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Fig. 1 Application of cyclic uniaxial stretch

(a) Schematic drawing of the cyclic uniaxial stretch device used in this study. This device consisted of a static uniaxial stretching well and a cam/rotator

system. The sinusoidal cyclic uniaxial strain was produced in the strip by the displacement of the indenter, which was driven by the motor system. (b)

The strain measured in the silicone strip. The longitudinal strain was detected as the indenter moved forward, while the lateral strain was negligible.

These results indicated that the apparatus produced a uniaxial strain in the silicone strip during cyclic stretching. #—e: The vertical strain; A—A : The

lateral strain.
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Fig. 2 Cyclic uniaxial stretch induced both stress fiber alignment and cell division
direction perpendicularly to the stretch direction
(a) Cyclic stretch. Representative images of murine 3T3 fibroblasts that underwent cyclic uniaxial stretch. Cells were subjected to 6, 12, and 24 h of
cyclic stretch (10% linear stretch, 1 Hz), and were stained with tubulin, F-actin, and DAPI respectively. We determined the cell division direction by the
line connecting the nuclei centers or the perpendicular line of the equatorial plate. (b) Unstretched control. Images of unstretched murine 3T3 fibroblasts
were kept as controls. (c) Statistical analyses. Statistical analyses of stress fiber alignment and cell division direction. The polar coordinates charts
showed the distribution of stress fiber and cell division. (d) Deprived after stretched for 12 h. The stress fiber alignment and cell division direction did
not change even after the uniaxial stretch was deprived for 2 h after they had been stretched for 12 h previously. The number of cells, n, present in each

case was labeled under each chart. The arrowhead indicated the stretch direction.
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Fig. 3 Blocking of actin and myosin II interrupted the stretch-induced stress fiber alignment and cell division direction

Observations and analyses of stress fiber alignment and cell division direction of cells under cyclic uniaxial stretch in the block experiment. Cells were

stained for tubulin, F-actin, and DAPI respectively. The polar coordinates charts showed the distribution of stress fiber and cell division. Number of

cells, n, was labeled under each chart. The arrowhead indicates the stretch direction.
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Fig. 4 Western blotting assay of phosphorylation
of myosin light chain under cyclic uniaxial stretch
and the drug-treated experiment

GAPDH (36 ku) was used as an internal control. Histograms showed the
ratio of the phosphorylated myosin light chain to the total myosin light
chain (p-MLC/MLC) under each condition (x + s; n = 3), *P < 0.05. I:
Unstretched control; 2: Cyclic stretch 6 h; 3: With(+) or without (=) ML7,
100 wmol/L 10%, 6 h; 4: With(+) or without (-) Blebbistatin, 100 wmol/L
10%, 6 h; 5: With(+) or without (=) Y27632, 10 wmol/L 10%, 6 h.
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Fig. 5 Correlation between cell division direction
and stress fiber alignment

The mean angles of cell division direction and stress fiber alignment
were first calculated based on the data of the percentage of cells in each
angle interval, and then were combined and cross-plotted to determine
the correlation between cell division direction and stress fiber alignment.
The lines were fitted with the linear curve, and spots represent the
corresponding experimental data (x + s; n=3). ®: Unstretch control; W :
Cyclic stretch; A: Stretch+Y27632(10 wmol/L);¥%: Stretch+Blebbistatin
or ML7(100 pmol/L); @ : Stretch+Blebbistatin or ML7(50 pwmol/L); —:
Linear fit of data, R=0.9915, P < 0.01.
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Effects of Cyclic Uniaxial Stretch on Mammalian Cell Division Direction”
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Abstract Mechanical forces are widely involved in regulating basic cellular functions, including proliferation,
differentiation, adhesion, and migration. However, few studies show how the mechanical forces impact cell
division direction, a crucial process in development, differentiation, embryogenesis and recovery of tissues. It has
been documented that cell division direction is guided by stress fibers, which are cortical cues perpendicular to
exogenous cyclic uniaxial stretch. In our study, we used the murine 3T3 fibroblasts as a model, to investigate the
effect of uniaxial stretch on stress fiber alignment and cell division direction with custom-made stretch devices. We
found that cyclic uniaxial stretch induced stress fiber alignment and cell division direction perpendicularly to the
stretch direction. The blockage of actin assembly and myosin I , two basic components of stress fibers, resulted in
a disoriented cell division under uniaxial stretch, which suggested that the cell division direction was secondary to
the stress fiber alignment. Our data suggested that Rho/Rho-kinase/MLC (Myosin Light Chain) and MLCK/MLC
pathways were involved in the process of stretch-induced stress fiber alignment and cell division direction. Taken
together, the present work demonstrated an important effect of uniaxial stretch on cell division direction via
affecting the stress fibers alignment.
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