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Introduction

Tenascins are extra cellular matrix glycoproteins largely associated with anti-adhesive effects [START_REF] Burch | Embryonic expression of tenascin-X suggests a role in limb, muscle, and heart development[END_REF].

There exist different tenascin isoforms. One of them is tenascin-X (TNX) encoded by TNXB gene [START_REF] Miller | Tenascin-X, Congenital Adrenal Hyperplasia, and the CAH-X Syndrome[END_REF].

TNX is localized in connective tissues, musculoskeletal, cardiac, and dermal tissue. A significant role in collagen fibrillogenesis is suggested by a TNX knock-out mice that demonstrated alterations in collagen deposition that mimic Ehlers-Danlos syndrome (EDS) [START_REF] Burch | Embryonic expression of tenascin-X suggests a role in limb, muscle, and heart development[END_REF][START_REF] Schalkwijk | A recessive form of the Ehlers-Danlos syndrome caused by tenascin-X deficiency[END_REF][START_REF] Hendriks | Well-defined clinical presentation of Ehlers-Danlos syndrome in patients with tenascin-X deficiency: a report of four cases[END_REF]. EDS, characterized by skin hyperextensibility, generalized joint hypermobility, easy bruising, and atrophic scarring, is caused by autosomal dominant mutations in collagens genes, namely COL5A1, COL5A2, and less frequently COL1A1 [START_REF] Schalkwijk | A recessive form of the Ehlers-Danlos syndrome caused by tenascin-X deficiency[END_REF][START_REF] Malfait | The 2017 international classification of the Ehlers-Danlos syndromes[END_REF]. Classical-like EDS (clEDS), caused by TNX deficiency, is very similar to the classical type of EDS with two major differences: [START_REF] Burch | Embryonic expression of tenascin-X suggests a role in limb, muscle, and heart development[END_REF] No atrophic scarring [START_REF] Miller | Tenascin-X, Congenital Adrenal Hyperplasia, and the CAH-X Syndrome[END_REF] and autosomal recessive inheritance [START_REF] Schalkwijk | A recessive form of the Ehlers-Danlos syndrome caused by tenascin-X deficiency[END_REF][START_REF] Hendriks | Well-defined clinical presentation of Ehlers-Danlos syndrome in patients with tenascin-X deficiency: a report of four cases[END_REF][START_REF] Voermans | Neuromuscular involvement in various types of Ehlers-Danlos syndrome[END_REF][START_REF] Zweers | Haploinsufficiency of TNXB is associated with hypermobility type of Ehlers-Danlos syndrome[END_REF][START_REF] Brady | The Ehlers-Danlos syndromes, rare types[END_REF]. It is known that inherited connective tissue disorders present some degree of muscle weakness and there is a clinical overlap with early onset myopathies like some congenital myopathies and mild collagen 6 (COL6A genes) related myopathies such as Bethlem myopathy [START_REF] Malfait | The 2017 international classification of the Ehlers-Danlos syndromes[END_REF][START_REF] Brady | The Ehlers-Danlos syndromes, rare types[END_REF].This clinical overlap often results in a long diagnostic delay, being detrimental for appropriate care and genetic counseling. Regarding clEDS, a total of six articles describe muscular function or tissue alteration showing that there is some degree of muscle weakness in all patients [START_REF] Brady | The Ehlers-Danlos syndromes, rare types[END_REF].

From a pathological standpoint, clEDS muscular involvement is most likely due to increased compliance of the series elastic component of muscle tissue, and a failure of maximal voluntary muscle activation, confirmed by single fiber study of muscle [START_REF] Voermans | Ehlers-Danlos syndrome due to tenascin-X deficiency: muscle weakness and contractures support overlap with collagen VI myopathies[END_REF]. Namely, a marked intracellular stiffening of the sarcomere protein titin occurs in response to the increased compliance of the extracellular matrix in muscle of TNX deficient patients, suggesting that the stiffening of titin most likely compensates for the muscle weakness [START_REF] Ottenheijm | Titin-based stiffening of muscle fibers in Ehlers-Danlos Syndrome[END_REF]. Other studies suggested that the muscle defect might be related to the interaction between COL6 and TNX within the connective tissue [START_REF] Delbaere | Novel defects in collagen XII and VI expand the mixed myopathy/Ehlers-Danlos syndrome spectrum and lead to variant-specific alterations in the extracellular matrix[END_REF].

