptake
(28.87% increase, p=0.195) compared to those seeded on non-modified collagen type I.
Conclusions
Carbamylation is an abundant protein modification in late-stage atherosclerotic plaque
associated with smooth muscle cells, macrophages, and collagens. In vitro, carbamylated
collagen impaired ROS production and phagocytosis and increases survival and lipid uptake in
human macrophages. The exact molecular mechanism of plaque protein carbamylation and
its functional repercussions require further investigation.

Clonal Hematopoiesis of Indeterminate Potential has prognostic
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Background: Clonal hematopoiesihematopoiesis of indeterminate potential (CHIP(CH)) is an agerelated bone marrow abnormality in which mutations in hematopoietic stem cells give rise to mutated
cell clones thatin which pro-inflammatory immune cells are quantified by the may infiltrate the
myocardiumvariant . Variant allele frequency (VAF) and induce cardiovascular inflammation . This may
lead to ischemic heart failure (HF) and a worse prognosis but is poorly investigated in nonischemic
dilated cardiomyopathy (DCM). is determined as a surrogate of the CHIP-mutated clone size This may
lead to incident heart failure (HF) and a worse prognosis of HF patientsCHIP. It is associated to worse
HF outcome in ischemic heart disease, but is poorly investigated inits impact in nonischemicidiopathic
dilated cardiomyopathy (DCM) remains largely undetermined. In general, aCurrently, a variant allele
frequency (VAFVAF) of over 2% is used as a diagnostic cut-off of CHIP, but the prognostic impact of a
lower frequency (< 0.5) lower thresholds seem to be prognostically importantis also unknown.
Methods and ResultsObjectives: To study the long-term prognostic impact of clonal hematopoiesis of
both low and high VAF in DCM,a large group of DCM patients, using a an ultrasensitive single-molecule
molecular inversion probe sequencing technique of DNA in whole blood was used that targets. the
entire gene (DNMT3A) or known-CH hotspot mutations. Known and novel candidate drivers of CH
were identified. VAF was determined. Kaplan-Meier and Cox proportional hazards survival analyses
were performed over a ten-year follow-up period.

A large number of DCMnovel sequencing technique that allows deep sequencing below a VAF of
0.05%.
Methods: DCM patients (n=520) were was prospectively included as part of the Maastricht
Cardiomyopathy Registry, of which 109 (21%) had CH, 45 had a VAF of ≥2%, and 31 had a VAF of
<0.5%. The most common mutated genes were DNMT3A (N=90), TET2 (N=9), JAK2 (N=8) and ASXL1
(N=6). 23 patients had more than one mutation. over a 18 yrs time period.
Overall mortality, CH mutations were analyzed in DNA isolated from whole blood samples using
ultrasensitive single-molecule molecular inversion probe sequencing. VAF was determined as a
surrogate of the CHIP-mutated clone size. Ccardiac death, life-threatening arrhythmia and heart
failure hospitalization events werewas analyzed scored over a 10-year follow-up period. Kaplan-Meier
and Cox regression corrected for age were performed. and Kapplan Meyer Curve corrected for age.
Results: Of the 520 included DCM patients, 109 (21%) had CHIP of which 45 had a VAF of ≥2%, and 31
had aa VAF of <0.5%. The most common mutated genes were DNMT3A (N=90),; TET2 (N=9), ; JAK2
(N=8) ; and ASXL1 (N=6). 23 patients had two or more mutations. Patients with CHIP CH regardless
ofof any VAF had an higher risk of cardiac death (HR 2.04, 95% confidence interval 1.10-3.78), and allcause mortality (HR=1.74, 95% confidence interval 1.08-2.79). AdditionallyImportantly, even even
patients with a very low VAF below (< 0.5%, (N=31) were at higher risk forhad a higher all-cause
mortality (HR=2.22, 95% confidence interval 1.09-4.55). HF hospitalization or life-threatening
arrythmias did not significantly differ between DCM patients with and without CHIP CH of any VAF.
Conclusions: CHIP CH in DCM patients is associateds with an higher risk of all-cause mortality and
cardiac death. Overall, mortality remains higher in DCM patients with a h in DCM patients.
Additionally, even whenvery low VAF is very low (<0.05%), the risk of all-cause mortality is increased.

