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Chronic obstructive pulmonary 
disease (COPD) 

& 
Skeletal muscle dysfunction 

& 
Exercise intolerance 

⇓ 
PROGNOSIS VALUE 



EVIDENCE OF MUSCLE DYSFUNCTION 

Gosselink  et al.  AJRCCM  1996; 153. 976-80 

Muscle dysfunction in COPD ↓ Force & ↓ Endurance 

QoL  Exercise tolerance 

± Cachexia 
Muscle loss 

MIP MEP HG QUAD 
0 

50 

100 

150 

%
 p

re
d.

 

  COPD 
  HEALTHY 

respiratory muscles limb muscles 

* * * * 



PREVALENCE OF QUADRICEPS 
DYSFUNCTION IN COPD PATIENTS 

Seymour et al. Eur Respir J  2010; 36: 81-88 

1/3 of the patients 



QUADRICEPS WEAKNESS & DISEASE 
SEVERITY IN COPD PATIENTS 

Seymour et al. Eur Respir J  2010; 36: 81-88 

Quadriceps weakness exists in the absence 
of severe airflow obstruction! 



QUADRICEPS WEAKNESS & ATROPHY 
PREDICT MORTALITY IN COPD PATIENTS 

Midthigh muscle cross sectional area is a better  
predictor of mortality than BMI in COPD patients 

QMVC is simple and provides better prognostic 
information than other parameters 
(age, BMI, and FEV1) in COPD  

Marquis et al. AJRCCM  2002; 166: 809-813. Swallow et al. Thorax  2007; 62: 115-120. 

Quadriceps weakness predicts mortality 

Quadriceps atrophy  
predicts mortality 

4 different phenoptyes  
of COPD patients 



AMWJ Schols et al. Am J Clin Nutr 2005; 82: 53-9 

BODY COMPOSITION & MORTALITY IN COPD 



FIBER TYPE SHIFT & MORTALITY IN COPD 

Patel et al. Am J Respir Crit Care Med 2014; 190: 350-51 



Skeletal muscle 
dysfunction 

in 
COPD patients: 

Mechanisms 



Activity & type 
 of muscle ! 

Oxidative stress 

Comorbidities 

Hypercapnia 

Drugs 

Inflammation 

Hypoxia 

Malnutrition 

Genetic susceptibility 
Cigarette smoking 

Deconditioning 

Apoptosis Proteolysis 

MULTIFACTORIAL ETIOLOGY OF MUSCLE DYSFUNCTION IN COPD 

Epigenetics 

Factors & mechanisms 







Maltais F et al. Am J Respir Crit Care Med 2014; 189: e15-62. 



SPANISH GUIDELINES ON MUSCLE 
DYSFUNCTION IN COPD 



LIMB MUSCLES: VASTUS LATERALIS 

Open muscle biopsy technique 



Muscle 
Injury ↑ Autophagy 

  

BIOLOGICAL  
FEATURES 

↓ Myoglobin 

Lower limb Muscles 

BIOLOGICAL MECHANISMS OF MUSCLE DYSFUNCTION IN COPD 

NEGATIVE 

↓ Mitochondrial 
 Density 

↓ Capillary 
Contacts ↑ Apoptosis 

POSITIVE 

  
↓ % Type I 

 Fibers ↓ Oxidative 
Enzyme 
Capacity 

Epigenetics 

Impaired 
Regeneration 

Oxidative 
Stress 

↑ Proteolysis  ↓ Anabolism 

Fiber 
Atrophy 

Barreiro et al. COPD 2015; 12: 413-26 



Cigarette smoke 

Inactivity 

Systemic inflammation 

Hypoxia Hypercapnia/acidosis 

Comorbidities  

Exacerbations  

Aging 

Drugs 

Genetics 

Nutritional abnormalities 

Metabolic conditions & deficiencies 

Epigenetics 

↑ Muscle injury 

↓ Oxidative  enzyme  capacity 

↑ Proteolysis ↓ Anabolism ↑ Autophagy 

↓ Capillary contacts Impaired regeneration ↓ Mitochondrial density 

Apoptosis 

Oxidative  stress 

LOWER LIMB MUSCLE PHENOTYPE LOWER LIMB MUSCLE DYSFUNCTION 

ETIOLOGIC FACTORS 

BIOLOGICAL MEDIATORS 

Fiber atrophy 

 Protein catabolism 

Barreiro et al. COPD 2015; 12: 413-26 



Signaling pathways 
Protein catabolism 

Muscle proteins 

Synthesis Degradation 

IMBALANCE BETWEEN PROTEIN  
SYNTHESIS & DEGRADATION 

MUSCLE MASS LOSS ⇒ ATROPHY 



MUSCLE FIBER ATROPHY 

Fermoselle et al.  Eur Respir J  2012, 40: 851-62 



Healthy control LC Cachexia COPD Cachexia 

Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

 Cross-sections of muscle fibers, VL 

MUSCLE FIBER SIZES 

 Respiratory cachexia 



Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

 Cross-sections of muscle fibers, VL 

MUSCLE FIBER SIZES 

 Respiratory cachexia 
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Puig-Vilanova et al.  
Free Radic Biol Med 2015: 79: 91-108 

 Healthy control, VL 

 Cachectic COPD, VL  Cachectic LC, VL 

 Disruption example, VL 

SKELETAL MUSCLE DISRUPTIONS 

 Respiratory cachexia 
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Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

SKELETAL MUSCLE DISRUPTIONS 

 Respiratory cachexia 
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Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

