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Preface

This report provides an overview of the highlights in 2017-2018, and the organization of
our research lines led by principal investigators of our department. The term principal
investigator, in short PI, is relatively new to the people working at the VU location of Am-
sterdam UMC. As part of our alliance with the AMC, we now adopt the term Pl and link it
to the research themes of the Amsterdam Cardiovascular Sciences institute. The alliance
between AMC and VUmc means that we bring together two ‘different’ cultures, and aim
to pick the best of both. The PI system of AMC is used to identify the investigators who
are in charge of the main research themes and to bring focus and external funding to
Amsterdam UMC which is required to maintain our high level of research. This Pl system
increases competition between individuals, which is needed to be (inter)nationally com-
petitive. On the other hand, research is not an individual effort, but highly dependent on
team efforts, which has been a strong asset at the VUmc for many years as research is
organized in research institutes which aim to connect scientists from different disciplines
and stimulates collaboration. We need both competition, which is enforced by the PI sys-

tem, and collaboration, which is facilitated by the research institutes.

We are not only actively involved in research, but also bring the science and knowledge
on the cardiovascular system to the future working force by our teaching program, which
runs from bachelor courses to the cardiovascular research master. Dr. Pieter Koolwijk
and Dr. Dop Simonides have been extremely active in optimizing our Physiology courses
and lectures. Overall, our teaching is well rated by students, and Dr. Alice Muller has been

selected as runner up for best lecturer of the bachelor program of Medicine.

I can only conclude that the years 2017 and 2018 have been a success both in research
and teaching. Let's try to keep quality of our work at a high level by working as a solid

team!

Jolanda van der Velden,
Head of the department
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The Department of Physiology at VU University Medical Center studies (patho)mecha-
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Heart failure and cardiomyopathies

Prof. Jolanda van der Velden

Prof. Walter Paulus

Dr. Diederik Kuster (UD)

Dr. Willem van der Laarse (UD)

Dr. Warner Simonides (UHD) & Dr. Alice Muller (UD)

Sarcomeric proteins in cardiac performance

The main research interest of the van der Velden group is to study the role of sarcomeric pro-
teins in cardiac performance for which specific protein analyses and functional assays have
been designed. As mutations in sarcomeric proteins are a frequent cause of heart disease at
young age, research on this topic was initiated with funding from the European Union and pres-
tigious national grants (VICI). The national CVON-consortium (DOSIS) funded by the Nether-
lands Heart Foundation, aims to study genetic and environmental effects in cardiomyopathy
development. Studies on the genetic heart disease hypertrophic cardiomyopathy include basic
cell and tissue analyses, which are combined with in vivo cardiovascular imaging in mouse
models and human patients.

Recent studies revealed that 1) mutations resulting in altered sarcomere proteins cause ineffi-
cient contraction of the heart and 2) this cardiac inefficiency is already present in mutation car-
riers before onset of cardiomyopathy. In 2017, Ahmet Guclu defended his thesis entitled ‘Myo-
cardial 02 utilization and energetics of the left ventricle in hypertrophic cardiomyopathy” in
which he described these results. The translational research projects helped to build sufficient
proof to initiate a clinical trial sponsored by ZonMW and the Netherlands Heart Foundation.

In the ENERGY trial, PhD student Beau van Driel studies the effect of a metabolic drug, Trime-
tazidine, on cardiac efficiency in asymptomatic mutation carriers. The project is performed in
collaboration with the Cardiology departments of Amsterdam UMC (location VU) and Erasmus
MC, and Nuclear Medicine of Amsterdam UMC (location VU). llse Bollen initiated studies in
pediatric and peripartum dilated cardiomyopathy, and defended her thesis entitled: Cardiac re-
modeling and genotype-specific pathogenic effects in dilated cardiomyopathy (2017). Studies
in pediatric cardiomyopathy are continued by Maike Schuldt (PhD student) who will perform a
proteomics study in collaboration with the group of Jennifer van Eyk sponsored by the patient
organization Hartedroom. In addition, Aref Najafi defended his thesis in 2018 on the interacti-
on between calcium, titin isoform composition and beta-adrenergic receptor stimulation. Lou-
ise Nijenkamp published an important study on sex-differences in HCM in Circulation — Heart
Failure for which she received the best presentation award during the annual cardiac surgery
meeting in 2018. She observed that women have more severe diastolic dysfunction than men
at the time of surgery, which may indicate that women already have a more advanced disease
stage (more cardiac remodeling). Several of these studies provided the basis for the VICI pro-
ject awarded to van der Velden in 2018: “Sarcomere inefficiency at the heart of hypertrophic
cardiomyopathy.”