Abstract Thijs Sluiter
Dutch Cardiovascular Alliance 2022

Short-term pre-operative Methionine Restriction protects from Vein Graft Disease via
PPARα-dependent browning of perivascular adipose tissue
T.J. Sluiter1,2,3*, P. Kip1,2,3*, M.R. MacArthur2,4, M. Tao1, P.H.A. Quax3, J.R. Mitchell2, C.K. Ozaki1, M.R.
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Background: Venous grafts used in bypass-surgery have limited durability due to intimal hyperplasia
(IH). Therapies to limit IH are lacking and it is known that perivascular adipose tissue (PVAT)
dysfunction exacerbates IH. Methionine restriction (MetR) reduces fat-dysfunction and modulates
the host’s immune response. Its potential to improve (vascular) surgery outcomes, however, is
unknown. Here we tested the hypothesis that short-term pre-operative MetR protects from vein
graft disease (VGD) via PVAT-dependent mechanisms.
Methods: C57BL/6 mice were fed control diet for four weeks, one group switched to MetR for 7 days
and continued with control diet thereafter. At surgery, PVAT of donor mice vena cava was either
completely stripped or left intact and the vena cava was positioned into the arterial circulation of
diet-matched mice. Vein grafts were harvested 28 days later (POD28) for morphometric and
compositional analysis. Bulk- as well as nuclear-RNA sequencing was performed on PVAT harvested
before surgery as well as POD1.
Results: At POD28, MetR with PVAT significantly decreased intima/media area ratio (53.3%)
compared to control with PVAT, whereas no differences were observed between MetR and controlgroup without PVAT. Vessel wall and PVAT pro-inflammatory macrophages were significantly
diminished in MetR-mice, whilst anti-inflammatory macrophages were significantly increased. PVAT
contained smaller adipocytes and significantly increased UCP1-expression. Bulk-RNA sequencing
demonstrated increased thermogenesis, AMPK- and PPAR-signalling pathways. Nuclear-RNA
sequencing identified very high (>150x) upregulation of PPARα in adipocytes pre-operatively in MetR
versus control. Culturing PVAT and macrophages in vitro under MetR-conditions diminished
inflammatory cytokine production.
Conclusion: Short-term pre-operative MetR protects from VGD via PPARα-dependent browning of
PVAT. MetR attenuates inflammation in the vessel wall and in the PVAT both in vivo and in vitro. We
demonstrate that PVAT can be beneficially modulated to improve outcomes of vein graft surgery.
Short-term pre-operative MetR therefore shows great potential to improve outcomes of surgical
interventions.
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Abstract

The locational predisposition of vascular pathologies illustrates the need for a better insight into vascular
heterogeneity. To investigate the transcriptomic basis of angiodiversity, we isolated and analyzed transcriptomes
from endothelial cells and vascular smooth muscle cells from nine different adult canine macrovessels: the aorta,
coronary artery, vena cava, portal vein, femoral artery, femoral vein, saphenous vein, pulmonary vein, and
pulmonary artery. We identified both reported and novel expression patterns defining specialized adult blood
vessels. Our findings also show that adult vascular cells in culture express a remarkably high number of
transcription factors crucial to organ development in the embryo. The persistent expression of these genes in
culture indicates that these genes are not regulated by the flow or surrounding cell types but are rather fixed in the
molecular memory. Also, we found functional differences between endothelial cells isolated from arteries and veins.
Therefore, our findings prompt the re-thinking of the extrapolation of results from single-origin endothelial cell
systems.

Loss of lung microvascular endothelial Piezo2 expression
impairs NO synthesis, induces EndMT and is associated
with pulmonary hypertension
Siyu Tian1, Zongye Cai1, Payel Sen2.3, Denise van Uden4, Esther van de Kamp1, Karin
Boomars4, Kim Van der Heiden5, Maarten M. Brandt1, Daphne Merkus1,2,3
1Experimental Cardiology, Department of Cardiology, Thoraxcenter Erasmus University Medical
Center, Rotterdam, The Netherlands; 2Walter Brendel Center of Experimental Medicine (WBex),
University Clinic Munich, Munich, Germany; 3German Center for Cardiovascular Research (DZHK),
Partner Site Munich, Munich Heart Alliance (MHA), Munich, Germany; 4 Department of Pulmonary
Medicine, Erasmus MC, University Medical Center, Rotterdam, Rotterdam, The Netherlands;
5Biomedical Engineering, Department of Cardiology, Erasmus University Medical Center, Rotterdam,
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Introduction
Pulmonary hypertension (PH) is characterized by endothelial dysfunction and vascular remodelling.
Alterations in shear stress and/or response of the endothelium to shear stress have been proposed to play
a role in development of pulmonary microvascular remodeling.
Methods
Expression of the mechanically-activated cation channel Piezo2 was determined in lung tissue from
mice with a Bmpr2+/R899X knock-in mutation commonly found in PAH patients, as well as from a
swine model of pulmonary vein banding (PVB). Lung microvascular endothelial cells (MVECs) were
exposed to shear stress, hypoxia and TGFβ in the presence and absence of siRNA to Piezo2.
Results
Expression of Piezo2 was significantly reduced in both PH animal models, in MVECs in response
to hypoxia and TGFβ, as well as in static cells and MVECs exposed to abnormally high shear stress vs
MVECs exposed to normal shear stress. Functional studies in MVECs exposed to shear stress illustrated
that siRNA-mediated Piezo2 knock-down impaired endothelial alignment, calcium influx,
phosphorylation of AKT and endothelial nitric oxide synthase, as well as nitric oxide production.
Futhermore, Piezo2 knock-down reduced expression of the endothelial marker platelet endothelial cell
adhesion molecule-1, and increased expression of vascular smooth muscle markers alpha-smooth
muscle actin, smooth muscle protein 22-alpha and Calponin.
Conclusions
Piezo2 acts as a mechanotransduction channel stimulating shear-induced production of nitric oxide
and prevents endothelial to mesenchymal transition. Its blunted expression in PH could impair the
pulmonary vasodilator capacity and stimulate vascular remodelling, indicating that Piezo2 might be an
interesting therapeutic target to attenuate progression of PH.

