
Spatial Patterning in Vertebrates


HOX CODE – Anterior/Posterior Patterning

	Drosophila and Mammalian HOX Gene Clusters

Expression is sensitive to retinoic acid (anterior end of cluster is more 

                                     sensitive and therefore more easily activated by RA)

      1.  4 clusters in mammals, 1 in flies

      2.  expressed in overlapping domains ALONG the A/P axis

      3.  loss of function ( homeotic/anterior transformation

     4.   gain of function ( posterior transformation

Hindbrain:   discrete HOX gene expression boundaries along borders of

                    RHOMBOMERES

Hensen’s Node:  secretes RA 

                            Increases RA secretion as it moves anterior ( posterior

                           **this activates the posterior genes appropriately**

SHH INDUCTION – Dorsal/Ventral Patterning

      Neural Patterning:

             Notochord expresses shh ( neural tube floorplate induced

                                                                       Later begins expressing shh

            (high levels of shh induce floor plate, low levels:  motor neurons)

             Shh induces ventral neuronal cell types based on conc. GRADIENT

     Somite Patterning:

            Neural tube floorplate releases shh

            Neural tube roofplate releases WNT-1            

                        Ectodermal BMP4/7 induces roofplate and wnt expression

            **Shh and Wnt act in opposition to influence ventral and dorsal 

                     patterns, respectively**

LEFT-RIGHT PATTERNING

Embryonic left-right differences:
       1.  heart loops to right

       2.  tail to right

       3.  gut derivatives are sided

3 types of asymmetry mutants

        1.  situs inversus totalis – everything on opposite side

                                                 rare and not harmful

        2.  heterotaxia – heart and viscera orient independently

        3.  isomerism – duplicated right or left side identity

conjoined twins:  right side of left twin can affect development of 
                            left side of right twin, but not vice-versa

Initial establishment of L-R asymmetry:  NODAL FLOW
        1.  LRD (left-right dynein) necessary for correct distribution of 

             asymmetric protein expression (nodal, lefty, pitx2)

                  mutants:  50% normal, 50% s.i.t.  (Kartager’s Syndrome)

        2.  KIF3B knockouts ( no nodal cilia ( random/symmetric protein 
                                                                 distribution (lefty, heart looping)
Clinical Relevance:  Shh signaling necessary for MIDLINE structures
          - signaling pathway loss of function ( birth defects

                  HPE = holoprosencephaly (undivided forebrain, cylclops)

          - signaling pathway gain of function (in adult tiss.) ( cancer

        Shh is haploinsufficient (diploidy necessary for effective signaling)

                   inappropriate post-embryonic activation ( cancer

        SIGNALING PATHWAY: 

           No Shh ( Patched inhibits smoothened (TF)

            Shh binds patched (  smoothened is free to activate txn 
            if pathway somehow becomes ligand independent, cancer results

                      Gorlin Syndrome (skin tumors)

                       CYCLOPAMINE – inhibits smoothened

                            a potent teratogen during embryogenesis

                            possible role for treating cancer post-embryogenesis

            cancer may arise from chronic operation of injury/repair cycles

                     repair involves transient activation of shh

                     injurious agents are often mutagens 
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