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[INTRODUCTION] It is reported that 3D culture of the osteoblast cell line,
MC3T3-E1; primary osteoblasts; and the osteocytic cell line MLO-Y4 all develop a
common morphology, including stellate-like shape and cytoplasmic projections; closely
resembling those of osteocyte processes in vivo. Despite the differences in morphology
between osteoblasts and osteocytes in 2D culture, dsteoblasts in 3D culture could form
dendritic processes like those of osteocytes. We previously examined the relative
distribution of actin filaments, actin binding pmteins and microtubules in osteoblasts
and osteocytes in 2D culture. In the present study, cytoskeletal structures of
MC3T3-E1 processes and osteocyte processes were examined for the first time in 3D
culture. In addition, we examined the relative importance of the cytoskeletal elements
for process integrity and process formation in 8D-cultured MC3T3-E1 cells and
osteocytes.

[MATERIALS AND METHODS] We used primary chick osteocytes and osteoblast
cell line, MC3T3-E1 cells. 2D- and 3D-cultured osteocytes and MC3T3-E1 cells were
prepared. Immunofluorescence staining was performed for actin, fimbrin,
alpha-actinin, myosin, tropomyosin and microtubules. Next, 3D-reconstructions of
fluorescent images were ﬁsuahzed with IMARIS software. Furthermore, cytochalasin
D, an actin-disrupting agent, and nocodazole, a microtubule disrupting agent Were
used.

[RESULTS] Fluorescence staining of actin showed osteocyte processes, in both 2D
and 3D cultures, were actin-rich structures. Interestingly, the number of processes
per cell does signiﬁcantly differ (P<0.05) between 2D- (8.5+0.781) and 3D-
(12.75+0.616) cultured osteocytes. MC3T3-E1 cell in 3D culture developed actin-rich




processes and branches similar to those seen in 2D- and 8D-cultured osteocytes.
Immunofluorescence staining of ﬁfnbrin showed their presence in the entire length of
the processes of 3D-cultured osteocytes and MC3T3-E1 cells. Fimbrin was found to
have a different distribution pattern in 3D cultured osteocyte processes and
MC3T3-E1l processes. Anti-fimbrin immunoreactivity in 3D-cultured osteocyte
processes was appeared as thick bundles, whereas in 3D-cultured MC3T3-E1 showed
sparse and periodic distribution. Anti-alpha-actinin was localized only in the
proximal one third or one half of the processes of 3D-cultured osteocytes and
MC3T3-E1 cells. The distribution pattern of alpha-actinin was similar in both cell
types and appeared as serial dots in the processes. Myosin localized in the entire
length of the processes of 3D-cultured osteoéytes and MC3T3-E1 cells. Myosin
immunoreactivity in 3D-cultured osteocyte processes was appeared as periodic
segments, whereas in 3D-cultured MC3T3-E1 processes showed sparse and pe'riodic
distribution. Tropomyosin in 8D-cultured osteocytes and MC3T3-E1l cells was
observed throughout the processes. The distribution pattern of tropomyosin was
similar in both cell types and appeared as dense serial dots in the processes.
Interestingly, the difference in the distribution of microtubules in the processes of
3D-cultured osteocytes and MC3T3-E1 cells was obvious. Microtubules extended only
into the proximal one fourth of osteocyte processes. In contrast, microtubules
extended into the full length of processes as well as into the branches of MC3T3-E1
cells. In 3D-cultured osteocyte, the actin cytoskeleton is important for processes
integrity and formation, whereas in 3D-cultured MC3T3-E1 cells, microtubules are
important for processes integrity and formation.

[DISCUSSION] Osteocytes maintain their morphology and organization of their
actin cytoskeleton, which is essential for their integrity, in their processes under all
culture conditions. In contrast, MC3T3-E1 cell process integrity in 3D culture
depends on microtubules rather than actin. High expression of fimbrin in osteocyte
processes may relate to higher stability than those in MC3T3-E1 cell pfocesses in 3D
collagen gel. High expression of myosin in MC3T3-E1 cell processes may relate to
higher dynamic and motile than osteocyte processes in 3D collagen gel. We believe
that these differences in the cytoskeleton in the processes of 3D-cultured MC3T3-E1
cells and in the cytoskeleton of the dendrites of osteocytes mean that the
cytoskeletons in each type of process drive different functions, as the latter utilize

their processes as mechanosensors which influence bone remodeling.
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