
Disease-oriented Genome Networks                                                      Cardiovascular Diseases 

Network: Genetic and Molecular Mechanisms of Common Cardiovascular Disorders: From 
Genes to Patients 

 
Project:  Prevalence of Titin Mutations and Identification of Novel Disease Genes in 

Patients with Familial Dilated Cardiomyopathy-II  
 
Dieter Weichenhan – Ruprecht Karls University, University Hospital, Heidelberg - 
Dieter_Weichenhan@med.uni-heidelberg.de  
 
Introduction 
Dilated cardiomyopathy (DCM) is a complex myocardial 
disease characterized by unexplained dilation of the left 
ventricle and systolic dysfunction. The disease may cause  
sudden cardiac death or progressive heart failure that may 
eventually require heart transplantation. Familial aggregation 
of DCM is observed in 25-40% of cases (1), usually 
displaying an autosomal dominant mode of inheritance. More 
than 20 disease loci and candidate genes have been 
identified so far, mostly involving those for nuclear and 
cytoplasmatic cytoskeletal proteins as well as components of 
the sarcomeric Z-disc and the dystroglycan complex 
including lamin, desmin, muscle LIM protein, CYPHER/ZASP 
and δ-sarcoglycan (2, 3). In clinical practice, however, the 
genetic causes are only very rarely disclosed and used for 
prognosis of the disease. Moreover, the unusually high 
genetic heterogeneity makes the screening for DCM causing 
mutations to a search for the needle in a hay stack. Whereas 
large scale mutation screening is performed with great efforts 
in patients with hypertrophic cardiomyopathy (HCM) (e.g., 
http://cardiogenomics.org), mutation screening in patients 
with DCM is usually limited to single or only a few candidate 
genes and hence, relatively inefficient. Comprehensive 
genetic information for counseling patients and their relatives 
requires, however, extensive and reliable mutation screening 
which, in turn, may also provide valuable information on 
novel pathways associated with the disease and the 
functional relevance of protein domains and interaction sites.  
To improve our still rather limited knowledge on the genetic 
and molecular causes of DCM, we collect and investigate 
idiopathic and familial cases of DCM in collaboration with 
partners from the NGFN cardiovascular disease net and 
other cardiological centers. Patients are screened for 
mutations in more than 20 candidate genes by denaturing 
gradient gel electrophoresis (DGGE). In a pilot study, we 
have already identified a considerable number of relevant 
known and novel mutations as well as many coding and non-
coding polymorphisms. 
 
Project Status 
We have established a large scale platform (Fig. 1) for 
mutation screening in the coding exons of 10 known and 14 
novel candidate genes for DCM. Novel candidates do either 
encode components of essential structures of the 
cardiomyocyte, are aberrantly expressed in disease or 
involved in animal models for DCM (Table 1). Mutation 
screening is based on heteroduplex analysis by DGGE, a 
robust and highly reliable method (4), suitable for high-
throughput analysis and enabling us to perform more than 
500 analyses daily (Fig. 2). From 307 conding exons which 
represent the 24 genes, we presently analyse 287 (94%) by 
DGGE while the remainder may be analysed by direct 
sequencing. 
Screening of 20 DCM and 30 HCM patients for mutations in 
genes MYBPC3, MYH7 and TNNT2, which are known  
candidates for both DCM and HCM, revealed 14 mutations in 
the HCM and 3 in the DCM patients (Table 2).  Several of the 
mutations were novel. Additionally, we identified a large 
number of different coding and non-coding polymorphisms. 
Screening of the DCM patients alone for mutations in the 
remaining 21 genes identified one mutation each in genes 
LMNA, DMN, FLT1. The latter two belong to the novel 
candidates and, hence, are of particular interest for further 

studies. In several instances, when blood from affected and 
unaffected family members of index patients was available, 
we observed a clear cut segregation of the mutation with the 
disease. These data underscore the causative nature of the 
mutation and may be of particular value in counseling 
affected families. Genotype and phenotype data are 
correlated in a database. 
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Fig 1: Workflow of the mutation screening platform 
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http://www.science.ngfn.de/6_127.htm
http://www.science.ngfn.de/6_46.htm
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Tab 1: Candidate genes for DCM screened by DGGE 
 
