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Original article

Recurrent and founder mutations in the 
Netherlands: mutation p.K217del in troponin 
T2, causing dilated cardiomyopathy

Background. About 30% of dilated cardiomy-
opathy (DCM) cases are familial. Mutations are 
mostly found in the genes encoding lamin A/C, 
beta-myosin heavy chain and the sarcomeric 
protein cardiac troponin-T (TNNT2). Muta-
tions in TNNT2 are reported in approximately 
3% of DCM patients. The overall phenotype 

caused by TNNT2 mutations is thought to be a 
fully penetrant, severe disease. This also seems 
to be true for a recurrent deletion in the TNNT2 
gene; p.K217del (also known as p.K210del). 
Methods. We compared the phenotype of all 
Dutch patients identified as carrying the TNNT2 
p.K217del mutation with those described in the 
literature. All index patients underwent cardio-
logical evaluation. Family screening was done in 
all described families. 
Results. Six DCM patients carrying the TNNT2 
p.K217del mutation were identified from four 
Dutch families. Mean age of disease manifesta-
tion was 33 years. Heart transplantation was 
required in three of them at ages 12, 18 and 
19 years. These outcomes are comparable with 
those described in the literature. 
Conclusion. Carriers of the TNNT2 p.K217del 
mutation in our Dutch families, as well as in 
families described in the literature before, gen-
erally show a severe, early-onset form of DCM. 
(Neth Heart J 2010;18:478-85.)

Keywords: Cardiomyopathy; Dilated; Genetics; 
Troponin T

According to the European Society of Cardiolo-
gy (ESC), cardiomyopathy is defined as a myo-

cardial disorder in which the heart muscle is struc-
turally and functionally abnormal, in the absence of 
an underlying cause.1 One of the subtypes, dilated 
cardiomyopathy (DCM), is characterised by abnor-
mal ventricular enlargement together with impaired 
systolic function, eventually leading to heart failure. 
It is the most common indication for cardiac trans-
plantation.2 DCM can be isolated, but also multi-
ple family members can be affected. About 30% of 
DCM cases are reported to be familial. 3-7

	 Familial DCM is clinically and genetically high-
ly heterogeneous, with more than 20 genes being 
identified as underlying the disease.8 These genes 
involved in DCM mainly encode cytoskeletal, nu-
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clear envelope, and sarcomeric proteins.9 Mutations 
in these genes are found in up to 25% of cases.4,10,11 
Causative mutations in DCM are mostly found in 
the lamin A/C (LMNA), beta myosin heavy chain 
(MYH7), and troponin T (TNNT2) genes. These 
mutations have been found in familial DCM in 
about 7%, 7% and 3% of index patients, respective-

ly.4-6,9,12-17 Screening for mutations in genes coding 
for sarcomeric proteins is therefore considered use-
ful in cases of both familial and non-familial DCM, 
when other causes for DCM are excluded. 
	 The specific mechanisms by which mutations in 
sarcomeric protein genes lead to different forms of 
cardiomyopathy still remain largely unclear. Some 

Figure 1. The myocytic troponin complex forms part of the sarcomere. Muscle contraction is achieved by the ATP-dependant interac-
tion of the troponin subunits with actin and tropomyosin. Adapted from: Morita H, Seidman J, Seidman CE. Genetic causes of hu-
man heart failure. J Clin Invest. 2005;115:518-26.
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authors state that depending on the way in which 
the protein function of cardiac troponin T is al-
tered, mutations will either lead towards a hyper-
trophic cardiomyopathy (HCM) or a DCM pheno-
type.7,18,19 Troponin T, a sarcomeric protein, forms 
a cytoskeletal complex with troponin C (TnC) and 
troponin I (TnI), thereby playing a central role in 
calcium regulation of (cardiac) muscle contraction, 
which makes it essential for maintaining normal 
cardiac contractile function (figure 1).20 

Thus far, 11 different mutations in TNNT2 have 
been reported to cause DCM.12 An overall genotype-
phenotype correlation observed for DCM caused by 
TNNT2 mutations suggests a fully penetrant, ag-
gressive disease, manifesting at a relatively young 
age.12 This also seems to be true for patients with 
DCM caused by the p.K217del mutation, which is 
believed to be a recurrent mutation in DCM.3,5,7,9,12

	 Our study aimed to describe all the Dutch pa-
tients identified as carrying the recurrent p.K217del 
mutation (also known as p.K210del) in TNNT2, 
and to compare the patient characteristics with 
those of patients described in the literature. 

