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Introduction

Duane retraction syndrome is a congenital eye movement disorder characterized by a failure of cranial nerve VI (the abducens nerve) to develop normally, resulting in restriction or absence of abduction, and narrowing of the palpebral fissure and retraction of the globe on attempted adduction. Undiagnosed in children, it can lead to amblyopia, a permanent uncorrectable loss of vision [START_REF] Appukuttan | Localization of a Gene for Duane Retraction Syndrome to Chromosome 2q31[END_REF]. Though Duane retraction syndrome represents less than 5% of all forms of strabismus, it was widely described in the literature as early as the 19th century. We report and characterize here a child and his father carrying a pathogenic heterozygous variant in CHN1 gene, presenting a Duane retraction syndrome associated to swallowing difficulties and unilateral trapeze aplasia. A similar phenotype has been described in a patient carrying a de novo 8q deletion. These findings allow us to highlight the role of CHN1 as well as 8q region in the establishment of axonal guidance of cranial nerves.

Materials and methods

Library preparation, exome capture, sequencing and data analysis have been performed by IntegraGen SA (Evry, France), using SureSelect XT Clinical Research Exome in-solution enrichment methodology (Agilent, Santa Clara, California), followed by paired-end 75 bases massively parallel sequencing on Illumina HiSeq4000 (Illumina, San Diego, California). For detailed explanations of the process, see Gnirke et al [START_REF] Gnirke | Solution Hybrid Selection with Ultra-long Oligonucleotides for Massively Parallel Targeted Sequencing[END_REF]. Bioinformatic pipeline is detailed in Appendix S1. Sanger sequencing was performed to confirm the presence of the variant in exon 8 of CHN1.

MRI scanning was conducted using a research 3T MRI scanner (Vantage Galan ZGO, Canon Medical Systems Corporation, Tochigi, Japan) with a 32-channel receiving head coil. Coronal and axial images on the neck were obtained using fast spin echo T2 weighted sequences (TR=4000ms; TE=102ms). Heavy T2 weighted images were collected on the cranial nerves using 3D SSFP sequence at 0.6x0.6x0.8mm resolution (TR=5.8ms; TE=2.9ms).

Case report

The index case is the first child of a non-consanguineous couple, both originating from the Nouvelle Aquitaine region in France. Family history revealed the father also has a Duane retraction syndrome.

Pregnancy was uneventful, and he was born on time. He underwent a tracheotomia and a laryngoplasty during neonatal period because of a tracheomalacia associated to vocal cord paralysis and swallowing difficulties.

He early presented a Duane syndrome. Detailed cranial nerves examination was performed. He presented a paralysis of ocular abduction, with a narrowing of the palpebral cleft and a sinking of the eyeball in adduction. He also presented glossopharyngeal damage, with swallowing disorders and loss of the gag reflex. His vagus nerve was also affected with a bitonal voice. His accessory nerve was also unilaterally affected, with a hypotrophy of the trapezius, a limitation of the abduction of his arm, and a marked scapular detachment during forced antepulsion. His tongue was also unilaterally hypotrophic, with fasciculations, showing hypoglossal damage.

Exactly same clinical examination was observed for the father. Cranial nerves troubles can be observed in Figure 1, and are summarized in table 1.

On the plan of genetic analysis, karotype and array-CGH were performed for the child and were normal.

Brain MRI

MRI scans confirmed the left atrophy of the trapezius muscle which was more pronounced for the father (Figure 2-H andI) than for the index case (Figure 2-A andB). The most striking observation on cranial nerve images was the non-visibility of the right and left VI nerves, suggesting atrophy, while VI are usually identified within the cisternal pathway between the brainstem emergence and Dorello's canal [START_REF] Kim | Abducens Nerve Is Present in Patients with Type 2 Duane's Retraction Syndrome[END_REF]. The other cranial nerves showed no objective modification even on the small size IX, X, XI and XII nerves.

Molecular analysis

We performed a trio based whole-exome sequencing for the index patient. We identified a heterozygous missense variant in CHN1 gene: [NM_001822.5] c.661T>C, p.Tyr221His. This variant has never been reported previously and was absent from the GnomAD and ExAC databases. It was predicted as disease-causing by mutation taster, PolyPhen-2 predicted this variant to be possibily damaging with a score of 0.71, SIFT score was 0,22 and CADD score was 24.2. It is a conserved amino acid, up to xenopus according to evolutionary conservation data. This variant can be classified as likely pathogenic with ACMG classification data (PM1, PM2, PP1, PP2 and PP3) [START_REF] Richards | Standards and Guidelines for the Interpretation of Sequence Variants: A Joint Consensus Recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology[END_REF]. It has been added to ClinVar, VCV000559835.1.

