Outline of Lecture 12 (11-20 B; Andrew)

Bone Development

I.  Mechanisms of Bone Formation


- Arises from mesenchyme from lateral plate mesoderm, sclerotome, or neural crest


1) Endochondral ossification



- It is when bone forms from calcification of cartilage (most bone arises this way)



- Perichondrium forms around condensation of migrated mesenchymal cells



- Chondrocytes lay down ECM/collagen, mature into hypertrophic form, then die


- Tissue is vascularized, osteoblasts come in to lay down bone, get trapped and become osteocytes



- Active remodeling: osteoclasts (monocyte lineage) degrade bone and osteoblasts refill it



- Defects in osteoclasts can give rise to osteopetrosis




- Fos required for osteoclast formation from macrophages




- Src required for ruffled borders and bone resportion



- In 6th week, standard bone structure arises (diaphysis, epiphysis, growth plate)



- Bone is regenerated in adult in same way


2) Membranous ossification



- Direct formation of bone, for flat bones of the skull

II.  Embryologic origin of bones


A) Axial skeleton: forms from sclerotome; mesenchymal cells are moved into position where they undergo endochondral ossification


B) Skull



- Neurocranium (brain case): sclerotome and neural crest; both types of ossification


- Viscerocranium (facial bones): neural crest and pharyngeal arch; both types of ossification


C) Limb: lateral plate mesoderm, endo. ossification

III.  Molecules involved in bone determination and patterning


A) BMP



- BMPs (a TGF-( family member) and GDFs are critical for initiating bone formation



- Mice with BMP defects have abnormal skeletons


- Human FOP disease is caused by abnormal BMP-4 expression in lymphocytes; causes extra bone formation at sites of injury



- BMPs regulation not clear, maybe by HOX or PAX


B) Sox9: a txn factor required for condensations and cartilage development


C) FGF receptors: bone patterning, inhibits growth of condensations



- FGF-3 affects endochondral ossification (e.g. achondroplasia)



- FGF-R1 and -R2 affect membranous ossification


D) CBFa1: essential for chondrocyte hypertrophy, vascular invasion, osteoblast differentiation


E) Ihh and PTHrP: transition from proliferative to hypertrophic chondrocytes


- Ihh signals perichondrium to produce PTHrP, which signals chondorcytes to keep proliferating (endochondral ossification only)

