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Abnormal Ca-cycling in the cardiomyocyte is a hallmark of dilated cardiomyopathy 
(DCM). Furthermore, DCM patients are at substantial risk for sudden cardiac death 
due to malignant ventricular arrhythmias. The histidine-rich calcium binding protein 
(HRC) is a low affinity, high capacity, calcium handling protein that has been 
implicated in the regulation of both sarcoplasmic reticulum calcium release and 
uptake. To address whether HRC genetic variants may be associated with DCM 
development and progression, we screened 123 non-ischemic DCM patients and 96 
healthy individuals by single strand conformation polymorphism analysis and direct 
sequencing. Six genetic variants were identified L35L, S43N, S96A, E202_E203insE, 
D261del and an in frame insertion of 51 amino acid residues at H321. A statistically 
significant correlation was observed between the S96A polymorphism and the 
occurrence of life-threatening ventricular arrhythmic events, defined as sustained 
ventricular tachycardia, ventricular fibrillation or sudden cardiac death, in 28 patients 
(22.8%). During a follow-up period of 4.02 ± 2.4 years, the risk for ventricular 
arrhythmias was higher in the S96A homozygous patients. Using multivariate Cox 
regression analysis, the S96A polymorphism was the only significant arrythmogenesis 
predictor in DCM patients, with a hazard risk of 4.1 (95% CI: 2.0 to 8.2; p<0.001). In 
conclusion, our findings demonstrate that the S96A genetic variant of HRC is 
associated with life-threatening ventricular arrhythmias in nonischemic DCM and may 
serve as an independent predictor of susceptibility to arrhythmogenesis in the setting 
of dilated cardiomyopathy. 
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The chronically failing heart is characterized by alterations in tissue structure, 
particularly fibrous tissue formation, responsible for the loss of myocardial compliance. 
Furthermore, rhythm disturbances are commonly observed. The underlying 
arrhythmogenic mechanisms are multiple, but myocardial fibrosis is frequently 
observed. Heart rate variability (HRV) reflects the functional status of the autonomic 
nervous system and its effects on sinus node. Considering autonomic dysfunction 
playing an important role in the pathogenesis and prognosis of congestive heart 
failure, HRV analysis may help to identify those who are at risk of cardiac death. 
Antifibrotic drugs may be considered for the treatment of heart failure. 

These experiments aimed at studying the diagnostic potential of HRV analysis to 
detect early modifications in cardiac electrical activity and at investigating the potential 
benefits of an antifibrotic treatment in CHF147 cardiomyopathic hamsters. 

HRV analysis was based on quantitative analysis of time series and allowed 
determining an early dysfunction in cardiac electrical activity in CHF147 
cardiomyopathic hamsters. Pharmacological assays, coupled with HRV analysis 
allowed identifying a high sympathetic activity. Western blot and RT-PCR studies 
confirmed the neurovegetative imbalance. In a second set of experiment CHF147 
hamsters were treated during 42 days with 3 different doses of Ac-SDKP or placebo, 
using osmotic minipumps. Weight and size of the ventricles were comparable in all 
groups. Ventricular fibrosis was quantified on Sirius red stained cryostat sections. 
Whereas fibrotic scar tissue remained comparable, interstitial fibrosis was significantly 
less pronounced in treated groups. This difference appeared to be more important for 
the lowest dose of Ac-SDKP. Histological results were confirmed by 
immunohistochemistery. 

