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Analysis of secondary axis induction by zebrafish cell
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Early in vertebrate development, body axes are patterned by an adequate series of
inductive events. These events are organized by a specific region in embryos. The
region is known as the organizer—the source of inducing signals. Previous studies of
dorsal axis formation in amphibians have identified two kinds of organizers;Two the
primary organizing center, so-called Nieuwkoop center, and the dorsal organizer
(Spemann organizer). The Nieuwkoop center induces the dorsal organizer; and then
the dorsal organizer dorsalizes the adjacent mesoderm and induces the neural
ectoderm. The Nieuwkoop center and the dorsal organizer are largely conserved
structurally among other vertebrates. In zebrafish and other teleosts, for example, the
Nieuwkoop center and the dorsal organizer are known as the dorsal yolk syncytial
layer and the embryonic shield, respectively. Recent studies with zebrafish mutants
have uncovered molecules acting in these inductive events. However, the details of the
molecular mechanisms of formation of the dorsal organizer remain unclear.

Here, I propose to address this issue by using the zebrafish cultured cells.
Preliminary experiments in our lab have shown that zebrafish cultured cells form
secondary axis when the cells were implanted into mid-blastula of zebrafish embryos. I
demonstrated that this culture cell system is potentially useful to disclose the
mechanism of the secondary axis formation or dorsal axis induction.

In chapter one, I discussed the ability of cultured cells for the induction of
secondary axis. I established zebrafish cell lines derived from various developmental
stages and implanted these cell lines into the mid-blastula of zebrafish embryos. I
observed that the implantation of all of the established cell lines could induce a
secondary axis. Then, I examined whether this phenomenon is caused by induction of
neural tissues or by induction of the dorsal organizer itself. The results were: (i)
Secondary axis was never induced when cells were implanted after formation of the
endogenous organizer. (ii) The implanted cells themselves were not differentiated, but
they induced notochord in the secondary axis. (iii) Ectopic expression of dorsal
organizer markers was observed only around the implanted cells. From these results, I
concluded that the established cell lines induce the secondary axis through induction
of the dorsal organizer rather than mimicking the dorsal organizer activity.

In chapter two, I investigated the molecular mechanism of dorsal organizer
induction by these zebrafish cell lines. Recent studies have uncovered two kinds of
molecules, bozozok/dharma (boz) and squint (squint), two molecules that act in parallel
to induce the dorsal organizer in the Nieuwkoop centeract in parallel to induce the
dorsal organizer in the dorsal yolk syncytial layer: and bozozok/dharma (boz) (Fekany
et al.,, 1999; Koos arnd. Hence, I investigated the relation of these two molecules and
the dorsal organizer induction by the zebrafish cell lines. Cultured cells did not

express boz. In addition, expression of boz was not observed both around the implanted
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cells and in the cells themselves. These data suggest that zebrafish cell lines induced
the dorsal organizer without activating boz. I implanted cell lines into
maternal-zygotic one-eyed pinhead (MZoep) mutant, which fail to receive Nodal
signaling. Even in the mutant, the cell lines could induce the dorsal organizer and the
secondary axis. Furthermore, the phenotype of MZoep mutants of secondary axis was
not rescued by implantation of the cell lines. These data, therefore, suggest that the
cultured cells induced the dorsal organizer independently of the Nodal signaling
pathway. Taken together, I concluded that zebrafish cell lines induce the dorsal
organizer by activating neither boz nor Nodal signaling.

In chapter three, I explored the candidate genes responsible for the dorsal
organizer induction,K by zebrafish cell lines. I first examined relation with known
secreting factors and the causing factor of the dorsal organizer induction by zebrafish
cell lines. I examined expression of fgfs and wnts in cultured cells by RT-PCR. The
cultured cells showed no or little expressions of fgfs or wnts. In addition, I investigated
expression of dkk-1, inhibitor of Wnt signaling, in the implanted embryos. Although
ectopic expression of dkk-1 was observed around the implanted cells, cultured cells did
not express dkk-1 themselves. Therefore, I considered that this factor is not sufficient
to explain the inductive ability of the dorsal organizer by zebrafish cell lines. Then, I
performed microarray analysis in comparison to cultured cells and wild-type embryos.
By screening the microarray data, I obtained 14 genes as a candidate. Further studies
of these candidate genes could provide new insights into molecular mechanisms of the

dorsal organizer induction.
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