However, due to the rarity of clEDS, only few studies fully characterized the clinical, histologic and imaging muscular involvement associated with TNX deficiency [START_REF] Voermans | Ehlers-Danlos syndrome due to tenascin-X deficiency: muscle weakness and contractures support overlap with collagen VI myopathies[END_REF][START_REF] Pénisson-Besnier | Compound heterozygous mutations of the TNXB gene cause primary myopathy[END_REF]. Here we fully describes a clEDS patient with a slowly progressive muscular weakness and compound truncating variants in TNXB, raising awareness on this ultrarare condition.
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Case report

A 46-year-old Caucasian women, born to non-consanguineous parents, attended our Neuromuscular Center. Her parents were asymptomatic, and her brother presented hyperlaxity and multiple sprains.

The proband complained of slight difficulties in sport since her childhood, several sprains in adolescence, dislocation of the 5th finger, and colonic perforation during a colonoscopy at 38 years. She also suffered of migraine without aura treated with triptans, and high blood pressure treated with perindopril. Her muscular symptoms began at 28 years when she progressively remarked difficulties in getting up from squatting and sitting position. Around the age of 35 years, she exhibited difficulties in walking for a long distance and climbing stairs. At 40 years she developed intolerance to exercise with myalgias, sometimes persisting the day after the effort. She had no respiratory or cardiac symptoms. Her physical examination revealed atrophy of the distal upper and lower limbs (Fig. 1A), hyperlaxity of the conjunctiva in both eyes (Fig. 1B), hyperkeratosis pilaris (Fig. 1C), mild wrist contractures (Fig. 1 D), and moderate skin hyperextensibility (4 cm) (Fig. 1E). She also had mild facial weakness consisting of incapacity to close firmly her eyes. There was a mild bilateral upper limb weakness quoting 4/5 MRC score. In lower limbs, there was proximal asymmetric weakness, with hip flexors quoting 3/5 at right side and 4/5 at left side provoking a waddling gait.

Axial weakness involved trunk flexors and abdominal muscles with difficulties in rising from supine position. Serum CK level was slightly increased (240 UI/L, N <190). The patient underwent three skin biopsies. Setting up fibroblast cultures failed three times. However frozen skin biopsy analysis showed rather abundant elastic network with agglomerated elastic fibers with Orcein immunostaining. A deltoid muscle biopsy performed at 39 years failed to show specific alterations (not shown). Whole body MRI showed marked and symmetric fat replacement of thighs and legs muscles. There was an important atrophy of anterior and posterior compartments of the thighs with respect of the biceps femoris (Fig. 2). Hyperintense T2-weighted areas (water sequence) were mainly visible in thighs, and in gastrocnemius and tibialis anterior muscles (Fig 2 To determine the impact of TNXB mutations on protein expression, we analyzed in parallel the serum from the patient and four control serum samples. The control samples consisted of 2 unaffected females aged 30 and 45, and 2 unaffected children, aged 5-10. These controls were chosen because the concentration of Tenascin X in serum from children aged < 16 is lower than in serum from adults [START_REF] Egging | Identification and characterization of multiple species of tenascin-X in human serum[END_REF] . The intensity of all the protein bands identified by the anti-TNX primary antibody was reduced in patient serum compared to the controls, considering equal protein loading and transfer according to the Ponceau staining of the membranes (Fig. 3A). In contrast with previous reports we did not see a difference in TNX abundance between samples from adult and children (protocol modified from [START_REF] Egging | Identification and characterization of multiple species of tenascin-X in human serum[END_REF] available upon request). We then analyzed TNX expression on muscle sections using the same antibody by indirect immunofluorescence (Fig. 3B-E). Preparations were visualized under a confocal microscope (Leica TCS SP8 X White Light Laser confocal microscope with hybrid spectral detectors, Leica Microsystems, Wetzlar, Germany). A stack of images was captured along the focal axis (Z-stack), and combined into an integrated intensity projection to form a single image. Ten random areas were imaged from the stained muscle sections from the patient and an age and sex matched control. A protocol based on the Fiji platform was adapted to compare the intensity of the TNXB signal in both patient and control images [START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF]. Patients' Tenascin X presented a reduced intensity and conserved a normal localization in both endomysial and perimysial areas (Fig. 3A-E).

