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ABSTRACT The formation and mineralization of enamel is controlled by epithelial cells of the
enamel organ which undergo marked, and in some cases repetitive, alterations in cellular morphology
as part of the developmental process. The most dramatic changes are seen in ameloblasts which
reverse their secretory polarity during differentiation to allow for extracellular release of large
amounts of proteins from plasma membrane surfaces that were originally the embryonic bases of the
cells. Secreted enamel proteins at first do not accumulate in a layer but, in part, percolate into the
developing predentin and subjacent odontoblast layer. Appositional growth of an enamel layer begins
with mineralization of the dentin, and ameloblasts develop a complicated functional apex (Tome's
processes) to direct release of matrix proteins, and perhaps proteinases, at interrod and rod growth
sites. Once the full thickness of enamel is produced, some ameloblasts degenerate, and the surviving
cells shorten in height and spread out at the enamel surface. They reform a basal lamina to cover the
immature enamel, and continue producing small amounts of enamel proteins that pass through the
basal lamina into the enamel. Ameloblasts also undergo cycles of modulation where apical invaginations
enriched in Ca-ATPases and other enzymes are formed and shed on a repetitive basis (ruffle-ended/
smooth-ended transitions). As this happens, apatetic crystals seeded earlier expand in volume by
gradual layering of new mineral at the surfaces of the preformed crystals. Ameloblasts stop modulating
when the crystals almost fill existing volume formerly occupied by protein and water. The ameloblasts
then shrink in size and the Golgi apparatus returns to its original position at the pole of the nucleus
opposite the enamel. Other cells of the enamel organ show major changes in morphology shortly after
ameloblasts begin modulating when they form the papillary layer in intimate association with vascular
channels from the adjacent connective tissue layer.
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Introduction

Amelogenesis is a complex process which leads to the creation
of a fully mineralized layer of enamel on the crowns of teeth. A
stratified epithelium, the enamel organ, controls this process. It is
widely accepted that cells of the innermost layer of the enamel
organ, the ameloblasts, are mainly responsible for producing and
secreting various proteins detected within the organic matrix of this
hard tissue (reviewed in Boyde, 1989; Deutsch, 1989; Nanci and
Smith, 1992). These cells also are responsible for controlling
organization of enamel into characteristic rod and interrod patterns
(Warshawsky et al., 1981), and they likely influence movement of
the large amounts of calcium and phosphate ions required for
sustained growth of the unique apatetic crystals which develop in
this hard tissue (Bawden, 1989; Takano et al., 1992).

Enamel development traditionally is classified into three main
stages called (1) the presecretory stage when the supporting
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layer of mantle dentin is first formed by odontoblasts and under-
goes its initial mineralization, (2) the secretory stage when a
partially mineralized enamel layer is formed to its full thickness,
and (3) the maturation stage where the mineral content of the
enamel layer is increased to its final level (reviewed in Warshawsky,
1985). The same classification usually is applied to the enamel
organ cells as a guide to sequential steps in their life cycles (e.g.,
Warshawsky and Smith, 1974). Hence, for example, presecretory
stage ameloblasts have been viewed as cells devoted to differen-
tiation, secretory stage ameloblasts to production and release of
enamel proteins, and maturation stage ameloblasts to resorption
of matrix proteins and transportation of calcium ions (reviewed in
Nanci and Smith, 1992). It is becoming increasingly clear that this
view is too simplistic, and cells such as ameloblasts are capable,
for example, of secreting proteins throughout amelogenesis and
not just during the "secretory" stage. It is mostly a difference
relative to the types and the quantities of proteins that are being
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