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Introduction

Over the past few years, idiopathic inflammatory myopathies have been deciphered into different subsets sharing specific clinical, biological, immunological and histological features.

The identification of myositis-specific autoantibodies (MSA) helped refine classification and became a cornerstone of the diagnosis process. One subset of idiopathic inflammatory myopathy, the immune-mediated necrotizing myopathy (IMNM), is individualized based on the myopathological features: muscle fibres necrosis/regeneration and sparse inflammatory infiltrate [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, Naarden, The Netherlands[END_REF].

The definition of this new entity, sometimes referred to as Necrotizing Autoimmune Myopathy in some earlier reports, follows a study reporting the pathological feature of anti-signal recognition particle (SRP) 'polymyositis'. In this study Miller et al. described for the first time this myopathological pattern [START_REF] Miller | Myopathy with antibodies to the signal recognition particle: clinical and pathological features[END_REF]. Later, in addition to anti-SRP antibody, the anti-3-Hydroxy-3-MethylGlutaryl-Coenzyme A Reductase (HMGCR) antibody was also specifically associated with IMNM [START_REF] Wang | Myopathy with anti-signal recognition particle antibodies: Clinical and histopathological features in Chinese patients[END_REF][START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF]. Recently, a new classification of idiopathic inflammatory myopathies by unsupervised multiple correspondence analysis aggregates IMNM patients in an homogeneous and distinct cluster defined by high creatine kinase levels, necrotic fibers without inflammation on muscle biopsy and anti-SRP or anti-HMGCR antibodies [START_REF] Mariampillai | Development of a New Classification System for Idiopathic Inflammatory Myopathies Based on Clinical Manifestations and Myositis-Specific Autoantibodies[END_REF].

Anti-SRP was found initially in human serum of one 'polymyositis' patient by RNA immunoprecipitation with K562 cell extracts [START_REF] Reeves | Human autoantibodies reactive with the signal-recognition particle[END_REF]. Twenty years later, a second antibody against a 200/100-kd protein was discovered in a series of IMNM patients. Next, the target HMGCR was identified in part because the anti-200/100-kd antibody positive patients were frequently statin-exposed [START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF].

Since the first reports on IMNM, knowledge about its pathogenesis, clinical characteristics, histological patterns, treatment efficacy and prognosis has increased substantially. This review highlights the key role of anti-SRP and anti-HMGCR antibodies in IMNM.

Autoantibodies and pathogenesis

Description of antigenic targets

Signal recognition particle is an intracellular ribonucleoprotein complex gathering six proteins (SRP9, SRP14, SRP19, SRP54, SRP68 and, SRP72) and a 7S RNA molecule. SRP is dedicated to target proteins to the endoplasmic reticulum, which is a highly conserved and ubiquitous system among many species. SRP targeting proteins to the endoplasmic reticulum can be described as a three-step process: first, SRP binds to the signal sequence of the ribosome nascent chain complex; then, it delays protein elongation; and third, SRP helps protein translocation through the protein-conducting channel by docking with the membrane-bound SRP receptor [START_REF] Halic | Structure of the signal recognition particle interacting with the elongation-arrested ribosome[END_REF]. More precisely, the SRP54 subunit interacts with the signal sequence via its methionine-rich domain in the C-terminal region and with the SRP receptor via its central guanosine triphosphate (GTP)-binding domain [START_REF] Nagai | NEW EMBO MEMBER'S REVIEW[END_REF]. An epitope mapping study found the autoantibodies binding to the SRP54 N-terminal or G-central region with no recognition of the C-terminal region [START_REF] Römisch | Human autoantibodies against the 54 kDa protein of the signal recognition particle block function at multiple stages[END_REF]. Only 82% of anti-SRP patients develop autoantibodies against SRP54; other subunits of the SRP complex could also be the target of autoantibodies [START_REF] Suzuki | Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients[END_REF].

Regarding the isotype of anti-SRP, IgG1 is the most frequent subtype with more than 80% of patients' sera testing positive, followed by IgG4 antibodies and very rarely IgG3 (no IgG2); as for anti-HMGCR, only IgG1 is identified [START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF][START_REF] Drouot | Exploring necrotizing autoimmune myopathies with a novel immunoassay for anti-3-hydroxy-3-methyl-glutaryl-CoA reductase autoantibodies[END_REF]. In vitro assays show the inhibitory effect of human anti-SRP antibodies on the SRP-dependent targeting pathway via the reduction of crosslinking between SRP54 and signal sequence [START_REF] Römisch | Human autoantibodies against the 54 kDa protein of the signal recognition particle block function at multiple stages[END_REF]. HMGCR is the second recently identified antigenic target in IMNM. This enzyme is located in the endoplasmic reticulum and catalyses the reductive cleavage of HMG-CoA to mevalonate, which is the rate-limiting process in sterols and isoprenoids synthesis [START_REF] Friesen | The 3-hydroxy-3-methylglutaryl coenzyme-A (HMG-CoA) reductases[END_REF]. The HMGCR protein of 888 amino acids binds to the endoplasmic reticulum membrane through its Nterminal region, and the C-terminal region contains the catalytic activity [START_REF] Istvan | Crystal structure of the catalytic portion of human HMG-CoA reductase: insights into regulation of activity and catalysis[END_REF]. In 2010, amongst IMNM patients (based on pathological definition) without known autoantibodies, an antibody with specificity against a 200/100-kd protein was identified [START_REF] Christopher-Stine | A novel autoantibody recognizing 200-kd and 100-kd proteins is associated with an immune-mediated necrotizing myopathy[END_REF]. This protein was up-regulated after statin exposure and was identified as HMGCR, a key enzyme in the cholesterol metabolism pathway and the statin target [START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF]. A mapping study identified the Cterminal part as the epitope target [START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF]. The specific muscular deletion of HMGCR in a KO mouse model led to severe muscle damage and macrophage infiltration with the phenotype rescued by injection of mevalonate [START_REF] Osaki | Skeletal muscle-specific HMG-CoA reductase knockout mice exhibit rhabdomyolysis: A model for statin-induced myopathy[END_REF]. There is no KO mouse model available for SRP.

