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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 PI 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 PI 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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Overview Research
The Department of Physiology at VU University Medical Center studies (patho)mecha-

nisms of the cardiovascular system. Our research projects are organized in 3 major rese-

DUFK�OLQHV������YDVFXODU��G\V�IXQFWLRQ������GLDVWROLF�KHDUW�IDLOXUH�DQG�DWULDO�ͤEULOODWLRQ�DQG�

(3) inherited (cardio)myopathies. Our research aims to improve cardiac muscle function 

and tissue reperfusion and prevent vascular dysfunction in various clinical pathologies 

(e.g. diabetes). The majority of our research projects is performed in collaboration with 

investigators from other (clinical) departments. Most studies are translational going from 

bench to the bedside and back. Finally, our translational research lines are well-related to 

major research themes of the Amsterdam Cardiovascular Sciences institute as illustrated 

below.
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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-
WHLQV�LQ�FDUGLDF�SHUIRUPDQFH�IRU�ZKLFK�VSHFLͤF�SURWHLQ�DQDO\VHV�DQG�IXQFWLRQDO�DVVD\V�KDYH�
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. 
5HFHQW�VWXGLHV�UHYHDOHG�WKDW����PXWDWLRQV�UHVXOWLQJ�LQ�DOWHUHG�VDUFRPHUH�SURWHLQV�FDXVH�LQHͦ-
FLHQW�FRQWUDFWLRQ�RI�WKH�KHDUW�DQG����WKLV�FDUGLDF�LQHͦFLHQF\�LV�DOUHDG\�SUHVHQW�LQ�PXWDWLRQ�FDU-
riers before onset of cardiomyopathy. In 2017, Ahmet Guclu defended his thesis entitled ‘Myo-
cardial O2 utilization and energetics of the left ventricle in hypertrophic cardiomyopathy” in 
ZKLFK�KH�GHVFULEHG�WKHVH�UHVXOWV��7KH�WUDQVODWLRQDO�UHVHDUFK�SURMHFWV�KHOSHG�WR�EXLOG�VXͦFLHQW�
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-
WD]LGLQH��RQ�FDUGLDF�HͦFLHQF\�LQ�DV\PSWRPDWLF�PXWDWLRQ�FDUULHUV��7KH�SURMHFW�LV�SHUIRUPHG�LQ�
collaboration with the Cardiology departments of Amsterdam UMC (location VU) and Erasmus 
MC, and Nuclear Medicine of Amsterdam UMC (location VU). Ilse Bollen initiated studies in 
pediatric and peripartum dilated cardiomyopathy, and defended her thesis entitled: Cardiac re-
PRGHOLQJ�DQG�JHQRW\SH�VSHFLͤF�SDWKRJHQLF�HIIHFWV�LQ�GLODWHG�FDUGLRP\RSDWK\���������6WXGLHV�
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 
RUJDQL]DWLRQ�+DUWHGURRP��,Q�DGGLWLRQ��$UHI�1DMDͤ�GHIHQGHG�KLV�WKHVLV�LQ������RQ�WKH�LQWHUDFWL-
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-
MHFW�DZDUGHG�WR�YDQ�GHU�9HOGHQ�LQ�������̸6DUFRPHUH�LQHͦFLHQF\�DW�WKH�KHDUW�RI�K\SHUWURSKLF�
cardiomyopathy.”

Van der Velden organized the ISHR-ES meeting in 2018 in Amsterdam, and currently represents 
WKH�7DOHQW�SURJUDP�ZLWKLQ� WKH�'XWFK�&DUGLRYDVFXODU�$OOLDQFH��KWWSV���GFYDOOLDQFH�QO���RͦFLDO�
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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KEY FINDINGS 

• &DUGLDF�LQHͦFLHQF\�LV�DOUHDG\�SUHVHQW�LQ�PXWDWLRQ�FDUULHUV�EHIRUH�RQVHW�RI�FDUGLRP\RSD-
thy ­ ENERGY trial with metabolic therapy.

• More severe diastolic dysfunction in female than male patients with hypertrophic car-
diomyopathy ­�6WXGLHV�LQLWLDWHG�WR�GHͤQH�LI�GLDJQRVLV�FULWHULRQ�RI����PP�ZDOO�WKLFNQHVV�
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.
%\�PDQLSXODWLQJ�HQHUJ\�ͥX[HV�SKDUPDFRORJLFDOO\�XVLQJ�EOHEELVWDWLQ��ZH�KDYH�GLVFRYHUHG�WKDW�
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 
IXQFWLRQV�QRUPDOO\��0LWRFKRQGULDO�HͦFLHQF\�GHFUHDVHV� LQ�FKURQLF�KHDUW� IDLOXUH�SDUWO\�GXH� WR�
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 
RI�WKHVH�FHOOV��DERXW�����PP��LQ�UDW�KHDUW��PD\�LQFUHDVH�ZLWK�DJH��DQG�
their activity may increase with the load on the myocytes.  

 
KEY FINDINGS

• �,QFUHDVHG�R[LGDWLYH�FDSDFLW\�LQ�PXVFOH�ͤEUHV�RI�DWKOHWHV�UHTXLUHV�PDWFKHG�LQFUHDVHG�
capillary density.

