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Abstract  

Introduction/Aims 

Mutations in the Anoctamin 5 (ANO5) gene are a common cause of muscular dystrophy. We aimed 

to investigate whether inflammatory changes in muscle are present in patients with ANO5 

myopathy assessed by muscle biopsy and muscle magnetic resonance imaging (MRI). 

Methods 

Adults with pathogenic variations in ANO5 known to cause muscular dystrophy were included. 

Muscle biopsies of pelvic and lower extremity muscles were reviewed retrospectively.  Muscle MR 

short tau inversion recovery (STIR) images of a subset of these patients were performed 

prospectively.   

Results 

Muscle biopsies from 24 patients were reviewed. MR STIR images were performed in 17 of these 

patients. We found inflammatory changes in muscle biopsies of three patients and MRI revealed 

hyperintense signals on STIR images in 14 of 17 patients.  

Discussion 

In this study, we show that muscle edema is very common in patients with ANO5 myopathy and 

that some patients have inflammatory changes in muscle biopsies. Further studies are needed to 

determine whether the STIR+ lesions reflect inflammation. 

Keywords: ANO5, Anoctaminopathy, LGMD2L, LGMDR12, Inflammatory myopathy 
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Introduction 

Anoctamin 5 (ANO5) belongs to the Anoctamin family of transmembrane proteins and has been 

suggested to play a part in muscle cell membrane fusion and repair.1 Mutations in the ANO5 gene 

are a common cause of muscular dystrophy.2–4 The ANO5-related myopathies - anoctaminopathies 

- can present with different phenotypes: 1) limb-girdle muscular dystrophy R12, anoctamin 5-

related (LGMDR12, formerly classified as LGMD2L) characterized by asymmetric weakness and 

atrophy of the quadriceps femoris, biceps brachii, and calf muscles; 2) Miyoshi muscular dystrophy 

type 3 (MMD3) characterized by early-onset distal calf myopathy; 3) asymptomatic, persistent 

elevation of plasma creatine kinase (CK); or 4) exercise intolerance, at times coupled with 

rhabdomyolysis.5,6 For yet unknown reasons, men are more severely affected than women.2,7,8 

In anoctaminopathies, CK levels are usually markedly elevated. Muscle biopsy demonstrates 

nonspecific myopathic or dystrophic changes. Inflammatory changes in muscle biopsies have been 

described in a few patients.9,10 Muscle T1-weighted MRI typically reveals fatty replacement of 

muscle with a predominant involvement of the posterior compartment muscles in both thighs and 

calves, and asymmetric presentation is common.3,10  

Little is known about the pathophysiology in ANO5 myopathy, and no disease-specific treatments 

exist. A potentially treatable inflammatory component to muscular dystrophies has been described 

for Duchenne muscular dystrophy (DMD), facioscapulohumeral dystrophy (FSHD) and 

dysferlinopathy (LGMDR2).11–13 The purpose of this study was to investigate whether 

inflammatory changes are present in muscle biopsies from patients with ANO5 myopathy and 

whether muscle edema, indicative of possible inflammation, can be demonstrated in these patients 

by muscle MRI. 

 

Methods 
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Study design 

This cross-sectional, observational study was based on prospective MR scans of our cohort of 

ANO5 myopathy and review of muscle biopsies that had been performed in the cohort before the 

scans. The study was performed at the Copenhagen Neuromuscular Center, Rigshospitalet, in 

Copenhagen.  

 

Ethics approval 

The Danish National Committee on Health Research Ethics approved the research protocol 

(approval number: H-16030358) 

 

Patients 

Patients followed with a diagnosis of ANO5 myopathy at the Neuromuscular Center Rigshospitalet 

were screened for eligibility. Inclusion criteria were: Genetically confirmed ANO5-related 

myopathy with biallelic pathogenic variants in the ANO5 gene, irrespective of clinical severity. 

Patients were eligible if they had had a muscle biopsy performed. Exclusion criteria for the MRI 

part were contraindications for MRI, pregnancy and cognitive abilities preventing cooperation with 

study procedures. Written informed consent to participate was obtained from all participants. 

 

Muscle biopsies 

Muscle biopsies obtained during diagnostic workup were retrospectively assessed for inflammatory 

changes. If inflammatory changes were indicated by an H&E stain, the type of mononuclear cells 

was further explored using CD8+ and macrophage stains. The biopsies were obtained from the 

vastus lateralis or the tibialis anterior muscle. Tibialis anterior was selected for biopsy when vastus 
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lateralis was clinically too severely affected.  All the biopsies were reviewed by two investigators 

(NW and JV). 