Thus, HRV analysis appears to be an interesting tool for early diagnosis of 
cardiomyopathies, detecting decreased heart rate variability and activation of the 
sympathetic tone. Moreover, an antifibrotic treatment based on low doses of Ac-SDKP 
might be of therapeutic interest in cardiomyopathies.  
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The precise role of cardiac myosin binding protein C (cMyBP-C) on actomyosin 
interaction (AMI) remains unknown. We hypothesized that the lack of cMyBP-C 
impaired cardiac AMI. Experiments were performed on 16 weeks old cMyBP-C-/- (KO) 
and age-matched wild-type (WT) mice (n=20/group). In vitro mechanical and 
energetics properties were performed on left ventricular (LV) papillary muscles and 
Huxley’s equations were used to characterize AMI. In vitro motility assays were 
performed using myosin purified from LV. Myosin-based sliding velocities of actin 
filaments were analyzed at baseline, after pretreatment of the myosin solution with 10 
umol of the catalytic subunit of PKA and/or in the presence of increasing amount of 
alpha-actinin, an actin-binding protein that acts as an internal load thereby providing 
an index of relative isometric force. Western-blot analysis was used to quantify 
cMyBP-C and phosphorylated cMyBP-C. The probability for myosin to be weakly 
bound to actin was higher in KO than in WT (p<0.05), whereas the number of strongly 
bound, high-force generated state cross-bridges was lower in KO (p<0.001). The 
unitary force per AMI was lower in KO than in WT (p<0.01). At baseline, myosin-based 
velocities of actin were slower in KO than in WT (1.65±0.01 vs. 1.98±0.01 um/s, 
p<0.01). The minimum amount of �-actinin needed to completely arrest the thin 
filament motility was significantly higher in WT than in KO (p<0.001). As expected, 
cMyBP-C was present in WT myosin solution whereas cMyBP-C was not detected in 
KO. In WT, PKA induced a 1.6-fold increased in cMyBP-C phosphorylation associated 
with a 53±1% increase in the amount of �-actinin required to arrest thin filament 
motility (p<0.001). PKA did not modify sliding velocity in WT. In KO, PKA had no effect 
on myosin sliding. We conclude that cMyBP-C regulates AMI by limiting inefficient 
cross-bridge formation and by enhancing the power stroke step.  
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Serum response factor (SRF) is a transcription factor controlling the expression of 
many extracellular signal-regulated genes as well as genes encoding sarcomeric 
contractile proteins. Many SRF target genes are involved in familial hypertrophic 
cardiomyopathy (HCM) and dilated cardiomyopathy (DCM). By using the tamoxifen 
inducible Cre/loxP system, we have previously shown that SRF is crucial for adult 
cardiac function and integrity. Triggering in mice cardiac-restricted knock out of SRF 
led to impaired left ventricular function with reduced contractility, subsequently 
progressing to DCM without hypertrophic compensation. Under these conditions, all 
mutant mice died from heart failure 10 weeks after tamoxifen injections. Functional 
and structural heart defects were preceded by early alterations in the cardiac gene 
expression program particularly for cardiac �-actin, IGF-1, muscle creatine kinase and 
calcium-handling genes. 
To evaluate the importance of altered IGF-1 and cardiac �-actin genes expression in 
the progression of DCM and compensate for their loss, we mated our mice model of 
inducible SRF disruption with transgenic mice overexpressing either IGF-1 or cardiac 
�-actin specifically in the heart. Cardiac-specific IGF-1 or cardiac �-actin 
overexpression both attenuates the progression of DCM due to the loss of SRF. 
Cardiac IGF-1 overexpression improves functional parameters and the survival of the 
animals until almost 4 months. In the same way, an almost normal cardiac function 
and a life extension beyond 6 months were associated to cardiac �-actin 
compensatory expression. Histological and molecular analysis of these new models 
are in progress.  
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Purpose:  Islet-1+ cells are cardiogenic and angiogenic progenitors participating to 
heart formation. The first aim was to locate and quantify these cells in view of potential 
pre-clinical developments. The second aim was to compare their presence and 
localisation in normal animals and in a model of dilated cardiomyopathy, the Lmna-
H222P mouse carrying a lamin A/C gene mutation.  
Methods:  We set up a time-course study in C57BL/6J, SVJ129, KI-LmnaH22P/H222P 
mice and wild type littermates. Animals were sacrificed at days 1, 5, 10, 15, 20, 25, 
then every month (from 3rd to 12th) and Islet-1+ cells detected by 
immunohistofluorescence on consecutive cryostat sections of whole heart. 
Results:  Islet-1+ cells are gathered in one cluster in C57BL/6J animals. Cells are 
located in the proximal (basal) portion encompassing 8 to 20% of the organ height in 
outflow tract, atria, ventricles, septa. Approximately 150 to 300 cells are observed in 
each heart, from birth to 7 month. In the KI-Lmna mice (C57BL/6J x SVJ129) and wild-
type SVJ129, cells are more restricted to atria and septa, and persist beyond 10 
months. Importantly, a second cluster located in a more proximal (basal) position 
contains numerous cells (800-1800) of smaller size, and is no longer observed after 
the age of 4 months. The cells in this second cluster express sarcomeric actin and are 
intricated within the resident cardiac tissue. No significant differences are observed 
between the KI-LmnaH222P/H222P mice and their wild-type littermates. Ki67 expression is 
not detected, suggesting that islet1+ cells are not proliferating. 
Conclusions:  The presence and localisation of Islet-1+ cells in the heart of young 
adult mice is linked to the genetic background. However, their low amounts and 
specific localisation make Islet-1+ cells unlikely to soon become practical tools in a 
therapeutic perspective.  
Supported by grants from Leducq Foundation (CaPTAA network) and AFM. 
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Genetic cardiomyopathies are predominant among rare diseases. They often 
originate from mutations in early cardiac transcription factors. Human 
Embryonic stem (HES) cells represent a key developmental model which 
recapitulate early cardiogenesis. MicroRNAs are emerging as key regulators 
of transcriptional pathways, acting as inhibitors of translation initiation. 
Lineage specification of Human Embryonic stem cells is a tightly regulated 
process in which miRNAs are likely to play a key role. Using a Chip 
technology, we compared the expression profile of miRNAs in two distinct 
HES cell lines (HUES-1 and HUES24). HES cells were then committed 
toward a cardiac lineage using 10 ng/ml BMP2 for 48hrs. Comparison of HES 
cells and cardiac specified cells revealed a differential expression of 110 
miRNAs (45 were up-regulated and 55 downregulated following BMP2 
treatment).  Chip data were validated by stem-loop real time PCR. The 
pattern of miRNA expression was then correlated with the one of mesodermal 
gene expression induced by the morphogen in both cell lines. 
Profile of miRNAs under basal or BMP2 conditions will help to comprehend 
early cardiogenesis under normal or pathological (i.e genetic disease) 
conditions. 
This work is supported by the French National Research Agency (grant 
Blanc06-28138290). 
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TBX1, encoding a T-box containing transcription factor, is the major 
candidate gene for del22q11.2 or DiGeorge syndrome, characterized by craniofacial 
and cardiovascular defects including tetralogy of Fallot and common arterial trunk.  