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

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

• 0LWRFKRQGULDO�HͦFLHQF\�FDQ�EH�GHWHUPLQHG�LQ�FU\RVWDW�VHFWLRQV�RI�WKH�KHDUW��DOORZLQJ�
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
:H�DQG�RWKHUV�KDYH� IRXQG�FRPSOHWH� LPSDLUPHQW�RI�FDUGLRP\RF\WH�VSHFLͤF� WK\URLG�KRUPRQH�
(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-
ͤF�'LR��NQRFN�RXW�PRXVH�PRGHO�IRU�XVH�LQ�KHDUW�IDLOXUH�PRGHOV�WR�WHVW�WKH�K\SRWKHVL]HG�FDXVDO�
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. 

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 
KP�VJG�ƒIWTG��
8CP�&TKGN�GV�CN��%WTTGPV�QRKPK-
ons in Cardiology 2019 (based on studies 
from Louise Nijenkamp)

An Intrinsic Cardiac Adrenergic 
(ICA) cell in an unstained 20 
µm thick cryostat section in 
DTKIJV�ƒGNF�
NGHV��CPF�VJG�UCOG�
EGNN�KP�FCTM�ƒGNF��4CV�XGPVTKEWNCT�
myocardium.

Cardia imaging of a control, genotype 
positive/phenotype negative (G+/Ph–), 
and patient with hypertrophic obstructive 
cardiomyopathy (HOCM). Cardiovascu-
NCT�OCIPGVKE�TGUQPCPEG�
%/4��FGTKXGF�
cardiac 4-chamber view and parametric 
images of [11C]-acetate positron emission 
tomographic-derived average [11C]-ace-
tateclearance rate constant (k2)with 
corresponing polar maps. As can be seen 
clearly, left ventricularremodeling occured 
in patients with HOCM, evident from an 
KPETGCUG�KP�NGHV�XGPVTKENG�
.8��GPF�FKCUVQNKE�
XQNWOG��.8�OCUU��CPF�NGHV�CVTKCN�XQNWOG��
Myocardial oxygen metabolism was lower 
in patients with HOCM, whereas an incre-
ase in oxygen metabolism was observed 
in G+/Ph– compared with controls.
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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-
DF�GLVHDVH�LQ�LQKHULWHG�FDUGLRP\RSDWK\��͍���������3DXO�:LMQNHU�������
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)
�͍�������������
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, Krüger 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. van der Velden J,�7RFFKHWWL�&*��9DUULFFKL�*��%LDQFR�$��6HTXHLUD�9��+LOͤNHU�.OHLQHU�'��+DP-
dani N, Leite-Moreira A, Mayr M, Falcão-Pires I, Thum T, Dawson DK, Balligand JL, Hey-
mans S. Metabolic changes in hypertrophic cardiomyopathies. Cardiovascular Research 
2018;114:1273-1280.

3. YDQ�'HHO�('��1DMDͤ�$��)RQWRXUD�'��9DOHQW�(��*RHEHO�0��.DUGX[�.��)DOF¥R�3LUHV�,��van der Vel-
den J. +P�XKVTQ�OQFGN�VQ�UVWF[�VJG�GHHGEVU�QH�OCVTKZ�UVKHHGPKPI�QP�%C�
�JCPFNKPI�CPF�O[QƒNCOGPV�
function in isolated adult rat cardiomyocytes.�-RXUQDO�RI�3K\VLRORJ\��������������������� 
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, Krüger M, Kus-
ter DWD, van der Velden J. )GPQV[RG�URGEKƒE�RCVJQIGPKE�GHHGEVU�KP�JWOCP�FKNCVGF�ECTFKQ-
myopathy.�-RXUQDO�RI�3K\VLRORJ\��������������̰������GRL����������-3������

��� Güçlü 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-
VTCEVKNG�RGTHQTOCPEG�CPF�QZ[IGP�WVKNK\CVKQP�WPFGTNKG�TGFWEGF�O[QECTFKCN�GHƒEKGPE[�KP�JWOCP�
inherited hypertrophic cardiomyopathy.�&LUFXODWLRQ�&DUGLRYDVFXODU�,PDJLQJ������������� 
:LWK�HGLWRULDO�E\�/X�DQG�$EUDKDP��$�JRRG�KHDUW�LV�KDUG�WR�ͤQG�HYHQ�HDUO\�LQ�K\SHUWURSKLF�
cardiomyopathy.

6. Parbhudayal RY, Garra AR, Götte MJW, Michels M, Pei J, Harakalova M, Asselbergs FW, 
van Rossum AC, van der Velden J, Kuster DWD. Variable cardiac myosin binding protein-C 
GZRTGUUKQP�KP�VJG�O[QƒNCOGPVU�FWG�VQ�/;$2%��OWVCVKQPU�KP�J[RGTVTQRJKE�ECTFKQO[QRCVJ[� 
-RXUQDO�RI�0ROHFXODU�DQG�&HOOXODU�&DUGLRORJ\���������������

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. /KETQ40#�����+U�C�2QVGPVKCN�4GIWNCVQT�QH�6J[TQKF�*QTOQPG�.GXGNU�KP�VJG�/QWUG�*GCTV�
Following Myocardial Infarction, by Targeting the Thyroid-Hormone-Inactivating Enzyme Dei-
odinase Type III.�)URQW�(QGRFULQRO��GRL����������IHQGR������������������

��� Janssen R, Zuidwijk MJ, Kuster DW, Muller A, Simonides WS. Thyroid Hormone-Regulated 
%CTFKCE�OKETQ40#U�CTG�2TGFKEVGF� VQ�5WRRTGUU�2CVJQNQIKECN�*[RGTVTQRJKE�5KIPCNKPI� Front 
(QGRFULQRO��GRL����������IHQGR�������������������

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.