Sorbs2 is induced in diseased cardiomyocytes and correlates to cardiac function
Louk T. Timmer1, Danielle Versteeg1, Jantine Monshouwer-Kloots1, Aryan Vink2, Harm Post3,4, Albert
Heck3,4, Eva van Rooij1,2*
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The impact of the current early era of single-cell transcriptomic will largely be determined by the
identification of cellular and molecular processes that arise from this data. To reliably identify
conserved key drivers of heart failure we empowered the combination of single-cell transcriptomic
datasets that focus on heart failure in both mice and humans. As such, we identified Sorbs2, a gene
that is highly enriched in cardiomyocytes, to be increased in diseased cardiomyocytes. We found
Sorbs2 mRNA and protein levels to be increased in the heart during progression to heart failure in
mice. Interestingly, this increased Sorbs2 expression correlated to the deterioration in cardiac function
in heart failure, as assessed by ejection fraction. The increased Sorbs2 expression also correlated to
cardiac hypertrophy, a hallmark of pathological remodeling. Importantly, using unique patient-derived
sequencing data we were able to confirm these correlations in a human setting of cardiac disease.
Based on these correlations, we showed that Sorbs2 inhibition had a stress alleviating effect in
stressed neonatal rat cardiomyocytes. As SORBS2 is an adaptor protein, we aimed to unravel its
function by identifying the in vivo cardiac interaction partners using affinity-purification mass
spectrometry. We showed that SORBS2 binds to the WAVE protein complex, which is a key regulator
of actin polymerization. Next, we assessed that Sorbs2 affects actin gene expression in human induced
pluripotent derived cardiomyocytes. We hypothesize that the increased Sorbs2 expression during
heart failure affects cardiomyocytes contractile capacity by stimulating actin polymerization, resulting
in deteriorated cardiac function. Additional in vivo and in vitro studies are ongoing to establish this
and test the therapeutic effect of sorbs2 inhibition during the progression towards heart failure.

Title: The role of FFR, iFR and IVUS in the diagnostic workup of patients with a right AAOCA:
potential impact for current clinical practice.
D.B.H. Verheijen, F. van der Kley, A.D. Egorova, M.R.M. Jongbloed, P. Kiès, M.G. Hazekamp, J.W.
Jukema, H.W. Vliegen.
Abstract
Background
The aim of the diagnostic workup in patients with an anomalous aortic origin of the right coronary
artery (AAORCA) is to determine whether the course of the anomalous coronary artery carries
significant risk of ischemia and associated sudden cardiac death. This study explores the potential
role of assessment with fractional flow reserve (FFR), instantaneous wave-free ratio (iFR) and
intravascular ultrasound (IVUS) compared to conventional CT-angiography in patients with AAORCA.
Methods Adult patients with AAORCA with an interarterial course were analyzed. Work-up included
high-quality CT-angiography, single-photon emission computed tomography (SPECT) ischemia
detection and FFR, iFR and IVUS evaluation. The invasive measurements and IVUS were performed
at rest and during adrenaline-induced stress. The orifice shape is classified as slitlike, oval or round
with a width/length (W/L)-ratio <0.5, 0.5-0.9 and >0.9, respectively. External compression ratio was
defined as the AAORCA ‘W/L-ratio assessed during adrenaline infusion’ divided by the ‘W/L- ratio at
baseline conditions’.
Results Nine patients were included for analysis (33% male, mean age 52±10.6 years). CTangiography revealed high-risk anatomy in all of the patients. SPECT (56% physical exercise, 44%
adenosine) was negative in all patients, however, invasive detection revealed ischemia in one
patient (11%). IVUS at rest showed a slit-like orifice in one patient that was classified as an oval
orifice based on the CT-angiography, the gold standard, and vice versa in another patient which
potentially influences the risk-stratification. Moreover, external compression as accessed by IVUS
was observed in 4 patients. The external compression ratio of 0.6 demonstrated remarkable
compression during stress. This was only present in the patient with ischemia in the matching
effluence territory as assessed by FFR and iFR (FFR with adenosine 0.78, iFR with adrenalin 0.88).
Hence, external compression observed with IVUS during adrenaline-induced stress is related to
stress-induced ischemia and guided the treatment decision in this patient.
Conclusion This study illustrates that FFR, iFR and IVUS can contribute to the diagnostic work-up in
patients with AAORCA.

