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Case Report
RBM20 mutation and ventricular arrhythmias in a young 
patient with dilated cardiomyopathy: a case report

Ioannis Liatakis1, Efstathia Prappa1, Aggeliki Gouziouta2, Malena P Pantou3, Polyxeni Gourzi3, Konstantinos 
Vlachos4, Panagiotis Mililis1, Ourania Kariki4, Dimitrios Degiannis3, Michael Efremidis4, Konstantinos P 
Letsas4

1Second Department of Cardiology, Evangelismos General Hospital of Athens, Greece; 2Heart failure Unit, 
Onassis Cardiac Surgery Center, Athens, Greece; 3Molecular Immunopathology and Histocompatibility Unit, 
Division of Genetics, Onassis Cardiac Surgery Center, Athens, Greece; 4Arrhythmia Unit, Laboratory of Cardiac 
Electrophysiology, Onassis Cardiac Surgery Center, Athens, Greece

Received March 9, 2021; Accepted April 30, 2021; Epub June 15, 2021; Published June 30, 2021

Abstract: Gene mutations in RBM20 have been identified in a minority of familial and sporadic dilated cardiomy-
opathy cases. Recent studies of carriers of RBM20 mutations not only highlight the aforementioned association 
with dilated cardiomyopathy but also indicate a link with increased incidence of ventricular arrhythmias. Herein we 
describe a case of 17-year-old female patient with dilated cardiomyopathy carrying a p.(Arg634Trp) RBM20 muta-
tion and presenting with frequent premature ventricular contractions and episodes of non-sustained ventricular 
tachycardia.
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Background

Dilated cardiomyopathy (DCM) is defined as  
left ventricular (LV) dilation and systolic dys-
function in the absence of coronary artery dis-
ease or abnormal loading conditions. The prev-
alence of dilated cardiomyopathy, which is one 
of the leading causes of heart failure (HF), is 
estimated at up to 1 in 250 of the population. 
DCM can result from a diverse range of etiolo-
gies including complex interactions between 
the environment and genetic predisposition. 
The above mentioned factors can lead to ad- 
verse remodelling, which is characterised by 
progressive left and often right ventricular dila-
tation, impairment of systolic function and ac- 
companying myocardial fibrosis. The mortality 
rates appear relatively high, despite advances 
in heart failure treatment. Death may result 
from heart failure progression and malignant 
ventricular arrhythmias. Until now more than 
50 genes have been associated with the con- 
dition [1]. In this article we describe a patient 
with dilated cardiomyopathy carrying a p.
(Arg634Trp) RBM20 mutation and presenting 

with episodes of non-sustained ventricular 
tachycardia (NSVT).

Case presentation

A 17-year-old female referred to our hospital 
due to ventricular arrhythmias combined with  
a dilated cardiomyopathy (DCM) phenotype. 
Her past medical history was remarkable for 
lymphoma/B-cell leukemia (diagnosed in 2006 
and treated by chemotherapy regimens until 
2008). No family history of sudden cardiac 
death was reported. Her mother was also di- 
agnosed with DCM a year ago and underwent 
ICD implantation. 

Investigations

Our patient’s resting electrocardiogram (ECG) 
demonstrated sinus rhythm, frequent prema-
ture ventricular contractions (PVCs), presenting 
with a left bundle branch block (LBBB)-inferior 
axis morphology (Figure 1). An echocardiogram 
was performed and demonstrated left ventricu-
lar (LV) dilation combined with moderate LV sys-
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Figure 1. 12-lead ECG demonstrating sinus rhythm with couplets of premature ventricular contractions (PVCs) with 
left bundle branch block (LBBB)-inferior axis morphology.

