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Abstract 

Spondyloepimetaphyseal dysplasias (SEMDs) belong to a clinically and genetically 

heterogeneous group of inherited skeletal disorders defined by a defect in the growth 

and shape of vertebrae, epiphyses and metaphyses. Rhizomelic SEMD is 

characterized by a disproportionate small stature caused by severe shortening and 

deformation of the limbs’ proximal bones, with the cranio-facial sphere unaffected. 

We report a second individual, an 8-year-old girl, with autosomal recessive rhizomelic 

SEMD associated with a homozygous exonic missense variant, c.226G>A 

p.(Glu76Lys), in GNPNAT1 identified by trio genome sequencing. Our data 

corroborate the recent findings of Ain et al. and further delineate the clinical and 

radiographic features of this form of SEMD associated with rhizomelic dysplasia 

while outlining a potential hotspot in this newly described genetic disorder.  
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Introduction 

The family of spondyloepimetaphyseal dysplasias (SEMDs) correspond to a clinically 

and genetically heterogeneous group of inherited skeletal disorders defined by a 

defect in the growth and shape of vertebrae, epiphyses and metaphyses [1]. SEMDs 

are classified according to clinical pattern, radiographic findings and molecular 

pathway; however, most of these molecular mechanisms are still unexplored [2]. 

Rhizomelic SEMD is characterized by a disproportionate small stature caused by 

severe shortening and deformation of the limbs’ proximal bones (i.e., humerus and 

femur), with the cranio-facial sphere unaffected [3]. 

We report an 8-year-old girl displaying rhizomelic SEMD, with both characteristic 

morphotype and radiographic defects, associated with a homozygous missense 

variant in glucosamine 6-phosphate N-acetyltransferase 1 (GNPNAT1, MIM616510) 

identified by trio genome sequencing. 

 

Clinical report 

Ethical statement 

Informed consent was obtained from all participants. Written consent was received 

for the use of photos. Clinical examination and molecular analysis were performed in 

routine care. 

 

Clinical presentation and skeletal anomalies 

At age 3 years, the girl was referred to the competence center for skeletal dysplasia 

in the department of medical genetics, rare diseases and personalized medicine of 

the university hospital of Montpellier because of abnormal short stature with limb 

deformation. She was born at term after an uneventful pregnancy and delivery from 
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Moroccan consanguineous healthy parents (f = 1/16). Birth weight was 3,425 g 

(median), length 48.5 cm (-1 SD) and head circumference 34.5 cm (median). No 

skeletal disorders were reported in the family. Parent’s height was normal (mother: 

165 cm; father: 175 cm). 

The first months of life revealed normal motor development: she walked at 12 

months. Likewise, language and comprehension acquisition were preserved. 

The clinical phenotype is characterized by severe short stature, with height at age 3 

and 8 years about 84.5 cm (-3.5 SD) and 92.5 cm (-7 SD), respectively, associated 

with rhizomelic shortening of the limbs (Figure 1A-B). This considerable growth 

regression could be explained by the major joint limitations but also the severe 

metaphyseal involvement of both humerus and femur. Interestingly, her head 

circumference remained stable at -1.5 SD between 3 and 8 years of age. Her 

forearms are relatively long compared to her height, and the joints are enlarged. She 

displays abnormal gait with restricted range of motion because of mechanical 

constraints due to short femurs. The extremities show inequalities in both metacarpal 

and metatarsal length (Figure 1C-D). There is no facial features. Hearing and vision 

examination were normal. No symptoms of immune deficiency were reported.  

X-rays of the arms show bilateral shortening of the humerus, enlarged and irregular 

metaphysis and dysplasia of the proximal epiphysis (Figure 1E). The radius and ulna 

appeared normal in shape and length. The femurs are short, while both hip and knee 

joints show significant dysplasia (Figure 1F-H). Thoracic and lumbar vertebrae are 

flat and show degenerative changes (Figure 1I). Results of skull X-rays  were normal. 

