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	4 STAGES OF HEART DEVELOPMENT

       Cardiac Crescent 

       Heart Tube Formation

       Looping of Heart Tube

       Septation into 4 chambers

CARDIAC CRESCENT / HEART TUBE
      splanchnic mesoderm (anterior, ventral lateral plate) diff. into:

           - myocardial precursors    

           - endocardial precursors ( endocardial endothelium ( pair 

                                                                                          of heart tubes

         tubes coalesce into 1 during lateral-to-ventral folding

         myocardium lines outside of heart tube ( cardiac myocytes   

         endocardium and myocardium separated by CARDIAC JELLY  
      CARDIAC INDUCTION –  (muscle)
           myocardial precursors acquire cardiac fate in cardiac crescent

           (examined by watching for heartbeat in cell culture, Nkx2.5) 
            fate acquired AT cardiac crescent:
                  - inductive BMP-2 signal from anterior ENDODERM

                      (lateral anterior endoderm can induce cardiogenesis in 
                       grafted posterior mesoderm)

                  - however, BMP-2 can only induce heart formation in 

                     anterior regions ( must be a SECOND SIGNAL that is 

                                                     expressed anteriorly
             Nkx 2.5 – not essential, but earliest marker of cardiac fate
       ANTERIOR-POSTERIOR PATTERNING

           tube is divided into A/P segments by constrictions

           blood flow is anteriograde (posterior ( anterior)

            spatially-restricted expression of chamber-specific myosin

            retinoic acid can alter boundary ( role for HOX genes?

LOOPING AND L/R ASYMMETRY
        looping coverts the A-P axis into L-R asymm.
        heart folds leftward

               (Dextrocardia ( rightward fold)

        L/R patterning:  SHH and Nodal – expression patterns
                    defects in either cause situs inversus, randomization

                    nodal expressed on left normally
 **looping is important for ALIGNING chambers with vasculature**

         eHAND – TF expressed in left ventricle only
                     thought to cause looping by promoting asymmetric 

                     proliferation of cardiac myocytes
                     Nkx 2.5 activates eHAND txn

        dHAND – expressed in RV; also promotes asymmetric growth

        MEF2C – cofactor necessary for both eHAND and dHAND 

Myocyte Differentiation – after looping

          myocardium forms TRABECULAE (increased s.a.)

          myocardial epithelium ( cardiac muscle (after trabeculation)

ENDOCARDIAL CUSHIONS:  VALVES AND SEPTA

        AV cushions – separate atria from ventricles

        eventually differentiate further into valves

         cushions form in 2 steps: 

               1) cardiac jelly expands (in both AV and OT)

               2) swellings are filled with cushion mesenchyme

                     (mesenchyme is from endocardial endothelial cells that  

                    undergo epithelial-mesenchymal transformation – EMT)

                     signals causing EMT are released from myocardium 
                     only endothelial cells are competent for EMT
                     **activity is restricted to OT and AV regions**

           Molecules involved in EMT induction:

           ADHERON – large particles (30nm); can induce EMT in vitro

            TGF-B3 – expressed in autocrine fashion by endocardium

                           necessary for EMT 

Cushion Mesenchyme ( Valve leaflets (connective tissue)

                                   ( membranous septa

          AV valves = mitril and tricuspid (left and right)

          OT valves = semilunar valves (of aorta and PA)

                 valve formation requires FIBRILLIN scaffold

                 no fibrillin ( valve defects (Marfan’s Synd.)

          dorsal and ventral endocardial cushions fuse ( SEPTUM

                                                                        INTERMEDIUM

                             (atrioventricular septum – separates heart into L/R)

                     septum must realign to allow atria and ventricles to join

ATRIAL PARTITIONING:  atrial septum (endocadial + myocardial)

          shunt there is closed at birth

VENTRICULAR PARTITIONING:  muscular

OUTFLOW TRACT – TRUNCOCONAL RIDGES ( SEPTUM
                                       separate OT into aorta and PA

                                        from NCC
              defects cause oxygenated and deoxygenated blood to mix
              usually goes along with VSD (TCC and VS fuse)

              defects:
                   no septa ( Persistent Truncus Arteriosus

                   irregular positioning ( Tetralogy of Fallot

                                                          TGV

                  CATCH-22 (DiGeorge) – NCC migration defect leads to 
                                                                defects seen above
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