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INTRODUCTION

Primary cilium is a microtubule-based non-motile organelle that plays critical roles in several signalling pathways during development. Its dysfunction is the source of major retinal or kidney diseases. In contrast to motile cilium, it lacks the central pair of microtubules (9 + 0 pattern) as well as the dynein arms and associated apparatus required to generate motility [START_REF] Deane | Emerging Roles for Renal Primary Cilia in Epithelial Repair[END_REF]. Defects in the biosynthesis or function of primary cilia cause a spectrum of disorders referred as ciliopathies [START_REF] Zhang | Expanding the genetic architecture and phenotypic spectrum in the skeletal ciliopathies[END_REF]. Because this organelle can be found in almost all cell types, ciliopathies can affect all organs and tissues. Skeletal ciliopathies are a peculiar subtype of skeletal dysplasia with thoracic hypoplasia and short tubular bones [START_REF] Bonafe | Nosology and classification of genetic skeletal disorders: 2015 revision[END_REF]. It is characterized by genetic and clinical heterogeneity. Ten autosomal recessive such conditions have been described so far: chondroectodermal dysplasia (Ellis-van Creveld), short rib-polydactyly syndrome (SRPS) type 1/3 (Saldino-Noonan/Verma-Naumoff), 2 (Majewski), 4 (Beemer) and 5, asphyxiating thoracic dystrophy (ATD, Jeune), orofaciodigital syndrome type 4 (Mohr-Majewski) and cranioectodermal dysplasia (Levin-Sensenbrenner) type 1, 2 [3]. KIAA0753 biallelic homozygous mutations (OMIM 617112) were recently reported in three children and one fetus with a distinctive form of skeletal dysplasia [START_REF] Hammarsjö | Novel KIAA0753 mutations extend the phenotype of skeletal ciliopathies[END_REF]. Recessive mutations in this gene were previously described in a patient presenting with orofaciodigital syndrome type 6 [START_REF] Chevrier | OFIP/KIAA0753 forms a complex with OFD1 and FOR20 at pericentriolar satellites and centrosomes and is mutated in one individual with oral-facial-digital syndrome[END_REF] and in two brothers with Joubert syndrome [START_REF] Stephen | Mutations in KIAA0753 cause Joubert syndrome associated with growth hormone deficiency[END_REF].

We report here a 4 year-old male with a skeletal dysplasia fulfilling diagnostic criteria for Jeune syndrome harboring a homozygous NM_014804.3:c.943C>T ; p.(Gln315Ter) mutation in KIAA0753.

CLINICAL REPORT

The patient was born to unrelated French healthy parents. His family history was unremarkable.

Ultrasound prenatal screening indicated short femurs, then polyhydramnios during third trimester of pregnancy. Amniotic karyotype was 46, XY. He was born at 40 weeks of gestation by caesarean section for fetal distress. Birthweight was 3300 g (-0.4 SD), length was 50 cm (-1 SD) and head circumference was 39 cm (+4 SD). Clinical examination showed axial hypotonia and a narrow thorax.

Respiratory distress requiring intensive care occurred from 4 th day of life on. Based on these findings, a diagnosis of Jeune syndrome was suggested and confirmed by the skeletal survey showing trident appearance of the pelvis and acetabular spurs. Other radiological findings were short limbs, narrow thorax, coronal cleft in Th 5-6-8-12 vertebrae, brachydactyly, and an irregular aspect of talus/calcaneus ossification (Fig. 1a). Due to persistent respiratory and feeding difficulties, a feeding tube and a tracheostomy were required at 2 months of life. Developmental milestones were delayed: he held his head at 15 months, sat alone at 24 months and walked with assistance at 3 years 4 months. Post-natal growth was stunted. On examination at 4 years, his height was 77 cm (-5,5 SD), his weight was 10 kg (-3,2 SD) and his head circumference was 51.5 cm (+ 0,5 SD). Language was limited to a few words. Generalized hypotonia, global hyperlaxity, a narrow thorax, short limbs and brachydactyly were noted as well as dysmorphic facial features: prominent forehead with hypertrichosis, depressed nasal bridge, anteverted nostrils, long philtrum, widely spaced teeth and a large mouth (Fig. 1b). Tracheostomy was removed at 21 months. He was admitted several times to paediatric intensive care unit for acute respiratory distress syndromes. He is on long term inhaled steroids for recurrent wheezing episodes and chronic pulmonary disease. He requires continuous positive airway pressure during the night. Last pulmonary scan showed atelectasis and distal bronchial thickening. Although he still refuses chunks, oral feeding is improving and tube feeding becomes occasional. Toilet training is not acquired yet. He is currently attending nursery and admission to elementary school is on purpose.

Last brain MRI (at 8 months) indicated a narrowing of the occipito-cervical junction and the cervical spinal cord without signs of compression, mildly enlarged lateral ventricles and a posterior left cerebellum arachnoid cyst (Fig. 1c). Ultrasound showed normal kidneys and moderate hepatomegaly.

Renal and liver biological parameters were normal. Fundus oculi did not show any abnormality.

Homozygosity for the c.943C>T sequence alteration in KIAA0753 resulting in premature termination of the protein p.(Gln315Ter) was identified by whole exome sequencing. His asymptomatic mother was heterozygous for the mutation. 

