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Chapterr 7 

Additionall  observations on myocardium formation 
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Chapterr 7 

Thiss chapter at the end of this thesis describes preliminary results on myocardium 

formationn that need further investigation, in the first part, characteristic morphologies ot 

myosin-positivee cells in the /'// vitro explant assay are described. The second parr tocuses 

onn the inyolvemenr of several factors in the regulation of myocardium formation. 

Morphologicall  appearances of myosin-positive cells in the in vitro 

explantt assay 

Inn several different explant cultures the morphological characteristics of myosin-positive 

cellss were examined bv immunofiuoresccnt staining. We focused on the position and 

shapee of the myocytes in combination with their myosin arrangement. The morphological 

featuress are schematically drawn in table 1 and discussed below. 

Shape.Shape. At the end of the culture, myocytes were found to have three different 

shapes.. 1) A long elongated, rectangular shape resembling mature myocardial cells (arrows 

inn fig. la and b; SI in table 1). These myocytes contain usually linearly organized myosin 

(M33 in tabic 1). 2) A narrow, mesenchyme-like shape (arrows in fig. ld-f; S2 in table 1). 

Myosinn organization in these cells is not determined. 3) A flat, square, epithelium-like 

shapee (S3 in table 1). "Epithelial'' myocytes display often diffuse or dotted myosin 

staining,, which is characteristic for differentiating cardiomyocytcs (Rudy et al., 20t)l; Han 

ett al., 1992 M l and M2 in table 1) and are likely to be the result of recruitment. This 

phenotypee gradually changes towards a long, rectangle myocardial phenotype with linearly 

organizedd myosin staining (''Mature" myocyte). Figure l c shows a typical example ot a 

myocytee which is apparently in a transition state going from a flat epithelium-like 

phenotypee with dotted myosin staining (the broad part) towards an elongated myocardial 

phenotypee with mvosin staining that becomes more linearly organized (narrow elongated 

part).. The fact that the shape of myocytes closely resembles the shape of mesenchymal or 

epitheliall  cells might suggest that they are differentiating mesenchymal and epithelial cells, 

respectively. . 

Position.Position. The myocytes can be aligned (PI and P3 in table 1) or non-aligned (P2 and 

P44 in table 1) with the myocytes of the original explant or with surrounding myocytes. 

Thee non-aligned myocytes are likely to be the result of differentiation. This is supported 

layy the observation that several non-aligned myocytes appear fiat, square and epithelium-

like,, and/or display diffuse or dotted myosin staining (Fig. li , j , n, o and s). Aligned 

myocytess can be the result of migration or differentiation, which is more likely if these 

myocytess display diffuse or dotted mvosin-staining patterns (Fig. lp). 
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Tabicc 1. Schematic drawings of the morphological features of myocytes in explant cultures observed after 
myocytee specific immunostaining. Myocytes can acquire several shapes (S) and positions P). The upper 
partss MI SI, 2 .\n<\ 3 displa\ schematic drawings of the shape of the ""mature"', "mesenchymal" and 

""  myocytes. The lower part displays a picture of a region of an explant made with the bright held 
microscopee and a schematic drawing of a confocal image of the same region of the explain stained for 
myosin.. Ml , 2 and 3 display schematic drawings of the different stages of myosin organization within a cell. 
Myosinn staining in Ml is diffuse, in M2 dotted and in M3 linearly organized. The square explant box in P2 
representt explant of any shape. The explants of PI and P3 represent explains with myoevtes that are 
radiallyy orientated. The explant in P4 has a smooth border at the site of myocardium formation. 

Takenn together, these in vitro observations support the existence of several forms 

off  myocardium formation; recruitment of cardiomyocytes by differentiation of 

mesenchymall  or epithelial cells and migration of existing cardiomyocytes. The 
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observationss indicating that these forms can occur separately, suggest that they arc 

regulatedd bv different molecular mechanisms. 

Myocardiu mm differentiates from epithelium in aorti c sac explant cultures 

Wee used aortic sac cultures to studv myocardium formation in the embryonic heart that 

leadss to the elongation of the outflow tract (kellv and Buckingham, 21)02). The aortic sac 

comprisess the non-mvocardial part contiguous to the outflow tract. However, at the start 

off  the culture of mouse aortic sac of F9.5 myocytes were often present (not shown), 

indicatingg contamination of outflow tract myocardium. At the end of a five-day culture 

period,, however, myocytes were identified in these cultures that resembled epithelial cells 

andd that displayed diffuse or dotted myosin staining. These findings indicate that 

differentiationn of epithelial cells into the myocardial Üncage has taken place (Fig. Igand i). 