 

MRI 

Muscle MRI sequences with short-tau inversion–recovery (STIR) and T1-weighted imaging of the 

pelvis and lower extremity muscles were performed using a 3.0 T Siemens scanner. The MRI 

protocol included axial imaging with a slice thickness of 6 mm. The presence or absence of 

hyperintense signals of muscle was evaluated visually in each muscle bilaterally. The muscles 

evaluated were psoas major, iliacus, gluteus medius, gluteus maximus, all the muscles of the thigh 

and the gastrocnemius medius and lateralis, soleus, tibialis anterior and posterior in the calves. All 

the scans were reviewed by two investigators (SHY and JV). 

 

Statistical analysis 

Statistical analysis was performed using SPSS vs. 22 (IBM, Armonk, NY). Values are mean ± 

standard deviation (SD). 

 

Results 

Participants  

In total, we included 27 patients diagnosed with ANO5 myopathy. The muscle biopsy from three 

patients were not available. Therefore, 24 patients were included in the histology study:  fifteen men 

(mean age 54 years, range 14-74) and nine women (mean age 51 years, range 35-64). Fourteen of 

the patients with a muscle biopsy and the three patients in whom the muscle biopsy was unavailable 

for review were included in the MRI study: 10 men (mean age 53 years, range 32-7) and 7 women 

(mean age 50 years, range 31-59). Two patients were excluded from MRI: one patient due to 
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ankylosing spondylitis and one due to implantation of an ICD unit. The rest did not respond to the 

invitation to participate in the MRI study. The most common phenotype was LGMD. All patients 

with the phenotype exercise intolerance were women. Demographics, phenotype and pathogenic 

variants in ANO5 of the participants are described in Table 1. 

 

Muscle biopsies 

Muscle biopsies from 24 patients were reviewed. Most muscle biopsies were obtained from the 

vastus lateralis (VL) and the rest from the tibialis anterior (TA). Inflammatory changes, including 

CD8+ cells, were present in muscle biopsies of three patients (Figure 1). The inflammation was 

severe in one biopsy with multiple focal infiltrates and was more discrete in two biopsies. Two 

biopsies were normal and the rest revealed myopathic changes. 

 

Muscle MRI 

MRI revealed STIR hyperintensities (STIR+) in 14 of 17 patients (Figure 2). The involved muscles 

were predominantly vastus lateralis, gastrocnemius medius and gastrocnemius lateralis. The edema/ 

inflammation on MRIs involved multiple muscles, different regions of each muscle and were 

equally present in all disease severities/phenotypes (Figure 2). In two patients, four muscles with 

STIR+ lesions were without fat replacement on T1-weighted images. The remaining STIR+ 

muscles were partially fat replaced. In two muscles with STIR+ lesions, the T1-weighted images 

were not suitable for interpretation of fat replacement. 

 

Discussion 
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The main findings of this study are that STIR+ lesions are present in 82% of patients with ANO5 

myopathy, and muscle inflammation was present in muscle biopsies of 13 % of biopsied patients. 

STIR+ lesions were found with equal frequency in women and men and across disease severities. 

The lesions on MRI were very patchy, asymmetric, and involved multiple muscles and regions 

within each affected muscle.  

 

STIR+ lesions reflects an increase in tissue water content, which can be a marker of inflammation. 

However, the lesions are relatively non-specific and besides inflammation they may reflect cell 

necrosis, denervation or edema for other reasons.14 Inflammation is known to be a feature in other 

muscular dystrophies, such as DMD, LGMDR2 and FSHD.11–13 The exact role of inflammation in 

the pathophysiology is not understood and it is unknown whether the inflammation is primary or 

secondary.  In the development of a treatment for anoctaminopathy, it is important to understand the 

pathophysiology of the disease. As in the other muscular dystrophies, muscle tissue in 

anoctaminopathy is progressively replaced by fat during the course of the disease. The presence of 

and possible relation to preceding inflammation are unknown, and longitudinal MR studies of 

inflammatory lesions are warranted to find a possible link to fatty degeneration of the musculature, 

similarly to what has been done for FSHD.16 The present findings of inflammatory changes in 

muscle biopsies and STIR+ lesions on MRI in our study suggest that muscle inflammation could 

possibly contribute to the pathophysiology of LGMDR12. However, further studies are needed to 

determine whether the STIR+ lesions actual reflect inflammation in anoctaminopathy and to 

determine whether inflammation found in biopsies is a feature of primary muscle injury or is 

secondary to muscle degeneration. 

A limitation of our study is that the site of the muscle biopsies was not guided by muscle MRI. 

