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ABSTRACT 
Myostatin (GDF-8) is a major regulatory factor on cardiac metabolism, function and energy homeostasis. Although the main site for myostatin expression is the skeletal muscle, it has a relevant role in heart pathophysiology. Myostatin up-regulation inhibits cardiac myocyte proliferation and protects the cell from apoptosis. Myostatin disruption induces myocyte hyperplasia, hypertrophy and proliferation, increasing global cardiac mass. Myostatin up-regulation appears after different pathological heart conditions such as ventricular hypertrophy and chronic heart failure.  
Alcohol misuse up-regulates myostatin cardiac expression, a fact similar to that happens in hypertension or other causes of cardiomyopathy (CMP). In the case of chronic alcoholics, this myostatin up-regulation is higher and the heart proliferation ratio lower compared to other groups with CMP.  In the presence of isolated hypertension myocardial myostatin activity is not modified, but in hypertensive CMP, heart myostatin expression is clearly increased. 
The presence of structural dilated CMP induces a significant increase in heart myostatin expression independently of their etiology, either in alcoholic, hypertensive, valve, ischemic or idiopathic CMP.  In the setting of heart failure, myostatin expression is also up-regulated independently of their etiologic cause, especially in end-stage heart failure. Myostatin up-regulation probably appears to limit the compensatory but excessive cardiac growth. It contributes to restrict unhealthy repair mechanisms mostly myocyte hypertrophy and proliferation and also regulates heart energy homeostasis.