Materials and Methods

Clinical evaluation
All index patients included in this study underwent 
cardiological evaluation consisting of at least elec-
trocardiography, echocardiography and a family 
history. A diagnosis of DCM was made, based on 
the ESC criteria.1

Genetic evaluation
Total genomic DNA of index patients was ex-
tracted from EDTA (peripheral) blood according 
to standard procedures. PCR amplification and 
mutation analysis for TNNT2 was performed us-
ing primers located in flanking intronic sequences 
(available upon request) using DHPLC (denatur-
ing high-performance liquid chromatography) on 
the WAVE system (Transgenomics, Santa Clara, 
California, USA) or sequence analysis. Nomencla-
ture for the description of the mutation is accord-
ing to http://www.hgvs.org/mutnomen/ using 
NM_000364.2 as the reference sequence. 

Results

Genetic data
Six patients from four Dutch families were identi-
fied as carrying the TNNT2 p.K217del mutation 
causing DCM. This mutation causes an in frame 
deletion of three base pairs, which leads to the de-
letion of the amino-acid lysine in the troponin T 
protein. This leads to the forming of a functionally 
altered protein.19,21

Clinical data
In family A, the TNNT2 p.K217del mutation was 
found in a 10-year-old girl (table 1) who com-
plained of progressive shortness of breath on ex-
ertion and lying flat. She was diagnosed with se-
vere DCM (left ventricular shortening fraction 12 
to 13%, left ventricular dilatation). At age 12 her 
cardiac function had deteriorated (left ventricu-

Table 1. Characteristics and outcomes of Dutch DCM families carrying the TNNT2 p.K217del mutation.

Family Age at  
diagnosis

Sex Presentation Family  
characteristics

Mutation  
confirmed

Outcome (age)

A 10  General complaints De novo mutation + Progression, wait-
ing for HtX (12)

B; III-1 70  Tiredness, dyspnoea Sister (13): died of 
unknown heart disease, 
father (46) and 2 broth-
ers of father (55 and �
58): SCD

+ Current age 72

B; IV-1 10  Progressive tiredness NA Died (10) DCM

B; IV-2 13  Progressive tiredness NA Died (13) DCM

C 18  Progressive exercise intoler-
ance, general weakness

Mother (40) died of CM, 
grandfather (57) SCD

+ HtX (19)

D; III-2 18  Cardiogenic shock + HtX (18)

D; II-1 54  ↓ Exercise tolerance + ICD, current age 56

D; III-1 29  Family screening + Palpitations (31)

 female,  male, + TNNT2 p.K217del mutation identified, NA=clinical phenotype of DCM but formal mutation analysis not available, CM=cardiomyopathy, 
HtX=heart transplantation, ICD=implantable cardioverter defibrillator, SCD=sudden cardiac death.

NHJ 2010 10 bw.indd   480 22-09-10   14:45



Recurrent and founder mutations in the Netherlands: mutation p.K217del in troponin T2, causing dilated cardiomyopathy