Thiss epithelial origin is not unexpected since /// vivo the elongation of the outflow tract is 

achievedd bv recruitment of the epithelial lining of the pericardium into the cardiac lineage 

att the distal myocardial outflow tract border (Yiragh and Challice, 19~\i). Similarly, flat, 

epithelium-likee cardiomvocytes are observed in explant of chicken aortic sac of H.H15 

(Fig.. Ih and j). 

D oo endocardial cells have the potential to differentiat e into myocardial cells? 

Inn chicken outflow tract (Fig. lcj-s), venous pole (Fig. 11 and o) and ventricle (Fig. Ik and 

n)) cultures of IIH16 occasionally myocytes appear that are not aligned with the 

cardiomvoevtess in the explant. Moreover, their myosin staining is characteristic of an early 

phasee of myosin organization. In these explant cultures, the non-m_\ocardial cells, which 

aree located on top of the collagen matrix, comprise only endocardial cells, because 

epicardiall  and neural crest cells have not vet populated the heart. These observations 

suggestt thai endocardial cells have differentiated into myocardial cells and are in 

agreementt with the finding that endothelial cells of the dorsal aorta can differentiate into 

cardiacc muscle /'// vitro ('Condorelli ct al. 2001) and that at least a part of the primary 

endocardiall  cells express temporarily atrial and ventricular myosin heavy chains in vivo (De 

]ongg ct al., 19fT; I Jnask and Fash, 1993; Fiscnbcrg and Markwaid, 1995). 

Whichh factors are involved in the regulation of myocardium formation? 

Farlvv chicken outflow tract or atrioventricular canal explants (HFU5-P) that under 

standardd conditions do not spontaneously form myocardial networks can he induced to 

doo so bv conditioned medium of late explains (111126-29; that do spontaneously form 
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myocardiall  networks in vitro (Van den Hoff et ah, 1999, 2001; Fig. 2a). These observations 

suggestt that a secreted soluble factor stimulates myocardium formation. Candidate growth 

factorss were selected based on the analysis of genetically modified mice in which 

congenitall  cardiac defects were reported (Srivastava and Olson, 2000) and on the analysis 

off  early myocardium formation from the precardiac mesoderm (Lough and Sugi, 2000; 

Barronn et al., 2000). In the following sections a number of experiments is discussed in 

whichh the role of these factors in myocardium formation is studied. 

TGF0 0 

Introduction.Introduction. The hearts of TGFp2-deficiem mice display double-outlet right ventricle, 

doublee inlet left ventricle, ventricular septal defects and thickened cushions and valve 

leaflets.. Aberrant muscularization of the septa was suggested because the outlet septum 

andd the mesenchymal cap of the primary atrial septum remained mesenchymal (Sanford et 

al.,, 1997; Bartram et al., 2001). TGFpM or TGFP3-dcficient mice do not display cardiac 

defectss (Shull et al., 1992; Kulkarni et al., 1993; Proetzel et al., 1995). In chicken, TGFp2, 

TGFR3,, TGFp receptor type II and 111 are found to be essential for the correct epithelial-

mesenchymall  transformation in the atrioventricular canal to form the endocardial 

cushionss (Ramsdell and Markwald, 1997; Potts et al., 1991, 1992; Barnett et al., 1994; 

Boyerr et al., 1999; Brown et al., 1996, 1999; Nakajima et al., 1998). TGFp2 appeared to be 

criticall  for endothelial cell separation and its signal is propagated through the TGFp type 

II II  receptor, while TGFp3 is critical for mesenchymal cell formation and its signal is 

propagatedd through the TGFp type II receptor (Boyer and Runyan, 2001). In mouse, onlv 

TGFp22 is necessary for mesenchymal cell formation (Camenisch et al., 2002). 

Purpose&Metbods:Purpose&Metbods: Several approaches were used to determine the role of TGFps in 

myocardiumm formation. 1) Cardiac compartments of the TGI:p2-deficient mouse are 

culturedd and assessed for their ability to form myocardial networks. 2) Recombinant 

TGFp22 and 3 are added to early chicken outflow tract explants to determine their ability 

too stimulate myocardial network formation. 3) Chicken cardiac explants are infected with 

adenoviruss expressing dominant-negative (dn) TGFp type II receptor to determine the 

involvementt or TGF'P-signaling in myocardium formation. The expression of the dn 

TGFp-typee II receptor gene is under the control of the CMV promoter. The adenovirus 

alsoo contains a green fluorescent protein (GFP) cassette under the control of a distinct 

CMVV promoter to visualize the cells that are infected and have an active CMV promoter. 

