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Anti-HMGCR antibody-related necrotizing zutoimmune myopathy mimicking muscular dystrophy
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Introduction

Mammen et al. [START_REF] Mammen | Autoimmune myopathies: autoantibodies, phenotypes and pathogenesis[END_REF] were the first to discover that the molecular target of statins, 3-hydroxy-3methylglutaryl coenzyme A reductase (HMGCR), is an autoantibody target in patients who develop an immune-mediated necrotizing myopathy or necrotizing autoimmune myopathy (NAM). The diagnosis of NAM include a subacute onset of proximally predominant muscle weakness, elevated CK levels, and abnormal EMG coupled with muscle biopsy showing necrotic muscle fibers with minimal or no inflammatory infiltrates [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF][START_REF] Hoogendijk | 119th ENMC international workshop: trial design in adult idiopathic inflammatory myopathies, with the exception of inclusion body myositis, 10-12 October 2003[END_REF] . More than 15 different specific autoantibodies are now described in idiopathic inflammatory myopathies. Among them, the specific for signal recognition particle (SRP) or the 3-hydroxy-3-methylglutarylcoenzyme A reductase (HMGCR) autoantibodies are specifically associated with NAM. In a large cohort study [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF] , common clinical features were a muscular weakness predominating at lower limbs (with a distal weakness), dysphagia and dyspnea. Facial weakness was more common in SRP-IgG-positive patients. Myotonic discharges were more common in statinassociated NAM. The median age of onset was usually over sixty. NAM often accompany statin therapy (35% of cases), connective tissue diseases and cancer [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF][START_REF] Allenbach | Anti-HMGCR autoantibodies in European patients with autoimmune necrotizing myopathies: inconstant exposure to statin[END_REF] . However, half of the patients have no identifiable risk factors constituting the idiopathic subgroup of NAM.

We report here a pediatric case, beginning at five years of age, with a rapidly progressive course until wheelchair use at 9. The clinical history and biopsy were highly suggestive of a dystrophic myopathy.

Case Report

A 5-year-old Caucasian girl with no previous medical history was referred to our neuropediatric department because of muscular weakness and abnormal gait. She had 2 healthy brothers and unrelated parents. Familial history revealed a cardiomyopathy at 16 for her paternal grandfather, a breast neoplasia for her grandmothers, a rheumatoid arthritis for her paternal grandmother and a dysthyroidism for her mother. Motor development was normal. Her first assessment revealed muscle weakness which was proximo-distal in lower limbs and proximal in upper limbs, and no facial involvement. Subsequent electromyography revealed myogenic pattern without spontaneous activity (Figure 1). The serum creatine kinase (CK) levels were as high as 7576. Hip retractions, then elbow -knee retractions and a rigid spine were also described around the age of 8, related to the muscle weakness. The disease course was rapidly progressive as she needed a wheelchair at 9. An unresolved attack of skin desquamation (palm of her hands) also occurred at 7. An artificial enteral feeding (through G tube) was initiated at 11 to maintain weight at 33 kg. A progressive scoliosis was surgically managed at 15 by a T3-S1 arthrodesis. Abdominal spasmodic pain, recurrent constipation with chronic intestinal pseudo-obstruction, pyrosis and dyspepsia (related to a mesenteric artery syndrome) also complicated the clinical presentation (around 16). In addition, she progressively developed a restrictive pulmonary syndrome with a vital capacity as low as 40% of the predicted value and a nocturnal hypercapnia when 11 years old. She thus required intermittent nocturnal non-invasive ventilation from the age of 12 onwards. Multiple cardiac assessments were done during follow-up and no cardiac involvement was found.

She also complained of nocturnal lower limb pain revealing osteoporosis and spontaneous femur and foot fractures. This required treatment by bisphosphonates from 12 onwards. At 16, type I diabetes was detected and required insulin pump.

