Study summaries

This section describes each dataset used in the analysis.   To ensure an accurate description of the datasets, their description has been used verbatim from their corresponding publications (or from public repository if unpublished) whenever possible.   Whenever relevant, subgroups that were split or removed from our meta-analysis are specifically described (and shown in italics).  If a study made available clinical or pathologic data for the skeletal muscle samples profiled, this is specifically indicated (and shown underlined).  For unpublished datasets we have listed the first contributor in the public repository.
 
GSE13205  Fredriksson et al [1] profiled muscle biopsies  obtained from the lateral portion of the vastus lateralis muscle, 10–20 cm above the knee in seventeen patients with sepsis admitted to the general Intensive Care Unit (ICU) at Karolinska University Hospital.  Patients younger than 18 years of age, patients with severe liver failure, undergoing dialysis, and patients with impaired coagulation were excluded from the study.  Ten patients undergoing elective surgery were included as a control group. 

GSE53702 Langhans et al [2] profiled biopsy specimens from vastus lateralis muscle in seven ICU patients.  Three of the seven patients were diagnosed with critical illness myopathy (a subtype of ICU acquired weakness [ICUAW]) using muscle membrane inexcitability after direct muscle stimulation at day 6 ICU admission.   Six patients undergoing elective orthopedic surgery without neuromuscular disorders were used as controls.  

GSE15090 Arashiro et al [3] profiled muscle biopsies to compared the gene-expression profiles from affected facioscapulohumeral muscular dystrophy (FSHD) individuals, asymptomatic carriers, and normal controls.  Biopsies were taken from related members (affected, asymptomatic carrier, and normal control) belonging to 5 unrelated families. Muscle biopsies were taken from the biceps in 3 families and from the deltoid in the remaining 2 families, because the clinically affected patients had a severe atrophy.   Asymptomatic carriers were removed from our meta-analysis.    

GSE18715    Voets (unpublished)
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE18715   Skeletal muscle gene expression profiles of six patients with mutations in the catalytic DNA polymerase gamma (POLG1) gene (resulting in the accumulation of mtDNA mutations) were compared with twelve controls.  Patient and control subject from three age categories (<10 yrs; 11-49 yrs; >50 yrs) were selected.

	
	


GSE36398 Rahimov et al [4] aimed to better understand the pathophysiology of FSHD and develop mRNA-based biomarkers of affected muscles by profiling the biceps, which typically shows an early and severe disease involvement and deltoid, which are relatively uninvolved in patients with FSHD compared to controls biopsies of biceps and deltoids, respectively.  Microarray samples were generated in 5 batches.   We have designated batches 1-4 as GSE36398a, and GSE36398b batch 5. These batches were separated based on principal components analysis.  We have excluded biopsies obtained from the deltoids as these are relatively spared in FSHD.

GSE37084 Perfetti et al [5] profiled muscle biopsies from biceps brachii from ten patients with myotonic dystrophy type (DM2) where clinical diagnosis of DM2 was based upon the criteria set by the International Consortium for Myotonic Dystrophies [6].  Ten control biopsies were from subjects admitted with suspected neuromuscular disorder of undetermined nature. Control biopsies did not show overt signs of muscle pathology upon on histological and immunohistochemical examination.  All muscle biopsies were processed by the same pathology team and each was analyzed by two expert pathologists.  The aim of the study was the identification of new aberrant alternative splicing events in DM2 patients.  
GSE26852  Tasca et al [7] profiled muscle biopsies from FSHD and inflammatory myopathies (IM) as described below:
FSHD cohort: muscle biopsies from various peripheral muscle (biceps femoris, paravertebral, quadriceps, biceps femoris) in twelve FSHD patients and four 4 dysferlinopathies (limb-girdle muscular dystrophy type 2A; LGMD2B) (age range 28–35).   Unrelated, genetically confirmed (D4Z4 EcoRI fragment ,40Kb) FSHD patients who had undergone lower limb muscle Magnetic Resonance Imaging (MRI) were considered as candidates for the study.   Patients who met the inclusion criteria (i.e. i) having at least one muscle showing hyperintensity on T2-short tau inversion recovery (T2-STIR) sequences, or ii) having normal T1-Weighted and T2-STIR sequence signal on quadriceps muscle).  Gene-expression was compared with seven normal controls (age range 18– 58). 
IM cohort:  muscle biopsies from seven immunopathologically characterized inflammatory myopathies (IM): 2 dermatomyositis (DM), 2 polymyositis (PM), 1 necrotizing myopathy and 2 IM with nonspecific histopathological features (age range 23–73).  Gene-expression was compared with seven normal controls (age range 18– 58).  
GSE47968 Nakamori et al [8] profiled quadriceps muscle biopsies in eight patients with FSHD, eight patients with DM1, and seven patients with DM2 and eight healthy control samples.   The objective of the study was to perform global analysis of alternative splicing in DM1 and DM2.    Nonambulant individuals and patients with congenital or childhood onset of DM1 were excluded to eliminate confounding effects of muscle disuse or maldevelopment 