Sex-differences in prevalence and outcomes of the different endotypes of
chronic coronary syndrome in patients with angina referred to the cathlab
Caitlin E.M. Vink, M.D., Tim P. van de Hoef, M.D., Ph.D., Joo Myung Lee, M.D., Ph.D., Coen
K.M. Boerhout, M.D., Bon Kwon Koo, M.D., Ph.D., Javier Escaned, M.D., Ph.D., Jan J. Piek,
M.D., Ph.D., Tsunekazu Kakuta, M.D., Ph.D., Yolande Appelman, M.D., Ph.D., Guus A. de
Waard, M.D., Ph.D.; on behalf of the ILIAS Registry Investigators.
Intro: Management of chronic coronary syndrome (CCS) remains focused on obstructive
causes of angina, whereas in women coronary microvascular dysfunction (CMD) may seems
prevalent. Importantly, data on the relationship between sex, the different endotypes of CCS,
and related sex-specific clinical outcomes are limited. This study investigates the relationship
between sex and the different endotypes of CCS, as well as sex-specific clinical outcomes.
Method: In patients with CCS undergoing coronary angiography, the following hemodynamics
were characterized: fractional flow reserve (FFR; <0.80 considered abnormal), coronary flow
reserve (CFR; <2.0 considered abnormal) and microcirculatory resistance (MR) (hyperemia
MR; >2.5mmHg/cm/sec or index of MR >25 considered abnormal). Patients were stratified
into 3 groups: 1) significant obstructive coronary artery disease (oCAD), 2) no-oCAD but with
CMD (FFR normal, but abnormal CFR and/or MR), or 3) no-oCAD and no CMD (FFR normal,
CFR and MR normal). We assessed the prevalence of the CCS endotypes according to sex,
the association between sex, CCS endotypes and the composite endpoint of death or acute
myocardial infarction.
Results: Amongst a total of 1987 included patients, 1435 (72.2%) were men. oCAD occurred
in 904 (45.5%) patients, which was significantly less prevalent in women vs. men (36.8% (203)
vs 48.9% (701), p<0.001). In contrast, CMD was significantly more prevalent in women vs.
men (24.1% (133) vs 19.6% (281), p=0.031). Across the population, no-oCAD and no CMD
occurred in 60.9% women vs. 68.4% men (p=0.002). There were no sex-specific differences
in cardiovascular outcomes.
Conclusion: Men were more likely to have oCAD and women were more likely to have CMD.
The prognosis of the CCS endotypes was not associated with sex. Therefore,
pathophysiological changes in the coronary microcirculation are similarly prevalent in men and
women. However, the high incidence of CMD in women makes them prone to underdiagnosis
if no additional physiological measurements are assessed.

Prognostic implications of impaired glucose metabolism and albuminuria in heart failure
with preserved ejection fraction
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Abstract
Background
The majority of heart failure with preserved ejection fraction (HFpEF) patients likely have a
metabolic phenotype, in which comorbidities such aslike obesity and diabetes mellitus (DM)
play an important role. Consequential factors of impaired glucose metabolism (GM) such as
kidney dysfunction may impact adverse clinical events more have a bigger impact on adverse
clinical events than just DM status.

Purpose
To assess the prognostic implications of impaired glucose metabolismGM and albuminuria in
HFpEF.

