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Abstract

Vertebrate heart development involves a precise sequence of morphogenetic events from
which a complex structure is formed from a linear heart tube. To study the heart development
in mammals is difficult because most alterations of heart structure are lethal. Therefore we use
alternative model, Xenopus laevis embryos. The aim of this project is try to establish a new
experimental model to help understanding the mechanism that regulates cardiac cell
diversification and heart morphogenesis. In order to achieve these goals we use two assays.
The cardiogenesis assay involves the use of animal cap explants excised from the animal pole
of blastula embryos. It has been previously established that it is possible to induce
differentiation of cardiac tissue in the same explants via the injection of GATA-4 mRNA.
Here it is shown that GATA-4 reliably induces the expression of ventricular and proepicardial
markers, providing an assay to study the mechanisms of cardiac cell fate diversification.
However, despite these, cardiomyocytes generated in animal pole explants they do not
undergo significant morphogenesis and physiological maturation. In order to study these later
aspects of heart development we required a different assay in which was possible to generate a
structure similar to the heart. Using GATA-4 injected AC explants transplanted into host
embryos we obtained secondary beating hearts in which regionally restricted cardiac gene
expression was observed in addition to growth and a limited degree of morphogenesis. We
demonstrated that the host plays an essential role as it provides a wide range of permissive
regions which allow the development of the SH. Moreover, we also showed that the
competence to generate a secondary heart is lost in reaggregates transplanted at stage 28. The
host cells however do not contribute to the SH indicating that the role of the host is providing
signals which allow the development of the SH. In the future we aim to investigate the
signalling pathways which mediate the host-SH interaction and the mechanism by which they

allow the development of the secondary structure.
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1.0 Introduction

1.0 Introduction

Embryonic development is regulated by numerous inductive signals that determine
specification of different cell types. Specification is a process through which naive cells are
induced to enter a developmental pathway. A specified cell may not ultimately form the tissue
that it has been directed toward until it is determined, by which point the specified cell
expresses cell-specific proteins that confirm its particular identity (Slack, 1991). Following
specification, functionally distinct differentiated cells interact to generate a specific organ

during morphogenesis.

1.1 Embryonic development of Xenopus laevis

1.1.1 Xenopus laevis embryo as a model organism

The African clawed toad Xenopus laevis is one of the major animal models used in
developmental biology. In the first half of 20™ century it became popular after it has been
discovered that ovulation in female Xenopus can be induced by the injection of the human
hormone chorionic gonadotropin (HcG). This permitted a constant supply of embryos in
contrast to the seasonal availability of other amphibian species as urodele and newt.

Advantages in using frogs in research include large and robust embryos that are available in
large numbers. Development takes place outside the mother and as such embryos are
accessible at all well-documented developmental stages (fig. 1.1) for experimental procedures.

Examples of contribution of Xenopus as a model for developmental study are numerous and



1.0 Introduction

include the generation of embryonic fate, specification maps and discovery of the mechanisms
that specify embryonic axes (Beck and Slack, 2001). Gene function analysis can be easily
achieved by overexpression of mRNA in early cleavage embryos. The capacity of Xenopus
embryo to translate the mRNA injected into the blastomeres has led to many contributions to
the study of the early developmental events and the identification of the major classes of
inducing factors. Gene function analysis can be also achieved through gene knockdown using
antisense morpholino (MO). MOs are designed to block the mRNA translation or to block
specific region of the gene avoiding the splicing event of the pre-mRNA (Heasman, 2002).
Xenopus is also used to study the late events in embryo development using the transgenic
technology. Additional benefit of transgenesis is the ability to study the expression of a target
gene using integrated transgenes as green fluorescent protein (GFP) in living embryos. GFP is
used to study the regulation of gene expression and as a real time marker of cell fate. More
recently the use of an model organism database, Xenbase, has become the principal resource
for gene expression analysis, anatomy, development and community information for Xenopus

laevis and Xenopus tropicalis (Bowes et al., 2010).
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