DISCUSSION

The patient reported here displays paramount clinical and radiological characteristics of the classical Jeune syndrome, also called asphyxiating thoracic dystrophy (ATD). These include a narrow thorax, neonatal respiratory distress, hypotonia, acromesomelic short stature, trident acetabulum on pelvis X-rays and the lack of molar tooth sign on brain MRI. Nonetheless, a significant number of the other common features of Jeune syndrome like postaxial polydactyly, liver fibrosis, biliary cirrhosis or chronic nephritis were not observed in our patient ("omim clinical synopsis -%208500 -Asphyxiating Thoracic Dystrophy 1; ATD1 ," N.D.). In addition to those well-recognized symptoms, facial dysmorphism and developmental delay were unusual signs observed in our patient.

KIAA0753 variants were first reported in orofaciodigital syndrome type 6 [START_REF] Chevrier | OFIP/KIAA0753 forms a complex with OFD1 and FOR20 at pericentriolar satellites and centrosomes and is mutated in one individual with oral-facial-digital syndrome[END_REF] delay, skeletal dysplasia, depressed nasal bridge and corpus callosum hypoplasia with mildly dilated ventricles [START_REF] Hammarsjö | Novel KIAA0753 mutations extend the phenotype of skeletal ciliopathies[END_REF]. This latter phenotype fits very well that of our patient. Another nonsense compound heterozygous mutation (NM_014804.3:c.943C>T ; p.(Gln315Ter) and NM_014804.3:c.1271del ; p.(Pro424fs) was identified in a fetus aborted at 19 weeks of gestation presenting with facial dysmorphism (frontal bossing, micrognathia, low-set and posteriorly rotated left ears, small nose with a broad nasal bridge), short limbs, brachydactyly, a narrow thorax and signs of cerebellar hypoplasia [START_REF] Hammarsjö | Novel KIAA0753 mutations extend the phenotype of skeletal ciliopathies[END_REF].

KIAA0753 located in 17p13.1 has 19 exons. It codes for protein Moonraker (MNR), a 967 amino acids long, 115 kD, centriolar satellite protein implicated in centriole duplication and centrosome organization. Depletion of MNR diminishes the number of centrioles in S phase cells (Kodani et al., n.d.). KIAA0753 is expressed in almost every tissue with highest expression in brain, kidney, testis and ovary [START_REF] Nagase | Prediction of the coding sequences of unidentified human genes. XI. The complete sequences of 100 new cDNA clones from brain which code for large proteins in vitro[END_REF]. Study shows that KIAA0753 is also expressed in the bone growth plate. Its mutation might explain short stature and bone deformities. NM_014804.3:c.943C>T ; p.(Gln315Ter) truncating mutation is probably determining absence of corresponding protein [START_REF] Hammarsjö | Novel KIAA0753 mutations extend the phenotype of skeletal ciliopathies[END_REF].

Ciliopathies are highly clinically and molecularly heterogeneous Mendelian disorders. The same heterogeneity prevails in KIAA0753-related phenotypes. It is well illustrated by 3 phenotypes being described in the 7 previously published cases. To summarize, these subjects are either described as a skeletal dysplasia with or without short ribs, OFD type 6 or Joubert syndrome with many overlapping features. Our patient is the first one with p.(Gln315Ter) homozygosity and the fifth published case with a short-rib skeletal dysplasia suggesting that KIAA0753 is strongly implicated in bone growing.

Among the 8 mutations in KIAA0753 described, distal missense variants are associated with Joubert syndrome while nonsense and frameshift mutations give rise to a skeletal dysplasia phenotype. We could hypothesize that nonsense variants probably lead to a stable protein that might retain some function sufficient for normal growth plate function (fig. 2). Other reports are needed to confirm this hypothesis.

Our observation confirms the implication of KIAA0753 in a new form of skeletal ciliopathy resembling Jeune syndrome and provide a nice example of how important clinical heterogeneity can be in the ciliopathies. 

FIGURES LEGENDS

  in a patient presenting with postaxial polydactyly, facial dysmorphism including a flat face, hypertelorism, wide nasal bridge, low set and posteriorly rotated ears, a lobulated tongue and MRI abnormalities with molar tooth sign, dilatation of the lateral ventricles, vermis and corpus callosum hypoplasia. This singular syndrome was associated with a compound heterozygosity for a nonsense variant NM_014804.3:c.1891A>T; p.(Lys631Ter) and a frameshift substitution NM_014804.2:c.1546-3C>A p.(Asp439Glyfs*5). KIAA0753 mutations were then reported in a variant of Joubert syndrome[START_REF] Stephen | Mutations in KIAA0753 cause Joubert syndrome associated with growth hormone deficiency[END_REF] in 2 siblings presenting with mild short stature (about -2,5 SD), hypotonia, mild or moderate global developmental delay, facial dysmorphism including a flat face, low-set and posteriorly-rotated ears, oculomotor apraxia and MRI abnormalities with molar tooth sign, vermis hypoplasia and pituitary gland anomalies. Again, a compound heterozygosity for the NM_014804.2:c.769A>G ; p.(Arg257Gly) missense mutation and the NM_014804.2:c.2359-1G>C ; p.(Lys787_Gln789del) deletion was identified in both affected patients. More recently, homozygosity for the NM_014804.3:c.970C>T ; p.(Arg324Ter) mutation in KIAA0753 was observed in three patients from two unrelated families presenting with severe short stature (about -5 SD), developmental
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 1 Figure 1: Clinical and radiological data of the reported patient

  His father's DNA was unavailable. No other significant variant

	correlating	with	clinical	synopsis	was	observed.	(ClinVar	ID:	428615;
	https://www.ncbi.nlm.nih.gov/clinvar/)					

ACKNOWLEDGMENTS

We are grateful to the "Fondation Maladies Rares" FMR : WES 20151206 which has enabled us to sequence the exomes.

TABLES