Van der Velden organized the ISHR-ES meeting in 2018 in Amsterdam, and currently represents
the Talent program within the Dutch Cardiovascular Alliance (https://dcvalliance.nl/; official
start in September 2018). Kuster together with Boon and Brundel organized the Dutch-German
Joint Meeting of the Molecular Cardiology Working Groups in Amsterdam in 2018.
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Cardia imaging of a control, genotype
positive/phenotype negative (G+/Ph-),
and patient with hypertrophic obstructive
cardiomyopathy (HOCM). Cardiovascu-
lar magnetic resonance (CMR)-derived
cardiac 4-chamber view and parametric
images of [''Cl-acetate positron emission
tomographic-derived average [''C]-ace-
tateclearance rate constant (k,)with
corresponing polar maps. As can be seen
clearly, left ventricularremodeling occured
in patients with HOCM, evident from an
increase in left ventricle (LV) end-diastolic
volume, LV mass, and left atrial volume.
Myocardial oxygen metabolism was lower
in patients with HOCM, whereas an incre-
ase in oxygen metabolism was observed
in G+/Ph— compared with controls.

Louise Nijenkamp showed that female
HCM patients have more severe diastolic
dysfunction and cardiac remodelling at
the time of myectomy indicating that the
criterion for diagnosis may have to be ad-
justed, based on body size. Currently, the
same diagnostic criterion (i.e. maximal
wall thickness of 15 mm) is used for all
patients, uncorrected for body size. Nijen-
kamp's study indicates that the threshold
may have to be lower, or at least correc-
ted for body size, in females. Currently,
the smaller female heart has to ‘travel a
longer route’ to reach the threshold of 15
mm maximal wall thickness, as depicted
in the figure. (Van Driel et al. Current opini-
ons in Cardiology 2019 (based on studies
from Louise Nijenkamp)
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KEY FINDINGS

+ Cardiac inefficiency is already present in mutation carriers before onset of cardiomyopa-
thy = ENERGY trial with metabolic therapy.

+ More severe diastolic dysfunction in female than male patients with hypertrophic car-
diomyopathy — Studies initiated to define if diagnosis criterion of 15 mm wall thickness
should be adjusted for body surface area.

Muscle energetics in heart failure
We study the energetics of heart and skeletal muscle with the aim to discover why overloaded
muscle fails, as occurs for instance in the heart due to chronically increased blood pressure. In
addition, we study ways to optimise muscle function in athletes.

By manipulating energy fluxes pharmacologically using blebbistatin, we have discovered that
overloaded hearts fail because the available energy is not used for contraction but for pro-
cesses related to activation and mitochondrial defects, whereas the contractile machinery
functions normally. Mitochondrial efficiency decreases in chronic heart failure partly due to
increased permeability of the mitochondrial inner membrane (which is related to cardiolipin
metabolism and cytochrome c release). We are investigating a possi-
ble cause for this: hydrogen peroxide production by monoamine oxi-
dase located on the outer mitochondrial membrane. It is a possibility
that the catecholamines that are oxidised by monoamine oxidase are
produced by intrinsic cardiac adrenergic cells (see Figure). The number
of these cells (about 150/mm3 in rat heart) may increase with age, and
their activity may increase with the load on the myocytes.

KEY FINDINGS

+ Increased oxidative capacity in muscle fibres of athletes requires matched increased
capillary density.

In hypertrophied hearts capillary density decreases, whereas oxidative capacity incre-
ases.

Mitochondrial function is affected in hypertrophied hearts - probably due to hypoxia.

Mitochondrial efficiency can be determined in cryostat sections of the heart, allowing
for diagnostic tests.

Papillary muscles (used for in vitro studies) contain a variable number of intrinsic car-
diac adrenergic cells.

Thyroid hormone metabolism in chronic heart failure

We and others have found complete impairment of cardiomyocyte-specific thyroid hormone
(TH) signaling in various models of ventricular failure induced by chronic hemodynamic over-
load. This is associated with the induction in cardiomyocytes of the TH-degrading enzyme dei-
odinase type 3 (Dio3), which appears to be part of the re-activation of an otherwise ineffective
cardiac growth program. The Dio3 activity results in low tissue TH levels and associated effects
on the expression of key cardiac genes. In 2017-2018 we validated a conditional, cardiac-speci-
fic Dio3 knock-out mouse model for use in heart-failure models to test the hypothesized causal
role of Dio3 expression in the development of chronic heart failure. This mouse will next be
used in a model of cardiac hypertrophy and failure induced by chronic agonist infusion.

The long-standing collaboration with the group of Prof. Larsen and dr. Zavacki at the Brigham
and Women's Hospital (Boston) resulted in 2018 in the elucidation of an unexpected role of the
TH-activating enzyme deiodinase type 2 (Dio2) in the development of slow skeletal muscle in
the mouse.

An Intrinsic Cardiac Adrenergic
(ICA) cell in an unstained 20
pm thick cryostat section in
bright-field (left) and the same
cell in dark-field. Rat ventricular
myocardium.




KEY FINDINGS
+ Efficient Cre-mediated excision of the floxed Dio3 active locus in the conditional
Dio3-KO mouse is not attained until 3 weeks after administration of Tamoxifen.

+ Developmental activation of TH signaling by Dio2 in soleus muscle is required for the
full development of slow skeletal muscle fiber-type composition and associated slow
contractile properties and fatigue resistance.