The variant was also present in the father of the index case. It was absent in the mother of the index case. The presence of the variant in the index case and his father was confirmed by Sanger sequencing.

To note, the p.Tyr221 amino acid, located in the C1 domain of alpha2-chimaerin, is interacting with p.Pro141 and p.Tyr143 which have both been described as mutated positions in Duane syndrome [START_REF] Miyake | Human CHN1 mutations hyperactivate α2-chimaerin and cause Duane's retraction syndrome[END_REF][START_REF] Chan | Two novel CHN1 mutations in 2 families with Duane retraction syndrome[END_REF].

Discussion

We report here a patient and his father with different symptoms, related to anomalies in different cranial nerves: VI, IX, X, XI and XII. WES revealed a pathogenic variant in CHN1, a heterozygous missense variant in the exon 8 of this gene. The exon 8 is a small exon, made of 85bp, and seems to be a hotspot of pathogenic variants. Furthermore, exon 8 seems to play an important role in the structure of the protein because it contains several protein domains of interest, the protein kinase Clike domain for phorbol ester/diacylglycerol binding and the N-chimaerin domain. This variant is absent from population studies databases, and is predicted as disease causing by mutation taster.

We believe that this variant explains the different malformations our patient presents. Indeed, isolated trapeze aplasia has not been previously reported in the literature, and there is no evidence for a unique genetic cause, as well as for swallowing difficulties. A patient with a Duane retraction syndrome associated to trapeze aplasia has already been reported [START_REF] Vincent | A proposed new contiguous gene syndrome on 8q consists of Branchio-Oto-Renal (BOR) syndrome, Duane syndrome, a dominant form of hydrocephalus and trapeze aplasia; implications for the mapping of the BOR gene[END_REF], the patient was carrier of a 8q deletion. We have carefully examined this region in our patient WES, looking for rare variants, and we have not found any interesting variant in this region.

CHN1 encodes two Rac-specific GTPase-activating α-chimaerin isoforms. Rac is a GTPase, and regulates intracellular signaling cascades controlling cytoskeleton dynamics, including the growth and development of dendrites and axons. Rac is inactivated by twelve Rac GTP-ase activating proteins (RacGAP), including α1 and α2-chimaerin encoded by CHN1 [START_REF] Miyake | Human CHN1 mutations hyperactivate α2-chimaerin and cause Duane's retraction syndrome[END_REF]. Gain of function heterozygous missense variants in CHN1 increases α2-chimaerin RacGAP activity and thus leads to the inactivation of Rac and disorganization of cytoskeleton dynamics. These data strengthen the role of CHN1 in cranial nerves anomalies. Moreover, there is a report of a Duane retraction syndrome associated to a trapeze aplasia, in a patient with a 8q deletion. Although the gene(s) involved in Duane syndrome in this deletion has not yet been identified, we can hypothesise that the different genetic causes of Duane syndrome (variants in CHN1, or deletion 8q for these examples), are probably involved in the overall development of the cranial nerves. We believe that patients with Duane retraction syndrome should be carefully examined for cranial nerve disorders. 
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Table 1.

Summary of clinical damage to the cranial nerves, in the index case and his father

( 2 )

 2 Most cases are sporadic, but familial cases have been estimated at 10%. There is a genetic heterogeneity among Duane retraction syndrome. Duane retraction syndrome-1 (DURS1, OMIM%126800) maps to chromosome 8q13. Duane retraction syndrome-2 DURS2 (604356) is caused by pathogenic variants in the CHN1 gene (OMIM*118423) on chromosome 2q31, and Duane retraction syndrome-3 DURS3 (OMIM#617041) is caused by pathogenic variants in the MAFB gene (OMIM*608968) on chromosome 20q12.
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 12 Figure 1 A, B, C: proband, aged 9. Observe the intern strabismus, left trapzus hypoplasia and limited abduction of left arm C, D, E, F, G: proband, aged 15. Marked detachment of left scapula, abducens nerve paralysis and hemitongue hypotrophy H, I, J: proband's father, aged 45. Abducens paralysis and hemitongue hypotrophy, associated to left trapezus hypoplasia
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