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Fig.] In normal cortical bone, the crystallographic orientation of apatite
in the bone matrix varies depending on the anatomical position,
which is determined by in vivo stress distribution. (Reproduced
from Ref. 8)
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Fig.2 Apatite orientation rather than bone mass and bone density alters
in response to artificial loading. (Reproduced from Ref. 9)
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Fig.3 Schematic illustration of the developed coculture device of
osteocyte and osteoblast.
Osteocyte under mechanical stimuli can communicate with
osteoblast cultured on oriented collagen substrate.
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Fig.4  (A) Immunocytochemical analysis of GP38 expression in the isolated cellular digestions. (B) Comparison of

gene expression in osteocytes in response to fluid flow. Arrowheads indicate the elongation of dendrites from
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Fig.5 Osteoblasts arrangement in response to control (no flow) or fluid flow.

(A) Immunofluorescence images of osteoblast cultured on oriented collagen substrates with osteocyte stimulated with shear stress. Green,
F-actin; red, vinculin; blue, nuclei. (B) Comparison of the degree of cell orientation. ™ : p<<0.05.
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Development of anisotropic mechano-coculture model for understanding of
mechanisms for constructing oriented bone matrix microstructure

Tadaaki Matsuzaka, Aira Matsugaki, Takayoshi Nakano

Division of Materials and Manufacturing Science, Graduate School of Engineering, Osaka University

Key words: bone quality, oriented microstructure, mechanoresponse, coculture, osteoblast-osteocyte communication

Abstract

Bone matrix exhibits oriented microstructure composed of collagen/apatite, which has attracted attention as an important bone
quality index rather than bone mineral density. Mechanical condition is a prominent determinant of bone tissue functionalization;
bone matrix organizes its microstructure in response to external loading stimuli. Although mechanotransduction in bone is
governed by osteocyte function, the precise mechanisms linking mechanical stimuli and anisotropic bone matrix microstructure
are poorly understood. We developed a novel, bone-mimetic coculture platform that enables simultaneous control of mechanical
condition and osteoblast-osteocyte communication with an anisotropic culture scaffold. The engineered coculture device helps in
understanding the relationship between osteocyte mechanoresponses and osteoblast arrangement, which is a significant
contributor to anisotropic organization of bone tissue. Our study showed that osteocyte responses to fluid flow stimuli regulated
osteoblast arrangement through soluble molecular interactions.
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