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Piezol Mediates the Regulation of Substrate Stiffness on Primary Cilia in Chondrocytes GUO Huaqingl, LAN
Minhua', ZHANG Qiang', LIU Yanli', ZHANG Yanjun"’>, ZHANG Quanyou">", CHEN Weiyi'. 1. College of Biomedical
Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Department of Orthopedics, The Second Hospital
of Shanxi Medical University, Shanxi Key Laboratory of Bone and Soft Tissue Injury Repair, Shanxi Medical University,
Taiyuan 030009, China
A Corresponding author, E-mail: zhangquanyou@tyut.edu.cn

[ Abstract] Objective To investigate how substrate stiffness regulates the morphology of primary cilia in
chondrocytes and to illustrate how Piezol mediates the morphology regulation of primary cilia by substrate stiffness.
Methods Polydimethylsiloxane (PDMS) curing agent and the main agent (Dow Corning, Beijing, China) were mixed at
the ratio of 1 : 10 (stiff), 1 : 50 (medium stiffness), and 1 : 70 (soft), respectively, to prepare substrate films with the
thickness of 1 mm at different levels of stiffness, including stiff substrate of (2.21+0.12) MPa, medium-stiffness substrate of
(54.47+6.06) kPa, and soft substrate of (2.13£0.10) kPa. Chondrocytes were cultured with the substrates of three different
levels of stiffness. Then, the cells were treated with Tubastatin A (Tub A) to inhibit histone deacetylase 6 (HDACS), Piezol
activator Yodal, and inhibitor GsMTx4, respectively. The effects of HDAC6, Yodal, and GsMTx4 on chondrocyte
morphology and the length of primary cilia were analyzed through immunofluorescence staining. Results The stiff
substrate increased the spread area of the chondrocytes. Immunofluorescence assays showed that the cytoskeleton and the
nuclear area of the cells on the stiff substrate were significantly increased (P<0.05) and the primary cilia were significantly
extended (P<0.05) compared with those on the medium-stiffness and soft substrates. However, the presence rate of
primary cilia was not affected. The HDAC6 activity of chondrocytes increased with the decrease in substrate stiffness.
When the activity of HDAC6 was inhibited, the cytoskeletal area, the nuclei area, and the primary cilium length were
increased more significantly on the stiff substrate (P<0.05). Further testing showed that Piezol activator and inhibitor
could regulate the activity of HDAC6 in chondrocytes, and that the length of primary cilia was significantly increased after
treatment with the activator Yodal (P<0.05). On the other hand, the length of primary cilia was significantly shortened on
the stiff substrate after treatment with the inhibitor GsMTx4 (P<0.05). Conclusion Both substrate stiffness and Piezol
may affect the morphology of chondrocyte primary cilia by regulating HDAC6 activity.
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Fig 1 The effect of substrate stiffness on the morphology and the primary cilia of chondrocytes

A, Staining of cytoskeleton, nucleus, and primary cilia on substrates with varying stiffness. B, Cell area analysis. C, Nuclear area analysis. D, Analysis results of

primary cilia length in cells. E, Frequency of presence of primary cilia in chondrocyte. n=60. " P<0.05, "~ P<0.001.
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Fig 2 The effect of HDAC6 activity on the morphology and the primary cilia of chondrocytes on substrates with varying stiffness

A, Effect of substrate stiffness on HDACE6 activity. B, The effect of HDACS activity on cell area. C, The effect of HDACS6 activity on nuclear area. D, The effect of

HDACS activity on primary cilia length. E, Inmunofluorescence staining was performed to display the morphology of primary cilia on substrate with varying stiffness.

1n=63. The white arrows are pointed at the primary cilia. " P<0.05, " P<0.001.
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Fig 3 The effect of Piezol on HDAC6 activity and the length of primary cilia

A, The effect of Piezol on HDACS6 activity. B, Cellular immunofluorescence staining shows that Yodal and GsMTx4 affect the length of primary cilia. The white

arrows are pointed at the primary cilia. The larger boxes represent a 5-fold magnification of the corresponding smaller ones. C, The effect of Piezol on the length of

primary cilia. #=63. The white arrows are pointed at the primary cilia. " P<0.05, ~~ P<0.001.
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Fig 4 The effect of Piezol activation and inhibition on the length of primary cilia on substrates with varying stiffness

A, Immunofluorescence staining shows the effect of Yodal and GsMTx4 on the length of primary cilia on substrates with varying stiffness. The white arrows are

pointed at the primary cilia. Within each image, the larger box represents a 5-fold magnification of the corresponding smaller one. B, The effect of activator Yodal on he

length of primary cilia on substrates with varying stiffness. C, The effect of inhibitor GsMTx4 on the length of primary cilia on substrates with varying stiffness. The

numbers of samples in B and C are the same. n=69. " P<0.05, ~ P<0.01.
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