Potential role of autoantibodies

Understanding the pathogenesis of IMNM requires further investigation, but a growing set of data suggests the pathogenic involvement of autoantibodies.

In in vitro experiments on myotubes, incubation with anti-SRP antibodies, anti-HMGCR antibodies or total IgG from patients' plasmapheresis induced atrophy and was associated with increased expression of the transcription factors TRIM63/MURF1 and MAFbx, which are involved in the atrophy pathway. Muscle atrophy is one of the most important clinical and histological features of IMNM [START_REF] Allenbach | Necrosis in anti-SRP+ and anti-HMGCR+myopathies: Role of autoantibodies and complement[END_REF][START_REF] Kao | Anti-signal recognition particle autoantibody in patients with and patients without idiopathic inflammatory myopathy[END_REF]. In addition, proinflammatory molecules (IL-6, TNF) and reactive oxygen species were enhanced while anti-inflammatory cytokines (IL-4 and IL-13) levels were reduced in the presence of purified total IgG from patients [START_REF] Arouche-Delaperche | Pathogenic role of anti-signal recognition protein and anti-3-Hydroxy-3-methylglutaryl-CoA reductase antibodies in necrotizing myopathies: Myofiber atrophy and impairment of muscle regeneration in necrotizing autoimmune myopathies[END_REF]. This decrease of IL-4 and IL-13 blocked myotubes formation by impairing myoblasts fusion; this phenotype was restored by the addition of those two cytokines [START_REF] Arouche-Delaperche | Pathogenic role of anti-signal recognition protein and anti-3-Hydroxy-3-methylglutaryl-CoA reductase antibodies in necrotizing myopathies: Myofiber atrophy and impairment of muscle regeneration in necrotizing autoimmune myopathies[END_REF]. On cultured myoblasts, surface staining after incubation with anti-SRP serum and complement was positive for SRP and C3c

showing co-localization at the plasma membrane; this pattern was absent when anti-SRP negative control serum was used [START_REF] Rojana-Udomsart | Complementmediated muscle cell lysis: A possible mechanism of myonecrosis in anti-SRP associated necrotizing myopathy (ASANM)[END_REF].

In ex vivo studies on muscle sections from anti-SRP patients, positive sarcolemmal staining for SRP and C3c was found in a few non-necrotic muscle fibres and in necrotic fibres [START_REF] Rojana-Udomsart | Complementmediated muscle cell lysis: A possible mechanism of myonecrosis in anti-SRP associated necrotizing myopathy (ASANM)[END_REF].

Sarcolemmal staining for SRP and HMGCR was observed using both purified autoantibodies from patients and commercial antibodies on regenerative cells [START_REF] Allenbach | Necrosis in anti-SRP+ and anti-HMGCR+myopathies: Role of autoantibodies and complement[END_REF]. In the same experimental study, sarcolemmal deposits of C5b-9 (membrane attack complex) were identified with a scattered distribution in fascicles, deposits of C1q and stains for IgG. These results altogether supported the hypothesis of activation of the classical pathway of complement in patients' muscle [START_REF] Allenbach | Necrosis in anti-SRP+ and anti-HMGCR+myopathies: Role of autoantibodies and complement[END_REF]. Conversely, muscle biopsies of dystrophic patients do not usually harbour sarcolemmal C5b-9 positive staining even if this may be observed in dysferlinopathy. [START_REF] Choi | Differential Immunohistological Features of Inflammatory Myopathies and Dysferlinopathy[END_REF].

The following observations suggest the pathogenic role of the antibodies: (i) in vitro effect of anti-SRP and anti-HMGCR purified IgG on myotubes formation, (ii) in vitro and ex vivo sarcolemmal deposits of complement classical pathway proteins (C1q, C3c, C5b-9), and (iii) the frequent IgG1 isotype (efficient trigger of complement classical pathway).

In vivo studies with passive transfer of autoantibodies or immunization with antigens in animal models are mandatory to deepen our understanding and confirm this theory. Different animal models were developed to study idiopathic inflammatory myopathies, in particular, immunological models using skeletal muscle tissue antigens like myosin [START_REF] Afzali | Animal models in idiopathic inflammatory myopathies: How to overcome a translational roadblock?[END_REF]. Recently, an in vivo model demonstrated the pathogenic role of IgG from IMNM patients for the first time.

Passive transfer of IgG from anti-SRP or anti-HMGCR positive patients was performed in C57/Bl6 or Rag2 deficient or Complement 3 deficient mice. The muscle strength measured by grip test was significantly decreased after transfer of patient IgG. Moreover, histological analysis showed the presence of necrotic myofibres and C5b-9 deposits. Passive transfer in Complement 3 deficient mice induced a more severe decrease of muscle strength compared to wild type mice [START_REF] Bergua | In vivo pathogenicity of IgG from patients with anti-SRP or anti-HMGCR autoantibodies in immunemediated necrotising myopathy[END_REF].

In addition, it remains to be clarified why muscular-specific autoimmune disease is associated with auto-antibodies targeting ubiquitous proteins.

Autoantibodies as a diagnostic tool

Anti-HMGCR and anti-SRP antibodies are fundamental tools to diagnose IMNM and have been recently recognized as diagnostic criteria [START_REF] Allenbach | 224th ENMC International Workshop:: Clinico-sero-pathological classification of immune-mediated necrotizing myopathies Zandvoort, The Netherlands, 14-16 October 2016[END_REF][START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF][START_REF] Shovman | Anti-HMGCR antibodies demonstrate high diagnostic value in the diagnosis of immune-mediated necrotizing myopathy following statin exposure[END_REF].