Gene Protein Relevance  
ACTC Cardiac α-actin Known candidate 
ALP α-Actinin 2 ass. LIM prot. Card. Z-disk protein 
CAPZB β-subunit actin capping prot. Card. Z-disk protein 
CARP Card. ankyrin repeat prot. Aberr. expression 
DMN Desmuslin Card. Z-disk prot. 
FKRP Fukutin related protein Known candidate 
FLT1 VEGF receptor 1 Animal model 
GJA1 Connexin 43 Aberr. expression 
 
ITGB1BP2 Melusin Animal model 
JUP Plakoglobin Known candidate 
LDB3 CYPHER/ZASP Known candidate 
LMNA Lamin A/C Known candidate 
MYBPC3 Card. myosin bind. prot. C Known candidate 
MYH7 Card. β-myosin h. chain Known candidate 
MYOZ2 Calsarcin-1 Card. Z-disk protein 
MYPN Myopalladin Card. Z-disk protein 
NCK2 Cytopl. adaptor protein Aberr. expression 
PLCG1 Phospholipase C gamma 1 Animal model 
 
SGCD δ-Sarcoglycan Known candidate 
TNNT2 Cardiac troponin T Known candidate 
TPM1 Tropomyosin 1 Known candidate 
TPM2 Tropomyosin 2 Tropomyosin comp. 
TTID Myotilin Card. Z-disk protein 
VEGF Vasc. endoth. growth factor Animal model  
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Fig 2: Representative DGGE results  
A) Lane 1 shows the single DNA band of a wildtype sample 
with a T/A base pair (arrow). In lane 2, four bands indicate a 
heterozygous patient. The upper part shows two bands from 
heteroduplexes formed by mismatches (C/A and T/G) in 
addition to the bands of the wildtype and the mutated (C/G 
base pair) allele. Lane 3 shows a homozygous mutant. 
B) Several samples can be analysed reliably in a single lane 
(multiplexing). 
 

 
 
 
 
Tab 2: Identified mutations and polymorphisms in pilot study 
 
Gene Disease Mutations Polymorph.a  
MYBPC3 DCM/HCM 3/10 23 (158) 
MYH7 DCM/HCM 0/2 15 (249)  
TNNT2 DCM/HCM 0/3 4 (179) 
LMNA DCM 1 3 (17) 
DMN DCM 1b 6 (39) 
FLT1 DCM 1b 7 (31) 
ALP DCM 0 1 (7) 
CAPZB DCM 0 1 (9) 
ITGB1BP2 DCM 0 1 (3) 
JUP DCM 0 3 (22) 
MYOZ2 DCM 0 1 (2) 
MYPN DCM 0 7 (29) 
PLCG1 DCM 0 4 (25) 
SGCD DCM 0 3 (25) 
TPM1 DCM 0 2 (16) 
VEGF DCM 0 1 (13)  
aFirst number refers to different, number in brackets  to total 
number of polymorphisms identified. 
bStill to be confirmed by control studies. 
 
Outlook 
This project aims to determine the prevalence of known and 
novel genes associated with familial DCM. Despite the 
relatively small number of patients screened so far, we have 
already identified a considerable number of mutations and 
polymorphisms in known and novel candidate genes, 
underscoring the efficiency of the  screening platform. In 
collaboration with other NGFN members,  novel mutations, 
particularly those in novel candidate genes, will be further 
analysed functionally in cellular assays and structurally by 
computer modeling. Patient recruitment and mutation 
screening will be continued and further extended by inclusion 
of additional candidate genes. Regular clinical follow-up of 
patients will enable us to correlate the time course of the 
disease with a particular genetic defect and, thus, provide 
novel insights in the prognosis of the disease. 
Our screening platform is also open to other partners on a 
collaborative basis. 
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