Thee control virus contains onlv the GFP-rcporter gene. 

Results:Results: To determine the ability of cardiac explants prepared from TGFp2-

deficientt mouse to form myocardial networks /// vitro, explants of several stages were 
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culturedd in the in vitro explant assay. It was found that all cultured compartments of the 

TGF(32-dcficientt mouse heart were able to form myocardial networks at approximately 

thee same stages as the cxplants of the wild type (Fig. 3) or heterozygous (not shown) 

mouse,, indicating that TGFp2 is not required for myocardium formation. However, since 

thee cardiac explants are cultured in the presence of l0/n mouse serum, a sufficient amount 

off  TGFp2 might have been present in the serum and complemented for the endogenous 

TGFp2. . 

Too verify whether TGF'P2 is able to induce myocardium formation and which 

concentrationn is minimally required, increasing amounts of recombinant TGFP2 were 

addedd to earlv chicken outflow tract explant cultures, which do not form myocardial 

networkss under standard conditions. It was found that a concentration higher than 0,125 

ng/mll  of recombinant TGFp2 was sufficient to induce myocardial network formation in 

earlvv chicken outflow tract explants (Fig. 4b; Van den Hof f et al., 2002). TGFpl and 

TGFp33 can both induce myocardial network formation in early outflow tract explant 

culturess provided their concentration is higher than (1,25 ng/ml (Fig. 4a,c). 

Too further examine the role of TGFp's in myocardium formation, TGFP signaling 

wass disrupted by over-expressing dominant negative TGFp type II receptor using 

recombinantt adenoviruses. We used recombinant viruses, because knock out mice ot the 

TGFPP tvpc II receptor are embryonic lethal by RIO in development (Oshima et al., 1996), 

whichh is prior to myocardium formation in the intra- and extra-cardiac mesenchyme in 

thesee mice. Chicken outflow tract explants of HH21 and HH32 spontaneously form 

myocardiall  networks in vitro (Van den Hoff et ah, 1999). Infection of these explants with 

controll  virus resulted in labeling of myocardial and non- myocardial cells and did not 

seemm to influence myocardium formation in vitro (Fig. 5a and e). It the explants were 

infectedd with virus expressing the dn TGFp-type II receptor, a reduction in myocardium 

formationn was observed in HH21 outflow tract cultures (Fig. 5g). Infected HH32 outflow-

tractt explants showed rather a more extensive than a reduced myocardium formation into 

thee collagen gel (Fig. 5c). These observations indicate that TGFP signaling is not required 

forr mvocardial network formation in the outflow tract explants of HH32, whereas it is 

requiredd for mvocardial network formation in the outflow tract cxplants of HH21. 

Discussion.Discussion. Functional disruption of TGF"P2 in mice was found to have septation 

defectss among which aberrant muscularization of the outlet septum. Culturing cardiac 

explantss of these mice were found to form myocardium spontaneously in vitm, in a 

comparablee wav as cardiac explants of wild type or heterozygous littermates. Because the 

cardiacc explants are cultured in the presence of 1% mouse serum, the TGFP present in 

serumm might complement for the absence of TGFp2 production in these mice. Culturing 

earlyy chicken outflow tract that in normal medium do not spontaneously from mvocardial 
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networkss can be induced to do so when the medium is supplemented with TGI :p. 

TGF(522 is the most potent growth factor and induces myocardium formation ar 

concentrationss higher than 0,125 ng/ml, TGFP'l and TGFP3 do so at concentrations 

whichh are at least higher than 0,25 ng/ml. In mouse, TGFpi plasma levels were round to 

bee about 1 ng/ml whereas the plasma levels of TGFp2 and TGFp3 were undetectable 

(Haradaa et al., 2002; Böttinger et al., 1997). Since 1% mouse serum is used, the 

concentrationss of the TGFP's provided by the serum are considered too low to induce 

myocardiall  network formation. Taken together these observations suggest that TGFP is 

nott directly involved in the induction of myocardium formation. 