GSE42806 Screen et al [9] profiled skeletal muscle from distal muscles sites (tibialis anterior, tibialis posterior, gastrocnemius lateralis, gastrocnemius medialis, soleus, extensor halluces longus, extensor digitorum longus, thigh posterior) in seven patients with tibial muscular dystrophy (TMD) to analyze gene expression compared to five healthy controls.  All patients were diagnosed based on DNA mutation testing.  Range of ages 37–92.  
GSE38417  Dorsey (unpublished)  https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE38417  
Gene expression data is from RNA extracted from muscle biopsy samples taken from patients with Duchenne muscular dystrophy (DMD) or pathologically normal controls. 

	


GSE38680  Palermo et al  [10] profiled muscle biopsies from two cohorts of infantile-onset Pompe disease (Glycogen Storage Disease Type I) to identify transcriptional differences that may contribute to the disease phenotype.  In the first cohort, biceps biopsies from 9 infantile-onset Pompe patients and 10 controls were compared.  In a separate experiment, quadriceps biopsies from 11 Pompe patients at either 0, 12, or 52 weeks after the initiation of treatment with Myozyme were compared to quadriceps biopsies from 7 controls.   We have designated the latter experimental cohort (quadriceps biopsies) as GSE38680a and designated the biceps biopsies in the first cohort as GSE38680b.  

GSE11681  Saenz et al  [11] profiled skeletal muscle (quadriceps, deltoid, or biceps brachialis) in ten muscle biopsy samples of limb-girdle muscular dystrophy type 2A (LGMD2A) patients with in which molecular diagnosis was ascertained.  Gene expression profiling was compared to ten normal muscle samples 
GSE12648 Eisenberg et al [12] profiled skeletal muscle specimens (deltoid, biceps, quadriceps, tibialis anterior, gluteus, paraspinal, triceps) from ten hereditary inclusion body myopathy (HIBM) patients carrying the M712T Persian Jewish founder mutation and presenting mild histological changes, compared with ten healthy matched control individuals.   Only mildly HIBM-affected muscles biopsies were selected when possible in order to detect changes as primary as possible, 
GSE6011 Pescatori et al  [13] profiled 23 quadriceps muscle biopsies from Duchenne muscular dystrophy (DMD) based on the absence of dystrophin immunoreactivity on quadriceps muscle sections. None of the participants at the time of biopsy was or had been under corticosteroid treatment. Control biopsies (n = 14) were from individuals who came to the hospital with a suspect metabolic disorder that was not confirmed by biochemical and histopathological studies. Control biopsies did not show signs of muscle pathology on histological and histochemical examination. 
GSE48280 Surez-Calvet et al [14] profiled skeletal muscle biopsies in five patients with dermatomyositis (DM), five with polymyositis (PM) and five with inclusion body myositis (IBM).  The patients fulfilled established diagnostic criteria and did not received any ttreatment prior to biopsy.   All DM and PM subjects were female, aged 25–71 years, while the IBM subjects were male (n = 3) and female (n = 2), aged 67–77. Samples from patients with a neoplasm or poor RNA yield were excluded. Five control muscle biopsies were obtained from subjects undergoing hip replacement surgery. Routine histological stains were normal. 

