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Effects of Mechanical Stimuli on the Cell Proliferation and
Collagen Production on the Micropatterned Substrate
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In relation to the tissue engineering, the cellular responses to the morphology of the scaffold surface are interesting
topics. Human ligament fibroblasts (HLFs) were cultured on the micrpatterned silicone substrates subjected to cyclic
stretch to simulate ligament motion. Groove and ridge width of silicone substrates was 10/50, 20/50, 20/10, and 20/20
um (groove/ridge um) with a depth of 3 pum. Strain was applied over two days for 4 hours per day with a frequency of
0.5 Hz with the magnitudes of 4 or 8%. The purpose of this study was to evaluate ligament fibroblast alignment and
cellular responses in relation to the pattern of microgrooved surface and stretching magnitude. Ligament fibroblasts in
the microgrooved surface were elongated and aligned parallel to the microgrooves under no stretch. Uniaxial cyclic
stretch induced cellular activities and their orientation rise in cellular response and the cells showed alignment and
elongation perpendicular to the direction of the stretch. Biochemical analyses showed that the best cellular response was
found on the 20/50 pm under 8% stretch. The surface morphology and mechanical stretching were found to contribute

to increase of proliferation, collagen production.
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Fig. 1. Stretch of silicone substrate by vacuum. Stretch and
groove direction (arrows).
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Table 1. Group classification of pattern size and strain magnitude

Pattern (um) ~ No 10/50 20/50
Strain (%) pattern  (Groove/Ridge) (Groove/Ridge)
0 NP_0 10/50_0 20/50_0
4 NP_4 10/50_4 20/50_4
8 NP_8 10/50_8 20/50_8

3 glen, oo gt @ ATt o]Foix I Ut} (den
Braber et al., 1998a, b, ¢, 1996a, b; Jones et al., 2005; Matsuzaka
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Table 2. Experimental methods for biochemical analyses

Experiment 1) Experiment 2) Experiment 3) Experiment 4)
Stretching magnitude 4 and 8% 8% 8% 8%
No pattern, I;I(c)) /Il) gttem, No pattern,
Groups of patterns 10/50 pm, 20120 Hm, 20/20 pm, 20/50 ym
20/50 um 50 /50“‘“1’; 20/50 um
Stretching days (after seeding) 1 and 2 days 1 and 2 days 1,2, and 4 days 1,2, and 4 days

Seeding density

5x10* cells/em?

5%10* cells/cm?

5%10* cells/em®

1X10* cells/cm?,
5%10* cells/om?
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Fig. 3. The organized actin cytoskeleton of the ligament fibroblasts in response to cyclic stretch (8%, 0.5 Hz, 4 hours). (A, B, C): no
groove, (D, E, F): 10/50 pm, (G, H, I): 20/50 wm in groove/ridge widths; left: No stretch (24 h), middle: No stretch (48 h), right: Stretch (72 h).
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Fig. 4. Biochemical analyses according to groove micropatterns
and stretching magnitude: (A) DNA content; (B) collagen pro-

duction.
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Fig. 5. Biochemical analyses according to ridge micropatterns:
(A) DNA content; (B) collagen production.
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Fig. 6. Biochemical analyses according to stretching days: (A)
DNA content; (B) collagen production.
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DNA content; (B) collagen production.
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