Netherlands Heart Journal, Volume 18, Number 10, October 2010� 481

lar end-diastolic diameter (LVEDD) 72 mm, LV 
shortening fraction 7%) and she required heart 
transplantation. The TNNT2 p.K217del mutation 
was not found in her parents and paternity was 
confirmed, so this mutation had occurred de novo. 
No additional pathogenic mutation was found in 
the LMNA, MYH7 and desmin (DES) genes.
	 The 70-year old female index patient of fam-
ily B (III-1, figure 2; table 1) was evaluated by a 
cardiologist since she had complained of tiredness 
and dyspnoea on exertion for about six months. 
She was found to have DCM (LVEDD 66 mm, left 
ventricular ejection fraction 18%). The family histo-
ry was remarkable: her two children had died from 
DCM at ages 10 and 13 years, respectively. Her 
daughter (IV-1, figure 2) had suffered from pro-
gressive tiredness and was admitted to hospital at 
the age of 9. During admission her condition wors-
ened and she died (age 10 years). Autopsy revealed 
a dilated heart with fibro-elastosis. The woman’s 
son (IV-2, figure 2) was also admitted to hospital, 
at age 13 years, because of progressive tiredness. 
On echocardiography a dilated heart with minimal 
contractile activity was seen. He died one month 
after the initial evaluation. Autopsy confirmed the 
DCM. Moreover, the woman’s sister (III-3, figure 
2) had died at age 13 because of an unknown heart 
disease and the woman’s father (II-1, figure 2) had 

died from sudden cardiac death (SCD) at age 46. 
Two brothers of her father (II-3 and II-4, figure 2) 
had died suddenly and without evident reason, at 
ages 55 and 58. There were no DNA samples avail-
able for these deceased family members.

In family C, the TNNT2 p.K217del mutation was 
found in a male who was admitted to hospital at 
age 18 with a short history of progressive exer-
cise intolerance, and general weakness (table 1). 
Echocardiography showed a severely dilated left 
ventricle with a severely depressed systolic left ven-
tricular function. The right ventricular function was 
moderately diminished. A diagnosis of DCM was 
made. At age 19 he underwent cardiac transplanta-
tion. The family history revealed that his mother 
had died at age 40 due to a cardiomyopathy and 
that his mother’s father died at age 57 from sudden 
cardiac death.
	 The male index patient of family D underwent 
urgent cardiac transplantation at age 18 (III-2;  
table 1, figure 2), shortly after presenting with se-
vere and rapidly progressive heart failure caused by 
DCM. A few years after the cardiac transplant, his 
mother (II-1; table 1, figure 2) was also diagnosed 
with DCM. Both carry the TNNT2 p.K217del 
mutation. Echocardiography of his elder brother 
(III-1, table 1, figure 2) demonstrated non-com-

Figure 2. Pedigrees of family B and D. ▫ male,  female,  sex not determined. Closed symbols depict the patients showing dilated 
cardiomyopathy. Half closed symbols depict the family members with possible dilated cardiomyopathy. The arrow indicates the index 
patient carrying the TNNT2 mutation p.K217del. 
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Table 2. Characteristics and outcomes of DCM families previously described in the literature, carrying the TNNT2 delta 
K.217 mutation.

Family Age at  
diagnosis

Sex Presentation Family characteristics Mutation  
confirmed

Outcome (age)

Martins et al.3

Patient 1 (index) 25  + HtX (25)

Patient 2 (father) 45  1 sister + mother died due �
to HF (both ± 40), 1 sister 
(53) + 1 brother (27) SCD 

NA Died (53) DCM

Hanson et al.5

Patient 1 (index) 59  Maternal grandfather (38) 
SCD

+ Current age 60

Patient 2 (mother) 74  NA Died (74) due to HF

Patient 3 (sib) 16  NA Died (16) due to HF

Patient 4 (son) 20  NA Died (20) due to HF

Patient 5 (cousin) 12  Brother: death (13 months) 
due to HF 

NA Died (12)

Patient 6 (cousin) ?  + Asymptomatic, cur-
rent age 50

Kamisago et al. �
family 17

Patient 1 (index) 53  2 sibs died (1/8 months) 
CM, 2 sibs of mother 
(26/27) SCD

+ Current age 59

Patient 2 (daughter) 23  + Current age 29

Patient 3 (sib) 48  + Current age 51

Kamisago et al. �
family 27

Patient 1 (index) 49  1 daughter died (17) HF, �
1 daughter postpartum HF, 
SCD (19), post-mortem LV 
and RV dilatation

+ Died (68) CVA

Patient 2 (daughter) 23  + Current age 44

Patient 3 (grandson) 14  + Died (15) due to HF

Mogensen et al.