In addition to myostatin, other novel cardiomyokines such as IGF-1, FGF21 and Metrnl appear to have a relevant role in regulation of cardiac hypertrophy and remodelling. These cardiomyokines have also been proposed as diagnostic markers and potential therapeutic agents.
In alcohol and hypertensive heart diseases, in addition to decrease heart aggressive factors (alcohol intake, hypertension overload), control of local cardiac neuro-hormonal pathways will be relevant points to consider in the future. 
1.- INTRODUCTION
The pathophysiologic role of Myostatin in human health and disease has been partially clarified over the last decades (Argiles, 2012). Myostatin (Mstn) is the growth and differentiation factor 8 (GDF-8), a member of the transforming growth factor-β superfamily of growth factors which acts as the major negative regulator of skeletal muscle growth (Gausin & Depre, 2005), (Sharma et al., 2015). But Mstn also plays a major role in the regulation of metabolic processes including glucose metabolism, body fat content, energy homeostasis and also influences the cardiovascular function (Kemaladewi et al., 2012), (Biesemann et al., 2014).
The main site for Mstn expression is the skeletal muscle, where its inactivation produces a vast increase in muscle mass similar in humans as in other animal species (Salzler et al., 2016). However, Mstn is also significantly expressed in the heart and fat tissue (Karlowatz RJ, 2011) (Dschietzig, 2014).  A relevant role of Mstn in heart patophysiology has been recently evidenced.  The significance of Mstn dysregulation in childhood versus adult heart tissue is clearly different (Biesemann, 2014). Myostatin up-regulation inhibits adult cardiac myocyte proliferation and protects the cell from apoptosis. Therefore, during tissue development it is down-regulated (Joulia Ekaza & Cabello, 2006). Myostatin disruption induces increased cardiac mass with myocyte hyperplasia and hypertrophy and stimulates myocyte cell proliferation (McKoy, Bicknell, Patel & Brooks, 2007).
Myostatin up-regulation has been observed after different pathological heart conditions such as ventricular hypertrophy (Rodgers et al., 2009), volume overload (Shyu, Lu, Wang, Sun & Chang, 2006), mechanical unloading (Bish et al, 2011), chronic heart failure (George et al., 2010), (Baan et al., 2015), and acute myocardial infarction (Castillero et al, 2015). Other members of the Mstn family such as GDF-11 have antagonistic effects, reversing the age-induced cardiac hypertrophy (Loffredo et al., 2013). These evidences lead to consider a major regulatory role of Mstn family molecules in cardiac mass, proliferation and growth regulation. To avoid cardiac hypertrophy attempts to inactivate Mstn have showed different results being germ-line inactivation strategies less useful than control of constitutive Mstn overexpression (Heineke et al, 2010). This implies a differential role of Mstn inhibition in the heart during childhood development versus adult heart. Biesemann et al (2014) have also pointed the potential relationship that may exist between the different roles that Mstn exerts on the heart, in fact integrating the effects on cardiac growth, myocyte proliferation and metabolic and energy regulation. On this sense, conditional inactivation of Mstn in a model of adult mice produces glycolysis and increased glycogen storage, cardiac hypertrophy and heart failure with increased animal mortality (Shyu Lu, Wang, Sun &, Chang, 2006).
The role of Mstn on heart homeostasis regulation is relevant to prevent cardiac hypertrophy and avoid heart failure (Baan et al., 2015), (George et al., 2010). It is also relevant to consider that Mstn interacts with other cardiac regulatory factors such as IGF-1 (Morissette , Cook , Buranasombati , Rosenberg  & Rosenzweig , 2009) and the final result on cardiac plasticity and function depends of a variety of factors, sometimes counterposed (Hill & Olson, 2008), (Tham, Bernardo, Ooi, Weeks & McMullen, 2015).
2.- ALCOHOL AND MYOSTATIN