Frequency of autoantibodies

Including all known MSA, 60% of patients with inflammatory idiopathic myopathies harboured autoantibodies in their sera [START_REF] Brouwer | Autoantibody profiles in the sera of European patients with myositis[END_REF]. Specifically, anti-SRP antibodies have been detected in 4-6% of patients in a European cohort and in 8-13% of patients in an Asian cohort [START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF][START_REF] Brouwer | Autoantibody profiles in the sera of European patients with myositis[END_REF][START_REF] Hengstman | Clinical and serological characteristics of 125 Dutch myositis patients. Myositis specific autoantibodies aid in the differential diagnosis of the idiopathic inflammatory myopathies[END_REF].

Anti-HMGCR antibodies have been identified in 6% of patients with muscle symptoms in both an American cohort [START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF] and a European cohort [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 subgroup of IMNM patients, up to 53% presented anti-SRP and up to 64% anti-HMGCR [START_REF] Wang | Myopathy with anti-signal recognition particle antibodies: Clinical and histopathological features in Chinese patients[END_REF][START_REF] Christopher-Stine | A novel autoantibody recognizing 200-kd and 100-kd proteins is associated with an immune-mediated necrotizing myopathy[END_REF][START_REF] Aggarwal | Anti-signal recognition particle autoantibody ELISA validation and clinical associations[END_REF][START_REF] Suzuki | Clinical and histological findings associated with autoantibodies detected by RNA immunoprecipitation in inflammatory myopathies[END_REF], showing that a group of IMNM does not harbour known autoantibody. Of note, the presence of both anti-SRP and anti-HMGCR appeared to be very rare [START_REF] Ge | Clinical Characteristics of Anti-3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Antibodies in Chinese Patients with Idiopathic Inflammatory Myopathies[END_REF][START_REF] Alshehri | Myopathy with anti-HMGCR antibodies[END_REF] and they were considered mutually exclusive. Association between Anti-HMGCR and other MSA is marginal; few reports described anti-HMGCR and anti-Jo1, anti-SRP and anti-Jo1 or anti-SRP and anti-PL12 double positivity [START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF][START_REF] Ge | Clinical Characteristics of Anti-3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Antibodies in Chinese Patients with Idiopathic Inflammatory Myopathies[END_REF][START_REF] Malkan | Anti-synthetase syndrome associated with anti PL-12 and anti-Signal recognition particle antibodies and a necrotizing auto-immune myositis[END_REF][START_REF] Vincze | An unusual association: anti-Jo1 and anti-SRP antibodies in the serum of a patient with polymyositis[END_REF].

Diagnostic methods

There is a paradigm switch underway from using histological criteria as the gold standard to using immunological tests. Now, the diagnosis can be established based on serodiagnostic tests without myopathological proof [START_REF] Allenbach | 224th ENMC International Workshop:: Clinico-sero-pathological classification of immune-mediated necrotizing myopathies Zandvoort, The Netherlands, 14-16 October 2016[END_REF]. This change emphasizes the importance of sensitive and specific immunodiagnostic assays.

Several studies have compared the diagnostic accuracy of different immuno-assays.

HMGCR was initially assessed by the labor-intensive immunoprecipitation assay, a method better suited for research than for routine use. A comparison of immunoprecipitation and enzyme-linked immunosorbent assay (ELISA) on anti-HMGCR patients, other diseases (including muscular and other autoimmune diseases) and healthy controls found ELISA 95.1% sensitive and 100% specific [START_REF] Jaskowski | Detection of autoantibodies to 3-hydroxy-3methylglutaryl-coenzyme a reductase by ELISA in a reference laboratory setting[END_REF]. Other techniques more adapted for routine have been develop to detect anti-HMGCR: chemiluminescent immunoassay (CIA) [START_REF] Musset | Analysis of Autoantibodies to 3-Hydroxy-3-methylglutaryl-coenzyme A Reductase Using Different Technologies[END_REF], addressable laser bead immunoassay (ALBIA) [START_REF] Drouot | Exploring necrotizing autoimmune myopathies with a novel immunoassay for anti-3-hydroxy-3-methyl-glutaryl-CoA reductase autoantibodies[END_REF]. ALBIA testing of anti-HMGCR positive sera and negative controls compared to ELISA and CIA techniques showed qualitative agreements of 100% and significant correlation between techniques in two-to-two comparisons [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]. Interestingly, in anti-HMGCR positive patients, an indirect immunofluorescence characteristic pattern has been described by several teams on rat liver [START_REF] Alvarado-Cardenas | Statin-associated autoimmune myopathy: A distinct new IFL pattern can increase the rate of HMGCR antibody detection by clinical laboratories[END_REF][START_REF] Palterer | Anti-HMGCR and anti-DFS70 antibodies immunofluorescence patterns[END_REF]. This specific pattern was not identified in anti-HMGCR negative patients suffering from other auto-immune diseases, nor in statin-exposed patients. These results showed a high level of concordance with ELISA (kappa=0.9) [START_REF] Alvarado-Cardenas | Statin-associated autoimmune myopathy: A distinct new IFL pattern can increase the rate of HMGCR antibody detection by clinical laboratories[END_REF]. Indirect immunofluorescence is a routine test that may be useful to screen anti-HMGCR myopathy amongst statin-exposed patients.

Anti-SRP was initially detected by RNA immunoprecipitation; currently, ELISA, ALBIA and immunodot are commonly utilized to detect autoantibodies. ELISA was compared to the gold standard method and a high level of correlation was observed (kappa=0.94) [START_REF] Aggarwal | Anti-signal recognition particle autoantibody ELISA validation and clinical associations[END_REF]. The ELISA for anti-SRP is 88% sensitive and 100% specific [START_REF] Aggarwal | Anti-signal recognition particle autoantibody ELISA validation and clinical associations[END_REF]. Anti-SRP ALBIA was validated as a sensitive, specific and reproducible method [START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF]. A multiplex ALBIA was developed to screen anti-SRP and anti-HMGCR antibodies from one serum sample, and the multiplex ALBIA detected with the same sensitivity compared to the monoplex [START_REF] Drouot | Exploring necrotizing autoimmune myopathies with a novel immunoassay for anti-3-hydroxy-3-methyl-glutaryl-CoA reductase autoantibodies[END_REF].

