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Effect of equiaxial tensile strain in early differentiation of mesenchymal stem cells into cartilage cells YANG Zi-quan™
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ABSTRACT Objective:To observe the effect of cyclic equiaxial tensile strain in the early differentiation of bone marrow
mesenchymal stem cells (BMSCs) into cartilage in mouse under conditions of two-dimensional culture,and to investigate the
mechanism of cyclic equiaxial tensile strain in early chondrogenic differentiation. Methods : Sixteen KM mouse aged 4 weeks
were selected ,male and female unlimited , with an average weight of 19.5 g (17 to 21 g). After extracting and isolating the BM-
SCs from KM mouse , then subculture the BMSCs to the 3rd generation. Seed the cells in the biological plate (BioFlex). Accord-
ing to experimental design,the cells were divided into 6 groups,blank group :ordinary culture medium was cultured for 8 days
without isometric cyclic tensile strain stimulation. Control group : chondrogenic differentiation medium was used to culture for 8
days without isometric cyclic tensile strain stimulation. Experimental group :the experimental group was divided into 4 groups,
all of which were cultured with chondrogenic differentiation medium for 8 days. During which isometric cyclic tensile strain
stimulation was given for 1,3,5 and 7 days respectively. At the 8th day,all the cells were collected , the expression of the Sox9,
Col- Il and ROCK 1 signaling pathway-related molecules was analyzed by RT-PCR. Cells in each group were extracted ,and
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the efficiency of cell proliferation in each group was detected by CCK-8. Glycosaminoglycan content in medium changed last
was detected using ELISA. Pericellular matrix was observed by Safranin O staining and Alcian Blue staining. Normal measure-
ment data using mean=standard deviation compared between the blank group and control group using paired t-test,compared
between the experimental group and relative group using single factor analysis of variance. Results: (1) After 8 days of cul-
ture , compared with the control group, the relative expression of Sox 9 and Col- Il mRNA in the experimental group increased
gradually with the increase of loading time (P<0.05),while the relative expression of ROCK1 mRNA decreased (P<0.05).
Compared with the blank group,the relative expression of ROCK1 mRNA in experimental group and control group increased
(P<0.05). (2)With the increase of loading time , the experimental group showed a trend of decreasing at first and then increas-
ing, but compared with the blank group and the control group, the control group decreased significantly. (3 )Glycosaminoglycan
content in the medium changed last was detected by ELISA. The glycosaminoglycans in the experimental group increased grad-
ually,and the content changes on 7 days loading group were statistically significant compared with other groups (P<0.05). (4)
Safranin O and Alcilan staining showed that there was a tendency of cartilage differentiation in the experimental group,and the
shape gradually increased with time , which was more obvious than that in the control group; The PCM,Col-II and GAG in the
experimental group increased gradually with the increase of mechanical stimulation days,which were more obvious than those
in the control group. Conclusion : Under conditions of two-dimensional culture ,in the early differentiation of mesenchymal stem
cells into cartilage , cyclic equiaxial tensile strain can promote the proliferation of BMSCs and the differentiation into chondro-

cytes. Moreover, cyclic equiaxial tensile strain may promote chondrogenic differentiation through inhibiting the Rho/ROCK 1
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signaling pathway.
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Fig.1 After the generation of 48 h,the cells were arranged in a long
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Fig.2 Results of Safranin O staining (x100) 2a. Blank group,there was no trend of cell differentiation = 2b. Control group compared with 2a,the con-
trol group was significantly differentiated 2c¢,2d,2e,2f. Experimental group was loaded on 1,3,5 and 7 days respectively,the cells in each group

showed changes with the loading time increased , the cells grew longer, ECM secreted more ,and the number of cells increased.
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Fig.3 Results of Alcilan staining (x100) 3a. Blank group, there was no trend of cell differentiation = 3b. Control group compared with 3a,the control
group was significantly differentiated 3c,3d,3e,3f. Experimental group was loaded on 1,3,5 and 7 days respectively, the cells in each group showed

changes with the loading time increased , the cells grew longer, GAG secreted more ,and the number of cells increased
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®2 HAEF mRNA BWNRZER EFERBIREES D E (x5, pg/L)

Tad.2 Relative expression of mRNA and the amount of glycosaminoglycan in the supernatant x+s, pug/1.)

215 L& (n) SOX9 Col-1I ROCK1 GAG

2 HA 3 0.954+0.193 1.952+0.351 1.345+0.184 19.24+2.18
Xf 2] 3 2.301+0.176 3.761+0.453 2.648+0.374 25.28+2.63
Jna#k 1d 3 1.978+0.126 4.683+0.587 2.258+0.273 26.50+2.75
gk 3d 3 2.309+0.211 4.831+0.890 2.213+0.283 25.93+2.87
m# 5d 3 3.201+0.151 6.932+0.818 1.739+0.329 28.26+2.39
Jnzk 7d 3 3.276+0.192 7.516+0.563 1.727+0.194 30.18+3.55

N BRI BEAR R EE XS REAS ¢ A 56, ) BRZH 5 5 5 4] B A R R PR R 30 25 90 B o SOXO AR ik it , W BR A 5 48 1 4 HL 4 1=6.976 , P=
0.002, %F 18 41 5 Jin 2R 21 b #5¢ F=63.942,P=0.021; Col— Il A X} 35 Bt , % B 4] 545 14 41 L 1=8.066, P<0.001 , X HE 21 5 i 28 41 Lb % F=30.608 , P=
0.014; ROCK1 A8 F ik i, % B4 5 25 [ 40 L 1=5.084,P<0.001 , %) B 41 5 2k 41 L 4% F=18.847 ,P=0.028 . 41l b i GAG 20, %5 A5

Xof BEZH LA 1=4.334, P=0.001, XJ B2 55 480 40 Lo 5 F=2.892, P=0.023

Note : Comparison in the blank group and control group measurement data using paired ¢-test,comparison in the experimental group and relative group

measurement data using single factor analysis of variance. In the relative expression level of SOX9,the control group was compared with the blank group

with t=6.976,P=0.002 ,the control group was compared with the loading group F=63.942,P=0.021. In the relative expression level of Col- Il ,compared

with the control group and the blank group ¢=8.066,P<0.001 ,the control group was compared with the loading group , F=30.608 , P=0.014. In the relative

expression of ROCK1 ,the comparison between the control group and the blank group was 1=5.084,P<0.001 ,the control group was compared with the

loading group 1=18.847 P=0.028. In the secretion of cell supernatant of GAG,the control group was compared with the blank group with 1=4.334,P=

0.001, the control group was compared with the loading group F=2.892,P=0.023
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Fig4 The CCK-8 results of each groups. Test the OD date after 1h of
adding CCK-8,it shows that the proliferation rate of the control group was
significantly lower than that of the blank group. In the experimental
group , the value-added rate fluctuates with the different mechanical load-

ing time , but it is higher than that of the control group and the blank group
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