KEY FINDINGS
• (ͦFLHQW� &UH�PHGLDWHG� H[FLVLRQ� RI� WKH� ͥR[HG� 'LR�� DFWLYH� ORFXV� LQ� WKH� FRQGLWLRQDO�

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 
IXOO�GHYHORSPHQW�RI�VORZ�VNHOHWDO�PXVFOH�ͤ EHU�W\SH�FRPSRVLWLRQ�DQG�DVVRFLDWHG�VORZ�
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
5DKDQD�3DUEKXGD\DO
Louise Nijenkamp

Technicians:
0D[�*RHEHO
5XXG�=DUHPED

HIGHLIGHTS AND FUNDING 
• In 2017 van der Velden received the Outstanding Investigator Award of the Internati-

onal Society for Heart Research.

• 1:2�9,&,�JUDQW�̰�,QQRYDWLRQDO�5HVHDUFK�������6DUFRPHUH�LQHͦFLHQF\�DW�WKH�KHDUW�RI�
K\SHUWURSKLF�FDUGLRP\RSDWK\��͍�����������YDQ�GHU�9HOGHQ��

• Amsterdam Cardiovascular Sciences Out of the Box grant 2018. Targeting genetic 
heart disease with diabetes medication. Collaboration van der Velden with Coert 
=XXUELHU��$0&���͍�������

• 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 
�$0&���͍�������

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

• 7RS�JUDQW��=RQ0:��������,GHQWLͤFDWLRQ�RI�PROHFXODU�UHJXODWRU\�SDWKZD\V�IRU�VSHFL-
ͤFDWLRQ�DQG�PDWXUDWLRQ�RI�KXPDQ�FDUGLDF�VXEW\SHV��0DLQ�DSSOLFDQW��5REHUW�3DVVLHU��
͍���������9DQ�GHU�9HOGHQ�&R�3,�

• 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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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 
WR�ͥDZV� LQ� JHQHWLFDOO\�GHWHUPLQHG�GHVLJQ�RU� EHFDXVH�RI� HQYLURQPHQWDOO\�LQGXFHG� ̴ZHDU� DQG�
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 
FDUGLDF� DUUK\WKPLD� DWULDO� ͤEULOODWLRQ�� %\�
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 
FOLQLFDO�VHWWLQJ��&XUUHQWO\��WKH�ͤUVW�FOLQLFDO�
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 

• .H\�PRGXODWRUV�RI�SURWHRVWDVLV�KDYH�EHHQ�LGHQWLͤHG�ZLWK�SURPLQHQW�UROH�LQ�$)�SURJUHV-
sion and recovery.

• Drugs directed at key modulators prevent AF and also aid in the recovery from AF-indu-
ced cardiomyocyte damage.

• Several key modulators represent biomarkers to predict stage and recurrence of AF af-
ter treatment.

• First clinical trial with HSP-inducing compound in symptomatic AF patients is started 
early 2018.

• Role proteostasis derailment is expanded to other cardiac diseases.

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 
EQORNGZ�
64K%���&WTKPI�RTQVGKP�OKUHQNFKPI��VJG�EJCRGTQPGU�FKUUQEKCVG�HTQO�VJG�EQORNGZ�CPF�DKPF�VQ�WPHQNFGF�
RTQVGKPU��&KUUQEKCVKQP�QH�VJG�EQORNGZ�HTGGU�*5(��OQPQOGTU��YJKEJ�VJGP�VTCPUNQECVG�VQ�VJG�PWENGWU�CU�*5(��
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 
UQNWDNG�UVCVG��CWVQRJCI[�KU�VJG�RTKOCT[�TQWVG�VQ�ENGCT�VJG�CIITGICVGF�RTQVGKPU��&7$��FGWDKSWKVKPCVKPI�GP\[OGU�
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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 
��������LQGLYLGXDOV��1DWXUH�*HQHWLFV������������������

2. Zhang D, .., Brundel BJJM. Activation of Histone Deacetylase-6 (HDAC6) induces con-
WUDFWLOH�G\VIXQFWLRQ� WKURXJK�GHUDLOPHQW�RI�Ƌ�WXEXOLQ�SURWHRVWDVLV� LQ�H[SHULPHQWDO�DQG�
KXPDQ�$WULDO�)LEULOODWLRQ��&LUFXODWLRQ�������������������

3. 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). 