Methods
Consecutive patients referred to our outpatient HFpEF clinic and diagnosed with HFpEF in our
dedicated outpatient clinic based on the ESC HF guidelines between March 2015 and June
2019 were includedincluded in this analysis. Exclusion criteria included awere history of DM
type 1, or primary kidney dysfunction, and or incomplete medical history, blood or urine

analyses at baseline. Patients were grouped at baseline according to glucose metabolismGM
status at baseline in normoglycaemic (haemoglobin A1c (HbA1c) <42 IFCC), prediabetes
(HbA1c 42-47 IFCC), and DM (haemoglobin A1c <42, 42-47, and >47IFCC or history of DM,
respectively)(HbA1c >47 IFCC or history of DM), and grouped by albuminuria based on
urinary albumin-creatinine ratio (UACR) at baseline in normal, micro-albuminuria, and macroalbuminuria (UACR <3.0, 3.0-30, and >30 mg/mmol, respectively). Adverse outcome was
assessed for HF hospitalizations and all-cause mortality.

Results
The study population consisted of included 154 HFpEF patients, median age 75 [71-79]
years, 105 (68%) were female. Normoglycaemia c state was found in 68 (44%) patients, 21
(14%) had prediabetes, and 65 (42%) had DM. Particularly pPatients with DM had more
often micro- and macro-albuminuria (p <0.001, Table). After a median follow-up of 2.9 [2.33.6] years follow-up, HFpEF patients with DM showed the mostmore adverse events
compared to prediabetes or a normoglycaemiac state: HF hospitalization or all-cause
mortality combined in rates were 18 (28%), 0 (0%), and 8 (12%) respectively, p = 0.012; allcause mortality 18 (28%), 4 (19%), and 3 (4%), p = 0.037; and combined adverse outcome 26
(40%), 4 (19%), and 10 (15%) patients, p = 0.003 (Figure). Similar trends were seen when
Patients grouped according to albuminuria status showed similar trendspatients were grouped
according to albuminuria status. The predictive value for adverse events improved when
glycaemic state and albuminuria were combined (AUC improvement from 0.661 and 0.626,
respectively, to 0.700 for combined endpoint; survival shown in Figure). Patients with DM
and albuminuria were at highest risk for events (HR 5.4 [95%CI 2.2-13.3], p <0.001), while
m. Micro-albuminuria had was the largest single predictorive value for adverse events (HR
2.6 [95%CI 1.3-5.21], p = 0.005).

Conclusion
Both impaired glucose metabolism GM and albuminuria are associated with adverse events in
HFpEF patients. Future studies on prognostic mediators of impaired glucose metabolismGM
and effects of interventions thereon are warranted, particularly for the metabolic HFpEF
phenotype.

Table.

no albuminuria
micro-albuminuria
macro-albuminuria

Figure.
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Single-cell transcriptomics provides insights into hypertrophic cardiomyopathy
Martijn Wehrens*, Anne E. de Leeuw*, Maya Wright-Clark*, Joep E.C. Eding*, Cornelis J. Boogerd, Bas Molenaar, Petra H. van
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Hypertrophic cardiomyopathy (HCM) is a heart disease characterized by unexplained hypertrophy.
While sarcomere gene mutations are often the basis for HCM, the mechanistic origin for the remodeling
remains largely unknown. A better understanding of gene networks driving HCM is required to improve
therapeutic strategies. Here, we used single cell RNA sequencing (scRNA-seq) to study cellular
transcriptional differences between healthy and hypertrophic cardiomyocytes (CMs) and leveraged
expressional heterogeneity to link gene expression profiles to HCM. Specifically, we performed scRNAseq on tissue samples from HCM patients that received septal myectomy surgery, which is a procedure
to relieve outflow tract obstruction due to hypertrophy. In addition, we included healthy cardiomyocytes
from previous scRNA-seq studies as a reference. In depth analysis of the scRNA-seq data from HCM
CMs indicated the presence of subpopulations of CMs to which each patient contributed. Moreover, we
were able to identify HCM-related correlations in gene expression. We identified multiple HCM-enriched
groups of genes that are co-expressed (regulons) and we were able to link these to transcription factors
(TFs) that are potentially responsible for their activation. Notably, FACS index-sorting data enabled us
to correlate gene expression profiles to cell size, of which we confirmed the gene MYL2 to be enriched
in larger CMs. Using scRNA-seq we thus provide a large dataset that provides many insights into
cellular and molecular mechanisms relevant for HCM.