Please insert about here Figure 1 The first quadriceps muscle biopsy, done at 6 years, revealed irregular muscular fibers, with some atrophic fibers (mainly type 2) and a major endomysial fibrosis suggestive of congenital muscular dystrophy (MD). Protein immunohistochemistry studies including dystrophin, sarcoglycans, merosin, alpha-dystroglycan and collagen 6 were normal. Normal levels of calpain, dysferlin, emerin, lamin A and lamin C were detected by muscle western blot analysis. A second deltoid muscle biopsy done 2 years later was also considered as mainly dystrophic even though some particular non-specific findings were also observed (Figure 2). Those included type 2 fibre atrophy, type 1 fibre predominance and small inflammatory infiltrates, often perivascular. More recently, further analyses on this muscle biopsy were performed and showed a weak MHC1 overexpression and a weak C5b-9 deposit. More recently, HMGCR antibodies were tested, using addressable laser bead immunoassay method [START_REF] Drouot | Exploring necrotizing autoimmune myopathies with a novel immunoassay for anti-3-hydroxy-3-methyl-glutaryl-CoA reductase autoantibodies[END_REF][START_REF] Musset | Anti-HMGCR antibodies as a biomarker for immune-mediated necrotizing myopathies: A history of statins and experience from a large international multi-center study[END_REF] , due to the negativity of all molecular assessments and the association with an auto-immune environment. They were found positive (320 UI/L).

Please insert about here

Based on clinical, laboratory, electrophysiological and pathologic findings, diagnosis of NAM was finally retained. Considering muscle atrophy, osteoporotic fracture history and diabetes, corticosteroids were not proposed. Polyvalent intravenous immunoglobulin therapy will be offered [START_REF] Mohassel | Anti-HMGCR necrotizing myopathy masquerading as a muscular dystrophy in a child[END_REF] . Further investigations are planned, including pulmonary tomography to mainly look for an associated interstitial lung disease (that could lead to additional immunosuppressive treatment). A specific monitoring of neoplasia will be performed, including breast cancer.

Discussion

We report here on a patient with pediatric form of HMGCR antibodies linked NAM for whom diagnosis was delayed mainly due to pathological findings mimicking MD and minimal inflammation, as recently reported in another child [START_REF] Musset | Anti-HMGCR antibodies as a biomarker for immune-mediated necrotizing myopathies: A history of statins and experience from a large international multi-center study[END_REF] .

In the largest cohort of 63 adult patients 2 , no pediatric case was observed as the median age at symptom onset was 62 (ranging from 31 to 84) 2 . On the other hand, a French-cohort of 45 patients 4 included 8 pediatric cases (age range from 4 to 16) tested positive for anti-HMGCR (diagnosis performed in adulthood for 7/8): 4 girls were initially diagnosed as having an inflammatory myopathy because of rapidly progressive scapular and pelvic deficit with high CK level and the other 4 girls were initially diagnosed as having limb girdle MD because of a slowly progressive muscle deficit. Indeed, even if the subacute onset (<6 months) was noted for most of patients, 33% of patients had a slow progressive muscular deficit ranging from 10 months to several years (3 cases had been considered to be MD for more than 10 years prior to the detection of the anti-HMGCR antibodies) [START_REF] Allenbach | Anti-HMGCR autoantibodies in European patients with autoimmune necrotizing myopathies: inconstant exposure to statin[END_REF] . The slow progression was also observed in a previous report of an anti-SRP antibodies related NAM [START_REF] Suzuki | Myopathy associated with antibodies to signal recognition particle: disease progression and neurological outcome[END_REF] .

