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 	Evidence that TNNC1 is a Hypertrophic Cardiomyopathy Susceptibility Gene
Abstract: The goal of this study was to determine whether TNNC1 can be categorized as Hypertrophic Cardiomyopathy Susceptibility Gene. Mouse model was used to recapitulate the clinical presentations of the proband. Though mutations in a thin filament proteins  shows to be linking to hypertrophic cardiomyopathy  but it has never  been demonstrated that the variants identified in TNNC1, the gene which encodes troponin C can evoke cardiac remodeling.
SUMMARY
The objectives of this study was to provide conclusive evidence that TNNC1 is an uncommon but definitive HCM-susceptibility gene, to determine whether changes in the N-terminal domain Ca2+ binding affinity of cTnC in a knock-in mouse containing the human HCM-associated A8V mutation are sufficient to induce cardiac remodeling that resembles cardiomyopathic human diseases and  to investigate the cellular and  molecular mechanism underlying the morphological changes in the heart and diastolic dysfunction caused by the aforementioned mutation, while correlating all these results with the clinical phenotype of the proband. 
A series of conformity changes occur among the proteins that makes up the thin filament when Ca2+ levels saturate cardiac troponin C due to fast circulation of myosin with actin that leads to force generation. Troponin C is a regulatory trimetric protein troponin complex (Tn) which is situate along the thin filament. Tn is also comprised of Troponin I (TnI) that inhibits cross bride formation between myosin and actin and Troponin T (TnT) which is involved in myofilament activation and the anchoring of TN complex to the thin filament. The contraction and relaxation phases of cardiac are controlled by fluctuations in intracellular Ca2+ during excitation contraction coupling.
A group of HCM patients were screened for mutations in an effort to determine if TNNC1 (cTnC gene) is associated with HCM. The screening revealed that there was an existence of four rare cTnC variants. The absence of a comprehensive link between the variants found in TNNC1 and disease processes hindered the development of HCM susceptibility gene.  In –vitro tools were used to define cTnC Variants as disease- causing by determining whether they were fitting with the parameters of the control pathogenic thin filament of HCM mutations. The result showed a rare heterozygote variant A8V in cTnC of an HCM patient that had genotype negative for mutations. Assessments were therefore made to identify whether it cTnC-A8V mutant was the cause of HCM in the patient and it was determined that cTnC-A8V mutant demonstrated a strong ability to sensitize the myofilament of Ca2+. The findings strongly suggested that the cTnC-A8V mutant was the cause of HCM the patient, but the proband had a negative family history of HCM and therefore the positive variant could not be shown to segregate with the disease.
In this study, the functional consequences of the first cTnC animal model (a mouse bearing the mutation A8V inserted via a knock-in strategy) was used. Like the case of TNNC1-A8V proband, the knock-in mouse with TnC-A8V and observed to develop mild to moderate left- and right-ventricular hypertrophy, hyper dynamic systolic function and atrial enlargement. The underlying cellular and molecular mechanisms which govern the disease process in the KI-TnC-A8V mice, altering mechanical function and Ca2+ sensitivity were accompanied by increased Ca2+ contraction. The increase in Ca2+ sensitivity contraction contributes to cardiac dysfunction. 
ANALYSIS
During the initial evaluation, the children had not develop the disease at that point therefor the experiment gave a negative family history of HCM. The initial evaluation inhibited the linkage studies for the cTnC variants which prevented the firm establishment of TNNC1 as an HCM-susceptibility gene. There are seven cTnC mutations to date that are associated with HCM, and only two have demonstrated inheritance among family members. 
The experiments performed at the cellular level with KI-TnC-A8V cardiomyocytes showed that there was a delay in mechanical relaxation and intracellular of Ca2+ decay times. The reason is because A8V substitution increases the Ca2+-binding affinity of cTnC and therefore resulting in delays of the Ca2+ dissociation rate from the thin filament. Liquid chromatography-mass spectroscopy was used to determine incorporation of mutant cTnC (~21%) into the KI-TnC-A8V+/− cardiac myofilament. On reducing the diastolic sarcomeric length, shortening and prolonged Ca2+ and contractile transients were recorded. Therefore, Ca2+-sensitivity of contraction in skinned fibers increased with mutant gene dose: KI-TnC-A8V+/+ > KI-TnC-A8V+/− > WT, while KI-TnC-A8V+/+ relaxed more slowly upon flash-photolysis of diazo-2.The heterozygote and homozygote mice presented a striking correlation to the phenotype of the human proband  by displayed functional and morphological changes that were consistent overall with the HCM phenotype.
 In conclusion, this study provided a  compelling evidence that The TNNC1-A8V mutant increases the Ca2+ binding affinity of the thin filament and elicits changes in CA(2+) homeostasis and cellular remodeling, which leads to diastolic dysfunction. These in vivo alterations further implicate the role of mutation in TNNC1 is a pathogenic mechanism that underlies the development of HCM. 
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