Alcoholic cardiomyopathy (ACM) is a major consequence of alcohol misuse that appears as a progressively dilated CMP in long-standing alcohol abusers in a dose-dependent manner (Guzzo-Merello, Cobo-Marcos, Gallego-Delgado & Garcia-Pavia, 2014). ACM is a major complication of alcoholism, being responsible of high morbidity and mortality indices in this population. Mechanisms of alcohol-induced cardiac damage are multi-factorial and synergistic (Fernández-Solà, 2015), with changes in membrane permeability and composition, disturbances in calcium transients and receptors, disruption of excitation-contraction coupling mechanisms,  metabolic disruption of protein synthesis, glycogen and lipid regulation as well as changes in energy and genetic cell control. In ACM this progressive alcohol-induced cardiac damage trough different synergic mechanism lead to progressive cardiomyocyte loss mediated by myocyte apoptosis (Fernández-Solà et al., 2006). After myocyte loss, the remaining cardiac myocytes develop hypertrophy and interstitial fibrosis, producing a progressive ventricular dysfunction.  In addition to this lesion mechanisms, it is relevant to consider that heart in ACM loss its homeostatic regulation and the compensatory mechanisms that could minimize the damaging effect of alcohol on the heart also diminish (Urbano-Marquez &  Fernández-Solà, 2004). The heart is a plastic organ, able to repair and compensate most of the injuries that receives (Hill & Olson 2008). However, alcohol abuse induces a decrease in myocyte proliferation rate, that difficults cardiomyocyte repair and substitution mechanisms. (Fernandez-Sola et al, 2011)
The role of myostatin in chronic alcohol abuse as well as in induction of ACM has been previously evaluated by our group through inmmunohistochemmisty studies in human heart samples proceeding from donors (Fernández-Sola et al, 2011). Myostatin is expressed in perinuclear and cytoplasmic areas of normal cardiac cells (Figure 1).  We compared the cardiac expression of Mstn between a group of  non-alcoholic control subjects, with respect to a  group of  chronic alcohol consumers  with a mean daily alcohol intake of 115 ± 50 g/day, during a mean of 22,8  ± 5.1 years, leading to a lifetime cumulated total dose of alcohol of 16,9  ±5,8 Kg ethanol/Kg body weight. In the group of alcohol consumers, Mstn expression reported as the percentage of cardiac cells expressing Mstn, was significantly higher compared to non alcoholic controls (12,4  ± 5,8% vs 5,7  ± 1,5%, p< 0,01, respectively). This is a clear over-expression of Mstn in relation to alcohol consumption. This Mstn over-expression was also seen in a group of non-alcoholic hypertensive patients, as well as in patients with other causes of CMP (ischemic, idiopathic and valve-heart disease), although at a lower degree than that of alcoholics. In the ANOVA analysis with respect to myocardial Mstn activity, alcoholics showed higher Mst activity compared to the other groups of donors (F=2.45, p=0.047).
Concerning to myocardial proliferation, we can evaluated it as the percentage of cardiac myocytes expressing Ki-67 in the nuclear area. This Ki-67 percentage increases in any cause of cardiac damage. With respect to controls, the relative increased in Ki-67 percentage, was 67% lower in alcoholics than in subjects with hypertension or other causes of CMP, evidencing in alcoholics a clear decrease in myocyte proliferation.
Interestingly, we also evaluated cardiac Mstn activity in donor subjects according to the presence or absence of CMP. Thus, alcoholics with CMP showed significantly higher Mstn expression than alcoholics without CMP (15,7  ± 2,8 compared to 8,5  ± 2,3, p<0,05) (Figure 2). This effect of increasing Mstn expression was also seen in hypertensive subjects with CMP compared to those counter-partners without CMP and in the group of subjects with other cause of CMP (ischemic, idiopathic or valve heart diseases).
Myostatin activity protects cardiac cells from apoptosis (Joulia-Ecaza & Cabello, 2006), a fact that could be a protective mechanisms developed by cardiac cells in front of the alcohol-induced cardiac damage. However the inhibition of Ki-67 cardiac proliferation by Mstn up-regulation is a negative consequence for heart repair mechanisms.

