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ABSTRACT Amelogenesis in the cat has been suggested to closely resemble 
enamel formation in human teeth. In order to further characterize the sequence of 
events leading to enamel formation in the cat, the expression and distribution of 
enamel proteins throughout amelogenesis were examined by postembedding im-
munocytochemistry using an antibody to mouse amelogenins and the high reso­
lution protein A-gold technique. Enamel proteins were first immunodetected in 
ameloblasts and in the extracellular matrix during the presecretory stage. Secre­
tory stage ameloblasts showed the most intense cellular reactivity. In these cells, 
protein synthetic organelles, secretory granules, and large lysosome-like struc­
tures were all intensely labeled. Extracellularly, numerous gold particles were 
observed over enamel and over patches of material found at the baso-lateral sur­
faces of these ameloblasts. During the early maturation stage, the protein syn­
thetic organelles and secretory granules of ameloblasts still showed some immu-
noreactivity, although the most conspicuous labeling at this later stage was found 
over enamel and over material present among the extensive apical membrane 
infoldings of ruffle-ended ameloblasts. Qualitative analysis of lysosome-like ele­
ments in ameloblasts suggested that their frequency and immunoreactivity in the 
maturation stage were relatively lower than in the secretory stage, where some 
groups of cells often showed numerous large labeled structures. The enamel matrix 
was intensely labeled at all stages; however, cervical-occlusal and surface-depth 
gradients were readily apparent by conventional staining and by quantitative 
analysis of immunolabeling in the late secretory and early maturation stages. 
These data suggest that the cellular and extracellular distribution of enamel pro­
teins in the cat is generally similar to that reported in other species, although some 
particularities were observed, perhaps reflecting variation in the timing of devel­
opmental parameters. © 1992 Wiley-Liss, Inc. 

The differentiation of the inner enamel epithelium to 
form functional secretory ameloblasts is intimately as­
sociated with a series of cellular and extracellular 
events occurring at the future dentino-enamel junction 
(DEJ) that involve cell-cell (ameloblast, odontoblast) 
and cell-matrix (enamel, dentin, and basement mem­
brane) interactions (Ruch, 1987, 1990; Slavkin, 1990). 
Soon after terminal differentiation, ameloblasts in­
crease their biosynthetic and secretory activities and 
release massive amounts of protein from their apical 
surfaces for the appositional growth of enamel (re­
viewed by Robinson and Kirkham, 1985; Nanci et al., 
1989). Thereafter, the enamel undergoes a series of 
maturative changes in which matrix proteins are re­
moved concurrent with an influx of mineral ions and 
crystal growth (reviewed by Robinson and Kirkham, 
1985; Deutsch, 1989; Smith et al., 1989). 

It is generally accepted that fundamental processes 
comprising amelogenesis among species share common 
morphological (reviewed by Frank and Nalbandian, 
1967; Gustafson and Gustafson, 1967; Reith and 
Butcher, 1967; Fejerskov, 1979; Warshawsky et al., 

1981; Boyde, 1989) and biochemical (reviewed by Eas-
toe, 1979; Fincham et al., 1982, 1983; Robinson and 
Kirkham, 1985; Deutsch, 1989) features. Criteria used 
to evaluate and correlate differences and similarities in 
amelogenesis have often relied on knowledge gained 
through the study of the rodent enamel organ and 
enamel, and these in turn are ultimately related to 
human enamel development. Based primarily on sim­
ilarities in tooth size and shape, anatomical position, 
rate of development, and enamel architecture (Rob­
inson et al., 1988), species other than rodents have 
been suggested as alternative animal models to study 
human odontogenesis. In this context, morphological 
features of the cat dentition (Pannese, 1962; Frank and 
Nalbandian, 1967; Silva and Kailis, 1972a,b; Kallen-
bach, 1976, 1977; Kallenbach and Piesco, 1978; Frank, 
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Fig. 1. Representative micrographs of the enamel organ and enamel from different stages of amelo­
genesis in the cat as described in the text (see p. 340). Images were obtained by scanning electron 
microscopy in the backscatter mode of l-2-µm-thick sections. AM, ameloblasts; N, nucleus; SI, stratum 
intermedium; PD, predentin; DEN, dentin; arrows, lysosome-like structures; arrowheads, invaginated 
distal surface of the cell; OP, odontoblast process; asterisks, Tomes' processes; EN, enamel; SA, smooth-
ended ameloblasts; RA, ruffle-ended ameloblasts; PL, papillary layer; rb, ruffled border. Bars equal 10 
µm. 

1979; Wakita et al., 1981; Sasaki, 1983, 1984a,b, 1990; 
Sasaki and Higashi, 1983; Sasaki et al., 1985; Skobe et 
al., 1985; Boyde, 1989) have been compared to other 
species, and certain ultrastructural characteristics of 
feline tooth development have been described as being 
more closely analogous to those found in humans (Kal-
lenbach, 1976). In the present study, we have used the 
protein A-gold immunocytochemical technique (re­
viewed by Bendayan, 1989) to examine certain aspects 
of amelogenesis in the cat, namely, the cellular and 

extracellular distribution of enamel proteins through­
out the various stages of amelogenesis. 

MATERIALS AND METHODS 
Tissue Preparation for Routine 

Morphology and Immunocytochemistry 
Three kittens, 1-2 weeks old, (obtained from the an­

imal facilities of Université de Montréal) were anes­
thetized with chloral hydrate (Sigma Chemical Co., St. 