Of note, blood and urine analyses gave normal results, as did assessment of serum 

electrolytes including calcium, phosphate and alkaline phosphatase.  
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Molecular analysis 

Trio genome sequencing performed with aid of the France Genomic Medicine Plan 

2025 revealed a homozygous exonic missense variant, c.226G>A p.(Glu76Lys), in 

GNPNAT1 (NM_198066.4) in the girl; both healthy parents were heterozygous for the 

variant (Figure 2A-B). This variant is localized in the N-acetyltransferase domain of 

GNPNAT1 (Figure 2C) and considered pathogenic in the ClinVar 

(https://www.ncbi.nlm.nih.gov/clinvar/variation/1302024/?new_evidence=false) and 

VarSome (https://varsome.com/variant/hg38/chr14%3A52781903%3AC%3AT?) 

databases according to the American College of Medical Genetics and Genomics 

and Association for Molecular Pathology classification (PVS3, PM2, PP3, PP4) and the 

functional studies performed by Ain and colleagues [4] [5]. 

 

Discussion 

SEMDs are a heterogeneous group of inherited skeletal conditions with more than 25 

distinct entities and different inheritance modes according to the 2019 revision of the 

nosology and classification of genetic skeletal disorders. However, only a few genes 

have been identified, and most of the underlying molecular mechanisms remain 

unknown [1]. 

We report an 8-year-old girl displaying an autosomal recessive rhizomelic SEMD with 

both characteristic clinical features and skeletal defects including small and 

disproportionate stature with severe rhizomelic shortening of the limbs, wide 

extremities and limited extension of the large joints. Her cranio-facial sphere was 

preserved, as was her intellectual development. Genome sequencing identified a 

pathogenic bi-allelic exonic missense variant, c.226G>A p.(Glu76Lys), in GNPNAT1. 
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Several types of disproportionate SEMDs share some similarities with the skeletal 

disorder reported here. SEMD of the Geneviève type (MIM610442) is caused by a 

homozygous variant in the N-acetylneuraminate synthase gene (NANS) and 

characterized by a disproportionate small stature associated with skeletal dysplasia, 

underdeveloped epiphyses and platyspondyly [6]. However, this condition includes 

infantile-onset developmental delay, facial features and hirsutism, in contrast to the 

girl described here. Likewise, opsismodysplasia (MIM258480) is different in that it is 

associated with small extremities, relative macrocephaly and distinctive facial 

features [7]. Finally, although SPONATRISME dysplasia (MIM271510) is also defined 

by disproportionate short-limb dwarfism, both epiphyseal and metaphyseal dysplasia 

and normal intellectual development, this condition is marked by midface hypoplasia, 

childhood cataract and hypogammaglobulinemia, which were absent in the individual 

reported here [8]. Of note, these three genetic conditions were also excluded 

molecularly based on trio genome sequencing results. 

Skeletal defects have been further described in several congenital disorders of 

glycosylation (CDGs), a broad family of monogenic inherited conditions characterized 

by disruptions in glycosylation pathways hindering synthesis and attachment of 

glycans to glycoproteins and glycolipids [9]. Indeed, PMM2-CDG (MIM212065), 

ALG3-CDG (MIM601110) and ALG12-CDG (MIM607143) are defined by skeletal 

dysplasia with rhizomelic shortening and disproportionate small stature [10]. 

However, although GNPNAT1 is ubiquitously expressed, no extra-skeletal signs were 

found in the girl reported here, in contrast to most CDGs.  

Strikingly, variant c.226G>A p.(Glu76Lys) was recently described by Ain and 

colleagues (MIM619598) in a consanguineous Pakistani family: 4 siblings with a 

homozygous variant in GNPNAT1 presented a similar phenotype, with severe 
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rhizomelic dysplasia (Table 1) [5]. Moreover, the authors identified GNPNAT1 as a 

key player in chondrocyte proliferation and differentiation in vivo, thus suggesting its 

critical role for growth-plate chondrogenesis. This highly conserved gene across 

vertebrate species encodes for glucosamine 6-phosphate N-acetyltransferase 1 

(GNPNAT1), a ubiquitous enzyme involved in the hexosamine biosynthetic pathway 

[11]. The hexosamine biosynthetic pathway is a glucose metabolism pathway 

resulting in production of UDP-N-acetylglucosamine, a nucleotide sugar used as a 

substrate for both O-linked protein glycosylation and proteoglycan synthesis via 

heparan sulfate chain elongation (Figure 3). Proteoglycans are a major component of 

the extracellular matrix and play a key role in cartilage development, whereas 

impaired heparan sulfate synthesis has been found responsible for several 

congenital skeletal dysplasias and connective-tissue conditions (Figure 3) [12] [13]. 