TGFP22 is suggested to be required for differentiation of cushion mesenchyme in 

vivovivo (Bartram et al., 2001; Kubalak ct al., 2002) and in vitro (Nakajima et al., 2000; 

Camenischh et al., 2002). A sufficient amount of mesenchymal cells first has to acquire a 

statee of differentiation that allows them to induce or sustain muscularization of cushion 

mesenchymee (Markwald et al. 1998; chapter 4). These findings suggest a model in which 

TGFp22 stimulates the development of mesenchyme so it wil l create the proper 

environmentt to allow myocardium formation. The lack of myocardium formation 

observedd in the TGFp2-dcficicnt mouse might, therefore, be due to an insufficient 

developmentt of the mesenchyme. This is supported by the observation that the level of 

fibronectin,, which is produced by the mesenchyme, at the myocardial-mesenchymal 

interfacee in the outflow tract of the TGFf}2-deficient mouse did not decrease at the stage 

off  myocardium formation (Mohamad et al., 2000). Low levels of fibronectin expression 

arcc suggested to be required for intermingling of mesenchyme and myocardium 

(Armstrongg and Armstrong, 2000). 

Thee induction of myocardial network formation in the early outflow tract explain 

culturess in the presence of TGFPs might therefore be due to the stimulation ot 

mesenchymee development. The inhibition of myocardium formation in the I1I121 

outfloww tract culture by the dn TGl;P-rype II receptor might be due to a inhibition of the 

differentiationn or proliferation of the mesenchymal cells, because in addition to 

myocardiall  cells also mesenchymal and endocardia! cells in the outflow tract culture are 

infected.. The conclusion that inhibition of myocardial network formation in II I 121 

outfloww tract cultures is indirect is supported bv the observation that the amount of non-

infectedd cardiomvoevtes that populate the gel is also diminished. In HH32 outflow tract 

culturee the myocardium formation is not inhibited because the mesenchyme mighr 

alreadyy have reached the point of development at which it can support myocardial 

networkk formation and was therefore not affected by the dn TGFP-type II receptor. 
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Figuree 1. Morphological 
appearancess of myosin-positive 
cellss in the in ritro  explain assay. 
Panelss a, d, g and c] are varel 
modulationn micrographs. Panels 
),, c, t. h p. r anti s are brightest 
pointt projections of CLSM slacks 
off  the explains after 

immunofluorescentlyy stainii 
thee myocytes using the 
monoclonall  antibody Ml 2l 

anell  e shows one ( LSM stack of 
explainn depicted in panels d and t. 
Panelss i, n, o, p. and s are 
magnificationss of boxed area in 
panelss g, k, 1, m and r, 

lively.. Panels a, b, 1 and o 
showw venous pole explain of 
chickenn III116 co-cultured with 
proepicardium;; Panel c show 
myosinn positive cell observed in 
ventricularr explain CM cultured 
withh proepicardium. Panels d and 
tt show ventricular explain of 

II  II 124 treated with 50 ng/ml of heparin. Panels g and i show aortic sac culture of mouse I ,9.5. Panels h 
andd j show aortic sac culture of chicken HH15. Panels k and m show ventricular explain of chicken 
HH166 co-cultured with proepicardium and treated with BMP4 '50 ng/ml) ,md FGF2 '50 w 
Panelss q-s show chicken outflow tract of HHI6. The lined area in i| corresponds with the lined area in r. 
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' ' 

Figuree 1 (continued) 

Activi n n 

Additionn of follistatin to cultures of laic outflow tract explants (HH25-27), which 

spontaneouslyy form myocardial networks in vitro, resulted in an inhibition of myocardial 

networkk formation (Fig. 2b), indicating a role tor bone morphogenetic proteins (BMPs) 

and// or activins. The observations that activin A was not able to induce myocardial 

networkk formation in early outflow tract explants (Fig. 2a) and that antisense activin A 

oligonucleotidee did not inhibit myocardial network formation in late outflow tract 

explants.. suggest that activin A is not invoked. Addition of antisense activin B 

oligonucleotidee did result in some inhibition ot mvocardial network formation in late 

