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Abstract

Normal growth and morphogenesis of the cranial vault reflect a balance between cell proliferation in the sutures and
osteogenesis at the margins of the cranial bones. In the clinical condition craniosynostosis, the sutures fuse prematurely as a
result of precocious osteogenic differentiation and craniofacial malformation results. Mutations in several fibroblast gronth
factor receptor (FGFR) genes have now been identified as being responsible for the major craniosynostotic syndromes. We
have used a grafting technique to manipulate the levels of endogenous FGF-2 ligand in embryonic chick cranial vaults and
thereby perturb morphogenesis. Implantation of beads loaded with FGF-2 did not affect normal cranial development at
physiological concentrations, although they elicited a morphogenetic response in the limb. Implantation of beads loaded with a
neutralising antibody to FGF-2 generated a concentration-dependent response. When a single bead was implanted, the grafts
grew to a massive size as a result of increased cell division in the tissue. With greater inactivation of FGF-2 protein (two to
three beads implanted), all further bone differentiation and cell proliferation was blocked. These data further support the
emerging idea that the intensity of FGF-mediated signalling determines the developmental fate of the skeletogenic cells in the
cranial vault. High and low levels correlate with differentiation and proliferation, respectively. A balance between the two
ensures normal cranial vault morphogenesis. This is consistent with the observation that several FGFR mutations causing
craniosynostosis result in constitutive activation of the receptor.
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