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Synergic effects of substrate stiffness and topography on osteogenic
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Abstract; Objective To investigate the synergic effects of substrate stiffness and topography on the morphology,
proliferation and osteogenic differentiation of rat bone mesenchymal stem cells (rBMSCs). Methods rBMSCs
were cultured on polydimethylsiloxane (PDMS) substrates with different stiffness (3.5, 0.27 MPa) and ordered
ridges and grooves (width 0.3 or 1.8 um, depth 0.5 ym) or planar substrate. Inverted fluorescence microscope
was used to observe the morphology of rBMSCs. CCK-8 reagent was used to detect the proliferation of rBMSCs.
Alkaline phosphatase (ALP) kit was used to detect the ALP activity of rBMSCs. Immunofluorescence technique
was used to detect the expression of osteocalcin (OCN) and collagen | (COL [ ). QRT-PCR technique was
used to detect the expression of Runx2 mRNA. Results rBMSCs cultured on substrate with 3.5 MPa stiffness,
0.3 um ridge width, 0.3 um groove width showed greater proliferation, spreading, cytoskeleton arrangement, and
OCN and COL [ secretion, ALP activity, Runx2 mRNA expression were significantly increased as compared to
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cells cultured on other groups. Conclusions Substrate stiffness has an obvious influence on rBMSCs prolifera-
tion, while substrate stiffness and topography can synergistically promote the proliferation and osteogenic differen-
tiation of rBMSCs. The research findings not only help to understand the biophysical factors in the pathogenesis
of certain diseases (such as osteoporosis) , but also provide a theoretical basis for developing new materials for

bone tissue engineering.
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2.2 rBMSCs iR EH FLEE CDAS-PEARER K, KRN 1. 65% ; ilii CD44-FITC
PACANM R P2 T rBMSCs R 15> FARaE  CD90-APCRE ik, 1K K 35 94. 1% Fi1 95. 8%
CD45-PE, CD44-FITC, CD90-APC, %5 R & 7x, (UL 2) 4% &) 5e 5T 4 i A S A )~ it

- FL2-H- FL2-H+ 150 FSC-H- FSC-H+ 60 FSC-H- FSC-H+
98.3% 1.65% 5.86% 94.1% 4.22% 95.8%
150
j2] A » 100 0
S| ) |
§ 100 § §
50 50F
0
10° 100 102 10°  10* 0 200 400 600 800 1000 0 200 400 600 800 1000
Intensity Intensity Intensity
(a) CD45-PE Fik% (b) CD44-FITC k% (c¢) CD90-APC FEikHR

B2 RREMALEEIMES P2 £ BMSCs S FREFEY
Fig.2 Molecular markers of P2 BMSCs in vitro detected by flow cytometry

(c¢) Expression of CD90-APC

(a) Expression of CD45-PE, (b) Expression of CD44-FITC,
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Fig.3 Skeleton of rBMSCs on substrates with different stiffness and topography observed by inverted fluorescence microscope
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Fig.4 CCKk-8 cell proliferation assay results
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Fig.5 Fluorescent images of rBMSCs cultured on PDMS substrates with different stiffness and topography for 14 days [ Nuclei ( blue)

staining and OCN, COL I (green) staining ]
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Fig.6 ALP activity and relative expression of Runx2 mRNA of different stiffness and topography of PDMS substrate

(a) ALP activity, (b) The expression of Runx2 mRNA
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