PEOPLE

Post-docs:
Paul Wijnker

PhD students:
Edgar Nollet

Beau van Driel

Roy Huurman

Maike Schuldt
Larissa Dorsch

Tim Eijgenraam
Rahana Parbhudayal
Louise Nijenkamp

Technicians:
Max Goebel
Ruud Zaremba

HIGHLIGHTS AND FUNDING
+ In 2017 van der Velden received the Outstanding Investigator Award of the Internati-
onal Society for Heart Research.

+ NWO VICI grant — Innovational Research 2018. Sarcomere inefficiency at the heart of
hypertrophic cardiomyopathy. €1,500,000 (van der Velden).

« Amsterdam Cardiovascular Sciences Out of the Box grant 2018. Targeting genetic
heart disease with diabetes medication. Collaboration van der Velden with Coert
Zuurbier (AMC). €25,000.

+ Amsterdam Cardiovascular Sciences Out of the Box grant 2017. Keeping cardiomyo-
cytes dynamic and exciting: a novel approach to prevent mechanical and electri-
cal dysfunction in cardiomyopathies. Collaboration Kuster with Carol Ann Remme
(AMC). €25,000.

« Amsterdam Cardiovascular Sciences equipment grant: Fluorescent Western blot
Imager. Collaboraton Kuster with Charissa van den Brom. €28,000.

Top-grant (ZonMW) 2018: Identification of molecular regulatory pathways for speci-
fication and maturation of human cardiac subtypes. Main applicant: Robert Passier.
€675,000. Van der Velden Co-PlI.

Cardiovasculair Onderzoek Nederland (CVON) research grant 2017 — Prime: Towards
Personalised Medicine in the Clinic: Novel RNA Therapies aimed at heritable forms
of treatment-resistant Heart Failure. Principal investigator. National collaboration:
coordinators: Prof dr. Y Pinto & Prof dr. L de Windt. €3 million (VUmc part: €100,000).

+ Program translational research (ZonMW-Hartstichting) grant 2017. Extra energy. for
hearts with a genetic defect: ENERGY trial. Coordinator: Jolanda van der Velden; col-
laboration with Michelle Michels (Erasmus MC). €400,000.
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GRANTS

Crowd-funding Netherlands Heart Foundation (€70,000). Paul Wijnker. 2018.

Amsterdam Cardiovascular Sciences Post-doc grant. A disturbed redox-balance triggers cardi-
ac disease in inherited cardiomyopathy (€75,000). Paul Wijnker. 2018.

First Contact Initiative Grant from the ESC Council on Basic Cardiovascular Science — tra-
vel grant. Charlotte Farah visit to Physiology VUmc Amsterdam (group Jean-Luc Balligand)
(€2,500). 2017.

Mobility grant. Dorien Deluyker visit to Physiology VUmc Amsterdam (group Virginie Bito).
2017.

ISHR-Servier award (€30,000) to Vasco Sequeira. 2017.

KEY PUBLICATIONS

1. Nijenkamp LLAM, Bollen IAE, van Velzen HG, Regan JA, van Slegtenhorst M, Niessen
HWM, Schinkel AFL, Kriiger M, Poggesi C, Ho CY, Kuster DWD, Michels M, van der Vel-
den J. Sex-differences at the time of myectomy in hypertrophic cardiomyopathy. Circulation
Heart Failure 2018; 11(6):e004133.

2. vander Velden J, Tocchetti CG, Varricchi G, Bianco A, Sequeira V, Hilfiker-Kleiner D, Ham-
dani N, Leite-Moreira A, Mayr M, Falcao-Pires I, Thum T, Dawson DK, Balligand JL, Hey-
mans S. Metabolic changes in hypertrophic cardiomyopathies. Cardiovascular Research
2018;114:1273-1280.

3. van Deel ED, Najafi A, Fontoura D, Valent E, Goebel M, Kardux K, Falcao-Pires |, van der Vel-
den J. Invitro model to study the effects of matrix stiffening on Ca2+ handling and myofilament
function in isolated adult rat cardiomyocytes. Journal of Physiology 2017;595:4597-4610.
With journal club paper by Callaghan NI, Lee XA. Extracellular matrix stiffness affects con-
tractility in adult rat cardiomyocytes: implications for dynamic nitric oxide signalling and
calcium handling.

4. Bollen IAE, Schuldt M, Harakalova M, Vink A, Asselbergs FW, Pinto JR, Kriiger M, Kus-
ter DWD, van der Velden J. Genotype-specific pathogenic effects in human dilated cardio-
myopathy. Journal of Physiology 2017;595:4677-4693. doi: 10.1113/JP274145

5. Gugli A, Knaapen P Harms HJ, Parbhudayal RY, Michels M, Lammertsma AA , van Ros-
sum AC, Germans T, van der Velden J. Disease stage-dependent changes in cardiac con-
tractile performance and oxygen utilization underlie reduced myocardial efficiency in human
inherited hypertrophic cardiomyopathy. Circulation Cardiovascular Imaging 2017; 10(5).
With editorial by Lu and Abraham. A good heart is hard to find even early in hypertrophic
cardiomyopathy.

