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Background
Losing muscle mass is a common co-morbidity in COPD patients that impacts their quality of life and is associated with increased mortality.  Consequently understanding the mechanisms that drive muscle wasting associated with COPD is important in developing therapies to improve the length and quality of patient life.  
Muscle mass is maintained by balancing the processes that synthesise new muscle (protein synthesis and satellite cell activation and recruitment [regeneration]) with those that breakdown muscle (proteolysis, autophagy and apoptosis). Both an excess of proteolysis over protein synthesis and reduced regeneration have been suggested to cause muscle loss in COPD and both are likely to contribute.  For example, cachectic patients have been shown to have greater myofibrillar breakdown than non-cachectic patients(1).  Similarly, reduced regeneration has been shown in 2 studies by a reduction in centralised nuclei in the muscle of patients with a low fat free mass index (FFMI) compared to those with a normal FFMI(2, 3).  However, understanding the relative importance of these mechanisms is complicated because loss of muscle mass is only loosely associated with lung disease severity, such that some patients with mild disease have a low FFMI whereas others with severe lung impairment have a normal FFMI.   Understanding the factors that lead to this variation will help to identify the processes that contribute to muscle wasting in COPD and those most at risk.
[bookmark: _GoBack]Epigenetics (processes that affect gene expression and thereby phenotype without changing genotype) have been suggested to be an important link between the environment and disease susceptibility, as exemplified by the fetal origins of adult disease hypothesis(4).  Epigenetic mechanisms include microRNAs (miRNAs) that promote mRNA degradation and/or inhibit translation as well as DNA methylation and histone acetylation which regulate transcription (reviewed in(5)).  These mechanisms have significant cross-talk whereby miRNAs regulate the expression of histone modifying proteins or DNA methylases and miRNA expression is regulated by histone modification and DNA methylation.  
Interestingly, poor fetal growth is a risk factor for sarcopenia(6).  Babies born small for their gestational age are more likely to become sarcopenic than those of a normal birth weight. It is, therefore, conceivable that epigenetic differences either inherited or established during development or in response to the environment associated with disease, contribute to the susceptibility to lose muscle.  
Two environmental factors that contribute to muscle phenotype in COPD are physical inactivity and smoking.  Numerous studies have shown changes in the expression of miRNAs associated with muscle development in response to exercise (reviewed in(7)) and smoking history is associated with the expression of miR-1, a microRNA that contributes to muscle regeneration.  Furthermore, the effects of both smoking and exercise modify DNA methylation, changes in which also contribute to muscle development.  For example, demethylation of the MyoD promoter allows expression of this myogenic transcription factor and the initiation of the myogenic differentiation program.  Moreover, polymorphisms leading to hypomethylation of DNA are more prevalent in elite athletes.
Epigenetic studies in COPD
The best studied miRNA in the skeletal muscle of COPD patients is miR-1, an miRNA that is highly enriched in skeletal muscle and targets the histone deacetylase HDAC4.  Interestingly the studies come to opposite views on the relative expression of both miR-1 and HDAC4 in the muscle of COPD patients but both show a reciprocal relationship of these factors.  We showed reduced miR-1 expression in COPD patients compared to controls and increased HDAC4 protein(8), whereas Puig-Villanova et al showed increased miR-1 and reduced HDAC4 accompanied by increased histone acetylation in the patients(9).  Such opposing results are difficult to explain but may arise from differences in the populations of patients or controls or from methodological considerations.  For example, in our study the controls were predominantly never-smokers, whereas those in the latter study were predominantly current and ex-smokers.  Another potential variable is biopsy timing relative to any activity, as miR-1 has been shown to be elevated by acute activity(7). This response to activity may make long-term consequences of inter-individual variation in miR-1 difficult to identify.
Imprinted miRNAs have also been implicated in muscle wasting in COPD patients and perhaps offer a better opportunity to identify patients susceptible to muscle wasting(2).  Imprinted genes are expressed from either the maternal or paternal chromosome with the other chromosome silenced by DNA methylation. Paternally expressed genes are normally associated with promoting growth (e.g. IGF-2) whereas maternally expressed genes are associated with limiting growth (e.g. IGF2R).  Our recent study found that paternally expressed miRNAs from a cluster on chromosome 19 (C19MC) were reduced in male patients with a low FFMI whereas the maternally imprinted miR-675 was increased in these patients.  As C19MC miRNAs promote stem cell pluripotency whereas miR-675 inhibits myoblast proliferation and promotes differentiation, the balance of these miRNAs may reflect the regeneration capacity of the individual.  Consistent with a role for DNA methylation in this process, expression of H19, the lncRNA that encodes miR-675, was inversely associated with FFMI and methylation of the imprinting control region (ICR) that regulates the H19 locus.  Methylation of the H19 ICR was also higher in weak patients compared to those with retained strength. That these imprinted miRNAs did not associate with either FFMI or strength in normal healthy elderly individuals suggests that regenerative capacity can become limiting in the presence of disease and this capacity is determined by epigenetics to a measureable extent.  
The data therefore suggest that muscle wasting occurs in response to a stress imposed by disease, perhaps as an evolved response to use muscle protein as a source of amino acids for the damaged organ or inflammatory system.  However, the extent of wasting depends on the both the severity of the stress but also on the ability of the individual to respond by regenerating tissue.  This latter response is in part dependent on the epigenetic make-up of the individual but identification of the pathways involved and the contribution of epigenetic variation to the stress response itself require further investigation.  One prediction from the data is that COPD patients who were born small for their gestational age will be more susceptible to muscle wasting.
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