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Evaluation of cell behavior and evaluation of mechanical

properties in MC3T3-E1 spheroids during mineralization process
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Abstract :

Three-dimensional spheroids derived from mouse osteoblastic MC3T3-E1 cells offer a promising
in vitro model to investigate bone tissue formation. In this study, we aimed to elucidate cellular
behavior and mechanical property changes during the mineralization process of these spheroids
over a 35-day culture period. Spheroids were induced to differentiate using osteogenic supplements
and observed at different time points. Cell nuclei and collagen distribution were visualized using
two-photon microscopy, revealing collagen accumulation and peripheral localization of nuclei after
long-term culture. Mineralization was confirmed via Alizarin Red staining in cryosections at day
35. Furthermore, uniaxial compression tests using a micro-manipulator system with glass plates
showed a significant increase in stiffness, with Young's modulus rising from 8.23 + 2.90 kPa at
day 2 to 21.8 &= 4.97 kPa at day 35. These findings suggest that long-term culture induces both
mineralization and mechanical stiffening of the spheroids, closely mimicking early bone formation

processes.
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3. Alizarin red staining image of 35-day MC3T3-E1 spheroid (A). Black bar indicates 100 um. Box plots of Young’s
moduli of MC3T3-E1 spheroids at Day 2 (n = 6; N = 3), Day 7 (n = 6; N = 3), and Day 35 (n = 4; N = 2) obtained
from uniaxial compression test (7, number of spheroids. V, number of independent dishes) (B). Bar indicates P < (.05

(One-Way ANOVA, Tukey Kramer post-hoc test)
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