outfloww tract explants, suggesting that activin B might be involved (Fig. 2b). 
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Figuree 2. The inducing Pane In or inhibiting Panel b) capacities of several factors on myocardial netwi irk 
formationn in outflow tract explain cultures. < )n the y-axis, the extent of the formed myocardial netv 
expressedd in arbitrary units. ,\ score of 0 indicates no myocardial network formation. A score ol I indicates 
limitedd myocardial network formation and a score of 2 indicates extensive myocardial network formation. 
Eachh point in the graph is based on the analysis ()f a separate /'// vitro experiment. CM, conditioned medium; 
aa A. antisense aenvin A; aniA. antisense activin A with mismatch; aB, antisense activin B; antisensc activin B 
withh mismatch. See text. 
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Figuree 3. Developmental windows 'it myocardial network formation in cardiac explant cultures of wild 
typee and TGFJ32-/- mouse. The extent of myocardial network formation in 1.5 mg/l collagen gels by 
venouss pole, atrioventricular canal, outflow tract and apex of the left ventricle explain-, between El 1 and 
I'd'-'' (x-axis) was assessed after a week in culture as described in chapter 4. On the y-axis, the extent of the 
formedd myocardial networks is expressed in arbitrary units. A score of 0 indicates no myocardial network 
formation.. A score of 1 indicates limited myocardial network formation and a score of 2 indicates extensive 
myocardiall  network formation. Each point in the graph is based on the analvsis of a separate /';/ vitro 
experiment. . 
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Figur ee 4. Dilution scries of TGFp-1 (a), -2 (b), -3 (c) in early outflow tract explain cultures to determine 
thee minimal concentration required for inducing myocardial network formation. On the y-axis, the extent 
off the formed myocardial networks is expressed in arbitrary units. A score of 0 indicates no myocardial 
networkk formal ion. \ score of 1 indicates limited myocardial network formation and a score ot 2 indicates 
extensivee myocardial network formation. Lach point in the graph is based on the analysis oi a separate /// 
vitrovitro experiment. 

BM PP and FGF 

Supplementingg conditioned medium of noggin-expressing Cl IO cells to late outflow tract 

explainss inhibited myocardial network formation, suggesting that also BMPs arc involved 

(Fig.. 2b). Addition of BMP2 or BMP4 to early outflow tracts explant cultures, however, 

didd not induce myocardial network formation. Reminiscent to the myocardium formation 

fromm the precardiac mesoderm (Lough et al., 1996; Barron et al., 2000), a fibroblast 

growthh factor (FGF) in addition to BMP might be required for the induction of 

myocardiumm network formation in cardiac explant cultures as well. This is supported by 

thee observation that heparin, which interferes with FGF-signaling (Powers et al., 2000), 

inhibitedd the formation of myocardial networks in chicken and mouse ventricular explant 

culturess ''chapter 4). 
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Figuree 5. Chicken outflow traci explants infected with 
adenoviruss expressing the dn ' l (d (5 receptor type II. Panels a-
gg are brightesi poinl projections of ' 'ISM stacks of outflow 
tractt explants stained with MF20, showing the CMV-driven 
(ill I' expression. Panels b, d and t arc magnifications of the 
boxedd area in panels a. c And e, respectively. Panels a and b, 
andd panels c and d show outflow tract explants of I II132 
infectedd with control virus (.11' and dn 'I(.I :(i type II 
receptor-expressingg virus dn 'I ( d (5 Rll . respectively. Panels e 
andd f, and panel g show outflow tract explants of HI 121 
infectedd with control virus Gl P and dn TGFB type II 
receptor-expressingg virus dn TGFJ3 Rll , respectively. 
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HII166 chicken venous pole explants spontaneously form myocardial networks in 

vitrovitro when co-cultured together or without the proepicardium (Van den Hoff et al., 2001; 

Fig.. 6a). Addition of either noggin or heparin had a pronounced inhibitory effect on 

myocardiumm formation of the venous pole of HH16 co-cultured with the proepicardium 

(Fig.. 6a,b and c), implying a role for BMPs and FGFs in the regulation of myocardium 

formationn of venous pok explants. In co-cultures of venous pole and proepicardium, 

differentt effects of BMP4 or FGF2 were observed on myocardium formation in the 

proepicardiall cxplant and in the venous pole explant. BMP4 stimulated myocardium 

formationn in the proepicardial explant but inhibited myocardium formation in the venous 

polee explant (Fig. 6e). FGF2, on the other hand, inhibited myocardium formation in the 

proepicardiall explant and stimulated the myocardium formation in the venous pole 

explantt (Fig. 6f). Whereas a combination of BMP4 and FGF2 strongly inhibited 

myocardiumm formation in the proepicardial explant, myocardium formation in the venous 

polee explant was stimulated (Fig. 6g). 

