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Introduction

Neurofibromatosis type 1 (NF1) is one of the most frequent autosomal dominant disorders, characterized by neurofibromas, "café-au-lait" spots, axillary or groin freckling, Lisch nodules, optic pathway glioma and skeletal lesions [START_REF] Ferner | The neurofibromatoses[END_REF]. Classical skeletal abnormalities encompass sphenoid wing dysplasia, congenital bowing of the long bones, respectively described in about 1% and 2% of NF1 patients and vertebral osteopathy associated with non-dystrophic or dystrophic scoliosis found in about 10% of NF1 patients [START_REF] Ferner | The neurofibromatoses[END_REF]. Characteristic features of dystrophic scoliosis include vertebral scalloping, rib penciling, vertebral wedging, absence or hypoplasia of the vertebral pedicles and intervertebral foraminal enlargement [START_REF] Zhao | Coexistence of multiple rare spinal abnormalities in type 1 neurofibromatosis: a case report and literature review[END_REF] ; [START_REF] Alwan | Is osseous dysplasia a primary feature of neurofibromatosis 1 (NF1)?[END_REF].

The defects in bone observed in NF1 patients are due to the loss of both copies of NF1 in osteoclasts and/or osteoblasts. Increased osteoclastic activity and impaired osteoblastic function have been demonstrated in several strains of Nf1 conditional knockout mice, used in particular to model dystrophic scoliosis [START_REF] Wang | Mice lacking Nf1 in osteochondroprogenitor cells display skeletal dysplasia similar to patients with neurofibromatosis type I[END_REF] ; [START_REF] He | c-Fms signaling mediates neurofibromatosis type-1 osteoclast gain-in-functions[END_REF]]. In addition controversial theories explaining the determinism of dystrophic scoliosis include potential primary causes (i.e. primary mesodermal dysplasia, osteomalacia) and secondary causes related to intraspinal anomalies, responsible for mechanical stresses, like erosion of bone by localized neurofibromas and dural ectasia [START_REF] Tsirikos | Spinal deformity in neurofibromatosis type-1: diagnosis and treatment[END_REF]. We present here severe thoracic and spinal bone deformities observed in a patient affected by NF1.

Case report

The proband, a 17-year-old boy, was the second child from non-consanguineous healthy parents. Family history was uninformative. Pregnancy was uneventful, especially, all ultrasound exams were considered normal. Delivery at 40 weeks of gestation was marked by transitory moderate respiratory difficulties (APGAR 5/10) and the discovery of severe chest and spine deformations. During his early first hours of life, the patient presented an acute respiratory distress requiring invasive ventilatory support. Chest X-ray pointed out chest abnormalities including hypoplasia of the right lung, associated to severe dystrophic scoliosis characterized by association of hemivertebra, fusion of adjacent vertebral bodies and defective pedicles. Unilateral costal agenesis from 2 to 7 and rib penciling were observed. The right shoulder was characterized by an ascended scapula and hypoplastic clavicle with an important muscular atrophy (Figures 1 and2). Cardiac, transfontanellar and abdominal ultrasounds were normal. A severe gastroesophageal reflux was treated with Nissen surgery during neonatal period. He developed chronic respiratory insufficiency requiring tracheotomy at age twelve months. Spirometry brought out a lower forced vital capacity (15% of predicted normal values). Several surgeries for osteosynthesis were performed overtime. At age 5, the development of multiple cutaneous "café-au-lait" spots led to suspect the diagnosis of NF1. In addition, the patient had inguinal and axillary freckling associated with subcutaneous neurofibromas and Lisch nodules in the right eye. At age 8, he suffered from left para testicular embryonic rhabdomyosarcoma for which he was efficiently treated by surgery and chemotherapy.

Discussion

The molecularly confirmed NF1 patient presented here had extreme severe spinal and thoracic malformations affecting bone and lung tissues, corroborating the single recently described similar NF1 patient suffering from the same association of severe scoliosis and chest deformity leading to respiratory insufficiency [START_REF] Francis | Severe spinal and chest deformity secondary to neurofibromatosis[END_REF].

Moreover spine CT showed different types of abnormalities, including fusion of vertebral bodies, which are not typically associated with NF1 bony dysplasia.

Scoliosis is a classical feature in NF1, found in about 10% of NF1 patients [START_REF] Ferner | The neurofibromatoses[END_REF].

Classically, scoliosis in NF1 can lead to respiratory consequences after the 6 th year, due to restrictive syndrome. Thoracic deformities such as pectus excavatum or carinatum are frequently reported in NF1 but without functional consequences. Here, the patient manifested neonatal respiratory distress because of unilateral lung abnormal development.

The severe prenatal NF1-related scoliosis may have impeded normal chest development in our patient, directly altering the normal homolateral growth of lung by absence of mechanical constraints. Indeed, it has been shown that severe spine deformities can impair lung development and pulmonary function in a rabbit model of early onset scoliosis [START_REF] Olson | Extent of Spine Deformity Predicts Lung Growth and Function in Rabbit Model of Early Onset Scoliosis[END_REF], as well as in human patients with congenital scoliosis [START_REF] Campbell | The Characteristics of Thoracic Insufficiency Syndrome Associated with Fused Ribs and Congenital Scoliosis[END_REF].

Although the hypothesis of a combination of two different clinical entities, caused by double mutational hits, has not been confirmed by WES. Severe malformations of the spine and thorax may be part of the NF1 bone phenotype and should be taken into account to allow adequate genetic counseling. 

Figure 1 .

 1 Figure 1. 3D VRT Computed Tomography. Severe scoliosis and rib penciling can be noticed.
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 2 Figure 2. Sagittal spine CT. Note the dystrophic vertebral scalloping in L3-L4 and abnormal fusion in vertebral bodies.