The co-occurrence of other autoimmune disorders may be found in patients presenting a NAM and could suggest the NAM diagnosis. In fact, Allenbach et al. identified 8 autoimmune diseases in the past medical history of 5 patients among 45 (thyroiditis in 4, type 1 diabetes in 1) [START_REF] Allenbach | Anti-HMGCR autoantibodies in European patients with autoimmune necrotizing myopathies: inconstant exposure to statin[END_REF] . In our case, the patient developed type 1 diabetes. In a recent cohort of juvenile myositis, 5/440 patients were HMGCR-positive and have more frequent joint contractures and arthralgias, that may also suggest the diagnosis [START_REF] Kishi | Anti-3-Hydroxy-3-Methylglutaryl-Coenzyme A Reductase Autoantibodies are Associated with DRB1*07:01 and Severe Myositis in Pediatric Myositis Patients[END_REF] .

Muscle biopsies can be misleading when there is minimal inflammation and a pattern similar to that usually observed in MD [START_REF] Ikeda | Chronic Myopathy Associated With Anti-Signal Recognition Particle Antibodies Can Be Misdiagnosed As Facioscapulohumeral Muscular Dystrophy[END_REF][START_REF] Liang | Pediatric necrotizing myopathy associated with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibodies[END_REF] . Indeed, the predominant findings were fibre necrosis (100%) and regeneration (95%) with sometimes (22%) a mild inflammatory exudate that consisted of tiny perivascular collections of mononuclear cells in the perimysium [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF] . Invasion of non-necrotic fibres and congophilic deposits was absent while non-rimmed vacuoles could be noted [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF] . The same necrotizing myopathy pattern (necrosis and/or regeneration) with no or minor inflammatory infiltrates was observed in the other large cohort [START_REF] Allenbach | Anti-HMGCR autoantibodies in European patients with autoimmune necrotizing myopathies: inconstant exposure to statin[END_REF] . C5b9 deposit was frequently (65%) observed on necrotic fibres but also on the membrane of a few normal ones, and on a few muscle capillaries (25%) though dramatically less than in the typical dermatomyositis [START_REF] Allenbach | Anti-HMGCR autoantibodies in European patients with autoimmune necrotizing myopathies: inconstant exposure to statin[END_REF] . The differential diagnosis with MDs may thus be very complex 12 ; immunohistochemical analysis (sometimes weak and focal MHC class I antigen sarcolemma expression) and cell phenotyping (showing that necrotic fibres can be invaded by macrophages which are the predominant mononuclear cell type, whereas T and B cells are virtually absent) may be helpful. In addition, inflammation, when present, was usually localized in perivascular areas. Overexpression of MHC class I was mainly observed on regenerative or necrotic fibres 2 and sometimes in focal area in a few normal fibres. Diffuse and intense MHC class I overexpression (as observed in polymyositis or inclusion body myositis) was unusual 2 . Pulmonary function tests in NAM revealed a restrictive pattern, consistent with neuromuscular respiratory weakness in 32% of the patients. Chest computed tomography revealed reticular interstitial lung abnormalities suggesting interstitial lung disease in very few patients [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF] . Here, the severe restrictive pattern was supposed to be linked with muscular weakness but an interstitial lung infiltrate has to be ruled out.

In conclusion, to avoid overlooking this potentially treatable disorder, anti-HMGCR related should be rapidly considered as a possible diagnosis in children suffering from MD without definite genetic diagnosis. This should be ruled out in parallel to genetic workup.

Prednisone is often insufficient to control disease; the use of immunosuppressive agents such as rituximab is sometimes required. These may be beneficial when started within 3 months of onset 
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 2 Several molecular analyses were performed from age 12 to 17 and included direct sequencing of successively CAPN3, LMNA, FHL1, BAG3, CNTROB, FLNC, SUN1 and Pax3 genes. No large rearrangement was found on two CGH arrays (CMD and LGMD_ NMD chip European project). Next Generation Sequencing was first performed on a designed DNA capture chip (NMD chip). Then whole exome sequencing was completed including DNA sequencing of her parents and two brothers. No candidate gene was identified.
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 2 Figure 2: pathology of rectus femoris muscle (HE x10). You can see atrophy with fibrous
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