Patient 1 25  Heart failure + Died (26)

Patient 2 21  + HtX (22)

Patient 3 35  + Current age 36

Hershberger et al. �
family 112

Patient 1 (index) 31  + HtX (31)

Patient 2 (daughter) 5  NA Died (5)

Patient 3 (father) ?  NA Died (52)

Hershberger et al. �
family 212

NHJ 2010 10 bw.indd   482 22-09-10   14:45



Recurrent and founder mutations in the Netherlands: mutation p.K217del in troponin T2, causing dilated cardiomyopathy

Netherlands Heart Journal, Volume 18, Number 10, October 2010� 483

paction cardiomyopathy. He was confirmed to be 
a carrier of the TNNT2 p.K217del mutation. His 
younger brother (III-3, figure 2) has so far refused 
DNA testing, but his cardiac evaluation was nor-
mal. Their mother (II-1) has twelve siblings. Nine 
were tested for the TNNT2 p.K217del mutation 
and were all negative. One of her brothers had died 
at age 18 months (II-2, figure 2), possibly because 
of a cardiac disease. Her parents both lived into 
their eighties, and they were both under cardiolog-
ical surveillance. Her father was known with atrial 
fibrillation and a narrowing of his mitral valve. Her 
mother had a myocardial infarction.

Discussion
The yield of TNNT2 analysis in familial DCM pa-
tients from different published studies thus far ranges 
from 0 to 9.5% (average 2.7%), in a total of 654 index 
patients.4,6,7,9,12,14,22-25 In these patients 17 TNNT2 
mutations have been found, of which six (35%) were 
the specific TNNT2 p.K217del mutation. Two stud-
ies only analysed exon 13 of the TNNT2 gene.3,5 
These revealed two more families with the TNNT2 
p.K217del mutation. Finally, two more DCM fam-
ilies in which a TNNT2 mutation was found have 
been described separately.26,27 The observation that 
the TNNT2 p.K217del mutation is present in dif-
ferent populations over the world suggests that this 
mutation is a recurrent mutation although formally 

a founder mutation can not be excluded. Our obser-
vation of a proven de novo case (patient A), how-
ever, proves that this mutation is indeed a recurrent 
TNNT2 mutation. This means that this particular 
mutation occurs at a higher frequency due to suscep-
tibility of this part (hotspot) of the gene. 
	 Mutation p.K217del in the TNNT2 gene has 
thus been described in the literature in eight (unre-
lated) families in total. These families comprised 33 
affected persons and the mutation was confirmed 
in 20 of them. These patients show a phenotype 
of severe DCM, with clinical onset in infancy or in 
early adulthood in the majority of affected persons 
(table 2).3,5,7,9,12 
	 We describe here another six patients from four 
families with the TNNT2 p.K217del mutation, of 
which five patients had a DCM phenotype and one 
showed a non-compaction cardiomyopathy (table 
1). Another two family members, for whom no DNA 
was available, were also diagnosed with DCM. The 
median age of diagnosis of our six proven TNNT2 
p.K217del mutation carriers was 23.5 years (10 to 
70 years). They are all still alive, with three patients 
requiring heart transplantation at ages 12, 18 and 
19 years, respectively. Overall, in these families, two 
DCM patients (2/8) had died at ages 10 and 13 
years, respectively. These data do not differ signifi-
cantly from the patients described in the literature. 
	 The median age of diagnosis in the patients de-

Table 2. (continued)

Family Age at  
diagnosis

Sex Presentation Family characteristics Mutation  
confirmed

Outcome (age)

Patient 1 (father) 50  NA DCM at autopsy (50)

Patient 2 (sib) 34  NA Died (34) after HtX

Patient 3 (sib) 37  + Asymptomatic (50)