4. Henning RH, Brundel BJJM. Proteostasis in cardiac health and disease. Nat Rev Cardiol. 
�����1RY�����������������GRL����������QUFDUGLR����������3HUVRQDO�LQYLWDWLRQ

��� Luso A*, Wiersma M*, … Brundel BJJM, Haas D, Sibon OCM, Anikster Y. Mutations in 
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can Journal of Human Genetics. 2018
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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 
TGUWNVKPI�HTQO�C�OWVCVKQP�KP�/;$2%���UJQYKPI�NQUU�QH�UCTEQOGTKE�UVTWEVWTG�
O[QN[UKU��CTTQYJGCF�KP�NGHV�RCPGN��
and autophagy (arrows in right panel). b | A patient with hypertrophic cardiomyopathy who was negative for 
UCTEQOGTG�OWVCVKQPU��UJQYKPI�RGTKPWENGCT�CIITGICVGU�
CUVGTKUM�CPF�KPUGV�OCIPKƒECVKQP�KP�NGHV�RCPGN��CPF�CTGC�
YKVJ�O[QN[UKU�
CTTQYJGCF�KP�TKIJV�RCPGN���E�^�#�RCVKGPV�YKVJ� ��[GCT�QH�RGTUKUVGPV�CVTKCN�ƒDTKNNCVKQP��F�^�#�RCVKGPV�
CHVGT�O[QECTFKCN�KPHCTEVKQP��G�^�#�RCVKGPV�YKVJ�OKVTCN�XCNXG�FKUGCUG��#NN�ECTFKCE�FKUGCUGU�UJQY�UKIPKƒECPV�NQUU�QH�
UCTEQOGTKE�UVTWEVWTG�
O[QN[UKU��CTTQYJGCFU���CPF�CWVQRJCI[�KU�CNUQ�QDUGTXGF�
CTTQYU���H�^�#P�CVTKCN�ECTFKQO[Q-
E[VG�HTQO�C�RCVKGPV�WPFGTIQKPI�%#$)�UWTIGT[�UJQYU�PQTOCN�UCTEQOGTGU�YKVJ�PQ�UKIPU�QH�FGTCKNOGPV�QH�RTQVGKP�
quality control.
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¡ˊȶ˪ȍŔȟơȥʋɽ�ǫȥ�ȟʠɽƃȍơ�ƃȶȥʋɭŔƃʋǫȶȥ

Prof. Coen Ottenheijm

7KH�XQLI\LQJ�WKHPH�RI�RXU�UHVHDUFK�FRQFHUQV�WKH�UHJXODWRU\�DQG�SDWKRJHQLF�UROH�RI�P\RͤOD-
ment proteins in muscle contraction, with special focus on the diaphragm. 
Using unique diaphragm biopsies of critically ill patients, we have established that dysfuncti-
RQDO�P\RͤODPHQWV�DUH�LPSRUWDQW�FRQWULEXWRUV�WR�LQVSLUDWRU\�PXVFOH�ZHDNQHVV�LQ�FULWLFDOO\� LOO�
SDWLHQWV��7KH�IXQFWLRQ�RI�WKHVH�P\RͤODPHQWV�FDQ�EH�LPSURYHG�ZLWK�QRYHO�FRPSRXQGV��ZKRVH�
HͦFDF\�ZH�WHVW� LQ�RXU� ODERUDWRU\��)XUWKHUPRUH��ZH�KDYH� LGHQWLͤHG� WKH�XELTXLWLQ�SURWHDVRPH�
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.
:H�HVWDEOLVKHG� WKDW�P\RͤODPHQW�G\VIXQFWLRQ�QRW�RQO\� FRQWULEXWHV� WR�DFTXLUHG� �GLDSKUDJP��
muscle weakness but also to weakness in patients with inherited forms of muscle disease, 
VXFK�DV�QHPDOLQH�P\RSDWK\��8VLQJ�ELRSVLHV�RI�PRUH�WKDQ�ͤIW\�SDWLHQWV�ZLWK�QHPDOLQH�P\RSD-
WK\��DV�ZHOO�DV�PXVFOH�RI�JHQHWLFDOO\�HQJLQHHUHG�PRXVH�PRGHOV��ZH�HVWDEOLVKHG�WKDW�WKLQ�ͤOD-
PHQW�OHQJWK�G\VUHJXODWLRQ�FRQWULEXWHV�RQO\�WR�VSHFLͤF�IRUPV�RI�QHPDOLQH�P\RSDWK\��

KEY FINDINGS

• 0XVFOH�ͤEHU�ZHDNQHVV�FRQWULEXWHV�WR�GLDSKUDJP�ZHDNQHVV�LQ�FULWLFDOO\�LOO�SDWLHQWV��DQG�
can be restored by calcium sensitizers.

• Mechanical ventilaton of critically ill patients induces ‘longitudinal’ atrophy of dia-
SKUDJP�ͤEHUV��ZKLFK�PD\�VHYHUHO\�KDPSHU�ZHDQLQJ�IURP�YHQWLODWRU\�VXSSRUW�

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

• 6DUFRPHUH�G\VIXQFWLRQ��LQ�SDUWLFXODU�WKLQ�ͤODPHQW�OHQJWK�G\VUHJXODWLRQ��FRQWULEXWHV�WR�
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.
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&DUH�0HG�����������������������
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0'/��� Annals of Neurol. 2018; 
������������
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sed mechanosensing modulates muscle hypertrophy. J Cachexia Sarcopenia Muscle. 
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Endothelial integrity, vascular disease and aging
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Endothelial integrity
The control of endothelial integrity is one of the key research lines in the group. Already for > 
���\HDUV��ZH�IRFXV�RQ�WKH�UROH�RI�WKH�VPDOO�*73DVHV�RI�WKH�5KR�IDPLO\�DQG�WKHLU�IXQFWLRQ�LQ�KX-
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. 
,Q�����������ZH�ͤQDOL]HG�D�ODUJH�VHW�RI�GDWD�REWDLQHG�E\�D�IRFXVHG�VL51$�VFUHHQ�DLPHG�DW�
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 Rac1 
*$3�+0+$���D�UHPDUNDEOH�ͤQGLQJ��VLQFH�
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 
VWXGLHV� LGHQWLͤHG� WKH� *73DVH� &GF���
as a main positive regulator of cell-cell 
contact in endothelium, in conjunction 
ZLWK�VSHFLͤF�UHJXODWRUV�VXFK�DV�WKH�*$3�
protein SYDE1 and the GEFs FARP1 and 
Tiam2. 
$�VLJQLͤFDQW�ERG\�RI�ZRUN�ZDV�GHGLFDWHG�
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-
QHVH�FROOHDJXHV��ZH�LGHQWLͤHG�.&7'����LQ�
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. 
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 
YDVFXODU�LQͥDPPDWLRQ�DQG�SHUPHDELOLW\��7KHVH�VWXGLHV�ZHUH�SHUIRUPHG�LQ�FORVH�FROODERUDWLRQ�
with clinical partners from the departments of nephrology and gynaecology.

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).

(KIWTG����'PFQIGPQWU�4JQ$�
(green) colocalizes with 
lysosomes (red) in TNFalfa-ac-
tivated human endothelial cells 
(Kovacevic et al., 2018)
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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.

• :H�LGHQWLͤHG�WKH�XELTXLWLQ�OLJDVH�RI�WKH�*73DVH�5KR%��WKLV�LV�D�FRPSOH[�RI�&8/��5E[��
KCTD10.

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

• 7KH�PLQRU�KLVWRFRPSDWLELOLW\�DQWLJHQ����+0+$���$UK*$3����ZKLFK� LV�D�5DF*$3�ZDV�
XQH[SHFWHGO\�LGHQWLͤHG�DV�D�QRYHO�UHJXODWRU�RI�HQGRWKHOLDO�LQWHJULW\�

Microvascular dysfunction in obesity and diabetes 
,Q�REHVLW\�DQG�W\SH���GLDEHWHV��LPSDLUHG�SHUIXVLRQ�DQG�PLFURYDVFXODU�LQͥDPPDWLRQ�FRQWULEXWH�
WR� LQVXOLQ� UHVLVWDQFH�DQG�RUJDQ�IDLOXUH� LQ� WKHVH�FRQGLWLRQV��6SHFLͤFDOO\��ZH�DLP�WR�HOXFLGDWH�
WKH�UROH�RI�SHULYDVFXODU�DGLSRVH�WLVVXH��39$7��LQ��G\V�UHJXODWLRQ�RI�EORRG�ͥRZ��,Q�WKH�HDUOLHVW�
pathogenesis of type 2 diabetes, this balance shifts towards vasoconstrictor adipokines. We 
have found that insulin controls perfusion of skeletal and cardiac muscle, and that this effect 
is progressively impaired during the pathogenesis of type 2 diabetes and the metabolic syn-
GURPH��,QVXOLQ�HQKDQFHV�EORRG�ͥRZ�LQ�KHDOWK\�VXEMHFWV��WKLV�HIIHFW�LV�UHGXFHG�DIWHU�a��ZHHNV�
of a hypercaloric diet, is abolished in obesity and worsens to an insulin-induced reduction of 
EORRG�ͥ RZ�LQ�W\SH���GLDEHWHV��7KLV�PLFURYDVFXODU�LQVXOLQ�UHVLVWDQFH�SUHFHGHV�PHWDEROLF�LQVXOLQ�
resistance and hyperglycemia. 
,Q�DGGLWLRQ�WR�WKLV�LQVXOLQ�VSHFLͤF�YDVFXODU�GHIHFW��ZH�KDYH�VKRZQ�WKDW�NLGQH\�IDLOXUH��D�FRP-
PRQ�FRPSOLFDWLRQ�RI�REHVLW\�DQG�GLDEHWHV��LQGHSHQGHQWO\�LPSDLUV�RUJDQ�EORRG�ͥ RZ�WKURXJK�WKH�
endogenous NOS inhibitor asymmetric dimethyl arginine.
In collaboration with the department of Cardiology, we have translated these insights in mi-
crovascular dysfunction in skeletal muscle to the myocardial microcirculation during the past 
years with the initiation of the MICORDIS cohort of patients with non-obstructive coronary arte-
ry disease and age- and sex-matched controls. In this cohort, we are developing new diagnos-
WLF�WRROV�WR�LGHQWLI\�VSHFLͤF�LPSDLUPHQWV�RI�EORRG�ͥRZ�LQ�12&$'�SDWLHQWV�DQG�SURYLGH�FOLQLFL-
DQV�ZLWK�LQGLYLGXDOL]HG��VSHFLͤF�WDUJHWV�IRU�WUHDWPHQW�LQ�WKLV�KHWHURJHQHRXV�JURXS�RI�SDWLHQWV�

KEY FINDINGS

• 3HULYDVFXODU�DGLSRVH� WLVVXH� LQ�PXVFOH�VHOHFWLYHO\� FRQWUROV�PXVFOH�EORRG�ͥRZ�GXULQJ�
hyperinsulinemia

• Perivascular adipose tissue controls glucose uptake and protein expression in muscle