Title:
Pressure overload-induced cardiac hypertrophy stimulates tumour growth in tumour prone ApcMin
mice

Authors: Sanne de Wit, MSc. Canxia Shi, MSc. Joseph-Pierre Aboumsallem, PhD. Marloes Schouten,
Wouter Meijers, Valentina Bracun, Herman H.W. Silljé, PhD, Associate Prof. Rudolf A. de Boer, MD,
PhD, Prof.
Background: Heart failure (HF) and cancer are major causes of death worldwide. The field of reverse
cardio-oncology has received growing interest over the last years, since several studies have shown
that patients with HF are at increased risk for developing cancer. Additionally, multiple preclinical
studies have now provided evidence that HF can directly stimulate tumour growth in distinct organs,
in several mouse cancer models. These models, however, all represent models of decompensated HF,
characterized by a decreased ejection fraction (EF).
Purpose: This study focussed on the effects of pressure overload-induced cardiac hypertrophy, a HF
model with preserved EF, on tumour growth in a mouse model for colon cancer.
Methods: HF was induced by transverse aortic constriction (TAC) in ApcMin mice, which are prone to
develop precancerous intestinal tumours. TAC was performed by placing a 0.58mm rubber O-ring
around the ascending aorta. Sham-operated mice underwent the same procedures, except for
placement of the O-ring. Six weeks after surgery cardiac parameters were determined using
echocardiography and the effect on tumour growth was determined.
Results: TAC surgery resulted in cardiac hypertrophy, characterized by a significant increase in heart
weight (p<0.0001) and LV posterior wall thickness in diastole (p<0.0001). The LV hypertrophy (LVH)
was however without a change in EF (64% vs. 59%) or LV inner diameter (p=0.5214, p=0.3676,
respectively). TAC-operated mice showed a 2-fold increase in the number of intestinal tumours
(p=0.0027), but no change in tumour size (p=0.4136). Collectively, tumour load was significantly
increased in mice subjected to TAC (p=0.0013).
Conclusion: We demonstrate that pressure overload-induced LVH, with preserved EF, is associated
with increased intestinal tumour growth. These results build on the growing evidence that HF and also
LVH can promote tumour growth in distinct organs, and may contribute to a better understanding of
the underlying mechanisms involved in HF-induced tumour growth.

Marius Wits, Nicole Haarmans, Gonzalo Sánchez-Duffhues, and Marie-José Goumans
LUMC

Development of nanoBRET-based live cell kinase assays to
study TGFβ signaling in cardiovascular disease
Disturbed transforming growth factor (TGF) β, by e.g. genetic mutations, underlies a variety of
cardiovascular diseases including pulmonary arterial hypertension (PAH; by mutations in e.g. BMPR2,
ALK1, BMP9, SMAD4). PAH is a rare cardiovascular disorder presenting with vascular remodeling
causing pulmonary hypertension and ultimately leading to a fatal progressive right heart failure. Other
rare cardiovascular diseases linked to mutations in the TGFβ signaling pathway are hereditary
hemorrhagic telangiectasia (HHT; by ALK1 or ENG mutations), congenital heart defects (by ALK2
mutations) and aortic valve defects (by ALK2 mutations). Also musculoskeletal disorders, like
fibrodysplasia ossificans progressiva (FOP), can arise through TGFβ (BMP) signaling dysfunction. FOP
is characterized by gain-of-function mutations in ALK2, with >95% of the patients carrying the
c.617G>A; p.R206H missense mutation. Feasible (and curable) pharmacological treatments for many
of these diseases are lacking.
These mutated TGFβ receptors are membrane bound threonine-serine kinases. To study direct kinase
activity, artificial in vitro kinase assays exist. These assays ignore important pharmacological aspects
including the physiological molecular environment and compound permeability: challenges we would
like to overcome. Our ultimate aim is to identify new compounds and/or novel druggable targets
within diseases caused by disturbed TGFβ signaling. Therefore, in this study we develop live cell kinase
assays for all TGFβ receptors based on NanoBRET Target Engagement (TE) and Protein-Protein
Interactions (PPI).
We show transient and stable expression of receptor nano-luciferase fusion constructs working in our
TE system. We have optimized TE assays in stably expressed cells for ALK2 and ALK2-R206H and prove
that this system is ready to use for high-throughput screens for (ATP-pocket binding) kinase inhibitors.
Further, we demonstrate that disease-specific mutated receptors are easily produced and used to
study disease specific signaling mechanics. Lastly, we show our efforts in developing receptor-SMAD
PPI assays to measure increased kinase activity.