Thee different effects of noggin, BMPs and FGFs on myocardium formation in the 

differentt explant cultures might be due to: 1) Concentration-dependent effects. In 

primaryy cardiogencsis the effect of BMP has been shown to be concentration dependent 

(Barrronn et al., 2000; Alsan and Schultheiss, 2002). 2) Presence of different co-factors in 

thee different cultures. 3) Different responses of the different cell types to the same 

factor(s).. FGF stimulates myocardium formation in venous pole cultures whereas FGF 

inhibitss myocardium formation in proepicardial cultures. Proepicardial cells will become 

epicardia.11 ceils /)/ vivo and not myocardial cells, whereas in the venous pole myocardium 

formationn will take place. Therefore, FGF might stimulate the developmental pathway the 

celll has been specified to. In presence of FGF, BMP is directed by FGF to stimulate the 

samee original pathway. 4) Differential regulation of the several forms or myocardium 

formation.. In primary cardiomvogenesis BMP is considered to be the differentiation 

signall and FGF the survival and proliferation factor (I.o ugh and Sugi, 2000). This might 

indicatee that BMP stimulates myocardial differentiation (and inhibits growth and 

migration),, antl that FGF stimulates growth and migration (myocardialization; and 

inhibitss differentiation). The precise role of BMPs and FGFs remains to be assessed. 

Others s 

Angiotensin-11,, cardiotrophin, endothelin-1, -2, -3, insulin-like growth factor (IGF)-II, 

neurorrophin-33 and ostcopontin were not able to induce myocardial network formation in 

earlyy outflow tract explants, whereas platelet derived growth factor (PDGF)-AA, PDGF-

ABB and -BB were able to induce the formation of myocardial networks in vitro. It is 

noteworthyy that PDGF-AA stimulates myocardial network formation at low levels and 

inhibitss at high levels (not shown), whereas PDGF-AB and -BB stimulate myocardial 

networkk formation with increasing concentrations (not shown). 
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Conclusionss and future perspectives. 

Att least 3 different types of mechanisms appear to underlie myocardium formation in 

vitro;vitro;  1) migration of existing cardiomvocytes, 2) differentiation from mesenchymal cells, 

andd 3) differentiation from epithelial cells. These 3 types of myocardium formation can 

alsoo be distinguished in vivo; Formation of the myocardial heart tube occurs by the 

differentiationn of epithelial and mesenchymal cells lining the embryonic pericardial cavity 

intoo cardiomyocytes. The myocardium formation in the intra-cardiac cushions initiates by 

migrationn or protrusion of existing cardiomvocytes into the mesenchyme, which is 

subsequentlyy triggered bv the cardiomvocyte to differentiate into cardiac muscle cells. 

Similarly,, the muscularizarion of the pulmonary and cava! veins is established by 

recruitmentt of the mesenchymal cells lining the veins into the myocardial lineage upon a 

signall from the neighboring cardiomvocytes. The precursors of the cells differentiating 

intoo cardiomvocytes are related since they are derived from a cell lineage that once has 

expressedd Mespl (Saga et ah, 2(K)U). Furthermore, they are or have been part of the 

cardiogenicc heart field, since they have once expressed Nkx2.5 (Stanley et al., 2002). 

Proepicardiall cells have been part of the cardiogenic field as well, however, they 

contributee to non-myocardial cells. Hence, there must be a strict regulation of the 

developmentall fate. The understanding of the molecular mechanisms underlying the 

inductionn or prevention of myocardium formation at the several regions of the heart 

mightt provide insight into the extent of uniformity in the regulation of several types of 

myocardiumm formation. Co-culture experiments of the proepicardium and the venous 

polee indicated that the myocardium formation in these explains is differentially regulated. 

Whetherr this is due to either intrinsic different mechanisms or to differences imposed by 

thee different locations in the embryo has to be elucidated. Future experiments will focus 

onn the regulation of myocardium formation in the several cultures. For this, 

discriminationn has to be made between the different types of myocardium formation that 

cann occur in the culture. 

Understandingg the molecular mechanisms underlying the differentiation of 

proepicardiall cells and embryonic fibrous tissue into cardiomvocytes might provide clues 

onn the induction of interstitial cells (fibrous tissue) in the adult heart into cardiomvocytes, 

whichh might be of value for the strengthening of diseased and aging hearts. 
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Figur ee 6. The effeel of several factors on the myocardium formation of chicken I1H16-I - venous pole 
explainn co-cultured with proepicardium. Brightest point projections ofCLSM stacks of the explain stained 
withh MF20. The magnifications of the explants arc similar to indicate the size oi the explain. Panels a-g 
showw venous poles ol I II 116 1 _ , which are co-cultured with proepicardium and treated with .1 

parin,dd BMP2, t BMP4, f) FGF2 and g BMP4 plus FGF2. All 50 ng/ml. 
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