• %ORRG�ͥRZ�LV�VSHFLͤFDOO\�LPSDLUHG�GXULQJ�K\SHULQVXOLQHPLD�LQ�VNHOHWDO�PXVFOH�DQG��WKH�
P\RFDUGLXP�LQ�SDWLHQWV�ZLWK�W\SH���GLDEHWHV��ͤJXUH���

• Impairment of insulin-dependent vasodilatation in resistance arteries is impaired in the 
HDUOLHVW�GHYHORSPHQW�RI�REHVLW\�DQG�W\SH���GLDEHWHV��ZLWK�LGHQWLFDO�ͤQGLQJV�LQ�KXPDQ�
volunteers and mice

• In a key complication of type 2 diabetes, kidney failure, FGF23 impairs NO-dependent 
YDVRGLODWDWLRQ��ͤJXUH���

Figure 1: Insulin reduces muscle blood volume in patients with type 2 diabetes, and this impairment can be 
TGUVQTGF�D[�VJG�UVCDNG�RTQUVCE[ENKP�CPCNQIWG�+NQRTQUV��#��5MGNGVCN�OWUENG�OKETQXCUEWNCT�DNQQF�XQNWOG�
/$8��
YKVJ�KPUWNKP�CNQPG��HCUVKPI�EQORCTGF�YKVJ�J[RGTKPUWNKPCGOKC��$��UMGNGVCN�OWUENG�OKETQXCUEWNCT�DNQQF�XQNWOG�

/$8��FWTKPI�KPUWNKP�EQODKPGF�YKVJ�KNQRTQUV��HCUVKPI�EQORCTGF�YKVJ�J[RGTKPUWNKPCGOKC��%��RGTEGPVCIG�EJCPIG�
HTQO�DCUGNKPG�KP�/$8�
KG��ECRKNNCT[�
FG�TGETWKVOGPV���KPUWNKP�CNQPG�EQORCTGF�YKVJ�KPUWNKP�EQODKPGF�YKVJ�KNQRTQUV��
Ů9KNEQZQP�TCPM�VGUV��#DDTGXKCVKQP��#7��CTDKVTCT[�WPKVU��'OCPWGN��'TKPIC�GV�CN���&KCDGVGU�1DGU�/GVCD�������
0QX���
��������������

Figure 2: 5/6 Nephrectomy (5/6Nx) impairs endothelial but not vascular smooth muscle function, which is 
OKOKEMGF�D[�EJTQPKECNN[�KPETGCUKPI�EKTEWNCVKPI�ƒDTQDNCUV�ITQYVJ�HCEVQT����
()(����EQPEGPVTCVKQP��#�����0Z�
attenuated endothelium-dependent vasodilator responses of the gracilis artery, and this effect was mimicked 
D[�KPETGCUKPI�()(���KPVTCRGTKVQPGCN�KPLGEVKQPU��6JG�RKPM�NKPG�UJQYU�UJCO�UWTIGT[�
P��������VJG�NKIJV�DNWG�NKPG�
UJQYU�2$5�KPVTCRGTKVQPGCN�KPLGEVKQPU�
P�������VJG�TGF�NKPG�UJQYU����0Z�UWTIGT[�
P�������CPF�VJG�FCTM�DNWG�NKPG�
UJQYU�()(���KPVTCRGTKVQPGCN�KPLGEVKQPU�
P�������$�����0Z�CPF�KPETGCUGF�()(���EQPEGPVTCVKQP�KP�KUQNCVKQP�FKF�
not impair vasodilator responses of gracilis resistance arteries to the endothelium-independent vasodilator 
UQFKWO�PKVTQRTWUUKFG�
502���6JG�RKPM�NKPG�UJQYU�UJCO�UWTIGT[�
P�������VJG�NKIJV�DNWG�NKPG�UJQYU�2$5�KPVTCRGTK-
VQPGCN�KPLGEVKQPU�
P�������VJG�TGF�NKPG�UJQYU����0Z�UWTIGT[�
P�������CPF�VJG�FCTM�DNWG�NKPG�UJQYU�()(���KPVTCRG-
TKVQPGCN�KPLGEVKQPU�
P�������%�����0Z�CPF�JKIJ�EQPEGPVTCVKQP�QH�()(���KP�VJG�CDUGPEG�QH�EJTQPKE�MKFPG[�FKUGCUG�
FQ�PQV�KORCKT�XCUQEQPUVTKEVQT�TGURQPUGU�VQ�GPFQVJGNKP��6JG�RKPM�NKPG�UJQYU�UJCO�UWTIGT[�
P�������VJG�NKIJV�DNWG�
NKPG�UJQYU�2$5�KPVTCRGTKVQPGCN�KPLGEVKQPU�
P�������VJG�TGF�NKPG�UJQYU����0Z�UWTIGT[�
P�������CPF�VJG�FCTM�DNWG�NKPG�
UJQYU�()(���KPVTCRGTKVQPGCN�KPLGEVKQPU�
P�������&��CTVGTKGU�HTQO�UJCO�CPF����0Z�OKEG�YGTG�KPEWDCVGF�HQT���J�
YKVJ�TGEQODKPCPV�()(���CPF�UWDUGSWGPVN[�GZRQUGF�VQ�CEGV[NEJQNKPG�
#%J���DWV�VJKU�FKF�PQV�EJCPIG�GPFQVJGNKCN�
HWPEVKQP�EQORCTGF�YKVJ�CTVGTKGU�YKVJQWV�KPEWDCVKQP�YKVJ�()(����6JG�NKIJV�QTCPIG�NKPG�UJQYU�UJCO�UWTIGT[�CPF�
GZ�XKXQ�()(���KPEWDCVKQP�
P�������VJG�FCTM�QTCPIG�NKPG�UJQYU����0Z�UWTIGT[�CPF�GZ�XKXQ�()(���KPEWDCVKQP�
P���
����VJG�RKPM�FQVVGF�NKPG�UJQYU�UJCO�UWTIGT[�
P��������CPF�VJG�TGF�FQVVGF�NKPG�UJQYU����0Z�UWTIGT[�
P�������&CVC�
CTG�OGCPUšpš5'���2�Ǝ������XU��UJCO�QT�2$5��D[�NKPGCT�OKZGF�OQFGNU��/�8GTMCKM��/�8GTXNQGV��'�'TKPIC�GV�CN���#O�,�
Physiol Heart Circ Physiol. 2019 in press
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Hypoxia and tissue repair
7KH�K\SR[LD�LQGXFLEOH�IDFWRUV��+,)��Ƌ�DQG�+,)��Ƌ�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�HQGRWKHOLDO�DGDS-
tation to a low oxygen environment. We and other previously showed in human microvascular 
HQGRWKHOLDO�FHOOV�WKDW�ZKLOH�+,)��Ƌ�VWLPXODWHV�WKH�IRUPDWLRQ�RI�QHZ�VSURXWV��+,)��Ƌ�VWDELOL]HV�
neovessels and prevents sprout formation. By comparing differentially regulated genes in hy-
SR[LD� ����2���ZLWK� WKH� JHQHV� WKDW�ZHUH� GLIIHUHQWLDOO\� UHJXODWHG� XSRQ� VLOHQFLQJ� RI�+,)��Ƌ� LQ�
K\SR[LD�ZH�LGHQWLͤHG����JHQHV��ZKLFK�ZHUH�VXEVHTXHQWO\�VFUHHQHG�IRU�WKHLU�UROH�LQ�HQGRWKHOLDO�
sprouting in hypoxia. From si-RNA inhibition of these genes individually, 4 new genes (ARRDC3, 
00(��33$5*�DQG�5$/*36���ZHUH� UHFRJQL]HG� WKDW�GLUHFWO\� LQͥXHQFHG�HQGRWKHOLDO� VSURXWLQJ�
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 
WKH���+,)��Ƌ�LQGXFHG�FDQGLGDWH�JHQHV�PHQWLRQHG�DERYH�ZHUH�DOVR�LQGXFHG�LQ�(&)&V��WRJHWKHU�
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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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 (lncRNAs) that are involved in aging of endothelial 
cells and cardiomyocytes. A third research line focuses on lncRNAs that play a role in biome-
chanical signaling in endothelial cells induced by shear stress. 
:H�KDYH� LGHQWLͤHG�VHYHUDO� OQF51$V� WKDW�
control key processes in cardiovascular 
cells, including the endothelial lncRNAs 
0HJ��� 0HJ��� +���� /DVVLH�� OLQF�SLQW� DQG�
Aerrie. Meg3 is induced by aging and 
UHJXODWHV� DQJLRJHQHVLV�� ZKHUHDV� +��� LV�
repressed during aging, which causes ex-
FHVVLYH�6WDW��VLJQDOLQJ�DQG�LQͥDPPDWRU\�
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 LGHQWLͤHG� 6DU-
rah, a cardiomyocyte-enriched aging-re- gulated lncRNA 
that controls cardiomyocyte survival via RNA-DNA triple 
helix-mediated interaction with the pro- moters of survi-
val genes.

KEY FINDINGS

• Non-coding RNAs are involved in aging of the cardiovascular system.

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

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

• 7KH�VKHDU�VWUHVV�UHJXODWHG�OQF51$�/DVVLH�DQG�+���UHJXODWH�HQGRWKHOLDO�FHOO�IXQFWLRQ�

• The aging- and shear stress-regulated lncRNA 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 
SURSHUW\�WKDW�ZDV�ORVW�DIWHU�LQͥDPPDWRU\�DFWLYDWLRQ�RI�&0(&�ZLWK�71)Ƌ�RU�LQWHOHXNLQ��ƌ��7KH�
EHQHͤFLDO�HIIHFW�RI�WKH�&0(&�ZDV�ODUJHO\�GHSHQGHQW�RI�WKH�SURGXFWLRQ�RI�12��D�SURSHUW\�WKDW�
ZDV�ORVW�GXH�WR�HOHYDWHG�SURGXFWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV�DIWHU�71)Ƌ��,QWHUHVWLQJO\��FR�LQ-
FXEDWLRQ�RI�&0(&�ZLWK�71)Ƌ�DQG�WKH�6*/7���LQKLELWRU�HPSDJOLͥR]LQ�DQG�VXEVHTXHQW�ZDVKLQJ�
prevented the enhanced ROS production and the loss of NO production, and maintained the 
LPSURYHG�FDUGLRP\RF\WH�FRQWUDFWLOLW\�LQGXFHG�E\�&0(&��SXEOLVKHG�LQ������LQ�-$&&��%DVLF�WR�
7UDQVODWLRQDO�6FLHQFH���7KHVH�GDWD�ͤW�ZLWK�WKH�RXWFRPH�RI�SUHVHQW�WULDOV�VKRZLQJ�D�EHQHͤFLDO�
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. 