GSE1551 Greenberg et al [15] profiled skeletal muscle (biceps, deltoids, quadriceps) from 13 with patients with dermatomyositis (DM). Seven were treated with corticosteroids for a median duration of 12 days (range, 1–350 days) and 7 had never received immunosuppressive therapy. Biopsies were performed for clinical indications independent of the study.   Expression was compared to 10 normal subjects patients without clinical or histological evidence of a neuromuscular disorder 

E-MEXP-2681  Bernasconi  (unpublished)
https://www.ebi.ac.uk/arrayexpress/experiments/E-MEXP-2681/    Muscle biopsies were taken from 6 patients with dermatomyositis (DM), 4 with polymyositis (PM) and 5 not myopathic subjects as controls.

GSE3307. Bakay et al [16] examined disease-specific transcriptional profiles of normal skeletal muscle and 12 muscle disease groups to determine if these expression fingerprints provide either pathophysiology or diagnostic information for these diseases.  We have organized the 12 muscle disease groups into appropriate cohorts as follows: 
i) ICUAW cohort: one disease group with critical care myopathy. 
ii) Inflammatory myopathy cohort: one disease group with juvenile dermatomyositis
iii) Congenital disease cohort:  seven groups of congenital diseases (Fascioscapulohumeral muscular dystrophy [FSHD], Emery Dreifuss muscular dystrophy [both X linked recessive emerin form; autosomal dominant Lamin A/C form], Becker muscular dystrophy, Duchenne muscular dystrophy, Calpain 3 (LGMD2A), dysferlin (LGMD2B), FKRP [fukutin related protein] ).  
iv) ALS cohort: One group of amyotrophic lateral sclerosis (ALS). 
v) upper motor neuron disease cohort: one group with spastic paraplegia (SPG4, spastin)
We separated i) – iv) into separate cohorts in our meta-analysis.  Disease group v) was excluded as it contained only 4 samples and was not categorized among  the other cohorts.   

GSE45745 Barres et al [17] profiled vastus lateralis skeletal muscle samples obtained from 5 morbidly obese subjects immediately before and 6 months after Gastric Bypass (GB) surgery as well as from 6 lean healthy control subjects.   Samples obtained 6 months after GB surgery were excluded. 

GSE21496 Reich et al [18] profiled left vastus lateralis of healthy, sedentary men (N = 7) at baseline and immediately following 48 hours of unloading via unilateral lower limb suspension and 24 hours of reloading.   Samples at baseline served as healthy controls, samples taken at 24 hours of reloading were excluded from our meta-analysis. 

GSE5110 Urso et al  [19] profiled biopsies taken from the vastus lateralis muscle of five men (20.4 +/- 0.5 yr) before and after 48-h immobilization. 

GSE24215 Alibegovic et al [20] profiled skeletal muscle biopsies of vastus lateralis in ten young healthy Caucasian men (24–27 yr old) pre-inactivity and after 10 day bed rest challenge.  These subjects were admitted to the Steno Diabetes Center for 10 days and were not permitted to deviate from a half-recumbent position during this period. Toilet visits, limited to a total of 15 min/day, were allowed.  Study subjects were allowed to use a laptop computer, watch television, and read in the bed.  Skeletal muscle samples were collected in both the basal and insulin-stimulated state before and after bed rest and in the basal state after 4 weeks of retraining.   We excluded insulin-stimulated samples as well as samples taken after retraining from our meta-analysis.
GSE104999 Rullman et al [21] profiled skeletal muscle biopsies of vastus lateralis in 14 healthy male subjects at baseline and at 21 days bedrest.  This was a substudy of the PlanHab study which also included hypoxic bedrest and hypoxic ambulation (not included in this dataset).  Throughout both bedrest interventions, each subject remained in a horizontal position at all times and was allowed one pillow for the head and to occasionally lean on an elbow while eating or being transferred to a gurney.  Muscular exercise was prohibited.