The quantification of TNX reduction consisted of 60% compared to the control. Previous works showed that complete absence of TNX leads to a classical-like form of EDS [START_REF] Schalkwijk | A recessive form of the Ehlers-Danlos syndrome caused by tenascin-X deficiency[END_REF] and haploinsufficiency leads to hypermobility-type EDS in females [START_REF] Zweers | Haploinsufficiency of TNXB is associated with hypermobility type of Ehlers-Danlos syndrome[END_REF]. In the patient we found quite some protein detectable. We hypothesize that muscular weakness may be related to disturbed interaction of TNX caused by the mutations, rather than a quantitative effect of diminished protein.

Discussion

Classical-Like EDS due to TNX deficiency leads to a phenotype resembling classical type of EDS.

The hallmarks of the disease are generalized joint hypermobility (GJH), hyperextensible, soft and/or velvety skin, without the typical atrophic seen in EDS, easy bruising, and autosomal recessive inheritance [START_REF] Schalkwijk | A recessive form of the Ehlers-Danlos syndrome caused by tenascin-X deficiency[END_REF][START_REF] Hendriks | Well-defined clinical presentation of Ehlers-Danlos syndrome in patients with tenascin-X deficiency: a report of four cases[END_REF][START_REF] Malfait | The 2017 international classification of the Ehlers-Danlos syndromes[END_REF][START_REF] Voermans | Neuromuscular involvement in various types of Ehlers-Danlos syndrome[END_REF][START_REF] Brady | The Ehlers-Danlos syndromes, rare types[END_REF] Mild-to-moderate neuromuscular involvement had been described in 40

EDS patients including 10 previously defined TNX deficient patients. The degree of neuromuscular involvement was related to the residual TNX serum levels [START_REF] Voermans | Neuromuscular involvement in various types of Ehlers-Danlos syndrome[END_REF]. Voermans et al reported two TNX deficient patients with classic EDS and hypermobility type and subjective and objective muscular weakness [START_REF] Voermans | Reduced quantitative muscle function in tenascin-X deficient Ehlers-Danlos patients[END_REF]. According to a recently published classification of rare types of EDS, in general there is significant neuromuscular involvement in clEDS [START_REF] Brady | The Ehlers-Danlos syndromes, rare types[END_REF].

Regarding the French population, Penisson-Besnier et al. [START_REF] Pénisson-Besnier | Compound heterozygous mutations of the TNXB gene cause primary myopathy[END_REF], reported on a man who had a history of poor sport performances, large spontaneous hematomas and two inguinal hernias, and developed progressive proximal lower limb weakness from the age of 30 years. This patient had moderate and symmetric scapular winging, and severe and symmetrical muscle weakness with a manual testing showing an MRC score at 3+ or 4, except for knee extensors at 3 and abdominal muscles at 2. He harbored a TNXB heterozygous C to T transition at position 12214 (NM_019105.6:c.12214C>T), leading to the substitution of a highly conserved arginine residue to a cysteine residue (p.Arg4072Cys) in the C-terminal globular fibrinogen like domain. This patient showed a more severe myopathy compared to the case described here. However he did not show contractures, hypermobility of the large or distal joints and mildly hyperextensible skin. Furthermore, his CK level was elevated, and TNX was undetectable in serum while his muscle biopsy showed, focal sarcolemmal indentations of variable width and depth, sometimes splitting the muscle cell, and areas devoid of oxidative activity [START_REF] Pénisson-Besnier | Compound heterozygous mutations of the TNXB gene cause primary myopathy[END_REF].