These tests are efficient but do present some pitfalls. Immunodot is only qualitative. The routine tests (ELISA, dot blot, ALBIA) to diagnose anti-SRP positive patients are based on the recognition of anti-SRP54 antibodies. Hence, there is a risk of false negative results due to this narrowed search [START_REF] Suzuki | Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients[END_REF][START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF][START_REF] Aggarwal | Anti-signal recognition particle autoantibody ELISA validation and clinical associations[END_REF]. In the case with a typical phenotype with a compatible histological pattern but no antibody, anti-SRP IMNM diagnosis should not be excluded and other methods should be applied. Immunoprecipitation may not be feasible in clinical practice; in that case, observation of a cytoplasmic dense fine speckled immunofluorescent pattern is helpful to the diagnosis. Conversely, false positive diagnosis may seldom occur with anti-HMGCR ELISA [START_REF] Mammen | Rarity of anti-3-hydroxy-3methylglutaryl-coenzyme A reductase antibodies in statin users, including those with selflimited musculoskeletal side effects[END_REF].

Autoantibodies in clinical practice

As mentioned above, IMNM diagnosis relies on a serological-based strategy [START_REF] Allenbach | 224th ENMC International Workshop:: Clinico-sero-pathological classification of immune-mediated necrotizing myopathies Zandvoort, The Netherlands, 14-16 October 2016[END_REF][START_REF] Suzuki | Integrated Diagnosis Project for Inflammatory Myopathies: An association between autoantibodies and muscle pathology[END_REF].

Typically, IMNM is suspected in three different situations and requires autoantibody investigation.

First, the serological screening is mandatory in patients with sub-acute signs of myopathies without extra-muscular manifestations, corresponding to patients with severe proximal muscle weakness (onset within a few weeks), myalgia, dysphagia, and high creatine kinase (CK) level.

The second major interest of antibodies detection is to identify muscle autoimmune disease in patients with slowly progressive muscle signs mimicking muscular dystrophy [START_REF] Ikeda | Chronic Myopathy Associated With Anti-Signal Recognition Particle Antibodies Can Be Misdiagnosed As Facioscapulohumeral Muscular Dystrophy[END_REF][START_REF] Carvalho Aa De | Myopathy due to HMGCR antibodies in adult mimicking muscular dystrophy associated with cancer and statin exposure -narrative review of the literature -case report[END_REF][START_REF] Mohassel | Anti-3-hydroxy-3-methylglutaryl-coenzyme a reductase necrotizing myopathy masquerading as a muscular dystrophy in a child[END_REF].

Conversely, antibodies exhibit high specificity for IMNM diagnosis with no detection amongst muscular dystrophy patients defined by clinical, pathological and genetic features [START_REF] Suzuki | Clinical and histological findings associated with autoantibodies detected by RNA immunoprecipitation in inflammatory myopathies[END_REF][START_REF] Mammen | Myositis-specific autoantibodies are specific for myositis compared to genetic muscle disease[END_REF].

Finally, presence of anti-HMGCR appears to be useful to delineate adverse events related to statin exposure from IMNM. Indeed, 10-20% of statin users experienced muscle symptoms; but, the majority of patients do not develop anti-HMGCR autoantibodies [START_REF] Mammen | Rarity of anti-3-hydroxy-3methylglutaryl-coenzyme A reductase antibodies in statin users, including those with selflimited musculoskeletal side effects[END_REF]. The specific presence of anti-HMGCR in this population helps to confirm the diagnosis of anti-HMGCR IMNM and impacts the therapeutic management [START_REF] Shovman | Anti-HMGCR antibodies demonstrate high diagnostic value in the diagnosis of immune-mediated necrotizing myopathy following statin exposure[END_REF]. It is necessary to test anti-HMGCR antibodies in patients without clear improvement of muscle symptoms (including CK level) after statin withdrawal [START_REF] Mammen | Rarity of anti-3-hydroxy-3methylglutaryl-coenzyme A reductase antibodies in statin users, including those with selflimited musculoskeletal side effects[END_REF].

Autoantibodies and clinical phenotypes

Classical phenotype: the subacute form

Anti-HMGCR and anti-SRP IMNM are muscle-specific autoimmune diseases with severe and disabling proximal muscle weakness and limited extramuscular involvement. The disease onset usually occurs between 40-60 years; however, there is no age limit range, indeed, several paediatric cases have been reported; women are more frequently affected with the exception in case of statin-exposed patients [START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF][START_REF] Suzuki | Clinical and histological findings associated with autoantibodies detected by RNA immunoprecipitation in inflammatory myopathies[END_REF][START_REF] Liang | Pediatric necrotizing myopathy associated with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibodies[END_REF][START_REF] Pinal-Fernandez | Longitudinal Course of Disease in a Large Cohort of Myositis Patients With Autoantibodies Recognizing the Signal Recognition Particle[END_REF][START_REF] Tiniakou | More severe disease and slower recovery in younger patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase-associated autoimmune myopathy[END_REF]. In anti-SRP/HMGCR patients, severe muscle weakness is the hallmark clinical feature and the disease is rapidly progressive with an average time to maximum disability occurring within months [START_REF] Hengstman | Anti-signal recognition particle autoantibodies: marker of a necrotising myopathy[END_REF]. Muscle involvement is characterized by proximal-predominant and symmetrical muscle weakness affecting mostly the legs [START_REF] Tiniakou | More severe disease and slower recovery in younger patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase-associated autoimmune myopathy[END_REF][START_REF] Allenbach | Anti-HMGCR Autoantibodies in European Patients With Autoimmune Necrotizing Myopathies[END_REF]. Biologically, muscle necrosis is correlated to a very high level of CK in serum. The main myopathological characteristics are necrosis/regeneration pattern with diverse ranges of intensity, upregulation of class I major histocompatibility complex on the sarcolemma of regenerative muscle fibres with rarely a diffuse overexpression, scarce inflammatory infiltrate with mostly macrophages, and deposits of membrane attack complex on non-necrotic fibres [START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF][START_REF] Suzuki | Clinical and histological findings associated with autoantibodies detected by RNA immunoprecipitation in inflammatory myopathies[END_REF][START_REF] Suzuki | Clinical and histological findings associated with autoantibodies detected by RNA immunoprecipitation in inflammatory myopathies[END_REF][START_REF] Preuße | Immune-Mediated Necrotizing Myopathy Is Characterized by a Specific Th1-M1 Polarized Immune Profile[END_REF].