GSE474 Park et al [22] profiled skeletal muscle samples obtained from the rectus abdominus during abdominal surgery for eight lean women (BMI 25 kg/m2), eight morbidly obese women (BMI 40 kg/m2), and eight obese patients (BMI 25-40 kg/m2). This study aimed to identify the mRNA of proteins involved in fat oxidation that may be reduced in obese and morbidly obese individuals.  Obese patients were excluded in our meta-analysis.
GSE27536 Turan et al [23] profiled skeletal muscle biopsies from the vastus lateralis of 15 patients with stable chronic obstructive pulmonary disorder (COPD) and 12 age-matched healthy sedentary subjects before and after 8 weeks of a supervised endurance exercise program.  Nine  COPD patients had normal fat free mass index (FFMI, 21Kg/m2) and 6 COPD patients had low FFMI (16Kg/m2).  

GSE1786 Radom-Aizik et al [24] profiled skeletal muscle biopsies from vastus lateral from six COPD patients and five sedentary age-matched healthy men, before and after 3 months of exercise training.  
E-MTAB-3671 Kreiner et al [25] profiled skeletal muscle biopsies from trapezius in nine glucocorticoid-naive patients with newly diagnosed, untreated polymyalgia rheumatica (PMR) and 10 matched (age, sex, and BMI) non-PMR control subjects before and after treatment with 14 days prednisolone (20mg/day) in a comprehensive clinical experimental research program.   In all patients, the trapezius muscle exhibited the symptoms characteristic of PMR, i.e. aching, tenderness and stiffness.   Controlled chronic comorbidities were accepted in both groups. 
GSE78929 Walsh et al [26] profiled skeletal muscle biopsies from vastus lateralis in patients with ICUAW Day 7 (n=14) and Month 6 (n=10) post-ICU discharge and compared with 8 healthy control subjects obtained from previously banked specimens collected from consenting individuals.   Clinical variables assessed in the cohort included the motor subscore of the Functional Independence Measure (FIM), global muscle strength measured by MRC sum score (MRCSS) and quadriceps cross sectional area (CSA), expressed as a percentage of published age and sex matched norms.   
GSE13608 Bachinski et al [27] profiled skeletal muscle biopsies from DM1, DM2, Becker muscular dystrophy (BMD), Duchenne muscular dystrophy (DMD), tibial muscular dystrophy (TMD), and myotonia congenita—autosomal dominant (MC-AD), DM-like, and normal individuals (both adult and fetal).   The 3 fetal healthy control samples were removed from the meta-analysis.  

GSE109178 Dadgar et al [28] profiled skeletal muscle biopsies from 6 normal controls, 17 DMD (absence of dystrophin), 11 BMD (present but abnormal dystrophin), 7 LGMD2I (FKRP deficiency, a glycosylation defect), and 8 LGMD2B (DYSF). Patients had a broad range of ages, clinical severity of their disease, and histopathological findings, although all neuromuscular disease patients showed evidence of a dystrophic process (degeneration/regeneration of muscle fibers). The study sought to determine the mechanisms underlying failure of muscle regeneration that is observed in dystrophic muscle through hypothesis generation using muscle profiling data.  The amount of fibrotic replacement (fibrosis) was visually approximated by the same evaluator (E.P. Hoffman), and divided into normal, mild, moderate, or severe fibrosis categories.   

GSE10760 Osborne et al [29] profiled skeletal muscle in vastus lateralis from 19 patients with FSHD compared to thirty healthy individuals profiled before and after antibody enhancement.   The objective of the study was to identify pathways that are abnormally regulated early in the FSHD disease process 

GSE3112 Greenberg et al [30] profiled muscle biopsy specimens from 23 patients with inclusion body myositis (IBM), six with polymyositis (PM), and 11 controls without neuromuscular disease. 
GSE39454 Zhu et al [31] profiled various muscle groups (biceps, quadriceps, deltoid) from patients with inflammatory myopathies (5 necrotizing myopathy [NM], 8 DM, 8 PM and 10 IBM) compared to 5 normal controls. Normal controls were not suspected clinically to have neuromuscular disease; had normal muscle strength by examination; and showed normal serum CK levels.  The objective of the study was to develop gene signatures to characterize myositis patients at the molecular level.  
 