Patient 4 (index) 26  + HF

Hershberger et al. �
family 312

Patient 1 74  + (oc) Died

Patient 2 ?  + (oc) Died (34) of cancer

Patient 3 59  + HF

Patient 4 16  NA Died (16) of HF, DCM 
at autopsy

Patient 5 52  + HF

Patient 6 47  + Asymptomatic

Patient 7 1  NA Died (1) DCM

Patient 8 12  NA Died (12) DCM

Patient 9 21  NA Died (21) DCM

 female,  male, + TNNT2 p.K217del mutation identified, NA=clinical phenotype of DCM but formal mutation analysis not available, oc=obligate carrier, 
CM=cardiomyopathy, CVA=cerebrovascular accident, HtX=heart transplantation, LV=left ventricle, RV=right ventricle, SCD=sudden cardiac death.
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scribed in the literature with a confirmed or ob-
ligate TNNT2 p.K217del mutation (20 patients) 
was 37 years (14 to 74 years).3,5,7,9,12 Eight of these 
patients and obligate carriers had died, had been 
transplanted or were on a waiting list for cardiac 
transplantation. Excluding one patient who died of 
cancer, the median age for these events was 26 years 
(15 to 74 years). Another three persons (3/20) 
were still asymptomatic at a median age of 50 years 
(47 to 50 years).3,5,7,9,12 Including the affected fam-
ily members without mutation analysis results, but 
who are highly likely to be carriers of the identical 
mutation, there are 16 patients (16/31) who died 
from DCM at a median age of 20.5 years (1 to 74 
years).3,5,7,9,12 In some of these families there is a 
marked intrafamilial variability in age of disease on-
set and severity. This may be due to environmental 
or additional genetic influences, or both.4

	 However, both in our patients as well as those 
described in the literature, the general phenotype 
associated with the TNNT2 p.K217del mutation 
is that of early onset, severe cardiac disease, with a 
relatively high incidence of sudden cardiac death.
	 Thus far, eleven different TNNT2 mutations 
are known to cause DCM, with an overall severe 
phenotype in most affected patients. Mutations in 
TNNT2 can also cause HCM as well as restrictive 
cardiomyopathy (RCM) and non-compaction car-
diomyopathy (NCCM).28-30 Non-compaction car-
diomyopathy caused by a TNNT2 mutation was 
only reported once in the literature and was also 
identified in person III-1 from family D (figure 
2).30 Until recently, NCCM was believed to be a 
rare form of cardiomyopathy.31 However, increas-
ing numbers of patients with this diagnosis are 
being described. This might be attributed to in-
creased awareness of this phenotype by cardiolo-
gists and the use of modern ultrasound technology 
with increased detection of NCCM features, for 
example in patients that were previously diagnosed 
with DCM.32 
	 Functional studies revealed that the TNNT2 
p.K217del mutation has a desensitising effect on 
force generation in cardiac muscle cells and on ATP-
ase activity.19,21 A decrease in Ca2+ sensitivity is 
thought to cause a significant reduction in the force 
generation by the sarcomere of cardiac muscle cells, 
leading to impaired systolic function. Subsequently, 
ventricular dilatation will develop as a compensatory 
mechanism for the decreased stroke volume.18,19,21 
	 These functional data provide evidence that the 
decrease in Ca2+ sensitivity might be a primary 
mechanism for the pathogenesis of DCM in pa-
tients with this specific TNNT2 mutation. Func-
tional consequences of the mutations in TNNT2 
that are associated with DCM seem to be opposite 
to the consequences of the HCM-causing muta-
tions in TNNT2, which appear to cause increased 
Ca2+ sensitivity.21

Conclusion
Mutations in genes encoding sarcomeric proteins 
are seen to cause DCM in a substantial part of famil-
ial and non-familial DCM. Consequently, screen-
ing for mutations in these genes is relevant. In the 
literature, the screening of familial DCM patients 
revealed a TNNT2 mutation in 0 to 9.5% of index 
patients (average 2.7%), with the p.K217del muta-
tion accounting for one-third (6 of 17) of all the 
mutations found in TNNT2. Carriers of this muta-
tion generally show a severe form of DCM with 
early disease manifestation. We were able to evalu-
ate six patients from four Dutch families carrying 
this identical mutation. We can confirm the severe 
phenotype associated with the TNNT2 p.K217del 
mutation since we observed an early age of disease 
manifestation, with a median age of 23 years (10 
to 70) and three of six carriers requiring cardiac 
transplantation at ages younger than 20 years.  n
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