tolic dysfunction. In addition, the patient under-
went a 12-lead 24-h Holter monitoring which 
revealed 10.300 premature ventricular con-
tractions. Among them, some episodes of non-
sustained ventricular tachycardia (NSVT) were 
recorded. She also underwent signal averag- 
ed ECG (SAECG), where total QRS Duration (fil-
tered), RMS Voltage in terminal 40 msec as 
well as duration HFLA signals were all found 
negative. Cardiac magnetic resonance imag- 
ing (CMR) showed no evidence of myocardial 
scarring/necrosis or fibrosis. Electrophysiologic 
study (EPS) and catheter ablation procedure 
were proposed in order to minimise PVCs’ bur-

den. After informed written consent had been 
obtained, EPS was carried out. Activation map-
ping revealed the earliest activation site at  
the left pulmonary cusp. Radiofrequency ener-
gy delivery abolished the PVCs. Programmed 
ventricular stimulation did not induce sustain- 
ed ventricular arrhythmia. The patient was fur-
ther referred for genetic testing.

Genetic test

The genetic basis of the disease was identifi- 
ed for the proband with Next Generation Se- 
quencing technology, using Sophia Extended 
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Cardio Solution (Sophia Genetics) on the Illu- 
mina NextSeq platform according to manufac-
turers’ instructions. Alignment, quality filtering, 
variant calling, and variant annotation were 
performed using the Sophia Genetics pipeline. 
The variant calling files were filtered using the 
Sophia Genetics DDM platform, whereas the 
detected variants were characterized accord-
ing to the recommendations of the American 
College of Medical Genetics and Genomics 
(ACMG) [2]. All benign or likely benign variants 
were filtered out and the retained variants were 
subsequently evaluated according to the rele-
vance of the gene to the observed phenotype. 
The sample of the proband was sequenced 
with a mean target region coverage depth of 
165× and 100% of the target region was cov-
ered at a minimum depth of 25×.

The proband was found to carry an heterozy-
gous variant in the RBM20 gene: NC_000- 
010.10:g.112572055C > T, NM_0011343- 
63.2:c.1900C > T, p.(Arg634Trp) (Figure 2) 
which was subsequently confirmed by Sanger 
sequencing. The variant was absent from the 

Genome Aggregation Database but has been 
reported in ClinVar (rs796734066) as likely 
pathogenic/pathogenic by three submitters. 
Pathogenicity algorithms predicted a damaging 
effect of this amino acid substitution (SIFT: 0, 
PolyPhen-2 HumVar: 1.000, Mutation Taster: 
0.973 and DANN: 0,9959), since the variant 
affected a highly conserved amino acid (Con- 
surf: 9) and at the same codon position the 
alternative p.(Arg634Gln) amino acid substitu-
tion has been characterized as pathogenic [3, 
4]. The mutation was located in a region that is 
required for nuclear localization of RBM20 [5] 
and in vitro functional assays showed that 
mutations in this region disturb RBM20 local-
ization to the nucleus, where the protein exerts 
its physiological function [6]. 

Follow up and outcomes

Echocardiographic follow-up demonstrated left 
ventricular (LV) dilation combined with moder-
ate to severe LV systolic dysfunction. 12-lead 
24-h Holter monitoring revealed again frequent 
premature ventricular contractions. Among th- 

Figure 2. IGV snapshot of c.1900C > T variant in the RBM20 gene (Chr 10:112572055, hg19).
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em, some episodes of non-sustained ventricu-
lar tachycardia (NSVT) were again recorded.  
A second Electrophysiologic study (EPS) and 
catheter ablation procedure were proposed in 
order to minimise PVCs’ burden. After inform- 
ed written consent had been obtained, second 
EPS was carried out. Activation mapping reve- 
aled the earliest activation site at the right/ 
left coronary cusp commissure. Radiofrequency 
energy delivery did not abolish the PVCs. Due  
to the above mentioned aggressive arrhythmo-
genic phenotype (despite maximum tolerated 
antiarrhythmic therapy) and the worsening LV 
function, an implantable cardioverter-defibrilla-
tor (ICD) implantation was advised. The risks, 
benefits, and alternative of the procedure were 
all discussed with the patient including the risk 
of inappropriate ICD shocks. She agreed to the 
procedure, and informed consent was obtain- 
ed. She finally underwent ICD implantation.

