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within conserved extracellular domains or affect the 
highly conserved glycine residue of the fifth EGF 
repeat of the gene, which reveals the important 
functional role of this domain.48 

Spondylocostal dysostosis type 2 and the related 
disorder, spondylothoracic dysostosis, are caused by a 
loss-of-function mutation in the posterior 2 mesoderm 
(MESP2) gene, encoding a basic helix-loop-helix type 
transcription factor required for somite formation. 
Mesp2 is a target of Notch signaling and is directly 
involved in the somite-boundary formation and ros-
trocaudal patterning of each somite. Mesp2 knockout 
mice, like patients with spondylocostal dysostotosis, 
exhibit extensive malformations of the vertebrae and 
ribs.49 In particular, the developing vertebral bodies in 
Mesp2-knockout mice are extensively fused showing 
rare insertions of intervertebral tissue, which are in turn 
longitudinally fused in the vertebral column. In addi-
tion, the differentiation of vertebral body chondrocytes 
was spatially disordered and delayed, demonstrating an 
increased cell proliferation rate that appears to associate 
with spatially impaired TGF-β and BMP signaling.50 

Spondylocostal dysostosis type 3 is caused by a 
mutation of the Lunatic Fringe (LFNG) gene, which 
encodes a fucose-specific beta1,3-N-acetylglucosami-
nyltransferase.51 LNFG modifies Notch receptors and 
alters Notch signaling activity.52,53 The phenotypes of 
mouse embryos lacking DLL-3 and Lfng are virtu-

ally identical54 and Lfng gene expression is severely 
disrupted in DLL-3 null embryos, showing that its 
expression is dependent on DLL-3 function.55 A mis-
sense mutation causing spondylocostal dysostosis (type 
4) was also identified in the DNA-binding domain of 
the HES7 protein which, apart from being a direct 
target of the Notch signaling pathway, participates 
in the negative feedback mechanism that attenuates 
Notch signaling.56,57 The mutant HES7 is not able to 
repress gene expression by DNA binding or protein 
heterodimerization.

Alagille syndrome is an autosomal dominant dis-
ease characterized by cardiovascular defects, skeletal 
abnormalities, cholestatic liver disease and renal 
dysplastic anomalies (Table 3).58

It is associated with mutations of JAG-1, which 
leads to the expression of a truncated JAG-1 protein, 
although complete gene deletions and missense 
mutations are also described.59 Rarely, mutations of 
Notch 2 have been found in patients with Alagille 
syndrome, either alone or together with mutations 
of JAG-1.60 Dual heterozygous inactivations of Jag-
1 and Notch 2 in mice are associated with most of 
the defects found in Alagille syndrome.61 Moreover, 
selective inactivation of Jag-1 in cells of the cranial 
neural crest displays the abnormalities of the crani-
ofacial skeleton of the syndrome,62 confirming its 
association with impaired Notch signaling.

Table 2. Notch signaling and developmental diseases

Νotch Component Inheritance Molecular Mechanism Disease

Delta-like-3 (DLL-3) 
19q13.2

autosomal 
recessive

Mutations on DLL-3 usually lead to expression 
of a truncated protein or to amino acid 

substitutions

Spondylocostal dysostosis type1 (trunk 
dwarfism secondary to rib anomalies 
and vertebral segmentation defects)

Mesoderm posterior 2

(MESP2) 15q26.1

autosomal 
recessive

Mutation in MESP2 produces a non-functional 
protein susceptible to nonsense-mediated RNA 

decay, up-regulating Notch signaling

Spondylocostal dysostosis type 2 
(segmentation abnormalities  

of the thoracic vertebrae)

Lunatic Fringe 
(LFNG) 7p22

autosomal 
recessive

Missense mutations of LFNG up-regulates 
Notch signaling

Spondylocostal dysostosis type 3

Hairy Enhancer of 
Split 7 (HES7) 17p13.1

autosomal 
recessive

Missense mutations of HES7 up-regulates 
Notch signaling

Spondylocostal dysostosis type 4

Chondroitin sulfate 
synthase (CHSY )1* 

autosomal 
recessive

Loss-of-function mutations lead to up-regulation 
of JAG-1 

Recessive brachydactyly

JAG-1 (20p12.2), 
NOTCH 2 (1p12)

autosomal 
dominant

Heterozygous mutations Alagille syndrome type 1 and type 2

*Encodes a transmembrane protein which contains a Fringe domain.