6. Parbhudayal RY, Garra AR, Gotte MJW, Michels M, Pei J, Harakalova M, Asselbergs FW,
van Rossum AC, van der Velden J, Kuster DWD. Variable cardiac myosin binding protein-C
expression in the myofilaments due to MYBPC3 mutations in hypertrophic cardiomyopathy.
Journal of Molecular and Cellular Cardiology 2018 123:59-63

7. Janssen R, Muller A, Simonides WS. Cardiac Thyroid Hormone Metabolism and Heart
Failure Eur Thyroid J. 6: 130-137,2017.

8. Janssen R, Zuidwijk MJ, Muller A, van Mil A, Dirkx E, Oudejans CB, Paulus WJ, Simonides
WS. MicroRNA 214 Is a Potential Regulator of Thyroid Hormone Levels in the Mouse Heart
Following Myocardial Infarction, by Targeting the Thyroid-Hormone-Inactivating Enzyme Dei-
odinase Type Ill. Front Endocrinol. doi: 10.3389/fend0.2016.00022, 2016.

9. Janssen R, Zuidwijk MJ, Kuster DW, Muller A, Simonides WS. Thyroid Hormone-Regulated
Cardiac microRNAs are Predicted to Suppress Pathological Hypertrophic Signaling. Front
Endocrinol. doi: 10.3389/fendo.2014.00171, 2014.

10. Salvatore D, Simonides WS, Dentice M, et al. Thyroid hormones and skeletal muscle-new
insights and potential implications. Nature Rev Endocrinol 10: 206-214, 2014.
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Protein quality control in the heart

Prof. Bianca Brundel

The incidence and prevalence of cardiac diseases, which are the main cause of death worldwi-
de, are likely to increase because of population ageing. Prevailing theories about the mecha-
nisms of ageing feature the gradual derailment of cellular protein homeostasis (proteostasis)
and loss of protein quality control as central factors. In the heart, loss of protein patency, owing
to flaws in genetically-determined design or because of environmentally-induced ‘wear and
tear’, can overwhelm protein quality control, thereby triggering derailment of proteostasis and
contributing to cardiac ageing. Failure of protein quality control involves impairment of cha-

perones, ubiquitin-proteosomal systems,
autophagy, and loss of sarcomeric and
cytoskeletal proteins, all of which relate
to induction of cardiomyocyte senescen-
ce.

The role of protein quality control sys-
tems is studied in the most common
cardiac arrhythmia atrial fibrillation. By
utilizing tachypaced atrial cardiomyocy-
tes and Drosophila, the protein quality
control is 1) genetically targeted to iden-
tify key modulators involved in AF onset
and progression 2) pharmacologically tar-
geted to test novel therapeutic strategies
to be ultimately tested in patients with
AF. Maintenance of cardiac proteostasis
offers a novel therapeutic strategy to pro-
mote cardiac health and combat cardiac
disease, including AF. Marketed drugs are
available to explore this concept in the
clinical setting. Currently, the first clinical
trial in AF patients with an HSP-inducing
compound is conducted. In addition, key
modulators of proteostasis are measured
in atrial tissue and serum samples of pa-
tients in various stages of AF to identify
novel biomarkers to early predict the on-
set and progression of clinical AF.

KEY FINDINGS
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Figure 1: Overview of the protein quality control system. Stress causes misfolding of nascent proteins or
damage to functional proteins, often resulting in the exposure of hydrophobic surfaces. Subsequent binding by
chaperones either initiates protein refolding or prevents interaction and subsequent aggregation of misfol-

ded or damaged proteins. Under nonstressful conditions, heat shock factor protein 1 (HSF1) monomers are
associated with a chaperone complex that includes heat-shock protein (HSP) 90 and T complex protein 1 ring
complex (TRIC). During protein misfolding, the chaperones dissociate from the complex and bind to unfolded
proteins. Dissociation of the complex frees HSFT monomers, which then translocate to the nucleus as HSF1
trimers and stimulate HSP expression. When (re)folding is not an option, chaperones keep the misfolded
protein in a soluble state, so that protein-degradation systems can dispose of it. Ubiquitin—proteasome system
(UPS)-mediated proteolysis is the primary degradation system that can remove soluble (chaperone-presented)
misfolded, oxidized, mutant, or otherwise-damaged proteins. The UPS also degrades normal proteins that are
no longer needed, providing temporal regulation of protein activity. If the proteins cannot be maintained in a
soluble state, autophagy is the primary route to clear the aggregated proteins. DUB, deubiquitinating enzymes.

Protein aggregates

+ Key modulators of proteostasis have been identified with prominent role in AF progres-

sion and recovery.

* Drugs directed at key modulators prevent AF and also aid in the recovery from AF-indu-

ced cardiomyocyte damage.

ter treatment.

early 2018.