Even if anti-SRP and anti-HMGCR patients share clinical and biological features, some differences are underlined according to the antibody status (phenotypic comparison detailed in table ).

Muscle damages are more severe in anti-SRP IMNM compared to anti-HMGCR [START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF]. Anti-SRP patients specifically harbour axial muscle weakness (70%) with 7% displaying a dropped head syndrome [START_REF] Suzuki | Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients[END_REF]. Dysphagia is also a frequent symptom (41%). Comparison of permanent muscle damages between anti-SRP and anti-HMGCR patients by magnetic resonance imaging found more atrophy and fatty replacement in anti-SRP patients [START_REF] Pinal-Fernandez | Thigh muscle MRI in immune-mediated necrotising myopathy: extensive oedema, early muscle damage and role of anti-SRP autoantibodies as a marker of severity[END_REF]. First descriptions of anti-SRP patients found a frequent signal with cardiac involvement that was balanced [START_REF] Brouwer | Autoantibody profiles in the sera of European patients with myositis[END_REF][START_REF] Targoff | Antibody to signal recognition particle in polymyositis[END_REF]. The frequency and the characteristic of cardiac involvement in anti-SRP patients remain to be clarified. The primary extramuscular symptoms is interstitial lung disease (13%), and, non-specific systemic symptoms (rash, arthralgia, Raynaud's phenomenon…) are rarely present [START_REF] Suzuki | Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients[END_REF].

In comparison, Anti-HMGCR IMNM was described initially as an acute or subacute proximal muscle weakness. Few patients harboured extramuscular symptoms such as Raynaud's phenomenon. None of them presented related interstitial lung disease [START_REF] Christopher-Stine | A novel autoantibody recognizing 200-kd and 100-kd proteins is associated with an immune-mediated necrotizing myopathy[END_REF].

The first description of anti-HMGCR IMNM patients revealed 67% with statin exposure [START_REF] Mammen | Autoantibodies against 3-hydroxy-3-methylglutaryl-coenzyme A reductase in patients with statin-associated autoimmune myopathy[END_REF]. In a prospective Japanese cohort, only 18% of anti-HMGCR IMNM patients were under a medication regimen by statins [START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF]. Reported statin exposure rate vary widely in anti-HMGCR patients from 15% to 72.7% depending on the geographic origin and the median age of patients [START_REF] Ge | Clinical Characteristics of Anti-3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Antibodies in Chinese Patients with Idiopathic Inflammatory Myopathies[END_REF][START_REF] Allenbach | Anti-HMGCR Autoantibodies in European Patients With Autoimmune Necrotizing Myopathies[END_REF][START_REF] Werner | Antibody Levels Correlate with Creatine Kinase Levels and Strength in Anti-HMG-CoA Reductase-Associated Autoimmune Myopathy[END_REF]. Meanwhile, the low prevalence of statin exposure in some regions might be compensated by an increased uptake of non-drug sources of statins (red yeast rice, fungus, dietary supplements…).

Slowly progressive form

Beside the subacute form of the disease, 20-30% of IMNM patients exhibit a chronic slowly progressive myopathy [START_REF] Watanabe | Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising myopathy[END_REF][START_REF] Allenbach | Anti-HMGCR Autoantibodies in European Patients With Autoimmune Necrotizing Myopathies[END_REF]. This phenotype is also reported in paediatric case series of anti-SRP and anti-HMGCR IMNM [START_REF] Liang | Pediatric necrotizing myopathy associated with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibodies[END_REF][START_REF] Pinal-Fernandez | Longitudinal Course of Disease in a Large Cohort of Myositis Patients With Autoantibodies Recognizing the Signal Recognition Particle[END_REF][START_REF] Rider | The Myositis Autoantibody Phenotypes of the Juvenile Idiopathic Inflammatory Myopathies[END_REF][START_REF] Tansley | Anti-HMGCR Autoantibodies in Juvenile Idiopathic Inflammatory Myopathies Identify a Rare but Clinically Important Subset of Patients[END_REF]. Indeed, a subgroup of IMNM patients have a slow onset with muscle atrophy, sometimes scapula winging with dystrophic features (muscle fibres with asymmetric diameters, endomysium fibrosis and no muscular inflammation) in the muscle biopsy [START_REF] Ikeda | Chronic Myopathy Associated With Anti-Signal Recognition Particle Antibodies Can Be Misdiagnosed As Facioscapulohumeral Muscular Dystrophy[END_REF][START_REF] Carvalho Aa De | Myopathy due to HMGCR antibodies in adult mimicking muscular dystrophy associated with cancer and statin exposure -narrative review of the literature -case report[END_REF][START_REF] Mohassel | Anti-3-hydroxy-3-methylglutaryl-coenzyme a reductase necrotizing myopathy masquerading as a muscular dystrophy in a child[END_REF]. This phenotype is in accordance with limb girdle muscular disease [START_REF] Choi | Differential Immunohistological Features of Inflammatory Myopathies and Dysferlinopathy[END_REF][START_REF] Takahashi | Clinical features and a mutation with late onset of limb girdle muscular dystrophy 2B[END_REF][START_REF] Nalini | Dysferlinopathy: a clinical and histopathological study of 28 patients from India[END_REF]. It is crucial to isolate this subgroup of patients since treatments are available. Systematic screening is required in case of atypical context, manifestations or evolution to avoid misdiagnose.

