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Fig. 1 The uniaxial stretch device

(a) Illustration of the uniaxial stretch device. The elastomer membrane was sealed to the culture well by the O-Ring. Screw top stretches the silicon

membrane via driving the indenter. A rectangular strip of silicon membrane with the width of 0.6 cm was lined on the full size silicon sheeting. The two

ends of the rectangular membrane were fixed on the indenter. When the indenter was screwed out, the strip then experienced a uniaxial strain. It is

important to avoid the adhesion between the two membranes since the adhesion can induce lateral strain of the strip. Microcarrier beads were scattered

on the strip, and then the displacement of the beads before and after applying stretch was measured from the microscope image. (b), (c), (d)

corresponding to the image of the microcarrier beads before stretch, screw top screwed for one circle and two circle, respectively.(e) The measured

strain on the rectangular silica gel strip. e— e: In the stretch direction; A—A : In the direction verticle to stretch.
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Fig. 2 Representative images (x10) of the morphology
change induced by uniaxial stretch
(a) Cultured cells without stretch. The long axial of the cells distributed
randomly. (b) The long axial of most cells under 8% static uniaxial
stretch were parallel to the stretch direction. The line with the arrowhead

shows the stretch direction.
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Fig. 3 Representative fluorescence image (x20) of stress fibers with or without 8% strain

(a), (b) Representative fluorescence images of stress fiber of the cells under 8% strain. The arrowheads indicate the stretch direction. (c), (d) The stress

fibers images of the cells under no stretch stimuli.(e)~(h) The distribution of the angle of stress fiber alignment to the stretch direction under 8% static

uniaxial strain. (e), (f), (g), (h) Corresponding to 6 h, 12 h, 24 h and 48 h.
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Fig. 4 Representative image (x20) of a cell in mitosis under 8% strain and the distribution

of the angle of cell division direction to the stretch direction
(a), (b) were pictures of a same cell. (a) A light image (x10) of two dividing cells, A and B, in their telophase. The arrowhead shows the stretch

direction. Cell A was washed out in the subsequent fixing and dyeing process. (b) Fluorescence image of stress fibers of the cell B. (c) Nuclei of the

dividing cell B. (d) Merged image of stress fiber and nuclei. (¢) ~(h) The distribution of the angle of cell division direction to the stretch direction
under 8% static uniaxial strain. (e), (f), (g), (h) Corresponding to 6 h, 12 h, 24 h and 48 h.
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Fig. 5 Image of a cell in its telophase

This series of photos show a cell dividing in the telophase within 30 min. The edge of the rectangular silica gel strip is shown in (a). The stretch is along

the edge of the strip. (a), (b), (c) corresponding to x4, x10, and x20 images in the same area. (d) 30 min later, the cell divided into to daughter cells.
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Table 1 The relativity between the stress fiber alignment and the mitosis orientation

Number of the cells

The angle of stress

fiber alignment to Group [ Group I Group I |

the stretch direction (0°~30)" (30°~60°)" (60°~90°)" Tota
Group [ (0°~30) 34 2 0 36
Group I (30°~60°) 1 9 0 10
Group [I(60°~90°) 0 3 4
Total 35 12 3 50

! The angle of mitosis orientation to the stretch direction.
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Static Uniaxial Stretch Affect The Cell Mitosis Orientation”

WANG Jing", HU Qing-Hua", MI Qiang", ZHAO Lei", ZHOU Jun-Nian?, QIN Li-Peng?,
YANG Chun"", WANG Yun-Fang?", ZHUANG Feng-Yuan"
("Department of Bioengineering, BeiHang University, Beijing 100083, China;? Institute of Transfusion Medicine, Beijing 100850, China)

Abstract Cell division is one of the key roles in cell development, cell differentiation, embryogenesis and
recovery of tissues. As a frequent stimulus, stress (or strain) plays an important role in the differentiation of the
cells, morphology generation and function development of tissues. However, this stimulus was not studied enough.
A uniaxial static stretch device was used to investigate the influence of a uniaxial stress on stress fibers and spindle
orientation of cultured Murine osteoblast line (MC3T3). The cells were seeded for 24 h on a thin rectangular
silicon membrane in the uniaxial device before the static uniaxial stretch was applied to them. Five groups of the
cells experiencing 4% strain for 48 h, 8% strain for 6 h, 8% strain for 12 h, 8% strain for 24 h, and 8% strain for 48 h
were observed. After the stretching, the cells were incubated in fluorescent rhodamine-conjugated phalloidin and
DAPI staining solution for 30 min. The stress fiber alignment and the cell division directions of the cells were
recorded by CCD camera with an inverted fluorescent microscope (Olympus 71X) equipped with a green filter
(554 nm). In fact, the cells that were growing individually were counted because the interaction between cells may
influence the cell alignment and the mitosis orientation. These cells were divided into three groups, 0°~30°, 30°~
60°, 60°~90°. The cells in each group were counted, then the distribution of the cell division directions were
plotted in the circular graphs. It was showed that the morphology of the cells was regulated by 4% and 8% static
uniaxial strain. Within 48 h, the uniaxial stress induced the stress fibers’ alignment parallel to the stress direction
while a random distribution of the long axial of the cells was seen in the control group. 49%, 43%, 54%, 54%, 62%
of the cells under the five experimental conditions fall into the group [ (0°~30°) according to the angles between
the stretch directions and the stress fibers alignments. And, there are 50%, 48%, 56%, 53%, and 62% of the cells
under the five stretch conditions in group [ (0°~30°) according to the angles between the stretch and the cell
division directions. Further statistic analysis indicates that the stress fibers’ orientation and mitosis orientation show
high relativity. The relativity was very high even 48 h after the stretch stimulus. These results suggest that the
mechanical environment of the cells may play a role in the cell division orientation. The effect of cycle stress on
cells mitosis orientation is worth further study.
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