Several key modulators represent biomarkers to predict stage and recurrence of AF af-

First clinical trial with HSP-inducing compound in symptomatic AF patients is started

* Role proteostasis derailment is expanded to other cardiac diseases.
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Figure 2: Loss of protein quality control in the myocardium of patients with cardiac disease. Electron micro-
scopy pictures showing characteristics of protein degradation and activation of protein quality control in
ventricular (top row) and atrial (bottom row) myocardium. a | A patient with hypertrophic cardiomyopathy
resulting from a mutation in MYBPC3, showing loss of sarcomeric structure (myolysis; arrowhead in left panel)
and autophagy (arrows in right panel). b | A patient with hypertrophic cardiomyopathy who was negative for
sarcomere mutations, showing perinuclear aggregates (asterisk and inset magnification in left panel) and area
with myolysis (arrowhead in right panel). ¢ | A patient with >1 year of persistent atrial fibrillation. d | A patient
after myocardial infarction. e | A patient with mitral valve disease. All cardiac diseases show significant loss of
sarcomeric structure (myolysis; arrowheads), and autophagy is also observed (arrows). f | An atrial cardiomyo-
cyte from a patient undergoing CABG surgery shows normal sarcomeres with no signs of derailment of protein
quality control.
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KEY PUBLICATIONS

1.

Den Hoed M, Eijgelsheim M, Esko T, Brundel BJJM et al. Heart rate-associated loci and
their effects on cardiac conduction and rhythm disorders- results from a GWAS in up to
181.171 individuals. Nature Genetics 2013; 45:621-31.

Zhang D, .., Brundel BJJM. Activation of Histone Deacetylase-6 (HDAC6) induces con-
tractile dysfunction through derailment of a-tubulin proteostasis in experimental and
human Atrial Fibrillation. Circulation 2014; 129:346-58.

Wiersma M, Meijering RAM, Qi XY, Zhang D, Liu T, Hoogstra-Berends F, Sibon OCM, Hen-
ning RH, Nattel S, Brundel BJJM. Endoplasmic Reticulum Stress Is Associated With Au-
tophagy and Cardiomyocyte Remodeling in Experimental and Human Atrial Fibrillation.
J Am Heart Assoc. 2017 Oct 24;6(10).

Henning RH, Brundel BJJM. Proteostasis in cardiac health and disease. Nat Rev Cardiol.
2017 Nov;14(11):637-653. doi: 10.1038/nrcardio.2017.89. Personal invitation

Luso A*, Wiersma M*, ... Brundel BJJM, Haas D, Sibon OCM, Anikster Y. Mutations in
phosphopantothenoylcystein synthetase (PPCS) cause dilated cardiomyopathy. Ameri-
can Journal of Human Genetics. 2018

PATENT

Mitochondrial DNA as biomarker in AF.

GRANTS

Deli Zhang: Dr.Dekker junior postdoc grant Dutch Heart Foundation
Marit Wiersma: ACS post doc grant

AFIP foundation: Bayer sponsorship 100kE + other 50kE

Medical Delta: 380 kE

Amsterdam cardiovascular Sciences - Out of the Box: 3x 25kE

PEOPLE

PhD-students:
Xu Hu, Denise v Marion, Larissa Dorsch

Post-docs:
Marit Wiersma, Deli Zhang

Research assistant:
Lucienne Baks
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Myofilaments in muscle contraction

Prof. Coen Ottenheijm

The unifying theme of our research concerns the regulatory and pathogenic role of myofila-
ment proteins in muscle contraction, with special focus on the diaphragm.

Using unique diaphragm biopsies of critically ill patients, we have established that dysfuncti-
onal myofilaments are important contributors to inspiratory muscle weakness in critically ill
patients. The function of these myofilaments can be improved with novel compounds, whose
efficacy we test in our laboratory. Furthermore, we have identified the ubiquitin-proteasome
pathway as a therapeutic target to combat diaphragm weakness in critically ill patients, and we
are evaluating options to inhibit the activity of this pathway in muscle.

We established that myofilament dysfunction not only contributes to acquired (diaphragm)
muscle weakness but also to weakness in patients with inherited forms of muscle disease,
such as nemaline myopathy. Using biopsies of more than fifty patients with nemaline myopa-
thy, as well as muscle of genetically engineered mouse models, we established that thin fila-
ment length dysregulation contributes only to specific forms of nemaline myopathy.

KEY FINDINGS

+ Muscle fiber weakness contributes to diaphragm weakness in critically ill patients, and
can be restored by calcium sensitizers.

+ Mechanical ventilaton of critically ill patients induces ‘longitudinal’ atrophy of dia-
phragm fibers, which may severely hamper weaning from ventilatory support.

+ The giant protein titin is an important mechanosensor protein in the diaphragm that
regulates muscle trophicity.

+ Sarcomere dysfunction, in particular thin filament length dysregulation, contributes to
muscle weakness in patients with nemaline myopathy due to nebulin mutations, a de-
vastating myopathy for which no cure exists.

+ Experiments on sarcomeres from patients revealed that impaired contractility of sar-
comeres is an importnat contributor to muscle weakness in patients with actin-related
nemaline myopathy.

KEY PUBLICATIONS

1. J. Lindqvist,.., C.A.C. Ottenheijm. Am J Respir Crit Care Med. 2018. Positive end-expira-
tory pressure ventilation induces longitudinal atrophy in diaphragm fibers. Am J Respir Crit
Care Med. 2018; 198(4):472-485

2. Heunks L, Ottenheijm C. Diaphragm-Protective Mechanical Ventilation to Improve Outco-
mes in ICU Patients? Am J Respir Crit Care Med. 2018;197:150-152. (Editorial).