Propafenone as potential AgoKir: exploration of long-term effects and mechanisms of
propafenone on the Kir2.1 channel
Encan Li, Liset Woolschot, Willy Kool, Marien J. C. Houtman, Willem B. van Ham Marcel
A.G. van der Heyden*
Abstract
Background - Inwardly rectifying potassium (Kir) channel expression and activity are tightly
regulated within the heart. Kir channels play key roles in shaping cardiac action potentials,
having a reduced conductance at depolarized potentials but contributing to the final stage of
repolarization and resting membrane stability. The Kir2.1 channel protein has polyamine
binding residues in both the transmembrane (D172) and the cytoplasmic domains (E224,
E299), responsible for the process of inward rectification. A reduced functioning of Kir2.1
causes 1) Andersen-Tawil Syndrome (ATS), and 2) is present in a subset of heart failure
patients. Restoration of normal Kir2.1 function by agonists of Kir2.1 (AgoKirs) would be
beneficial. The drug propafenone is identified as an AgoKir, but its long-term effects on
Kir2.1 protein expression and subcellular localization is unknown.
Purpose - To investigate propafenone’s long-term effect on Kir2.1 expression and its
underlying mechanisms in cell systems.
Methods - GFP, Dendra2 or non-tagged wildtype (WT), and mutant Kir2.1 expression
constructs were transiently or stably (HEK-KWGF; CHO-KD cell lines) expressed in human
embryonic kidney and Chinese Hamster Ovary cells. Kir2.1 carried currents were measured
by single-cell patch-clamp electrophysiology both in HEK-KWGF cells and dog
cardiomyocytes. Kir2.1 protein expression levels were determined by Western blot analysis,
whereas conventional immunofluorescence and advanced live-imaging microscopy were used
to assess the subcellular localization of Kir2.1 proteins. Propafenone was dissolved in
DMSO, and BaCl2 was used as a Kir2.1 channel inhibitor.
Results - Acute and chronic treatment of propafenone increased the IK1 density in HEKKWGF cells, acute administration of 0.1 and 0.5 μM propafenone increases Kir2.1 carried
outward current confirming the drug’s AgoKir status. Propafenone dose-dependently
increased WT Kir2.1expression levels in a process that is independent of the channel
function, E224, E299, and D172 polyamine binding sites, and the R312 residue which is
adjacent to the proposed propafenone binding site. Propafenone (25, 50 μM, 24 h) induced
intracellular accumulation of WT and mutant Kir2.1 proteins in the late endosome/lysosome
compartment. However, the protein turnover rate and live imaging indicate a higher
likelihood of propafenone interfering with late endosome than lysosome.
Conclusion - Acute administration of propafenone at low concentrations increases Kir2.1
currents. Chronic propafenone treatment at only 25-100 times higher concentrations results in
increased expression levels and intracellular accumulation in late endosomes. Our data
support the ability of propafenone at low concentrations to function as AgoKir without
disturbing Kir2.1 protein handling.

