
VU Research Portal

Unraveling gene variant-specific effects in hypertrophic cardiomyopathy

Parbhudayal, R.Y.

2020

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Parbhudayal, R. Y. (2020). Unraveling gene variant-specific effects in hypertrophic cardiomyopathy: translating
metabolic disorders to myocardial function. [PhD-Thesis - Research and graduation internal, Vrije Universiteit
Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/88aafdf1-e858-4de2-9d47-ba1d0a4024f7


Summary and future 
perspectives 8

VolledigBinnenwerkRahanaVersie1.indd   165VolledigBinnenwerkRahanaVersie1.indd   165 13/10/2020   10:48:3813/10/2020   10:48:38



166 CHAPTER  8

This thesis aimed to obtain more insight into the complex pathophysiology during the 
development of hypertrophic cardiomyopathy using in vitro studies in cardiac samples obtained 
from patients with obstructive HCM and state-of-the-art in vivo cardiac imaging in individuals 
at preclinical and advanced disease stages.

Chapter 1 provides a general introduction in hypertrophic cardiomyopathy and an overview 
of the outline of this thesis.

Chapter 2 defined regional myocardial function in aortic valve stenosis (AVS) and obstructive 
hypertrophic cardiomyopathy (HCM) patients, who show acquired (valve stenosis) or inherited 
left ventricular hypertrophy (LVH), using cardiac magnetic resonance (CMR) cine imaging 
and tissue tagging. This study investigated to what extent reverse remodeling occurs in both 
patient groups after surgical treatment. The main findings of this study are as follows: firstly, 
both AVS and obstructive HCM patients have significantly higher LV mass and LA volumes 
than controls, and obstructive HCM patients had smaller LV volumes compared with AVS 
patients and controls; secondly, AVS and obstructive HCM patients had lower septal wall 
thickening and systolic strain rates than controls; thirdly, AVS and obstructive HCM patients 
demonstrated reversed structural remodeling after surgery, with improved intraventricular 
pressure gradients and a concomitant decrease in LA volume, decreased wall thickness and LV 
mass; and lastly, only AVS patients showed functional improvement after surgical treatment, 
evident from improved global wall thickening but unaffected strain rates, whereas obstructive 
HCM patients deteriorated with respect to septal wall thickening and systolic strain rate.

Disease stage-dependent changes in preclinical gene variant carriers (MYH7 and MYBPC3 
gene variant carriers) and obstructive HCM patients were investigated in Chapter 3. We 
combined CMR with [11C]-acetate positron emission tomography (PET) imaging to 
noninvasively assess global and regional left ventricular contractile parameters, myocardial 
oxygen consumption and myocardial external efficiency (MEE). This study showed that 
different mechanisms underlie reduced myocardial efficiency at the early and advanced 
disease stage of HCM. The initial increase and subsequent reduction in oxygen consumption 
during disease progression imply that the initial energy utilization is mutation-related, while 
mechanisms secondary to disease remodeling (e.g. metabolic changes, mitochondrial changes) 
underlie low MEE at obstructive HCM disease stage.

To explore thin-filament affected HCM patients at early and advanced disease stages, we 
extended our CMR and [11C]-acetate positron emission tomography (PET) imaging study 
with patients affected by TNNT2 (troponin T gene) gene variants in Chapter 4. This study 
shows that the increase in myocardial oxygen consumption in TNNT2 gene variant carriers 
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167SUMMARY AND FUTUR E PERSPECTIVES

precedes changes in global and regional myocardial contractility. Therefore, energetic status 
rather than the contractile parameters reflects the initial variant-induced pathomechanism 
that can be used for early diagnosis and potential preventive therapy.

In Chapter 5 we evaluated the effect of truncating MYBPC3 gene variants on the sarcomere. 
Histological analyses were performed on cardiac tissue samples from obstructive HCM 
patients to define whether a heterogeneous pattern in cellular cMyBP-C protein levels was 
present. Cellular expression of cMyBP-C protein levels were obtained by immunofluorescence 
staining, demonstrating intercellular variation of cMyBP-C myofilament protein expression 
in cardiac tissue with truncating MYBPC3 gene variants. Based on these results we speculate 
that intercellular variation of cMyBP-C protein levels leads to inhomogeneous contraction 
and relaxation, which may underlie reduced cardiac efficiency in this carrier group observed 
in Chapter 3. Moreover, this ‘mosaic’ pattern may even be involved in the development of 
myofibrillar disarray, which is characteristic for the HCM heart.

Chapter 6 provides an overview of the results from Chapters 3, 4 and 5 and recent observations 
from the National Cardiomyopathy consortium Dosis. Joined forces of researchers in the 
clinical and preclinical field demonstrated more severe diastolic dysfunction in female than 
male HCM patients at the time of surgery for myectomy. Indexation for body surface area of 
left ventricular wall thickness is needed to set the diagnostic threshold in HCM.

Chapter 7 defined regional myocardial function in preclinical gene variant carriers at 
risk of developing HCM using CMR imaging with tissue tagging. These carriers included 
asymptomatic females harboring MYBPC3, MYH7 and TNNT2 sarcomere gene variants. 
This study revealed that gene variant carriers have comparable global cardiac dimensions and 
function as healthy controls. However, regional analysis showed better systolic function at the 
basal septum compared to the lateral wall in MYH7 gene variant carriers, which is opposite 
to the pattern observed in MYBPC3 and TNNT2 gene variant carriers and controls. Overall, 
this study shows that there are no major contractile deficits in asymptomatic females carrying 
a pathogenic gene variant, which would justify the use of CMR imaging for earlier diagnosis.