Discussion

Encoding RNA Binding Motif Protein-20 (RB- 
M20) is a RNA-binding protein consisting of one 
RNA-recognition motif (RRM) domain and two 
zinc finger (ZnF) domains [7]. RBM20 gene has 
already been identified as one of the DCM-
associated genes [3]. Genetic alterations in 
RBM20 have been observed in 2-3% of fami- 
lial and sporadic DCM cases [8-10]. Recently, 
RBM20 was identified to play an important role 
as a crucial regulator of the splicing of titin 
(TTN) [11], a high-molecular-weight protein that 
provides passive stiffness to the sarcomere. 
Therefore, a primary molecular mechanism 
attributed to RBM20 mutations was suggest- 
ed as a change in TTN isoforms, resulting in 
adverse cardiac remodeling and DCM deve- 
lopment. Currently, over 20 genes have been 
shown to be a target of RBM20, including TR- 
DN, RYR2, CACNA1C, RTN4, FHOD3, PDLIM3, 
OBSCN, and many others [11-15].

A recent study of carriers of RBM20 gene mu- 
tations identified not only the aforementioned 
association with DCM but also with increased 
incidence of ventricular arrhythmias (VAs) [16]. 
Despite similar LVEF.%, approximately 44% of 
RBM20 mutation carriers presented with sus-
tained VAs compared to only 5% of TTN muta-
tion carriers. In another multicentre study, am- 
ong 74 RBM20 mutation carriers, family his- 
tory of SCD was reported in 51% of patients. 

Furthermore, patients with RBM20 mutations 
were more likely to have NSVT (43% vs 11%) 
and sustained VT (25% vs 2%) than idiopathic 
DCM cohorts [17]. Of note, Vakhrushev et al. 
recently presented a clinical case of a rare 
arrhythmogenic phenotype (several syncope 
and NSVT episodes with no response to antiar-
rhythmic drugs) and no structural cardiac ab- 
normalities associated with a RBM20 genetic 
variant of uncertain significance (VUS), thus 
underlining the potentially malignant character 
of such mutations [18].

RBM20 cardiomyopathy also appears to pres-
ent in a more severe fashion in male patients: 
In a study which included 80 RBM20 mutation 
carriers, men were both younger at the time of 
diagnosis and presented with a lower ejection 
fraction (“age, 29 ± 11 versus 48 ± 12 years; P 
< 0.01; ejection fraction, 29 ± 13% versus 38 ± 
9%; P < 0.01”). One-third of male patients final-
ly required a heart transplant (aged 33 ± 16 
years old), whereas none of the female patients 
required the procedure. Male patients also 
appeared to have a significantly lower total 
event-free survival compared with female pa- 
tients. Interestingly, male RBM20 cardiomyopa-
thy patients also fared worse when compared 
to a cohort of DCM patients of unknown gene- 
tic cause, while female RBM20 cardiomyopa- 
thy patients showed better event-free survival 
when compared to DCM patients of unknown 
cause, thus suggesting that the observed sex 
differences are not shared by all forms of DCM, 
but rather (at least to some degree) specific to 
RBM20 cardiomyopathy [19].

Conclusion

Our proband was diagnosed carrying a p.
(Arg634Trp) RBM20 mutation, which is linked 
to a clinically aggressive form of DCM. This may 
include severe heart failure, increased arrhyth-
mogenic risk, and the need for a cardiac trans-
plantation procedure at a younger age com-
pared to sporadic DCM cases, suggesting that 
this may be an important cause of familial 
DCM. However, its precise frequency and exact 
pathophysiological role still remains to be elu- 
cidated. Most importantly, closer study of the 
described families reveals that penetrance  
may be variable and variations in other DCM 
related genes can be found as well. Given  
the suggested arrhythmogenic malignancy of 
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RBM20 mutations, identifying such mutations 
should probably suggest careful attention to 
coexistent modifiable risk factors, a closer clini-
cal follow up, and finally an earlier application 
of therapies proven to inhibit the process of 
heart failure and decrease the risk of sudden 
cardiac death. 

