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Development of sense organs

The overall aim of our research is to understand organo-
genesis, the construction and integration of a structural
and functional unit specialised for a particular task. Such
functional and structural integrity has its root in a com-
mon lineage during embryogenesis, so that most of the cells
of a particular organ arise from the same precursor. We
are specifically using sensory organogenesis, predominantly
the ear, in the chick as a model for organogenesis in gen-
eral.

Conceptually organogenesis can be subdivided into
three steps: induction — the establishment of the
organogenic domain, differentiation — the elaboration of
the organ phenotype and integration — the orchestration
of the holistic nature of the organ as part of a functional
unit, i.e. in the case of the inner ear, the articulation with
the middle and external ear and auditory center of the
brain. These steps form the basis of the interests in the
lab with the goal of building a coherent picture of the gen-
eration of organs.

1. Elucidating the signals in inner ear induction
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We are investigating the hierarchical organization of
signaling interactions in the development of the inner ear,
and to understand what induction actually means. Ini-
tially we found that the inner ear was induced in a region
of non-neural ectoderm in the embryo, from the concerted
and co-operative signaling of FGF19 from the mesoderm
and Wnt8c in the neural ectoderm. This finding highlights
the fact that a localized signal from the mesoderm is re-
sponsible for the positioning and induction of the inner
ear. We have more recently found a third signal, emanat-
ing from the underlying endoderm that is both sufficient
and necessary for mesodermal Fgf19. This principle of a
paracrine regulatory loop between endodermal FGF8 and
the mesodermal otic inducer has been extended to mouse
as well, where we have shown that FGF8 affects the ex-
pression of the otic inducer in that species, FGF10.

Complementing this work, we are elucidating an exact
role for FGF19 in otic induction. We have found recently
that FGF19 is inhibitory for otic differentiation, a surpris-
ing result, given that it can induce, efficiently, the expres-
sion of early otic placode specification markers. In fact the
data suggests that another signal, FGF3 is required for dif-
ferentiation and that the function of induction mediated by
FGF19 is to recruit cells to the otic field.

2. Morphogenetic studies on the otic placode

One of the first responses to otic induction is its invagi-
nation, changing its configuration from a flat disc located
on the surface of the embryo to a hollow sphere located
inside the head of the embryo. Using electron microscopy
and immunolocalization, we have characterized the sub-
cellular events associated with such morphological events,
observing alterations in the position of nuclei, formation of
actin bundles, microtubule tracks and membrane remod-
eling events as the cells change shape. We are correlating
these events with signaling events that occurr in the otic
placode.

3. Regulation of hair cell differentiation

We have developed a method of culturing the mouse
inner ear, in defined media, and observing inner ear hair
cells. Using this technique we have defined various con-
ditions and various signals that arrest the growth of hair
cells, the mechanosensory cells of the inner ear, at cer-
tain points of the differentiation pathway. Our aim is to
recreate these steps in vitro, using stem cells, to efficiently
generate hair cells.

4. The role of the mesoderm in the development
of other sense organs

As already described, we have elucidated a role for the
mesoderm in the induction of the inner ear. We have re-
cently characterized the role of the mesoderm in the de-
velopment of other sense organs; in particular the optic
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vesicles that will eventually give rise to the retina. Here,
in contrast to what we have found in the inner ear, the
mesoderm is actually inhibitory to the development of the
optic vesicle. We are currently characterizing the signals
emanating from this region of the mesoderm to determine
the molecular pathways that operate in this region.
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