Autoantibodies as therapeutic target

Standard of care

Up to now, therapeutic strategies are based on expert opinion, data from case reports and analogy with other inflammatory idiopathic myopathies and/or autoimmune diseases [START_REF] Cavagna | How I treat idiopathic patients with inflammatory myopathies in the clinical practice[END_REF].

The 224 th ENMC international workshop published a consensus for the initial treatment and some general principles about maintenance treatment [START_REF] Allenbach | 224th ENMC International Workshop:: Clinico-sero-pathological classification of immune-mediated necrotizing myopathies Zandvoort, The Netherlands, 14-16 October 2016[END_REF]. High-dose steroids are described as the first treatment in combination with methotrexate (or azathioprine, mycophenolate mofetil) or rituximab and/or intravenous immunoglobulins (IVIg). Maintenance treatment is required for at least two years, the objective should be steroid tapering as soon as possible [START_REF] Allenbach | 224th ENMC International Workshop:: Clinico-sero-pathological classification of immune-mediated necrotizing myopathies Zandvoort, The Netherlands, 14-16 October 2016[END_REF]. Even in the recommendations, strategies are slightly different according to antibody status, especially regarding IVIg use.

We reviewed available data on strategies targeting antibodies.

Intravenous immunoglobulins

IVIg are derived from the serum of thousands of donors pooled together. The mechanisms of action are still only partially understood and differ depending on the disease condition; some data suggest an anti-inflammatory and immunomodulatory role via fragment crystallizable (Fc) blockade, neutralization of complement proteins, and reduction of the IgG half-life by binding the Fc neonatal receptor [START_REF] Lünemann | Intravenous immunoglobulin in neurology-mode of action and clinical efficacy[END_REF]. IVIg in combination with other treatments have been regularly reported as efficacious in IMNM [START_REF] Cavagna | How I treat idiopathic patients with inflammatory myopathies in the clinical practice[END_REF][START_REF] Lünemann | Intravenous immunoglobulin in neurology-mode of action and clinical efficacy[END_REF][START_REF] Binns | Effective induction therapy for anti-SRP associated myositis in childhood: A small case series and review of the literature[END_REF][START_REF] Kusumoto | Development of Necrotizing Myopathy Following Interstitial Lung Disease with Anti-signal Recognition Particle Antibody[END_REF] but as mentioned above, no clinical trials have demonstrated their efficacy. Other case reports in anti-HMGCR suggest a positive effect of IVIg, including in paediatric patients [START_REF] Liang | Pediatric necrotizing myopathy associated with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibodies[END_REF][START_REF] Allenbach | Anti-HMGCR Autoantibodies in European Patients With Autoimmune Necrotizing Myopathies[END_REF]. Of note, one retrospective study demonstrated a significantly better clinical outcome in patients with early IVIg use within the first 3 months [START_REF] Kassardjian | Clinical Features and Treatment Outcomes of Necrotizing Autoimmune Myopathy[END_REF].

It has been shown that infusions of IVIg alone may improve muscle strength and CK levels in anti-HMGCR IMNM patients [START_REF] Mammen | Intravenous Immune Globulin for Statin-Triggered Autoimmune Myopathy[END_REF]. In our experience, it could be difficult, especially in anti-HMGCR IMNM patients, to stop IVIg without having a relapse.

Plasmapheresis

Based on the potential direct pathogenic role of autoantibodies, plasmapheresis is conducted, usually as induction treatment in severe patients.

Limited data are available. First, it is shown that plasmapheresis induces a decrease of anti-SRP antibodies levels in serum, then a rebound of antibodies levels was observed but with an inferior level compared to the first plasmapheresis [START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF]. Two cases of anti-SRP IMNM were treated by plasmapheresis and steroids inducing a remission [START_REF] Arlet | Marked efficacy of a therapeutic strategy associating prednisone and plasma exchange followed by rituximab in two patients with refractory myopathy associated with antibodies to the signal recognition particle (SRP)[END_REF]. Two cases of anti-HMGCR patients were treated by first-line combination of steroids, methotrexate, IVIg and plasmapheresis. Rituximab replaced plasmapheresis and IVIg in one case. In the same series, three patients had treatment intensification with several combinations including plasmapheresis [START_REF] Allenbach | Anti-HMGCR Autoantibodies in European Patients With Autoimmune Necrotizing Myopathies[END_REF]. The only randomized control trial evaluating plasmapheresis was performed in cortico-resistant polymyositis and dermatomyositis and showed no substantial clinical improvement but we did not know if anti-SRP or anti-HMGCR positive patients were enrolled [START_REF] Miller | Controlled Trial of Plasma Exchange and Leukapheresis in Polymyositis and Dermatomyositis[END_REF].

To date, there is no consensus about the role of plasmapheresis in the therapeutic strategy, but perhaps it should be discussed for use with very severely affected patients.