Because of the very patchy distribution of STIR+ lesions, relevant lesions with possible 
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inflammation may easily have been missed on muscle biopsy, which would account for the lower 

number of inflammatory changes found on biopsy vs. imaging.  

In conclusion, we show that muscle edema is common in patients with ANO5 myopathy. Further 

studies are needed to determine whether the edema reflects inflammation.  
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Figure legends 

Figure 1 

(A). Muscle biopsy from the vastus lateralis muscle from three patients demonstrating 

inflammation 

Hematoxylin and eosin–stained sections showing slight fiber size variability and mononuclear cell 

infiltrates, which in CD8+ stains is positive for T cells. Bar = 50µm.  

 

(B) Immunostaining for macrophages patient 2 

Stain for macrophages demonstrates focal infiltration of myofibers. 

 

Figure 2 

(A). Muscle MRI, axial short-tau inversion–recovery (STIR) and T1 images of the legs of 

three patients  

In patient 1 (muscle biopsy 1), MRI reveals STIR+ lesions (arrows) of the semitendinosus and 

medial gastrocnemius muscles. Corresponding T1 images reveal fat replacement especially of the 

posterior compartments of the thigh and medial gastrocnemius in the calf with some preserved 

muscle. In patient 2 (muscle biopsy 2), MRI reveals STIR+ lesions of the vastus lateralis and 

medialis. Corresponding T1 images reveal severe fat replacement especially of the posterior 

compartments of the thigh with some preserved muscle of the anterior compartment. In patient 4 

(no muscle biopsy), MRI of the calf reveals a STIR+ lesion of the medial gastrocnemius (arrow). 

Corresponding T1 images confirm preserved muscle of gastrocnemius.  
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(B). Distribution of STIR+ lesions in 14 patients with ANO5 myopathy 

The involved muscles were predominantly vastus lateralis, gastrocnemius medius and 

gastrocnemius lateralis. Each patient contributes to a column once, independent of possible lesions 

bilaterally.  

(C). STIR+ lesions in the two different phenotypes 

 There is no clear distinction in the distribution of STIR+ lesions between the LGMD and exercise 

intolerance phenotypes. 
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Table 1: Characteristics of included patients   

Sex 

Age biopsy/MRI 

(Yeas) Phenotype Mutation Biopsy (Muscle) MRI 

M 43/45 LGMD c.191dupA/c.692G>T + (VL) + 

M 49/56 LGMD c.1120-9T>G/c.2272C>T + (VL) + 

M 65/- LGMD c.191dupA/c.1733T>C + (TA) - 

M 40/62 LGMD c.191dupA/c.191dupA + (VL) + 

F 58/60 Exercise intolerance c.191dupA/c.191dupA + (VL) + 

M 47/62 LGMD c.191dupA/c.191dupA + (VL) + 

F 39/51 Exercise intolerance C.1733T>C/c.2698A>C + (VL) + 

M 39/52 LGMD c.191dupA/c.1629G>C + (VL) + 

M 43/60 LGMD c.191dupA/c.191dupA + (TA) + 

M -/47 LGMD c.191dupA/c.191dupA NA + 

M 45/48 LGMD c.191dupA/c.191dupA + (VL) + 

M 55/74 LGMD c.191dupA/c.1898+1G>A + (TA) + 

F 32/51 LGMD c.191dupA/c.692G>T + (VL) + 

F 43/50 Exercise intolerance/rhabdomyolysis c.191dupA/c.1983delT + (VL) + 

M 14/- LGMD c.2018A>G/c.172C>T + (VL) - 

F -/33 Exercise intolerance c.191dupA/c.191dupA NA + 

F 48/50 Exercise intolerance c.2273G>A/c.2636T>C + (VL) + 

F 53/56 Exercise intolerance/rhabdomyolysis c.191dupc.1733T>C + (VL) + 

M -/33 LGMD c.191dupA/c.1450C>A. NA + 

M 31/- LGMD c.191dupA/c.191dupA + (VL) - 

M 70/- LGMD c.191dupA/c.191dupA + (TA) - 

M 59/- LGMD c.191dupA/c.191dupA + (TA) - 

F 42/- Exercise intolerance c.364-2A>G/c.364-2A>G + (TA) - 

F 35/- LGMD c.191dupA/c.1691A>T + (VL) - 

M 54/- LGMD c.191dupA/c1898+1G>A + (VL) - 

F 64/- LGMD c.191dupA/c.1211G>A + (VL) - 

M 51/- LGMD c.1520delT/c.1520delT + (VL) - 

 

Biopsies that showed inflammation and MRI with STIR+ lesions are indicated in bold font. NA: not 
available. 
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