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Thee linear heart tube is formed bv fusion of the bilateral heart fields. While during 

subsequentt development the pericardial cavity expands, myocardial cells are added to the 

anteriorr and posterior pole of the heart tube. This myocardium is formed by continuous 

differentiationn of the mesothelial lining of the pericardial cavity, and flanking 

mesenchyme,, into cardiomyocytes. The differentiation of mesenchyme into 

cardiomyocytess continues to form the caval and pulmonary myocardium. During cardiac 

loopingg atrial and ventricular myocardium are formed by local differentiation and 

proliferationn of the myocardium at the outer curvature. In the primary heart tube cardiac 

cushionss develop that become populated by mesenchymal cells formed by endocardium-

to-mcsenchvmee transformation. In addition, mediastinal mesenchyme contributes to the 

infloww tract of the heart; neural crest-derived mesenchyme to the outflow tract of the 

heartt and epicardium-dcrived mesenchyme to the atrioventricular cushions. The heart 

becomess septated by formation of the atrial and ventricular muscular septa and fusion of 

thee cardiac cushions. During further development, most of the cardiac cushion 

mesenchymee becomes muscularized. 

Inn this thesis, we described myocardium formation in the intra- and extra-cardiac 

mesenchymee after the initial development of the linear heart tube. Both in chicken 

(chapterr 3) and mouse (chapter 4) this process starts in the dorsal mesocardium and 

extendss downstream into the intra-cardiac mesenchymal tissues of the atrioventricular 

canall and outflow tract, and upstream into the extra-cardiac mediastinal mesenchyme 

embeddingg the pulmonary and caval veins. Although the myocardium formation in 

mousee and chicken is essentially similar, several species-specific differences exist in the 

extentt of myocardium formation. In chicken, the atrioventricular septum becomes 

completelyy muscular, whereas in mouse mesenchyme remains. In addition, the tricuspid 

valvee becomes myocardial in the chicken, however, not in mouse. Furthermore, the 

muscularizationn of the pulmonary vein is extensive in mouse, whereas limited in chicken. 

Thee musculariziation of the caval vein, however, is limited in mouse and extensive in 

chicken.. The muscularization of the intra- and extra-cardiac mesenchyme can be the 

resultt of differentiation of the mesenchyme into cardiomyocytes and/or migration from 

existingg myocardium into the mesenchyme. To study the (molecular) mechanisms 

underlyingg this myocardium formation a 3D hi vitro culture assay for mouse (chapter 3) 

andd chicken was established. Using this /// vitro assay we found that 1) the capacity to form 

myocardiall networks in vitro is stage- and mesenchyme dependent. 2) Early outflow tract 

andd atrioventricular canal explants can be induced to form myocardial networks by a 

secretedd signal that is similar throughout the entire heart. 3) Cardiac cushion mesenchyme 

iss able to differentiate into ciirdiomvocvtes in the /// vitro culture assay. These findings 

suggestt that differentiation of mesenchyme is involved in the myocardium formation after 

thee development of the linear heart tube. In addition, a common mechanism and 

molecularr regulatory pathway may underlie this myocardium formation. 
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Duringg the elongation of the arterial pole of the mouse linear heart rube, a-

smoothh muscle actin expression precedes the expression of myocardial markers (chapter 

5).. This suggests that a-smooth muscle actin identifies mesodermal cells that during 

subsequentt development will be recruited into the myocardial lineage. We found that 

priorr to the expression of myocardial markers, a-smooth muscle actin is expressed in the 

intra-- and extra-cardiac mesenchyme, supporting the notion that recruitment of 

mesenchymall cells into the myocardial lineage is involved in myocardium formation after 

thee development of the linear heart tube. 

Becausee a secreted signal is able to induce the formation of myocardial networks in 

earlyy outflow tract explants, we explored which secreted factor is responsible for the 

myocardiumm network formation by a candidate factor approach. Candidate growth factors 

weree selected based on the analysis of genetically modified mice in which congenital 

cardiacc defects were reported and on the analysis of early myocardium formation from 

thee precardiac mesoderm. hi vitro analysis using the in vitro cxplant assay suggested that 

TGF{322 is indirectly involved in myocardium formation by regulating the development of 

thee mesenchyme. Furthermore, BMPs, FGFs, activins or PDGFs may be involved in the 

regulationn of myocardium formation in the intra-cardiac mesenchyme. 

Thee pericardial cells underneath the proepicardium and adjacent to the inflow tract 

myocardiumm are multipotential and contribute to the proepicardium and the myocardium 

off the inflow tract. Immunohistochemical analyses showed that low levels of SERCA2a 

expressionn are present in this region. The SERCA2a expression appears to taper off 

towardss the top of the proepicardium, which hardly expresses SF:RCA2a, whereas the 

infloww tract myocardium expresses high levels of SFRCA2a. These observations suggest 

thatt proepicardial cells are derived from cells that went through part of the myocardial 

programm but have shut down this program during subsequent development. We found 

thatt cells of the chicken proepicardium are able to differentiate into cardiomyocytes in 

vitro,vitro, indicating that the proepicardial cells are not yet irreversible committed to the 

epicardiall lineage. As soon as these cells form an epicardial sheet covering the heart, they 

doo not spontaneously form myocardial cells hi vitro anymore. They, therefore, seem to be 

fullyy committed to the epicardial lineage. Bone morphogenetic protein (BMP) 2 and 4 are 

ablee to induce myocardial differentiation in serum-free proepicardial cultures. The in vivo 

expressionn pattern of BAIP2 and 4 are consistent with a role of BMP 2 and 4 in 

myocardiall differentiation at the venous pole. Fibroblast growth factor (FGF) 2 inhibited 

differentiationn of proepicardial cultures into the myocardial lineage, but stimulated 

differentiationn into the epicardial lineage. Proepicardial cultures, therefore, provide a 

uniquee model system in which the molecular mechanisms controlling the developmental 

decisionss of the embryonic pericardial cells as they differentiate into myocardial or 

epicardiall lineages can be studied. 
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