3. B. Joureau,.., C.A.C. Ottenheijm. Dysfunctional sarcomere contractility contributes to
muscle weakness in ACTAT-related nemaline myopathy (NEM3). Annals of Neurol. 2018;
83:269-282.

4. vander Pijl R, Strom J, Conijn S, Lindqvist J, Labeit S, Granzier H, Ottenheijm C. Titin-ba-
sed mechanosensing modulates muscle hypertrophy. J Cachexia Sarcopenia Muscle.
2018 Oct;9(5):947-961.

5. vanden Berg M,..., Ottenheijm C.A.C. Diaphragm Atrophy and Weakness in the Absence of
Mitochondrial Dysfunction in the Critically Ill. Am J Respir Crit Care Med. 2017;196:1544-
1558. (Received Editorial).
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GRANTS

Research grant; Prinsess Beatrix Muscle Foundation; COORDINATOR OF CONSORTIUM
Research grant; Foundation for Building Strength for Nemaline Myopathies (USA)

University Research Chair (VU/VUmc); (https://www.vu.nl/en/research/topresearchers-at-vu/
university-research-chair/ottenheijm/index.aspx)

PEOPLE

Postdocs:
Michaela Yuen
Josine de Winter

PhD students:
Marloes van den Berg
Martijn van de Locht
Barbara Joureau
Robbert van der Pijl
Saskia

Lassche

Technicians:
Stefan Conijn
Sylvia Bogaards
Shengyi Shen
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Endothelial integrity, vascular disease and aging

Prof. Peter Hordijk

Dr. Ed Eringa (UHD)

Prof. Reinier Boon

Dr. Pieter Koolwijk (UD)
Prof. Victor van Hinsbergh

Endothelial integrity

The control of endothelial integrity is one of the key research lines in the group. Already for >

15 years, we focus on the role of the small GTPases of the Rho family and their function in hu-
man endothelial cells. Rho GTPases such as RhoA, Rac1 and Cdc42 are all involved in various
aspects of cytoskeletal dynamics and, consequently, control endothelial cell-cell adhesion and

thereby vascular integrity.

Figure 1: Model depicting the
proteins that are part of a
Cdc42-centered signalling unti
regulating endothelial barrier
function in human endothelium
(Amado-Azevedo et al., 2017).

In 2017/2018 we finalized a large set of data obtained by a focused siRNA screen aimed at

all RhoGTPases and their regulators. This
work has led to a series of publications by
Amado-Azevedo et al., identifying novel
molecular regulators of endothelial cell-
cell contact. Notably, this was the Racl
GAP HMHAT; a remarkable finding, since
this Human Minor Histocompatibility Pro-
tein was originally suggested to be only
expressed in hematopoietic cells. Howe-
ver, our data show that it plays an impor-
tant role in the endothelium as a negative
regulator of barrier function. Additional
studies identified the GTPase Cdc42
as a main positive regulator of cell-cell
contact in endothelium, in conjunction
with specific regulators such as the GAP
protein SYDE1 and the GEFs FARP1 and
Tiam2.

A significant body of work was dedicated
to the ubiquitination and lysosomal de-
gradation of endothelial RhoB. This work
was published in the Journal of Cell Bio-
logy in 2018. In collaboration with Japa-
nese colleagues, we identified KCTD10, in
complex with CUL3 and Rbx1, as the ubi-
quitin ligase for RhoB. This is important,
since constitutive degradation of RhoB
maintains endothelial integrity. Conver-
sely, loss of KCTD10 leads to elevated le-
vels of RhoB, which is always active, and
a consequent loss of endothelial barrier
function.

FARP1 L 3
o) Cdc42.cre

\ GTP GDP / (Rac1-GTP)

Ny Effector
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Figure 2: Endogenous RhoB
(green) colocalizes with
lysosomes (red) in TNFalfa-ac-
tivated human endothelial cells
(Kovacevic et al., 2018)

Finally, several translational studies were published, in part dedicated to the positive role of
vitamin D on endothelial integrity, and in part focused on the link between hypertension and
vascular inflammation and permeability. These studies were performed in close collaboration
with clinical partners from the departments of nephrology and gynaecology.
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KEY FINDINGS

+ We have performed an extensive analysis comparing three highly related GTPases
RhoA, RhoB and RhoC and found that they regulate cell-cell contact differently in res-
ting vs. activated endothelial cells, with RhoB as the major, negative, regulator of endo-
thelial integrity.

Conversely, we showed that Cdc42 is a dominant positive regulator of endothelial inte-
grity.

We identified the ubiquitin ligase of the GTPase RhoB: this is a complex of CUL3-Rbx1-
KCTD10.

+ We also showed that the KCTD10 ligase promotes lysosomal degradation of RhoB.

* The minor histocompatibility antigen 1 (HMHA1)/ArhGAP45, which is a RacGAP was
unexpectedly identified as a novel regulator of endothelial integrity.

