
Muscle


	MUSCLE TYPES

          Skeletal – syncitial 

                   differential splicing ( different muscle fiber isoforms

          Cardiac – mechanical coupling (intercalated disks)

          Smooth – not syncitial, not striated; random actin-myosin arr.    

          MYOEPITHELIAL – iris dilator, mammary, salivary, sweat 

                                             glands; important for secretion

                           **from ectoderm associated w/ above organs**

DESCRIPTIVE EMBRYOLOGY

         Mesoderm is initially a bilayer 

         PARAXIAL mesoderm ( axial skeleton

                                                     skeletal muscle

                                                     dermis

                  initially forms SOMITOMERE “whorls”

                  somitomeres (mesenchymal) ( SOMITES (epithelial)

                       first 7 remain somitomeres and form face/throat musc.

                       37 total somite pairs form in humans

         ventral, LATERAL PLATE mesoderm ( splanchnopleuric (
                                                                        cardiac/smooth muscle

                     (dorsal, lateral plate ( somatopleuric mesoderm)

SOMITE DIFFERENTIATION – occurs anterior to posterior

          ventral – SCLEROTOME ( axial skeleton, skull

          medial – MYOTOME (  myogenic cells (
                                                       1. ventral hypomere (lateral/ventral 

                                                                          body wall musculature)

                                                        2. dorsal epimere (spine muscles)

          dorsal – DERMOTOME ( dermis

HEAD MUSCULATURE:  all muscle from paraxial mesoderm

                                             (somitomeres and somites)

LIMB MUSCULATURE:  derived from lateral somites only

                  involves migration into the limb buds

                  upon arrival, myogenic cells are arranged dorso-ventrally

                  later, patterns are determined by connective tissue contact

                 medial portion of somites gives rise to AXIAL muscles

Skeletal muscle lineage:                   Smooth Muscle:             

   epiblast (                                         epiblast (
   PARAXIAL mesoderm (                LATERAL PLATE mesoderm

   somitomeres/somites (                    Splanchnic mesoderm (
   dermamyotome (                             smooth musc. around gut

   myotome ( 

   myoblasts (                                (or mesenchyme ( blood vessels)

   myotubes (
   myofibers

Cardiac Muscle:

    epiblast (
    ANTERIOR LATERAL PLATE mesoderm (
    splanchnic mesoderm (
    surrounds heart tubes

MUSCLE DIFFERENTIATION:

       myogenic cells ( myoblasts (distinct from fibroblasts)

       myoblasts fuse into myotube (no more DNA replication)

       myofibrils form in myotubes ( MYOFIBER

MUSCLE DETERMINATION

1)  TF’s that cause undifferentiated tissue to become myoblasts

           MYOD – for myoblast formation and myogenin expression

           MYF5 – activates MyoD expression

           MYOGENIN   - for terminal differentiation and maturation

           MRF4               - same as above

           these form heterodimers with ubiquitously expressed E12

           Id/I-mf = related to E12 but DOES NOT BIND DNA ( 

                                                                                 inhibitory effect                   

                     expressed in non-muscle precursor cells (sclerotome)

          the MyoD family of TF’s are activated at different times

             they activate txn of various proteins, not all the same

          single knockouts still viable ( functional redundancy in place

          double knockouts (MyoD -/-, Myf5 -/-) ( no skeletal muscle

2)  Genes that DIRECTLY bind muscle-specific enhancer elements

     required for differentiation

      MEF2 family cooperate with Myogenin and MRF4 to 

      control muscle-specific gene expression / terminal differentiation

           regulated POST-translationally by BMP pathways 

            allow differentiation once the correct destination is reached

      also:  Shh from notochord/floor plate INHIBITS myotome TF’s

               Wnt from dorsal neural tube ACTIVATES them

               BMP4 from lateral plate mesoderm delays differentiation 

                      until myogenic cells enter limb buds

3)  PAX3 – required for myogenic cell migration and MyoD-

            mediated determination  (thus is needed for LIMB muscle)

            also needed for C-MET receptor expression in migrating cells

                notochord inhibits Pax3 expression ( prevents myogenesis

                Pax3 levels decrease once MyoD is expressed 

MUSCLE GROWTH:

    - final number of cells is achieved by 4th month of gestation and 

       does not change appreciably

    - increase bulk = larger/more myofibrils (more sarcomeres)

    - increase length = recruitment of SATELLITE cells (precursors)

              usually activated during muscle damage if scar tissue does 

              not interfere

      MYOSTATIN – limits muscle growth 

            negative regulator of skeletal muscle number AND size

            made by skeletal muscle cells, and satellite cells

               effects on cell cycle          

            myostatin knockouts/deletions ( huge increases in number of 

                                                                  muscle cells AND their size

           systemic expression of myostatin ( Cachexia-like symptoms

                                                                   muscle wasting, fat loss

                                                                   in cancer, AIDS, starvation

                  block myostatin as treatment??

  mdx mouse (muscular dystrophy) alleviated by myostatin knockout!

  add myostatin to prevent muscle cell tumors??

SUMMARY:

        3 screens led to discovery of MyoD, MEF2, Pax3 familes

        signaling from surrounding tissues influences muscle patterning, 

                                                        number of muscle cell progenitors

        muscles that migrate the furthest differentiate latest

        muscle positional identity governed by associations with 

        connective tissue
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