Rituximab anti-CD20

Rituximab is a chimeric anti-CD20 monoclonal antibody. CD20 is a B cell marker from pre-B stage to mature B cells. Rituximab has various therapeutic effects via complement-mediated cytotoxicity, antibody-dependent cell toxicity, and apoptosis by caspase activation. Only one open-label phase II trial in refractory anti-synthetase syndrome tested rituximab and had mild results [START_REF] Allenbach | Efficacy of Rituximab in Refractory Inflammatory Myopathies Associated with Anti-Synthetase Auto-Antibodies: An Open-Label, Phase II Trial[END_REF]. Regarding IMNM patients, a case series of 8 anti-SRP patients demonstrated an improvement of muscle strength or CK levels in 6 patients with 3 of these patients having a sustained response and tapering of concomitant steroids [START_REF] Valiyil | Rituximab Therapy for Myopathy Associated with Anti-Signal Recognition Particle Antibodies: A Case Series[END_REF]. Another cohort of anti-SRP patients (n=39) confirmed these results with 13 responsive patients amongst 21 patients who received rituximab; 4 patients were non-responsive [START_REF] Pinal-Fernandez | Longitudinal Course of Disease in a Large Cohort of Myositis Patients With Autoantibodies Recognizing the Signal Recognition Particle[END_REF]. Data available for anti-HMGCR patients are scarce and in our experience Rituximab as a limited effect in refractory anti-HMGCR patients (less than 30%) [START_REF] Tansley | Anti-HMGCR Autoantibodies in Juvenile Idiopathic Inflammatory Myopathies Identify a Rare but Clinically Important Subset of Patients[END_REF][START_REF] Ramanathan | Clinical course and treatment of anti-HMGCR antibody-associated necrotizing autoimmune myopathy[END_REF][START_REF] Landon-Cardinal | Rituximab for the treatment of anti-HMGCR necrotizing autoimmune myopathy[END_REF].

Perspectives

Interleukin 6 (IL-6) is a major cytokine with wide spectrum of activities. Amongst other functions, IL-6 induces inflammatory proteins synthesis, B cells differentiation into antibodyproducing plasma cells, and T follicular helper cells differentiation [START_REF] Tanaka | IL-6 in Inflammation, Immunity, and Disease[END_REF]. In rheumatoid arthritis patients, anti-IL-6 receptor treatment, tocilizumab, reduces T follicular helper cells and plasmablasts [START_REF] Chavele | Cutting edge: circulating plasmablasts induce the differentiation of human T follicular helper cells via IL-6 production[END_REF]. This treatment might be interesting to consider in IMNM; only two case of anti-Jo1 patients reported improvement under tocilizumab treatment [START_REF] Narazaki | Therapeutic effect of tocilizumab on two patients with polymyositis[END_REF].

Currently in the United States of America, a randomized clinical trial is ongoing to study tocilizumab in refractory inflammatory idiopathic myopathy patients including IMNM [START_REF]Tocilizumab in the Treatment of Refractory Polymyositis and Dermatomyositis -Full Text View -ClinicalTrials[END_REF].

One anti-SRP patient achieved clinical remission under abatacept, the cytotoxic T lymphocyte-associated antigen-4-immunoglobulin fusion protein [START_REF] Maeshima | Successful treatment of refractory anti-signal recognition particle myopathy using abatacept[END_REF]. Abatacept suppresses T cell-dependent B cell response and seems to directly regulate B cells. Its efficacy has been proved in rheumatoid arthritis patients and a clinical trial is recruiting patients to investigate abatacept in inflammatory idiopathic myopathies including IMNM [START_REF]Trial to Evaluate the Efficacy and Safety of Abatacept in Combination With Standard Therapy Compared to Standard Therapy Alone in Improving Disease Activity in Adults With Active Idiopathic Inflammatory Myopathy -Full Text View -ClinicalTrials[END_REF].

Autoantibodies as prognostic biomarker

Long-term outcome

The overall study of the long-term outcome of inflammatory idiopathic myopathy confirmed a poor outcome with increased mortality rate in patients compared to the general population [START_REF] Dobloug | Mortality in idiopathic inflammatory myopathy: results from a Swedish nationwide population-based cohort study[END_REF]. In dermatomyositis, cancer risk and interstitial lung disease were the major determinant of mortality [START_REF] Dobloug | Mortality in idiopathic inflammatory myopathy: results from a Swedish nationwide population-based cohort study[END_REF]. No such study has been realized specifically for IMNM patients, but their clinical evolution has been investigated. Several cohorts of anti-SRP positive patients described three types of clinical course. First, approximately one-third of the patients experienced favourable evolution under treatment.

More than half of them required various immunosuppressant drugs and did not completely recover. Finally, approximately 10-20% had minimal to no response to therapy and developed progressive muscle weakness [START_REF] Suzuki | Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients[END_REF][START_REF] Kao | Anti-signal recognition particle autoantibody in patients with and patients without idiopathic inflammatory myopathy[END_REF][START_REF] Hengstman | Anti-signal recognition particle autoantibodies: marker of a necrotising myopathy[END_REF].

Neurological outcome was found more severe in patients with early-onset IMNM. Young anti-SRP patients harboured chronic disease progression, severe limbs and neck weakness, and muscle atrophy, and the younger age was the only independent factor of poor outcome in multivariate analysis [START_REF] Suzuki | Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients[END_REF]. At 4 years of disease onset, only 50% of anti-SRP patients recovered in term of muscle strength, and relapses were frequent and in parallel with treatment tapering [START_REF] Pinal-Fernandez | Longitudinal Course of Disease in a Large Cohort of Myositis Patients With Autoantibodies Recognizing the Signal Recognition Particle[END_REF]. For anti-HMGCR, muscle strength recovery was independently associated with patient age at disease onset. At 4-year follow-up, approximately 85% of patients age > 60 years at disease onset recovered near normal muscle strength versus approximately 45% recovery in the subgroup with age < 53 years [START_REF] Tiniakou | More severe disease and slower recovery in younger patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase-associated autoimmune myopathy[END_REF].