As conclusions of this study, alcohol clearly up-regulates Mstn cardiac expression, a fact similar that what happens in hypertension or other causes of CMP, but being Mstn up-regulation in the case of chronic alcoholics higher that the other groups of CMP. Similarly, the degree of proliferation that the heart establishes in ACM is lower than in the other groups of cardiac damage. This reflects a relative inhibition of the normal proliferative response of the myocardium against persistent alcohol-induced structural damage. This joint effect of alcohol increasing Mstn activity and decreasing Ki-67 proliferation together with the fact that alcoholics with CMP have a high ratio of myocyte apoptosis and pro-apoptotic mechanisms (i.e.BAX expression) induces synergic cardiac lesion mechanisms and lead to a big structural damage with progressive myocyte loss (Fatjó et al.,2005). This is a reflection of the multiple effects of alcohol inducing direct and indirect damaging mechanism at the same time that decreasing the heart protective and repair mechanisms (Fernández-Solà, 2015).
3.- HYPERTENSION and MYOSTATIN

Similarly to what happens in alcohol consumption, the presence of arterial hypertension progressively disturbs heart function and structure (Li, Yang, Guo, Chen & Sun, 2016). Up to 20% of subjects with hypertension and up to 80% of those affected of severe hypertension establish functional or structural heart changes (Lip, Felmeden, Li-Saw-Hee & Beevers, 2000). Myocyte cell and nuclear hypertrophy is the main pathological finding in hypertensive heart disease (HHD), and is related to the degree of overload. The natural history of HHD starts with diastolic dysfunction, progressive left-ventricular hypertrophy, systolic dysfunction and chronic heart failure, usually complicated by arrhythmias, myocardial infarction and sudden death (Diamnond & Philips, 2005). In HHD it is important to avoid this progression from left-ventricle hypertrophy to ventricular dysfunction and heart failure. In hypertension, relevant factors to develop pressure overload hypertrophy are cardiomyocyte apoptosis, extracellular matrix remodelling (Díez, 2009) and changes in MMP/TIMP ratio (Deschepper, Boutin-Ganage, Zahabi & Jiang, 2002). In HHD diverse myocyte growth factors such as Myostatin and insuline-like growth factor-1 (IGF-1) may regulate cardiac damage and cardiomyocyte survival (Wang, Ma, Markovich, Chen & Wang, 1998).  Also, Mstn may regulate cardiac remodelling in HHD. Colau et al (2008) described low levels of IGF-1 in hypertensive subjects without HHD, but the presence of CMP increased the circulating levels of IGF-1 (Diamond & Philips, 2005). Myostatin protein expression is reduced in the long-term hypertrophied myocardium from spontaneously hypertensive rats with heart failure (Damatto et al, 2016). In hypertensive subjects compared to healthy controls, we have observed a non significant upward tendency of myocyte IGF-1 expression (5,7  ± 1,4 vs 9,8 ±5,3, p =n.s), (Fernández-Solà,  Borrisser-Pairó, Antúnez & Tobias, 2015). In animal (Jin et al, 2006) and human studies (Colao et al., 2008) low IGF-1 levels were related to arterial hypertension. IGF-1 counter-regulates cardiac protein synthesis, myocyte hypertrophy, throphism and differentiation. Therefore, the effect of low IGF-1 in hypertension may increase the heart damaging mechanisms. On the contrary, the increase IGF-1 seen in hypertensive CMP may be useful to counterbalance the damaging effect induced by overload mechanisms.
In hypertensive subjects, the coexistence of alcohol misuse also negatively influence heart damage, being consumption above 50 g/day the established threshold to increase ventricular mass in hypertensive subjects (Vriz et al, 1998). In an study from human heart donors by our group (Fernández-Solà,  Borrisser-Pairó, Antúnez & Tobías, 2015), heart Mstn expression in hypertensive subjects was similar than controls (10,7 ±1,1 vs 8,5 ±1,0, p=ns), representing that myocardial Mstn activity dose not play a significant role in the presence of isolated hypertension.  In the case of  HHD with CMP-  LVEF<50%-, heart Mstn expression was also increased compared to controls ( 9,9  ± 2,0 vs 5,7  ± 0,5, p<0.05).
4.-MYOSTATIN, CARDIAC DAMAGE AND HEART FAILURE
Plasma Mstn levels increased in presence of heart failure (Gruson, Ahn, Ketelslegers & Rousseau, 2011), although this finding has not been corroborated by others (Zamora, Lupón, Simó & Galán, 2010).  The presence of structural dilated CMP, defined as left-ventricle ejection fraction under 50% and increased size of the left ventricle, induces a significant increase in heart Mstn expression in comparison to healthy controls, (11,9 ± 1,0 vs 6.9 ± 0,8,  respectively P=0,002) (Fernández-Solà,  Borrisser-Pairó, Antúnez & Tobías, 2015). This Mstn up-regulation is independent of the origin of the CMP, because it has been observed either in alcoholic, hypertensive, valve, ischemic or idiopathic CMP.  Of note that, the presence of CMP in chronic alcoholics as well as in hypertensive subjects supposed a big increase in Mstn expression when compared to their counter-partners not affected of CMP. Myostatin protein activation has been also described to be more relevant in idiopathic than in ischemic dilated CMP (Baán et al., 2015). In presence of structural CMP Mstn up-regulation may be a regulatory mechanism triggered by cardiac lesion stimuli, activated in order to avoid excessive hypertrophy and unhealthy cardiac remodelling (Bish, 2011), (Biesemann et al., 2014). Myostatin signalling represses adenosine monophosphate-activated protein kinase  (AMPK) and changes its interaction with key metabolic enzymes and proteins involved in cardiac hypertrophy (Kemaladewi et al., 2012).