Microvascular dysfunction in obesity and diabetes

In obesity and type 2 diabetes, impaired perfusion and microvascular inflammation contribute
to insulin resistance and organ failure in these conditions. Specifically, we aim to elucidate
the role of perivascular adipose tissue (PVAT) in (dys)regulation of blood flow. In the earliest
pathogenesis of type 2 diabetes, this balance shifts towards vasoconstrictor adipokines. We
have found that insulin controls perfusion of skeletal and cardiac muscle, and that this effect
is progressively impaired during the pathogenesis of type 2 diabetes and the metabolic syn-
drome. Insulin enhances blood flow in healthy subjects, this effect is reduced after ~4 weeks
of a hypercaloric diet, is abolished in obesity and worsens to an insulin-induced reduction of
blood flow in type 2 diabetes. This microvascular insulin resistance precedes metabolic insulin
resistance and hyperglycemia.

In addition to this insulin-specific vascular defect, we have shown that kidney failure, a com-
mon complication of obesity and diabetes, independently impairs organ blood flow through the
endogenous NOS inhibitor asymmetric dimethyl arginine.

In collaboration with the department of Cardiology, we have translated these insights in mi-
crovascular dysfunction in skeletal muscle to the myocardial microcirculation during the past
years with the initiation of the MICORDIS cohort of patients with non-obstructive coronary arte-
ry disease and age- and sex-matched controls. In this cohort, we are developing new diagnos-
tic tools to identify specific impairments of blood flow in NOCAD patients and provide clinici-
ans with individualized, specific targets for treatment in this heterogeneous group of patients.

KEY FINDINGS

Perivascular adipose tissue in muscle selectively controls muscle blood flow during
hyperinsulinemia

Perivascular adipose tissue controls glucose uptake and protein expression in muscle

+ Blood flow is specifically impaired during hyperinsulinemia in skeletal muscle and the
myocardium in patients with type 2 diabetes (figure 1)

Impairment of insulin-dependent vasodilatation in resistance arteries is impaired in the
earliest development of obesity and type 2 diabetes, with identical findings in human
volunteers and mice

* In a key complication of type 2 diabetes, kidney failure, FGF23 impairs NO-dependent
vasodilatation (figure 2)
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Figure 1: Insulin reduces muscle blood volume in patients with type 2 diabetes, and this impairment can be
restored by the stable prostacyclin analogue lloprost. A, Skeletal muscle microvascular blood volume (MBV)
with insulin alone, fasting compared with hyperinsulinaemia; B, skeletal muscle microvascular blood volume
(MBV) during insulin combined with iloprost, fasting compared with hyperinsulinaemia; C, percentage change
from baseline in MBV (ie, capillary (de)recruitment), insulin alone compared with insulin combined with iloprost.
TWilcoxon-rank test. Abbreviation: AU, arbitrary units. Emanuel, Eringa et al., Diabetes Obes Metab. 2018
Nov;20(11):2523-2531.
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Figure 2: 5/6 Nephrectomy (5/6Nx) impairs endothelial but not vascular smooth muscle function, which is
mimicked by chronically increasing circulating fibroblast growth factor 23 (FGF23) concentration. A: 5/6Nx
attenuated endothelium-dependent vasodilator responses of the gracilis artery, and this effect was mimicked
by increasing FGF23 intraperitoneal injections. The pink line shows sham surgery (n = 12), the light blue line
shows PBS intraperitoneal injections (n = 8), the red line shows 5/6Nx surgery (n = 8), and the dark blue line
shows FGF23 intraperitoneal injections (n = 7). B: 5/6Nx and increased FGF23 concentration in isolation did
not impair vasodilator responses of gracilis resistance arteries to the endothelium-independent vasodilator
sodium nitroprusside (SNP). The pink line shows sham surgery (n = 9), the light blue line shows PBS intraperi-
toneal injections (n = 8), the red line shows 5/6Nx surgery (n = 8), and the dark blue line shows FGF23 intrape-
ritoneal injections (n = 7). C: 5/6Nx and high concentration of FGF23 in the absence of chronic kidney disease
do not impair vasoconstrictor responses to endothelin. The pink line shows sham surgery (n = 6), the light blue
line shows PBS intraperitoneal injections (n = 5), the red line shows 5/6Nx surgery (n = 5), and the dark blue line
shows FGF23 intraperitoneal injections (n = 7). D: arteries from sham and 5/6Nx mice were incubated for 1 h
with recombinant FGF23 and subsequently exposed to acetylcholine (ACh), but this did not change endothelial
function compared with arteries without incubation with FGF23. The light orange line shows sham surgery and
ex vivo FGF23 incubation (n = 7), the dark orange line shows 5/6Nx surgery and ex vivo FGF23 incubation (n =
7), the pink dotted line shows sham surgery (n = 12), and the red dotted line shows 5/6Nx surgery (n = 8). Data
are means £ SE. *P < 0.05 vs. sham or PBS, by linear mixed models. M Verkaik, M Vervloet, E Eringa et al.,, Am J
Physiol Heart Circ Physiol. 2019 in press
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Aging in cardiovascular disease

Aging is the main independent risk factor for cardiovascular disease. In recent years, it has
become clear that the majority of RNA is not translated to protein. These so-called non-coding
RNAs control various cellular functions by interacting with DNA, other RNAs and proteins. Our
group focuses on long non-coding RNAs (IncRNAs) that are involved in aging of endothelial
cells and cardiomyocytes. A third research line focuses on IncRNAs that play a role in biome-
chanical signaling in endothelial cells induced by shear stress.