Endothelial integrity in intracranial atherosclerosis; the regulatory role of N6-methyladenosine
(m6A) of the pro-atherogenic microRNA miR-494-3p in tight junction proteins
T. Woudenberg 1, 2, I.S.E. Waas3, M.J.A.P. Daemen3, P.H.A. Quax1, 2, A.Y. Nossent1, 2
Intracranial atherosclerosis (ICAS) is a major cause of acute ischemic stroke. ICAS is defined by a later
onset and a more stable plaque phenotype compared to its peripheral counterpart, with lower
numbers of infiltrating macrophages, except for in advanced ICAS. Cerebral artery endothelium has
decreased permeability compared to peripheral endothelium, due to higher number of tight
junctions (i.e. the blood brain barrier), impeding non-selective crossing of solutes, but also of
immune cells from the circulation.
In preliminary studies, we found that the pro-atherogenic microRNA miR-494-3p is expressed only in
advanced ICAS and that miR-494-3p can target tight junction components TJP1 and PECAM1.
Furthermore, we found that miR-494-3p is subject to N6-methyladenosine (m6A), which directly
impacts miR-494-3p target repression.
To investigate the role of m6A-miR-494-3p in tight junctions and ICAS progression, we analyzed
postmortem human intracranial arteries with different grades of ICAS via immunohistochemistry and
in situ hybridization. Additionally, we are currently performing in vitro experiments using m6Amodified miR-494-3p mimics to study effects on junction protein expression and endothelial barrier
function.
Although analyses are still ongoing, we observe a decrease in expression of junction proteins TJP1, βcatenin, VE-cadherin and PECAM1 in the endothelium in sections of intracranial arteries affected by
intimal thickening and increased macrophage content, compared to healthy sections. Expression of
junction proteins also differed between different arteries; e.g. high in middle cerebral and basilary
artery, low in anterior cerebral artery. Furthermore, both miR-494-3p and m6A were abundantly
present in advanced ICAS and miR-494-3p expression increased with lesion severity.
Our intermediate conclusion is that endothelial integrity is indeed reduced in progressing ICAS.
These effects may be mediated by an increased expression of m6A-methylated miR-494-3p.
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Abstract
Introduction: Acetylcholine (ACh) vasospasm provocation testing is an established method for the
diagnosis of coronary artery vasospasm. One quarter of patients undergoing vasospasm provocation
are considered to have an equivocal test result as consequence of only partially meeting the diagnostic
criteria for vasospasm, posing a diagnostic dilemma. We hypothesise that ACh induced vasospasm is
followed by an increased flow-recovery time indicative of post-spasm ischemia (PSI) and could serve
as an additional diagnostic criteria for vasospasm.
Methods: Patients with angina and non-obstructive coronary artery disease undergoing ACh spasm
provocation testing were included in this analysis. ACh induced ischemic ECG changes and
recognisable angina were used to diagnose epicardial and microvascular vasospasm. An equivocal test
result was defined as the induction of recognisable angina or ischemic ECG changes only. Doppler flow
was continuously measured during the procedure and used to assess the time for flow to return to
stable values after each ACh dose, the ‘flow-recovery time’.
Results: ACh vasospasm provocation testing revealed that 34%(37/108) of patients had epicardial
vasospasm, 25%(27/108) microvascular spasm, 23%(25/108) an equivocal test result and 18%(19/108)
a negative test result. Mean age of the study population was 56.7±10.2 years and 86% were female.
In reaction to the first, second and third dose flow-recovery time was similar between all diagnostic
endotypes (p=0.528, p=0.415 and p=0.635, respectively). In reaction to the fourth dose flow-recovery
time was extended in the epicardial, microvascular and equivocal test result compared to the negative
test result (p<0.001) indicative of PSI. ROC analysis identified a flow-recovery time of 114seconds as
the optimal cut-off point to identify PSI
Conclusion: Flow-recovery time in patients with an equivocal test result is similar to patients with
microvascular and epicardial vasospasm. These findings indicate the occurrence of PSI in the equivocal
test result and therefore these patients may benefit from treatment.
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Abstract
Introduction: Proper contraction of cardiomyocytes (CMs) is dictated by the architecture of the sarcomeres and
appears together with polyploidy inversely correlated with limited self-renewal and regeneration of the adult heart.
This limited regenerative potential correlates with the decrease in mononuclear diploid cells in adult versus
neonatal myocardium. Previous animal studies have shown that the sarcomeres are dissembled during
proliferation of neonatal CMs. However, little is known about sarcomere assemblage during human CMs nuclear
and/or cell division, which would be relevant information for strategies to boost endogenous heart repair.
Objectives: In this study we used the human induced pluripotent stem cell (hiPSC) model to investigate sarcomere
assemblage during mitosis, followed by cytokinesis, multinucleation and/or self-duplication in massively
expanding hiPSC-CMs. Furthermore, we examined whether CMs undergoing nuclear and/or cellular duplication
would be more susceptible for genomic editing than non-proliferative hiPSC-CMs.
Materials & Methods: We generated hiPSC-CMs from two hiPSC lines from the Stanford Cardiovascular
Institute (SCVI) biobank, SCVI-273 and SCVI-111, that were previously generated from healthy individuals.
Subsequently, hiPSC-CMs were massively expanded using our previously described CHIR99021 small molecular
treatment and cell-cell contact removal. We then performed immunofluorescence staining with cardiac Troponin
T (cTnT) and Ki67 to follow sarcomere organization during cell cycle activity. Next, we performed Time-Lapse
imaging in a hiPSC-CM culture system to follow the sequence of cellular and nuclear divisions in hiPSC-CMs.
RNA sequencing lookup was performed for proliferation, sarcomere and molecular pathway-related genes.
Efficiency of non-viral vector-based fluorescence (mCherry) expression and transfection efficiency was done by
flowcytometry analysis and time-lapse imaging.
Results: We observed that both mononuclear and binuclear hiPSC-CMs give rise to mononuclear daughter cells
or binuclear progeny. Within this source of highly proliferative hiPSC-CMs, treated with CHIR99021 small
molecule, we found that Wnt and Hippo signaling were more present when compared to metabolic matured and
non-proliferative hiPSC-CMs and adult human heart tissue. Moreover, we found that CHIR99021 treatment
increased the efficiency of non-viral vector incorporation in high-proliferative hiPSC-CMs, in which fluorescent
transgene expression became present after completion of chromosomal segregation (M-phase).
Conclusion: This study demonstrates that there is a complex landscape in proliferation, multinucleation and selfduplication of human CMs. Moreover, enhanced incorporation of alien non-viral vectors is related to Wnt
activation and cell cycle activity of hiPSC-CMs. Altogether, our findings provide insights in duplication of human
CMs and tools for molecular gene studies.

