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Summary. Organogenesis involves a dynamic balance 
of the mechanisms regulating cell  division, 
differentiation and death. The development of the 
chicken embryo inner ear offers a well-characterised 
model at the morphological level to study which signals 
are implicated in the modulation of cellular activation 
and commitment. The early developmental decisions 
that control the origin of the inner ear elements are just 
beginning to be identified by complementary in vivo and 
in vitro studies. Insulin-like growth factor-I (IGF-I) and 
nerve growth factor (NGF) are among the best 
characterised diffusible factors acting during inner ear 
development. Although the cellular actions of these 
factors are beginning to be understood, the signalling 
pathways triggered by them still  remain largely 
unknown. In this context, viral vehicles can be used to 
deliver genes and then analyse their functional roles 
during inner ear development. A model is proposed 
where the actions of IGF-I and NGF contribute to the 
combinatorial expression of Jun and Fos family 
members in particular domains of the otic vesicle. Some 
of these mechanisms may be also implicated in otic 
regeneration. 
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1. The early development of the vertebrate inner ear 

The adult inner ear in vertebrates is a complex, 
highly-differentiated structure responsible for audition, 
the perception of movement, and the sense of 
equilibrium. It contains more than a dozen different cell 
types, which include neurons, sensory hair cells, 
secretory cells, and supporting cells. These cell types are 
organised in functional regions (www.iurc.montp. 
inserm.fr/cric/audition). Different regions of the ear 
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show an elaborated spatial organisation responsible for 
the different functions of the organ: the vestibular 
portion of the ear is responsible for the senses of motion 
and position while the auditory or cochlear region is 
responsible for the sense of hearing. In both portions, 
hair cells convert mechanical stimulation into electrical 
signals, which are then processed by the nervous system. 
Hair cells are innervated by sensory neurons that project 
towards specific nuclei in the central nervous system. 
The development of the chicken embryo inner ear offers 
a well-characterised model at the morphological level to 
study which signals are implicated in the modulation of 
cellular proliferation, differentiation and programmed 
cell death (Fekete, 1996). 

The vertebrate inner ear originates from the head 
ectoderm where the otic placode is formed. After it 
invaginates to form the otic pit that latter closes forming 
the otic vesicle or otocyst (Fig. 1). This is a transient 
structure that undergoes a distinct period of intense cell 
proliferation (stages 18-22 in the chicken, Hamburguer 
and Hamilton, 1951) that precedes the differentiation of 
the various cell types and compartments that will 
conform the adult inner ear (Bissonnette and Fekete, 
1996). Neuroblasts for the cochleo-vestibular ganglion 
(CVG) migrate out from the medial wall of the otic 
vesicle. The CVG contains the afferent neurons that 
connect the sensory epithelium of the inner ear to the 
central nervous system (Hemond and Morest, 1991). 
Later in development, the CVG is separated into two 
ganglia that innervate separately the cochlear and 
vestibular parts of the inner ear connecting them to the 
central nervous system. 

There are several experimental approaches to study 
inner ear development in the chicken embryo. In vivo 
studies facilitate the analysis of the expression of target 
genes in whole mount preparations and also the study of 
cell proliferation and cell death patterns through 
development (reviewed by Torres and Giraldez, 1998). 
Embryonic day 2.5 (E2.5) otic vesicles can be dissected 
and the explants cultured to analyse the role of 
extracellular factors and intracellular signals in a defined 
medium (Le6n et al., 1998; Torres and Giraldez, 1998). 
Finally, viral vehicles can be used to deliver genes and 






