We have identified several IncRNAs that
control key processes in cardiovascular
cells, including the endothelial IncRNAs
Meg3, Meg8, H19, Lassie, linc-pint and
Aerrie. Meg3 is induced by aging and
regulates angiogenesis, whereas H19 is
repressed during aging, which causes ex-
cessive Stat3 signaling and inflammatory
activation. Lassie and Aerrie are highly
shear stress sensitive and control endot-
helial barrier function. Meg8 and linc-pint
are mainly regulated by aging and regu-
late barrier function and DNA damage
signalling, respectively. Additionally, we
rah, a cardiomyocyte-enriched aging-re-
that controls cardiomyocyte survival via
helix-mediated interaction with the pro-

val genes. o ey

>
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KEY FINDINGS
+ Non-coding RNAs are involved in aging of the cardiovascular system.

+ The aging-regulated IncRNA Meg8 regulates endothelial barrier function, partly through
control of neighbouring miRNAs.

+ The cardiomyocyte-enriched, aging-regulated IncRNA Sarrah is a positive regulator of
cardiomyocyte survival and contractile function via triple helix formation and transcrip-
tion activation.

* The shear stress-regulated IncRNA Lassie and H19 regulate endothelial cell function.

+ The aging- and shear stress-regulated IncRNA Aerrie regulates DNA damage signaling.

Endothelial Cardiomyocyt interactions in heart failure

In 2017 we started a project to study the mutual interaction between human cardiac micro-
vascular endothelial cells and rat cardiomyocytes in particular in the context of heart failure.
To that end a model was set up that enabled the co-culture of these cells and the subsequent
multiple analysis of contraction and relaxation of paced rat cardiomyocytes. The project was
part of and supported by the CVON RECONNECT program.

We showed that CMEC enforced both the contractile and relaxing forces of cardiomyocytes, a
property that was lost after inflammatory activation of CMEC with TNFa or inteleukin-1B8. The
beneficial effect of the CMEC was largely dependent of the production of NO, a property that
was lost due to elevated production of reactive oxygen species after TNFa. Interestingly, co-in-
cubation of CMEC with TNFa and the SGLT-2 inhibitor empagliflozin and subsequent washing
prevented the enhanced ROS production and the loss of NO production, and maintained the
improved cardiomyocyte contractility induced by CMEC (published in 2019 in JACC: Basic to
Translational Science). These data fit with the outcome of present trials showing a beneficial
effect of SGLT-2 inhibitors on heart failure and can help to better understand the underlying
mechanisms and future improvements of heart failure with preserved ejection fraction.
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Figure 1:

A) Lassie was silenced using
GapmeRs (Gap-Lassie) in
HUVECSs that were exposed to
laminar shear stress for 72h
and PECAM1, VE-Cadherin
and nuclei were visualized by
fluorescence microscopy.

B) Aerrie was silenced using
GapmeRs (Aerrie KD) in
HUVECs. DNA damage was
analyzed with a comet assay.
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Hypoxia and tissue repair

The hypoxia-inducible factors, HIF-1a and HIF-2a play an important role in the endothelial adap-
tation to a low oxygen environment. We and other previously showed in human microvascular
endothelial cells that while HIF-1a stimulates the formation of new sprouts, HIF-2a stabilizes
neovessels and prevents sprout formation. By comparing differentially regulated genes in hy-
poxia (1% 02) with the genes that were differentially regulated upon silencing of HIF-2a in
hypoxia we identified 51 genes, which were subsequently screened for their role in endothelial
sprouting in hypoxia. From si-RNA inhibition of these genes individually, 4 new genes (ARRDC3,
MME, PPARG and RALGPS2) were recognized that directly influenced endothelial sprouting
during prolonged hypoxic culturing (Nauta et al, 2017).

Endothelial colony forming cells (ECFCs) are cells with an endothelial nature that can be retrie-
ved and cultured from circulating blood cells and display a large growth potential. They can be
used both as a source of endothelial cells from individual patients e.g. for patients with lung
disease (Smits et al, 2018) and as a source of endothelial cells for potential revascularization
of tissue-engineered (Tasev et al, 2016; Medina et al 2017).

Upon evaluation of the effect of hypoxia on ECFCs we observed that sprouting was affected in
a similar way, but that also their proliferation was retarded in contrast to microvascular endot-
helial cells (Tasev et al, 2018). Gene array of hypoxia-altered gene expression revealed that 3 of
the 4 HIF-2a induced candidate genes mentioned above were also induced in ECFCs, together
with several known angiogenic factors. We suggest that ECFCs may perform best in neovascu-
larization at the border between normoxic and hypoxic tissue.
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