Future perspectives
HCM is the most frequent and lethal genetic heart disease among young adults and is caused 
by pathogenic gene variants in sarcomeric proteins. Current therapies aim to relief symptoms 
using medication, in case of ventricular arrhythmias implantable cardioverter defibrillator 
(ICD) implantation, or surgical septal reduction therapy in case of obstructive HCM. To 
date, no disease-modifying therapies have been identified, although studies investigating novel 
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168 CHAPTER  8

therapeutics are in progress.1, 2 This thesis provided insight into the development of HCM and 
revealed potential targets for therapeutic options.

Sex-differences
A recent study has shown sex-specific difference in diastolic function in HCM patients, 
harboring thick-filament affected gene variants.3 Maximal left ventricular wall thickness was 
indexed to body surface area and compared to a group of male HCM patients, which showed 
significantly higher septal wall thickness in female HCM patients. Moreover, histological 
analysis revealed advanced cardiac remodeling in female HCM compared to male HCM 
patients. These results propose to implement indexed maximal septal wall thickness in clinical 
care in order to timely recognize and subsequently treat female HCM patients (Chapter 6).4 
Based on the studies in this thesis, diagnostic tools to detect reduced cardiac efficiency are 
warranted to detect the early cardiac changes in gene variant carriers. Moreover, longitudinal 
follow-up studies, as initiated in our group and within the Dosis consortium will ultimately 
answer the question which cardiac changes underlies the development of hypertrophy and 
cardiac dysfunction.

Cellular characteristics
HCM is inherited through an autosomal dominant manner. In approximately 50-60% of 
all HCM patients, a causative gene variant is identified.5 Transcription of both alleles occurs 
independently and in a stochastic manner, i.e. ‘burst’-like stochastic on/off switching of alleles.6 
Since most HCM patients are heterozygous, variation of protein levels may show cell-to-cell 
variation, or in the case of MYBPC3 truncating mutations, result in variable expression levels 
of healthy (wild-type) cMyBP-C levels. Indeed, in Chapter 5, we show intercellular variation in 
cMyBP-C levels in HCM patient samples harboring MYBPC3 truncating mutations compared 
to genotype-negative HCM samples.7 The functional consequences of the variable protein 
expression, remain to be determined. Most likely this will reveal inhomogeneous contraction 
and relaxation and may underlie increased myocardial energy utilization, and the formation 
of myofibrillar disarray, a currently unexplained disease characteristic of HCM.

Cardiac imaging
As described above, HCM is known to present with ventricular arrhythmias, which can be 
fatal. To further enhance risk stratification in HCM patients, several studies have investigated 
the role of myocardial fibrosis using late gadolinium enhancement (LGE) imaging on       
CMR.8, 9 These results suggest that >15% of myocardial fibrosis of the left ventricle increased 
the risk of sudden cardiac death.8 While cardiac fibrosis on CMR imaging is interesting for 
risk stratification, larger studies should be performed in order to accurately assess its value in 
clinical care. Furthermore, LGE imaging only detects focal fibrosis, while adding T1 mapping 
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169SUMMARY AND FUTUR E PERSPECTIVES

on CMR improves detection of diffuse fibrosis, which may be more prominent in HCM. 
Currently, a large prospective international multi-center Hypertrophic Cardiomyopathy Registry 
(HCMR) is being performed, involving over 40 centers throughout the United States, Canada 
and Europe, in which Amsterdam UMC has also participated. In the period December 2014 
and April 2017 61 patients HCM patients have been included in HCMR at Amsterdam UMC. 
The objective of this study is to improve risk prediction of major adverse clinical outcomes 
in HCM, such as cardiac death, aborted sudden cardiac death (appropriate discharge of an 
implantable cardioverter-defibrillator), and need for heart transplantation, using T1 mapping 
for the detection of diffuse fibrosis on CMR, as well as genetic and biomarker analysis.10

Myocardial metabolism
Preclinical and clinical studies investigated cardiac cells and myocardium in HCM 
patients, respectively, and both showed reduced cardiac efficiency using in vitro analysis 
and state-of-the-art cardiac imaging (Chapters 3 and 4).11, 12 This was also demonstrated 
in preclinical asymptomatic gene variant carriers, even without the presence of cardiac                          
hypertrophy.12, 13 Interestingly, the potential positive effect of cardiac metabolic modulation 
is supported by a study that demonstrated correction of energy deficiency in symptomatic 
HCM using perhexilline, which facilitates a shift from fatty acids to glucose metabolism, and 
was associated with improved exercise capacity and symptoms.14 Perhexilline however, has 
been limited by its narrow therapeutic window, which requires close monitoring to prevent 
hepatotoxicity and neuropathy. 14 A similar metabolic drug, trimetazidine, that stimulates 
glucose oxidation resulting in oxygen-efficient metabolism, has shown favorable safety and 
tolerability in placebo-controlled trials and improved exercise performance in patients with 
stable angina and ischemic cardiomyopathy.15, 16 These results led to the initiation of the 
ENERGY trial, which is the first proof of concept study to determine whether metabolic 
drugs can correct decreased myocardial energy efficiency in asymptomatic mutation carriers 
at an early disease stage.1 This study is still ongoing and will include preclinical MYH7 gene 
variants with treatment of trimetazidine or placebo for two months. Before and after treatment, 
study participants will undergo an [11C]-acetate positron emission tomography/computed 
tomography (PET/CT) and CMR imaging to measure myocardial energy efficiency. Overall, 
multiple studies demonstrated that early treatment with metabolic modulators may slow down 
development of HCM.17
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