These diseases are disabling due to permanent muscle damage and have a high impact on morbidity. After the 2-year follow-up under immunotherapy, one-third of anti-SRP patients had modified Rankin Scale scores of 3-5 underlying the high daily burden of the disease in their daily activities [START_REF] Pinal-Fernandez | Longitudinal Course of Disease in a Large Cohort of Myositis Patients With Autoantibodies Recognizing the Signal Recognition Particle[END_REF].

Antibody titer and disease activity

In clinical practice, disease activity of IMNM is followed by repeated elevated CK measurements in serum. Correlation between muscle necrosis and elevation of CK levels is very consistent [START_REF] Allenbach | Necrosis in anti-SRP+ and anti-HMGCR+myopathies: Role of autoantibodies and complement[END_REF][START_REF] Pinal-Fernandez | Longitudinal Course of Disease in a Large Cohort of Myositis Patients With Autoantibodies Recognizing the Signal Recognition Particle[END_REF]. CK evaluation is the gold standard in term of a prognosis biomarker.

Several studies focused on evaluation of the antibody titer and disease activity.

Two different correlations were identified in IMNM patients. First, an inverted association between anti-SRP or anti-HMGCR antibody titers and muscle strength was observed [START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF][START_REF] Ge | Clinical Characteristics of Anti-3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Antibodies in Chinese Patients with Idiopathic Inflammatory Myopathies[END_REF][START_REF] Allenbach | Anti-HMGCR Autoantibodies in European Patients With Autoimmune Necrotizing Myopathies[END_REF]. In anti-HMGCR IMNM, no patient completely normalized his antibody titer independent of the muscle strength recovery or the medication regimen [START_REF] Werner | Antibody Levels Correlate with Creatine Kinase Levels and Strength in Anti-HMG-CoA Reductase-Associated Autoimmune Myopathy[END_REF]. For anti-SRP IMNM, anti-SRP levels were not correlated to disease duration [START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF].

The second correlation was found between autoantibody titer and CK levels, especially at baseline [START_REF] Benveniste | Correlation of anti-signal recognition particle autoantibody levels with creatine kinase activity in patients with necrotizing myopathy[END_REF][START_REF] Allenbach | Necrosis in anti-SRP+ and anti-HMGCR+myopathies: Role of autoantibodies and complement[END_REF][START_REF] Aggarwal | Anti-signal recognition particle autoantibody ELISA validation and clinical associations[END_REF][START_REF] Ge | Clinical Characteristics of Anti-3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Antibodies in Chinese Patients with Idiopathic Inflammatory Myopathies[END_REF]. During the disease course, change in CK levels may be difficult to identify due to the muscle atrophy and the fatty replacement. Disease activity evaluation may require magnetic resonance imaging follow-up. These correlations are also indirect argument suggesting a pathological role of autoantibodies.

To date, sufficient data are not available to recommend antibody titer as a surrogate marker of disease activity.

Autoantibodies and cancer risk

The increased risk of cancer in case of inflammatory idiopathic myopathy has been well documented especially in dermatomyositis patients with anti-TIF1γ and NXP2 [START_REF] Zahr | Malignancy in myositis[END_REF].

Historically, polymyositis patients had a higher risk of cancer [START_REF] Zahr | Malignancy in myositis[END_REF].

A study focused on cancer risk in IMNM patients showed an increased risk of synchronous malignancy in patients with seronegative IMNM (21.4%) and with anti-HMGCR IMNM (11.5%) but not with anti-SRP IMNM (4%). Moreover, compared to the cancer registry, incidence of cancer was enhanced especially in seronegative patients and to a lesser extent in anti-HMGCR patients [START_REF] Allenbach | High risk of cancer in autoimmune necrotizing myopathies: usefulness of myositis specific antibody[END_REF]. This cancer association in anti-HMGCR patients has not been identified in every cohorts, and once identified, it was a mild risk predominantly in the older patients (> 50 years-old) [START_REF] Tiniakou | More severe disease and slower recovery in younger patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase-associated autoimmune myopathy[END_REF][START_REF] Allenbach | High risk of cancer in autoimmune necrotizing myopathies: usefulness of myositis specific antibody[END_REF][START_REF] Kadoya | Cancer association as a risk factor for anti-HMGCR antibody-positive myopathy[END_REF]. Conversely, in a cohort of 100 patients, no cancer association was established in anti-SRP IMNM patients [START_REF] Kao | Anti-signal recognition particle autoantibody in patients with and patients without idiopathic inflammatory myopathy[END_REF]. Anti-HMGCR IMNM patients with synchronous cancer had a higher rate of mortality compared to cancer-free anti-HMGCR patients [START_REF] Allenbach | High risk of cancer in autoimmune necrotizing myopathies: usefulness of myositis specific antibody[END_REF][START_REF] Kadoya | Cancer association as a risk factor for anti-HMGCR antibody-positive myopathy[END_REF].

Conclusion

In inflammatory idiopathic myopathy, anti-SRP and anti-HMGCR autoantibodies delineate subgroups of patients in term of clinical, biological and histological phenotype. These diseases are muscle-specific autoimmune disease with very few extramuscular involvements. Currently, they are part of the diagnosis strategy as key criterion allowing for the postponement of a muscle biopsy. The correlation between antibody titer and disease activity, the pathological features, and the in vitro experiments results pointed toward a pathogenic effect of the autoantibodies. The recent in vivo experiments also strongly suggest this role.

Long-term outcome is highly impacted by major permanent muscle damages. Anti-SRP and anti-HMGCR patients harboured a poor recovery rate with frequent relapses. Multiple treatment lines are usually needed with a risk of high burden in term of adverse events. Improvement of treatment management is required, and antibodies appear to be an interesting target.

Highlights

Anti-HMGCR and anti-SRP antibodies are the cornerstone of IMNM diagnosis.

IMNM without autoantibody is associated with cancer risk.

Treatments target autoantibodies because of their potential direct pathogenic role. Bibliography
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