Mice lacking Tbx1 have severe defects in the development of pharyngeal 
derivatives including cardiac progenitor cells of the second heart field contributing to 
the arterial pole of the heart. The outflow tract of mutant embryos is short and narrow 
and fails to septate resulting in a common arterial trunk. A series of crosses using 
transgene markers of the second heart field and coronary artery endothelial cells 
reveal that Tbx1 mutant hearts form in the absence or severe reduction of a specific 
subpopulation of progenitor cells normally giving rise to subpulmonary myocardium. 
The Tbx1 mutant ventricular outlet thus has an aorta-like morphology with three valve 
leaflets. This defect is associated with anomalous coronary artery patterning. Both 
right and left coronary ostia form predominantly at the right/ventral sinus in mutant 
hearts; as a result, proximal coronary arteries course across the normally coronary 
free ventral region of the heart. We have identified Semaphorin3c as a Tbx1-
dependent gene expressed in subpulmonary myocardium.  

Our results provide new insights into the association between conotruncal 
defects and coronary artery anomalies and implicate second heart field derived cells 
in coronary artery patterning. 
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Despite the increasing evidences demonstrating the diverse roles of 

glycosaminoglycans (GAGs) in many fundamental biological processes, most studies 

directed to understand the extracellular matrix implication in cardiac dysfunction 

focuses mainly in protein components. Age-associated changes in heart structure and 

function represent the major risk factor in heart failure syndromes. This may be 

associated to changes in the myocardium intrinsic cardioprotective response to harm. 

In this study, we were interested to know how the physiological ageing process 

influences the content and composition of sulfated GAGs in myocardium and how GAG 

changes can influence important protein functions associated to the response to 

myocardial isquemia. Sulfated GAGs were isolated from heart left ventricle of healthy 

rats at different ages. GAGs were quantified according to Barbosa et al 2003. The 

isolated GAGs were subjected to heparin binding competition assays with some 

heparin binding growth factors as FGF-2, HARP and VEGF. Extracted GAGs were also 

tested in a functional assay based on their capacity to potentiate the mitogenic activity 

of FGF-2. We found that the amount of total sulfated GAG increased gradually with 

ageing. This increase concerns both, heparan sulfate and chondroïtin sulfate. 

Contrariously, we observed a clear decrease in these myocardial GAGs abilities to 

bind to FGF-2, but not to HARP, in aged animals. This low capacity of GAGs extracted 

from aged hearts to bind FGF-2 was confirmed in a FGF-2 mitogenic activity assay. 

Immunohistological studies of GAGs on aged and young myocardium are in course. In 

conclusion, we demonstrated for the first time that the quantity and the quality of the 

sulfated GAGs in myocardium change during ageing, and that these modifications can 

differently affect the biological activity of locally expressed growth factors. This might 

stand for important physiological implications. Acknowledgments: This work was kindly 

financed by the AFM. 
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Phospholamban (PLN), the reversible inhibitor of SERCA2, is a key regulator or 
calcium homeostasis and cardiac function, and it has been directly implicated in the 
development of dilated cardiomyopathy. Its amino acid sequence is highly conserved 
across species except for humans where Asn is replaced by Lys at amino acid 
position 27.  To evaluate the significance of this single nucleotide difference we 
induced cardiac-specific insertion of the human-PLN in the null background. The 
“humanized” PLN expressing transgenic (TG) mouse hearts presented increased 
inhibition of SERCA2, abnormal calcium handling, fibrosis, and hypertrophy. Using 
microarrays, we identified the global molecular pathways implicated in these 
processes, including ion transport, muscle contraction, cell cycle and proteolysis. The 
observed changes in key sodium, potassium and calcium plasma membrane pumps 
were confirmed at the protein level and suggested an ongoing electrical remodeling 
process with direct implications in cardiac function. In support of this findings, ex vivo 
Langedorff perfusion of intact hearts further revealed decreased rates of contraction 
and relaxation in TGs. Furthermore, patch clamp analysis of isolated cardiac 
myocytes unveiled significant alterations of their electrophysiological properties. 
Specifically, the cardiac myocyte action potential duration was significantly prolonged, 
the transient outward current (Ito) was decreased and the sodium/calcium exchanger 
activity was increased in TG compared to wild-type mice. In conclusion, “human-PLN” 
directly affects calcium cycling and contractility, which in turn triggers electrical 
remodeling through differential expression of key ion channels.  
 
 
 

 
 



 
 
 

 