Acknowledgements

All procedures performed in our study were in 
accordance with the ethical standards of the 
institutional and the national research commit-
tee at which they were conducted (IRB approval 
number 2012180000008) and with the 1964 
Helsinki declaration and its later amendments 
or comparable ethical standards.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Konstantinos P 
Letsas, Arrhythmia Unit, Laboratory of Cardiac 
Electrophysiology, Onassis Cardiac Surgery Center, 
356 SyngrouAv, 17674, Athens, Greece. E-mail: k.
letsas@gmail.com

References

[1] Marrow BA, Cook SA, Prasad SK and McCann 
GP. Emerging techniques for risk stratification 
in nonischemic dilated cardiomyopathy: JACC 
review topic of the week. J Am Coll Cardiol 
2020; 75: 1196-1207.

[2] Richards S, Aziz N, Bale S, Bick D, Das S, Gast-
ier-Foster J, Grody WW, Hegde M, Lyon E, Spec-
tor E, Voelkerding K and Rehm HL; ACMG La- 
boratory Quality Assurance Committee. Stan- 
dards and guidelines for the interpretation of 
sequence variants: a joint consensus recom-
mendation of the American College of Medical 
Genetics and Genomics and the Association 
for Molecular Pathology. Genet Med 2015; 17: 
405-424.

[3] Brauch KM, Karst ML, Herron KJ, de Andrade 
M, Pellikka PA, Rodeheffer RJ, Michels VV and 
Olson TM. Mutations in ribonucleic acid bind-
ing protein gene cause familial dilated cardio-
myopathy. J Am Coll Cardiol 2009; 54: 930-
941.

[4] Gaertner A, Klauke B, Felski E, Kassner A, Bro-
dehl A, Gerdes D, Stanasiuk C, Ebbinghaus H, 
Schulz U, Dubowy KO, Tiesmeier J, Laser KT, 
Bante H, Bergau L, Sommer P, Fox H, Morshuis 
M, Gummert J and Milting H. Cardiomyopathy-
associated mutations in the RS domain affect 

nuclear localization of RBM20. Hum Mutat 
2020; 41: 1931-1943.

[5] Filippello A, Lorenzi P, Bergamo E and Ro-
manelli MG. Identification of nuclear retention 
domains in the RBM20 protein. FEBS Lett 
2013; 587: 2989-2995.

[6] Murayama R, Kimura-Asami M, Togo-Ohno M, 
Yamasaki-Kato Y, Naruse TK, Yamamoto T, 
Hayashi T, Ai T, Spoonamore KG, Kovacs RJ, 
Vatta M, Iizuka M, Saito M, Wani S, Hiraoka Y, 
Kimura A and Kuroyanagi H. Phosphorylation 
of the RSRSP stretch is critical for splicing  
regulation by RNA-Binding Motif Protein 20 
(RBM20) through nuclear localization. Sci Rep 
2018; 8: 8970.

[7] Watanabe T, Kimura A and Kuroyanagi H. Alter-
native splicing regulator RBM20 and cardiomy-
opathy. Front Mol Biosci 2018; 5: 105.

[8] Refaat MM, Lubitz SA, Makino S, Islam Z, Fran-
giskakis JM, Mehdi H, Gutmann R, Zhang ML, 
Bloom HL, MacRae CA, Dudley SC, Shalaby AA, 
Weiss R, McNamara DM, London B and Ellinor 
PT. Genetic variation in the alternative splicing 
regulator RBM20 is associated with dilated 
cardiomyopathy. Heart Rhythm 2012; 9: 390-
396.

[9] Kayvanpour E, Sedaghat-Hamedani F, Amr A, 
Lai A, Haas J, Holzer DB, Frese KS, Keller A, 
Jensen K, Katus HA and Meder B. Genotype-
phenotype associations in dilated cardiomy-
opathy: meta-analysis on more than 8000 indi-
viduals. Clin Res Cardiol 2017; 106: 127-139.

[10] Li X, Yang L and Chen LL. The biogenesis, func-
tions, and challenges of circular RNAs. Mol Cell 
2018; 71: 428-442.

