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Abstract

The skeletons of cartilaginous fishes (sharks and rays) comprise an inner core of uncalcified
cartilage, an outer fibrous perichondrium, and a layer of mineralized tiles (tesserae) between
them. As mammalian perichondrium and cartilage are patterned on different collagens (Coll1
and Coll2, respectively), it has been debated whether tesserae are more like bone (Coll
1-based) or mineralized cartilage. Using an array of histology techniques we show that
stingray tesserae are bipartite, having an upper, mineralized perichondrium “cap zone" (Coll1)
that merges into a lower, mineralized cartilage “body zone" (Coll2), with the two collagens
interspersed at the zones' interface. Waves of varying mineral density observed in tesserae,
believed to be records of growth processes, are mirrored in periodic density variation of the
collagen matrix. Collagen fiber bundles extend uninterrupted between unmineralized and
mineralized areas (e.g. from perichondrium into the cap zone or through joint spaces
between tesserae). The upper (perichondral) portions of joints contain both Coll1 and Coll2,
yet lower (chondral) portions contain finer, unidentified fibers that stain neither for Coll1,
Coll2, nor elastin. Unlike mammalian growth plate cartilage, mineralization fronts (tesseral
edges) were not associated with hypertrophic cells or Coll10 expression, although Coll10
staining was observed in a thin layer of cartilage matrix (Coll2) sometimes seen between
tesserae and perichondrium. Our results show that tesserae exhibit an amalgam of features of
bone and mineralized cartilage, and indicate that cartilage mineralization can occur without
Coll10 expression, cell hypertrophy or cell death.