LEVELS OF SPECIFIC MUSCLE PROTEINS 

 Myosin heavy chain, VL 

 Respiratory cachexia 

Structural proteins 

 Inverse correlation 
between  
sarcomere disruptions & MyHC 
r=-0.648 
p=0.043  
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Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

 Muscle metabolic enzymes, VL 

LEVELS OF MUSCLE PROTEINS 

 Respiratory cachexia  Respiratory cachexia 

 Creatine kinase  ATP synthase 
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Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 
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Enhanced muscle proteolysis 

Vastus lateralis, stable COPD patients: 
 
Doucet et al. Am J Respir Crit Care Med 2007 
 
Plant et al. Am J Respir Cell Mol Biol 2010 
 
Fermoselle et  al. Eur Respir J  2012, 40: 851-62 
 

Vastus lateralis, COPD patients during exacerbations: 
 
Crul et al. Cell Physiol Biochem 2010 
 

 Several proteolytic mechanisms, VL 



SUPEROXIDE ANION IN THE MYONUCLEI 

Fermoselle et al. Eur Respir J  2012, 40: 851-62 
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OXIDATIVE STRESS: MUSCLE & BLOOD 

 Muscle, VL 

 Blood 

Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

 Respiratory cachexia 

 Respiratory cachexia 
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Muscle protein oxidation – Quadriceps muscle force 

E. Barreiro et al. Thorax 2008; 63: 100-107 

OXIDATIVE STRESS: CLINICAL IMPLICATIONS 

 Quadriceps strength: voluntary & involuntary maneuvers 
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Muscle protein oxidation – Exercise capacity 

OXIDATIVE STRESS: CLINICAL IMPLICATIONS 

 Cycloergometry 



Endurance Exercise Training 
Protein tyrosine nitration 

p = 0.093 

p = 0.029 p = 0.079 
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After exercise training, 8 weeks 
Blood, COPD patients 



Endurance Exercise Training 
Muscle protein tyrosine nitration 

After exercise training, 8 weeks 

p = 0.061 p = 0.155 

p = 0.021 
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⇓ Cytokines in the vastus lateralis  
of severe COPD patients at baseline 

E. Barreiro et al. Thorax 2008; 63: 100-107 
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Role of local inflammation in COPD ? 

Vastus lateralis 



leucocyte macrophage 

Cellular inflammation 

Patients with COPD, Vastus lateralis 

Barreiro  et  al.  J Appl Physiol 2011; 111: 808-817 



Barreiro et al. Am J Respir Crit Care Med 2010; 182: 477-488. 

Cellular inflammation 

Patients with COPD, Vastus lateralis 



Systemic inflammation in COPD patients & muscle mass 

Controls Non-wasted  Muscle-wasted  

COPD patients after exercise test 

Van Helvoort et al. Med Sci Sports Exerc 2006; 38: 1543-52. 

Vogiatzis et al. Thorax 2007; 62: 950-956. 

Non-wasted COPD patients after exercise training  



Early apoptosis  

Severe COPD patient 

Late apoptosis 

APOPTOSIS, ELECTRON MICROSCOPY 
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Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

 Autophagy markers, VL 

AUTOPHAGY IN MUSCLES 

 Respiratory cachexia  Respiratory cachexia 

 LC3-II/LC3-I Autophagosome counts 



COPD Cachexia Healthy control LC Cachexia 

Puig-Vilanova et al. Free Radic Biol Med 2015: 79: 91-108 

 Autophagosomes, VL 

AUTOPHAGY IN MUSCLES 

 Respiratory cachexia 



EPIGENETIC MECHANISMS IN CELLS 

AND IN MUSCLES… 

Barreiro et al. J Appl Physiol 2013; 114: 1263-1272. 

Barreiro et al. Trans Res 2015; 165: 61-73. 

Histone acetylation  role in atrophy? 



PATIENT CHARACTERISTICS 

Puig-Vilanova et al. Clin Sci  
2015; 128: 905-921. 

 +/-Quadriceps weakness 



MUSCLE FIBER TYPE CHARACTERISTICS 

Puig-Vilanova et al. Clin Sci 2015; 128: 905-921. 
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 MicroRNAs, VL 

In all COPD & muscle weakness COPD: 
 miR-1 & miR-206 + differentiation 

miR-133   
 

Correlation between QMVC & miR-206 
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 Total protein and histone acetylation, VL 

Puig-Vilanova et al. Clin Sci 2015; 128: 905-921. 

In all COPD & muscle weakness COPD: 
 Total protein acetylation 
 Histone acetylation 
 Acetylated Histone 3 

Acetylated Histone 4   
Histone acetyl transferases   

 
Correlation between acetylated H3 & FFMI 

Protein & histone acetylation   muscle mass 
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Histone deacetylases, VL 

In all COPD & muscle  
weakness COPD: 

 HDAC3 & HDAC4 
 

Only in muscle  
weakness COPD: 
 SIRT-1 

 
Correlations: 

SIRT-1 & FFMI 
SIRT-1 & total protein 

acetylation 



Environment,Triggers, Signaling pathways  

Apoptosis Proteolysis 

Muscle loss & dysfunction 

Locomotor dysfunction ⇒ ↓ QoL ⇒ ↑ mortality  

COPD muscle dysfunction & wasting: Present & Future 

Autophagy Epigenetics Senescence 

Targets 

Targets 
Protein misfolding 

Different Experimental Models 
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