Outline of Lecture 13 (11-21 A; Beachy)

Limb Development

Summary on p.14 is probably better than this!

I.  Embryologic origin of the limb


- Limb bud appears at 4 weeks and is complete at 8 weeks; limbs rotate during development


- Source of limb components (mostly what you’d expect)



- Lateral plate mesoderm: bones, tendons, ligaments, dermis, vasculature



- Surface ectoderm: epidermis



- Neural crest: melanocytes



- Neural tube: motor and sensory neurons



- Somites of mesoderm: limb muscle


- Structure of limb buds



- Form from somatic lateral plate mesoderm



- Edge of bud is apical ectodermal ridge (AER), critical for limb formation


- Within limb bud is progress zone (high proliferation) and mesenchymal mesoderm (stop dividing, differentiate into proper proximal/distal fate)

II.  How the limb is patterned


- Limb axes are unusual: anterior (thumb), dorsal (back of hand), distal (fingers) 


- FGF expression by the AER controls where the limb forms along the A/P axis of the body


A) Proximal/Distal axis



- The Hox-d genes are differentially expressed along the P/D axis



- FGFs stimulate bud outgrowth while BMP2 inhibits it


B) A/P axis

- The zone of polarizing activity (ZPA) in the posterior limb bud is responsible for A/P limb patterning



- The ZPA produces Shh which acts as a morphogen


- Gli3 repressor gradient (highest in anterior) supports morphogen theory: Gli is cleaved into active form in absence of Shh



- Ptc, the Shh receptor, is also distributed in a graded manner


- Alternate explanation would be sequential gene induction, but this does not appear to play a role here


C) D/V axis


- Wnt-7a from dorsal limb bud ectoderm induces Lmx-1 in dorsal limb mesenchyme, which dorsalizes limb


- On the ventral side, EN-1 (from ectoderm) represses WNT-7a expr, hence Lmx-1 is inactive and limb is ventralized


D) Forelimb/hindlimb



- Leg expresses the Pitx1 and Tbx4 txn factors (controlled by Hox-c genes)



- Arm expresses Tbx5 which inhibits Tbx4


- Digit formation occurs by apoptosis of webbing, induced by BMP


- The pattern signaling of Shh, Wnt-7a, and FGF are codependent and integrated