[11] Guo W, Schafer S, Greaser ML, Radke MH, Liss 
M, Govindarajan T, Maatz H, Schulz H, Li S, 
Parrish AM, Dauksaite V, Vakeel P, Klaassen S, 
Gerull B, Thierfelder L, Regitz-Zagrosek V, 
Hacker TA, Saupe KW, Dec GW, Ellinor PT, Mac-
Rae CA, Spallek B, Fischer R, Perrot A, Ozcelik 
C, Saar K, Hubner N and Gotthardt M. RBM20, 
a gene for hereditary cardiomyopathy, regu-
lates titin splicing. Nat Med 2012; 18: 766-
773.

[12] Beraldi R, Li X, Martinez Fernandez A, Reyes S, 
Secreto F, Terzic A, Olson TM and Nelson TJ. 
Rbm20-deficient cardiogenesis reveals early 
disruption of RNA processing and sarcomere 
remodeling establishing a developmental etiol-
ogy for dilated cardiomyopathy. Hum Mol Gen-
et 2014; 23: 3779-3791.

[13] Maatz H, Jens M, Liss M, Schafer S, Heinig M, 
Kirchner M, Adami E, Rintisch C, Dauksaite V, 
Radke MH, Selbach M, Barton PJ, Cook SA, Ra-
jewsky N, Gotthardt M, Landthaler M and Hub-
ner N. RNA-binding protein RBM20 represses 
splicing to orchestrate cardiac pre-mRNA pro-
cessing. J Clin Invest 2014; 124: 3419-3430.

mailto:k.letsas@gmail.com
mailto:k.letsas@gmail.com


RBM20 mutation and ventricular arrhythmias

403 Am J Cardiovasc Dis 2021;11(3):398-403

[14] Lorenzi P, Sangalli A, Fochi S, Dal Molin A, 
Malerba G, Zipeto D and Romanelli MG. RNA-
binding proteins RBM20 and PTBP1 regulate 
the alternative splicing of FHOD3. Int J Bio-
chem Cell Biol 2019; 106: 74-83.

[15] Lennermann D, Backs J and van den Hoogen-
hof MMG. New insights in RBM20 cardiomy-
opathy. Curr Heart Fail Rep 2020; 17: 234-
246.

[16] van den Hoogenhof MMG, Beqqali A, Amin AS, 
van der Made I, Aufiero S, Khan MAF, Schum-
acher CA, Jansweijer JA, van Spaendonck-
Zwarts KY, Remme CA, Backs J, Verkerk AO, 
Baartscheer A, Pinto YM and Creemers EE. 
RBM20 mutations induce an arrhythmogenic 
dilated cardiomyopathy related to disturbed 
calcium handling. Circulation 2018; 138: 
1330-1342.

[17] Parikh VN, Caleshu C, Reuter C, Lazzeroni LC, 
Ingles J, Garcia J, McCaleb K, Adesiyun T, Sed-
aghat-Hamedani F, Kumar S, Graw S, Gigli M, 
Stolfo D, Dal Ferro M, Ing AY, Nussbaum R, 
Funke B, Wheeler MT, Hershberger RE, Cook S, 
Steinmetz LM, Lakdawala NK, Taylor MRG, 
Mestroni L, Merlo M, Sinagra G, Semsarian C, 
Meder B, Judge DP and Ashley E. Regional 
variation in RBM20 causes a highly penetrant 
arrhythmogenic cardiomyopathy. Circ Heart 
Fail 2019; 12: e005371.

[18] Vakhrushev Y, Kozyreva A, Semenov A, Sokol-
nikova P, Lubimtseva T, Lebedev D, Smolina N, 
Zhuk S, Mitrofanova L, Vasichkina E and Kosta-
reva A. RBM20-associated ventricular arrhyth-
mias in a patient with structurally normal 
heart. Genes (Basel) 2021; 12: 94.

[19] Hey TM, Rasmussen TB, Madsen T, Aagaard 
MM, Harbo M, Molgaard H, Moller JE, Eiskjaer 
H and Mogensen J. Pathogenic RBM20-vari-
ants are associated with a severe disease ex-
pression in male patients with dilated cardio-
myopathy. Circ Heart Fail 2019; 12: e005700.