Figure 1:
A) Lassie was silenced using 
)CROG4U�
)CR�.CUUKG��KP�
*78'%U�VJCV�YGTG�GZRQUGF�VQ�
laminar shear stress for 72h 
CPF�2'%#/���8'�%CFJGTKP�
and nuclei were visualized by 
fluorescence microscopy.
$��#GTTKG�YCU�UKNGPEGF�WUKPI�
)CROG4U�
#GTTKG�-&��KP�
*78'%U��&0#�FCOCIG�YCU�
analyzed with a comet assay.
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• ACS PhD Student grant (VUmc&AMC), €240K

• ERA-CVD Consortium (INNOVATION), €1100K total, €240K Ams
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• Netherlands Heart Foundation, innovation grant, 60 k€
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Overview Education
Within the VUmc School of Medical Sciences our main education tasks involve the ba-

chelor study of Medicine and the two-year master program Cardiovascular Research (Di-

rector: Dr. Warner Simonides). At the VU campus we coordinate several cardiovascular 

and medical physiology courses for the studies Medical Natural Sciences, Biomedical 

Sciences, Health & Lifestyle, and Health Sciences of  the Faculty of Sciences. In addition, 

our department provides (patho)physiology courses for students of the Amsterdam Uni-

versity College (AUC). 

Practical courses play a central role in physiology education and are part of the training 

of the medical and biomedical students at the Amsterdam UMC and the VU. A team of 

22 student-assistants and 12 PhDs or PhD-students, supervised by Dr. Pieter Koolwijk, 

WDNH�FDUH�RI����SUDFWLFDO�FRXUVHV�LQ�PRUH�WKDQ�����VHVVLRQV�HDFK�\HDU��WHDFKLQJ�QHDUO\�

10.000 students. The logistics and the maintenance of the practical set-ups are tasks of 

the amanuensis Rob de Jong and the electrical engineers Duncan van Groen and Andreas 

de Haas.
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Awards 2017-2018
Walter Paulus
Life Time Achievement Award by the Heart Failure Association of the ESC, May 2018

Reinier Boon 
Laura Stanicek
Young Investigator Award, Netherlands Vascular Biology Meeting, November 2017
Young Investigator Award, Joint Dutch-German Vascular Biology Conference, March 2018
Keystone Symposia Scholarship (Long Noncoding RNAs: From Molecular Mechanism to
Functional Genetics), November 2018

Diederik Kuster
Maike Schuldt
3rd Poster Prize, 1st Cardiovascular translational research meeting, Utrecht, 2017 (shared 
with Larissa)
Best Poster Award, Annual ACS symposium, Amsterdam, 2017
Best Poster Award, Annual ACS symposium, Amsterdam, 2018
Young Investigator Award, International Society for Heart Research - European Section 
(ISHR-ES),  Amsterdam, 2018

Paul Wijnker
International Society for Heart Research - European Section (ISHR-ES) Poster Prize 
Award, the 34th Meeting of the European Section of the ISHR-ES, Hamburg, Germany, 
-XO\�������͍����

Larissa Dorsch
3rd Poster Prize, 1st Cardiovascular translational research meeting, Utrecht, 2017 (shared 
with Maike)
3rd prize Winner Contest Communicating Science to People in 2018 Young@Heart and 
Netherlands Heart Institute

Ed Eringa
NVDO 2018, best abstract (shared with Alexander Turaihi).
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JM de Winter, 27-01-2017
Nemaline myopathy: Pathophysiology and Therapeutic targets

7�1DXWD������������
HIF-2a regulates in vitro neovascularization during hypoxia

CPM Franssen, 23-02-2017
Heart Failure with Preserved Ejection Fraction: The Media Message

RFJ Kwekkeboom, 11-04-2017
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$�*¾©O¾������������
Myocardial O2 utilazation and energetics of the left ventricle in hypertrophic cardio-
myopathy

NJ Koning, 23-06-2017 
3URWHFWLRQ�RI�WKH�PLFURFLUFXODWLRQ�GXULQJ�FDUGLDF�VXUJHU\�ZLWK�FDUGLRSXOPRQDU\�E\SDVV

D Tasev, 22-02-2018
Endothelial Colony Forming Cells (ECFCS) for tissue regeneration in vitro characterization

$�(��%ROOHQ������������
&DUGLDF�UHPRGHOLQJ�DQG�JHQRW\SH�VSHFĻF�SDWKRJHQLF�HIIHFWV�LQ�GLODWHG�FDUGLRP\RSDWK\
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Effect of PVAT on muscle microcirculation in vivo: Life Style, Genetic and Surgical Ap-
proaches

MCA Pronk, 24-10-2018
5KR*73DVHV��SRVW�WUDQVODWLRQDO�PRGĻFDWLRQV�DQG�W\URVLQH�NLQDVHV�LQ�HQGRWKHOLDO�EDUULHU�
regulation

$�1DMDͤ������������
'LVHDVH�PRGĻHUV�LQ�K\SHUWURSKLF�FDUGLRP\RSDWK\

JM Coelho Amado de Azevedo, 17-12-2018
5HJXODWLRQ�RI�YDVFXODU�SHUPHDELOLW\�E\�5KR*73DVHV��)LDW�OX[���/HW�WKHUH�EH�OLJKW��
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