Therefore, the rhizomelic SEMD we report may represent a new form of heparan 

sulfate synthesis-related genetic disorder. 

In conclusion, we describe a second individual with rhizomelic SEMD associated with 

the homozygous exonic variant c.226G>A p.(Glu76Lys) in GNPNAT1. Our data 

corroborate the recent findings of Ain et al. and further delineate the clinical and 

radiographic features of this form of SEMD associated with rhizomelic dysplasia 

while outlining a potential hotspot in this newly described genetic disorder. 
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Legends of figures 

Figure 1. Clinical and radiographic features of the affected girl. (A-B) 

Photographs of the girl at age 3 and 8 years showing disproportionate small stature 

with severe rhizomelic shortening of the limbs associated with enlarged joints and 

major knee flexum. The trunk is short and both hands and feet are relatively long and 

large as compared with the height. (C-D) Photographs of the extremities revealing 

global brachytelophalangy, mild fifth finger camptodactyly, bilateral hallux valgus and 

second toe overriding. (E) X-rays of the arms performed at 3 years of age showing 

severe bilateral shortening of the humerus, widening of diaphyses and severe 

dysplasia of the proximal epiphysis. (F) Likewise, femurs are short with large distal 

metaphysis. Tibia and fibula also feature diaphyseal dysplasia. (G) Pelvic X-rays 

revealing bilateral hip dysplasia, dysplasia of femoral head and a short neck. (H) The 

knee is also highly dysplastic, with both femoral and tibial epiphyses abnormally 

shaped. (I) Front and lateral view of thoracic and upper lumbar spine showing 

platyspondyly associated with degenerative changes. 

 

Figure 2. Trio genome sequencing results. (A-B) Identification of a pathogenic 

homozygous exonic missense variant, c.226G>A p.(Glu76Lys), in GNPNAT1 in the 

affected girl. Both healthy parents were heterozygous for the variant. (C) Linear and 

3D representation of glucosamine 6-phosphate N-acetyltransferase 1 

(https://www.uniprot.org/uniprot/Q96EK6). The variant is localized in the N-

acetyltransferase domain of the protein. 
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Figure 3. Heparan sulfate (HS) synthesis-related genetic disorders. HS is a 

glycosaminoglycan ubiquitously expressed on cell surfaces and in the extracellular 

matrix. HS synthesis starts with the formation of a tetrasaccharide linkage region 

composed of a xylose (Xyl), 2 galactoses (Gal) and a glucuronic acid (GlucA) 

attached to a serine residue of a proteoglycan core protein. HS chain elongation is 

further completed by the binding of a specific molecular pattern including an N-

acetylglucosamine (GlcNAc) and variable repetitions of GlucA/GlcNAc disaccharide. 

Several congenital skeletal dysplasias and connective-tissue disorders (bold) have 

been found associated with variants in enzymes (italics) involved in this linking sugar 

process and include Desbuquois dysplasia type 2 (DBQD2), spondylo-ocular 

syndrome (SOS), Ehlers-Danlos syndrome spondylodysplastic type 1-2 (EDSS1-2), 

spondyloepimetaphyseal dysplasia with joint laxity type 1 (SEMD-JL1), Larsen-like 

syndrome (LLS), immunoskeletal dysplasia and neurodevelopmental abnormalities 

(ISDNA) and hereditary multiple exostosis type 1-2 (HME1-2).  

 

Legends of tables 

Table 1. Phenotypic features of reported individuals with rhizomelic 

spondyloepimetaphyseal dysplasia (SEMD) associated with homozygous 

variant in GNPNAT1.  
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Figure 1. Clinical and radiographic features of the affected girl. 
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Figure 2. Trio genome sequencing results. 
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Figure 3. Heparan sulfate (HS) synthesis-related genetic disorders.  
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Table 1. Phenotypic features of reported individuals with rhizomelic 

spondyloepimetaphyseal dysplasia (SEMD) associated with homozygous 

variant in GNPNAT1.  

 