From a genetic standpoint, our patient was compound heterozygous for a TNXB splicing variant in intron 22, c.7826-1G>C, already reported in two clEDS patients without muscle weakness [START_REF] Demirdas | Recognizing the tenascin-X deficient type of Ehlers-Danlos syndrome: a cross-sectional study in 17 patients[END_REF] . The second mutation is an unreported c.9998dupA, p.(Asn3333Lysfs*35), located in exon 29, resulting in a frameshift and a premature stop codon. The c.9998dupA, p.(Asn3333Lysfs*35) is localized in one of the fibronectin type III (FNIII) module reported as implicated in cell elasticity, probably after interacting with tropoelastin [START_REF] Valcourt | Tenascin-X: beyond the architectural function[END_REF]. As tenascin X has been identified as a flexible glycoprotein associated also with collagen fibrils, this variant may disturb these interactions and have an impact on connective tissue causing alterations in the muscle extracellular matrix.

The pathogenicity of these mutations has been demonstrated by protein studies in serum clearly demonstrating the strong reduction in tenascin X expression (Fig. 3). Moreover, a direct effect on muscular tissue was demonstrated with tenascin X immunohistochemistry studies demonstrating a marked reduction compared to the control (Fig. 3 D-E). From one side, the milder phenotype presented by our patient might be explained by the presence of residual tenascin X in both serum and muscle. From another side, the presence of a detectable protein might be involved in the development of muscular weakness due to disturbed interaction of TNX with other ECM protein, rather than a quantitative effect of diminished protein. Further studies on muscle biopsies from clEDS patients are needed to verify this hypothesis.

Of note a heterozygous deletion of 12 genes located in the 21q telomere and including COL6A1 and COL6A2 was found. In our opinion, this deletion is unrelated to the symptoms presented by our patient because (1) her clinical phenotype differs significantly from Bethlem myopathy (BM), (2) the whole body MRI showed moderate symmetric fatty replacement and atrophy of the anterior and posterior compartment of thighs without the typical pattern encountered in collagenopathies (Fig. 2) [START_REF] Quijano-Roy | Whole body muscle MRI protocol: pattern recognition in early onset NM disorders[END_REF]. Furthermore (3) Foley et al [START_REF] Foley | Large genomic deletions: a novel cause of Ullrich congenital muscular dystrophy[END_REF] reported on the asymptomatic parents of a patient presenting with the same COL6A1 and COL6A2 heterozygous deletion thus confirming that is not involved in the muscular phenotype developed by our patient. Indeed, skin biopsies were done in our patients but fibroblast cultures failed despite three attempts. We therefore hypothesize that the extracellular matrix was destabilized by the mutated TNXB hindering the correct culturing.

The role of TNX in the development of muscle weakness is still debated. However, studies on the influence of extra cellular matrix disorders on muscle function have led to the concept of myofascial force transmission, it is altered [START_REF] Voermans | Reduced quantitative muscle function in tenascin-X deficient Ehlers-Danlos patients[END_REF]. It is possible that TNX deficiency leads to a pathological reduction of myofascial force transmission thus explaining the development of muscular weakness.

Further studies are needed to confirm this hypothesis.

In conclusion, our case broadens the spectrum of genetic and muscular alterations associated with clEDS. 

Figure 1 A

 1 Figure 1

Figure 2 Whole

 2 Figure 2

Figure 3 .A.

 3 Figure 3.

  Patient and her mother gave informed consent for the genetic analysis according to French legislation (Comité de Protection des Personnes Est IV DC-2012-1693). NGS (Next Generation Sequencing) analysis revealed the presence of two variants in TNXB, g.32024681C>G, c.7826-1G>C, and g.32016181dup, c.9998dupA, p.(Asn3333Lysfs*35) both at the heterozygous state, confirmed by Sanger sequencing. Of note, a heterozygous deletion of COL6A1 and COL6A2 was also found, confirmed by semi-quantitative PCR. A CGH array, performed to study the deletion breakpoints, revealed a telomeric deletion of 700Kb (47392150_48100155, hg19) in the 21q22.3 cytoband. This deletion included 12 genes, reported in table 1. Segregation studies in mother's DNA showed the presence of TNXB c.7826-1G>C at heterozygous state and absence of the COL6A2 and COL6A2 deletion. The probands father and brother were not available for genetic studies. Both

	TNXB	variants	have	been	submitted	to	the	public	LOVD	database,

). https://databases.lovd.nl/shared/variants/0000630992 and https://databases.lovd.nl/shared/variants/0000630993.
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