GSE14901 Abadi et al [32]  profiled skeletal muscle biopsies from vastus lateralis from recreationally active, non-smoking, healthy men (N=12) and women (N = 12)  before, after 48 hours and 14 days of immobilization.   Subjects had a randomly assigned leg immobilized using a knee brace and were provided with walking crutches such that there was no weight bearing on the immobilized leg.  The purpose of this study was to examine changes in global gene transcription during immobilization-induced muscle atrophy in humans.   Muscle strength testing was conducted at each session using a dynamometer and magnetic resonance imaging (MRI) was used to determine the cross-sectional area (CSA) of the vastus muscles.  

GSE45462 Chen et al [33] profiled medial gastrocnemius in 24 subjects (13 men, 11 women; mean age 26.7 ± 8.3 years) with an injury to the lower leg  (closed malleolus fracture) treated conservatively with 6 weeks of cast immobilization and following immobilization each subject completed 6 weeks structured rehabilitation program focusing on progressive resistance training of the ankle plantar flexor muscles.   Four longitudinal muscle biopsies were taken at the following time points: before (pre-rehab; post-immobilization), after 3 weeks of rehabilitation (early transcriptional changes) and immediately after 6 weeks of rehabilitation (chronic transcriptional changes). An additional muscle biopsy is taken at 4 months post-immobilization from the uninvolved (contralateral) medial gastrocnemius, which serves as a control sample.   For our meta-analysis we included the before (pre-rehab) and uninvolved gastrocnemius control sample and excluded the 3 weeks mid-rehab and 6 weeks post rehab. 

GSE34111 Gallagher et al [34] profiled quadriceps biopsies in twelve patients with upper gastrointestinal cancer pre-resection (weight-loss 7%) and median 8 month post- resection follow-up (range, 5–12 months)  Post-resection patients were disease-free and weight-stable for previous 2 months.  Six healthy controls recruited from the community underwent single quadriceps biopsy.  Maximum voluntary isometric quadriceps strength was measured using an established method.  Data were normalized to body mass (N kg 1). 
GSE100281 Willis-Owen et al [35] profiled quadriceps biopsies in 79 patients with COPD (4 patients with mild, 24 patients with moderate, 32 with GOLD severe and 19 with very severe COPD) and 16 healthy age- and gender-matched controls.   
E-MEXP-3260 Pradat et al [36] profiled skeletal muscle in the middle pertion of the deltoid muscle of 9 patients with probable or definite ALS.  Normal control deltoid muscle samples were taken from 10 subjects without any significant neurological history, who underwent a shoulder orthopedic surgery.  All patients had sporadic ALS, and presented with symptoms of limb onset. They underwent a complete needle electromyography (EMG) investigation, as performed in the routine work-up of patients with ALS.  EMG measures were obtained from the anterior portion of the deltoid muscle.  The study was designed to identify gene expression changes in skeletal muscle that could reliably define the degree of disease severity.  Patients were classified prior to biopsy based on EMG measures and the manual muscle testing of shoulder abductors (scored from 0 to 5, with 0 representing total paralysis and 5 normal strength, according to the Medical Research Council score). 

GSE31243 Smith et al [37] profiled skeletal muscle biopsies from both the gracilis and semitendinosus obtained from 10 patients with cerebral palsy undergoing medial hamstring lengthening surgery.  The control group was 10 patients undergoing ACL reconstruction with hamstring autograft.  This study was designed to gain further understanding of the skeletal muscle response to cerebral palsy using microarrays and correlating the transcriptional data with functional measures
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