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Introduction: Atrial electrical remodeling is a fundamental event to set the basis for the initiation and the maintenance of atrial 
fibrillation (AF). Although it may be a consequence of AF, atrial electrical remodeling also precedes its onset, thus conferring 
great interest to predictive clinical markers associated with its development. Enlargement of atrial size and deformation are two 
echocardiographic parameters often detected in patients prone to develop AF, including those affected by mitral valve disease. 
Following on our previous studies demonstrating the occurrence of functional modifications of Hyperpolarization Cyclic-
Nucleotide gated (HCN) channels in AF patients, in this study we aimed to investigate whether changes in HCN channels, 
the regulatory subunit MinK-related peptide 1(MiRP1), and the upstream transcriptional regulator 5’ AMP-activated protein 
kinase (AMPK), occurred in the left atrial samples of patients in sinus rhythm undergoing mitral valve surgery. Additionally, we 
investigated whether echocardiographic parameters are linearly related to these modifications.   

Matherial and methods: Left atrial specimens were obtained from patients affected by mitral valve disease undergoing cardiac 
surgery. Before surgery all patients were analyzed by Speckle Tracking Echography allowing the evaluation of parameters 
related to atrial deformation,  strain and degree of atrial and ventricular dilation. Atrial samples were then processed to 
perform Western blot analysis of the following target proteins: HCN1, 2, 4channel isoforms, MiRP1and phosphorylated AMPK 
(pAMPK).  

Results: Immunoblotting of target proteins showed a large quantitative variability among patients, which also had highly 
inhomogeneous echocardiographic parameters, suggesting different progression of atrial dysfunction. Interestingly, HCN1and 
MiRP1protein levels appeared linearly and directly related to two parameters associated to atrial dysfunction, minimum atrial 
volumes (R2=0.6, p<0.5, R2=0.7, p<0.05) and standard deviation of the Peak Atrial Longitudinal Strain (PALS, R2=0.9, 
p<0.01, R2=0.8, p<0.05). Conversely, HCN1proteins were linearly and inversely related to GLOBAL PALS values, (R2=0.7, 
p<0.05), a positive marker of atrial function. Furthermore, HCN1and MiRP1resulted linearly and directly related to left 
ventricular tele-diastolic (R2=0.6, p<0.5, R2=0.6, p<0.05) and tele-systolic (R2=0.5, p<0.05, R2=0.7, p<0.05) volumes, 
both indicative of ventricular dysfunction. In line with literature data on HCN4expression in sino-atrial node under stress, 
HCN4proteins were linearly and inversely related to left atria pAMPK levels (R2=0.6, p<0.05). Vice versa, a significant positive 
correlation was found between pAMPK levels and HCN1and MiRP1proteins (R2=0.7, p<0.5, R2=0.6, p<0.05).

Conclusions: Results establish a link between the degree of left atrial and ventricular dilation and left atrial dysfunction in 
patients with mitral valve disease and the modifications of HCN1channel and MiRP1subunit. These modifications are expected 
to have specific electrophysiological consequences in human atrial myocytes, which will be analyzed in further investigations. 
Additionally, data on pAMPK confirm the negative modulatory effect on HCN4channel and suggest the possibility of a positive 
regulatory function of AMPK on HCN1and MiRP1proteins. Finally, findings of this study further support a predictive value of 
Speckle Tracking Echography on electrophysiological markers of human atrial remodeling. 