On the contrary succeed in the case of IGF-1 myocardial expression, where the presence of structural CMP does not significantly modify the basal IGF-1 activity. It is remarkable that in studies from human heart donors we could not find any significant correlation between Mstn and IGF-1 cardiac expressions (r=0,183, P=n.s), being in appearance two independent mechanisms (Fernández-Solà,  Borrisser-Pairó, Antúnez & Tobías, 2015).
Concerning to heart failure, Mstn expression has been described to be up-regulated independently of their etiologic cause, mostly in end-stage heart failure (Baan et al., 2015). This Mstn up-regulation probably appears to restrict the compensatory but excessive cardiac growth (George et al., 2010). In adult cardiomyocytes, Mstn deletion let to heart failure. In chronic heart failure, serum Mstn leves are normal (Baán et al., 2015). Myostatin also prevent heart failure regulating the heart energy homeostasis (Biesemann et al., 2014). Heart hypocontractility in Mstn-mutant adult hearts has described to be associated with down-regulation of G-protein signalling-2 (Rgs2) (Nunn et al., 2010). Myostatin induces interstitial fibrosis in the heart via TAK1 and p38 (Biessman et al., 2015). 
Baán et al. (2015) suggest interaction between Mstn and IGF1 in end-stage human heart failure. It has been suggested that Mstn might be a cardiac chalone of IGF-1 (Gaussin & Depre, 2005).  In healthy hearts the ratio Mstn/IGF1 shows a spatial asymmetric expression pattern, that induces different growth regulation of left versus right ventricle. 
We can conclude that either the presence of cardiac damage and heart failure are clear stimulus to up-regulate Mstn in human heart. This fact contributes to restrict unhealthy repair mechanisms mostly myocyte hypertrophy and proliferation and regulating heart energy homeostasis (Baan et al, 2015). At present, Mstn may be considered a cardio-protective factor with anti-hypertrophic properties, necessary to maintain a normal heart homeostasis (Bieseman et al., 2014)
5.- THE ROLE OF NOVEL CARDIOMYOKINES

Regulation of cardiac damage and remodelling is a complex process where many different mechanisms are involved (Fedak, Verma, Weisel & Li, 2005) (Hill and Olson, 2008). Some new mechanisms emerged as contra-regulatory pathways to modulate the intensity of cardiac damage (Li, Wang,, Jia, L. & Du, J., 2014). Myokines are peptides produced, expressed, and released by myocytes (Pedersen, 2013). They either exert autocrine, paracrine or endocrine effects that may modulate the cardiac damage inflicted by different metabolic or toxic agents. 
In addition to myostatin and IGF-1, novel cardiomyokines have been suggested to participate in this process. On this sense, Fibroblast growth factor-21 (FGF21) appears to play a relevant role (Planavila Redondo-Angulo & Villarroya, 2015),(Planavila, 2013). A recent study from our laboratory provided the first report of the cardioprotective effects of FGF21 (Planavila, 2013). FGF21 treatment reversed cardiac hypertrophy development, enhanced fatty acid oxidation and prevented the induction of pro-inflammatory pathways in the heart, thereby confirming the anti-hypertrophic properties of FGF21in mice. Furthermore, FGF21 is a mediator on the mitochondrial pathways involved in heart diseases. It regulates ROS, superoxide dismutase-2 production and gene expression of encoding proteins involved in antioxidative pathways. Furthermore FGF21 expression levels were up-regulated the human failing heart (Planavila, 2015). Because of this relevant role, FGF21 has been proposed as a biomarker in mitochondrial damage in heart failure and cardiac damage (Planavila et al, 2015). 

Another novel candidate is the Meteorin-like protein (Metrnl), that is secreted by the skeletal muscle during exercise and exerts hormonal effects in the adipose tissue improving energetic homeostasis (Rao et al, 2014). Metrnl is also expressed in the heart myocytes and recently has been described as a potential myokine because of its ability to be secreted and to exert endocrine actions acting as a hormone (Zheng, Li, Song, Liu & Miao, 2016).  
The role of these emerging cardiomyokines in the pathogenesis of alcohol and hypertension-induced cardiac damage may be relevant as contra-regulatory pathways to modulate the intensity of cardiac damage (Fernández-Solà J, 2015).  In addition thy may be considered as a potential diagnostic markers of heart damage (Passino et al, 2015). Therefore, their role is submitted to present research.
Finally, these mechanisms also could be considered in treatment strategies, addressed to prevent induction of pro-oxidative pathways, ROS damage and energy homeostasis in cardiac cells as well as by regulating inflammatory or hypertrophic conditions (Takeishi, 2014). 
Alcohol cardiomyopathy as well as hypertensive heart disease are both involved in these physiopatological processes of cardiomyokine regulation. It has hypothesized that a sensitive balance between aggressive factors (alcohol, hypertension) and protective factors (cardiomyokines, myocyte regeneration) will delimitate the final cardiac damage inflicted by a specific agent.
6.- NEW INSIGHTS AND CONCLUSIONS
Until now, main therapeutic approaches in public health to diminish alcohol and hypertension mediated heart damage have been oriented to decease or avoid alcohol consumption in the first and diminish the role of hemodynamic factors in the second by decreasing arterial afterload and wall pressure and inducing extracellular volume depletion.

Alcohol and hypertension are different etiological cardiovascular risk factors that induce a similar and synergic progressive functional impairment and structural cardiac damage (Urbano-Márquez & Fernández-Solà, 2004) (Diamond & Philips, 2005).  Both processes induce myocyte apoptosis with cell loss, hypertrophy of the remaining myocytes, interstitial fibrosis and oxidative and energetic damage to the heart. Additionally, alcohol also inhibits heart myocyte proliferation and tissue regeneration (Lluís et al, 2011).
Since local hormone and growth factors have a relevant role in cardiac physiology and remodelling,  intervention in these other non-hemodynamic factors appears to be also compulsory in order to control the anti-remodelling process (Díez, 2009), (Glembotski 2010). Excessive myocyte hypertrophy is a relevant point to control, but simple deactivation of the hypertrophic pathways is unlikely to be useful, since signalling pathways may be used to prevent myocyte atrophy and cannot be abolished (Biesemann et al, 2014). On the other site, to treat the muscle cachexia syndrome, activin type-2 receptor antagonism and Mstn-inhibiting antibodies have been proposed, but applicability of this therapeutic approach still has not been corroborated (Dschoetzig, 2014).
Control of local cardiac neuro-hormonal pathways will be relevant points to consider (Pasino et al, 2015), especially heart Mstn and IGF-1 activities, as well as the role of new cardiomyokines FGF21 and Mtrnl, whose influence should be specifically defined in proper studies. 
Since AHT decreases myocardial IGF-1 activity (Fernández.Solà, Borriser-Pairó, Antúnez and Tobías 2015), a therapeutic approach in patients with arterial hypertension could be to maintain high IGF-1 local myocardial activity in order to protect the heart to progressive damage. When alcoholic or hypertensive CMP is established, control of the excessive and unhealthy Mstn up-regulation may avoid the negative effect of Mstn decreasing myocyte proliferation that limits cardiac repair mechanisms.
In the future, in order to better control alcohol and hypertension-induced cardiac damage, probably both approaches will coexist (Coppini, Ferrantini, Poggesi  Mugelli & Olivotto, 2016),(Tham, Bernardo, Ooi, Weeks, McMullen.2015), either by decreasing heart aggression factors (Fernández.-Solà, 2015), (Kapiloff &, Emter, 2016), as well as by improving heart protection factors, a role where cardiomyokines are relevant protagonists  (Fedak, Verma , Weisel & Li, 2005), (Li , Wang , Jia , Du, 2014).
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9.- FIGURES:

FIGURE 1:  Normal Myostatin immunohistochemmical expression in human cardiac myocytes from a healthy control donor. 
[image: image1.jpg]



Subpicture: In normal heart myocytes, myostatin is expressed in the peri-nuclear and cytoplasmic area. In this case, low reactivity myostatin is evident. (Magnification x 250)
FIGURE 2.  Increased  cardiac Myostatin immunohistochemmical expression in human alcoholic dilated cardiomyopathy.
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Subpicture: In this case of a donor with alcoholic cardiomyopathy, myostatin 

shows a brown perinuclear and cytoplasmic high-reactivity (arrows). (Magnification x 250)







PAGE  
19

