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1.1 ##

SD KB F F 7 BHE R Se e syt .
Pt Piezol 2 FEREPTIAN H Y5 [E] Abcam 24 7] 5 fdi
W HZ 5l (doublecortion, DCX) FL7a BEHiiA K
PR R A 4R MEE A (glial fibrillary acidic protein,
GFAP) #ii4&I A 3¢ [# Cell Signaling Technology 2
Al BRI A B AR IC AT R BT 1eG L TV B
g )5 (collagen IV) M £F#%E 5 11 (fibronectin) $T
AR08 F P [ Abcam 23 w5 b B R 2 W [ A6 54k
WA AE] WIS e AR & A A R E
Sigma /A H] ; Lipofectamine™* 4 H 3£ [ Invitrogen
N Fl 3 Piezol 8 & 3¢ RNA (short hairpin RNA,
shRNA) Fof i I LA w4 .
1.2 KREBERGEENEE

BRI SR R B (2 H %) BYER TR U1 E & R
2emWHEEA, HEE, ENLTTI0N EHIFITHE
EPYIA, K42 cem, SRR, Btk T
FREZHZR, o TO~T11 MEAR 2= DIBR J= %% 58 AH 59 B
e, WERAE B R AR I T, R
10 gx25 mm B FEE X K BUA #EUE T I8 B A TR 4T
A, AT e E T AR5 DR R ot i . KRR
MU BchE M R s e T, KRS
XS 2 IR S RN BB Yy . A HOX R
(sham) 2K BUAXAT TO~T11 HEAR VIBR A, AR50
R 3 HRR . AR RAHE AR
B2 B sh ) S g AR B2 Dy s b (dit S . 2022-
DW-SB-94), it 214y S5 5o 38416 1 58 S = e 52 4 5
YIRS A -
1.3 KREENSCsHOBESHmsS A

H A 12 d R B PABE ST R AR BT, 75% RS #
FUHEE K. TCE PBSTHVENG . FIBETEBR AR, #1
BOMER . BT, R AEL4IZ, ] DMEM/

A
HIE o

F12 W 3~4 3k, BB Ll 23R 1 A if 40 i Fn
ZeI5 . FHHRBL BTGB BE 4 8T e 2 K29 0.5 mm? [
ANHR T R A R R o A A A B R R T R
(200 HH#I ML 38) , RAFERAN I . 2R )5 2R
1 200 r/min &[> 8 min, FRANMLITIIE . Ff 4 A B
TICIE NSCs FERlIEFRW AT aipait4k,
UM (4~5)x10%/L

BRI 43 1 0l 25 AR BENSCs B, B AYH
0.1% 22 R FR AL P S5 3% 1 3.5 em BE =LA,
B 5 2 F 0 JC I3 NSCs JERI RS R, 37°C. 5%
CO,BE IR

RS ZHAN R . 0.7 kPaZi . 20 kPaZi. 40 kPa
ZH (NSCs /33T 0.7, 20, 40 kPali AL ) ;
sh-NC £ (20 nmol/L sh-NC %% 4« NSCs 4 i1, -85
FET40 kPa W EREIE R ) ; sh-Piezol 240 (20 nmol/L
Piezol shRNA #4YL NSCs i, F-553% T 40 kPa NI
FEFEIRT ) .
14 REHEANKE

KERRBRAL B, P FFi, e BEER /K
2200 ml UE e 00, SR 5 7EVK DA fn bl
FDEK A1 ecm HREH S . R R E )R
OCT . W& KEY . L&, PBSIEDE,
0.3% Triton X-1003# % /5, 10% 1EF L1 =F 1L 19
PBS & = & B M 1 ho #& J5 H 3 $iL Bl Piezol
(1:200) —PL4°CWEF LW, MAFBESR 30 pl
PRl IgG —Ht (1:200), PBSEPE)G, DAPIE
Yoo BRJE, TR WS,
1.5 AENEMERE

RN A oL e B M LI A i) 28 712 575 Tse 5 1)
OB FE o ELURIEC 7 WL 1o T e A0 17 I 8 1 5 A
Je, A 10% B B iR g (db s fb 43R0 28 )
F0.1% MY H L2, — 1 (3 Sigma A F]), PLid
B2 BHRAWOMATRIRGA 0.75 mm (19717l i il
HE R 1 h BRI R KR DI Al N R
¥, PBSIHEUEGE, #EaCHH (Sulfo-SANPA) 3
ST T RCRE, SRAMT BEST 30 min, 1H LRI
eI AR 5 e SR ze 4 . PBS TR IR 3 UK, TEIR I T

Table 1 Polyacrylamide gel formulations with different elastic modulus

Modulus of elasticity/kPa  Acrylamide/% 40% Acrylamide Bis-acrylamide/% 2% Bis-acrylamide volume/ml  H,O volume /ml
volume/ml
0.7 4 1 0.03 0.15 8.85
20 8 2 0.264 1.32 6.68
40 8 2 0.48 2.4 5.6
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i EAE AR TR AR (collagen I, 25 mg/L),
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FINIA 40 kPa SR NI TR BEIC LIS, 37°CAb#H4 h,
PBS iE V5 28R 1 30 min,
1.7 EHFREZEENE (Western blot)

RIPA 2t W 7E VK 1 4% NSCs 4 ffl, BCA ik
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IR LK, HL% 2 12% PVDF R L, 10%2F
M3 A 3 1 he A Piezol —HifiE R, 4°C
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Pro Plus 6.0 4047 17047
1.8 BEXAKNMDCXFAIGFAPEMEMHAEE &Lt

B 1 10° A~ NSCs 21 i 355 7 76 A [5] Wi 7 226 )1
a8 him, WFIEFRRNIME TR, 4% 2
5 F S ] 72 5 0.5% Triton X-100 2 I 17 20 min;
10% LL2F M3 1) PBS ¥ % i B 7 30 min, Bl 7%
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48h

20 um 20 pm

96 h

20 pm

48h
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i/ B DCX — 3t (1: 800) 1 GFAP — ¥
(1:200), 4°CHERE L7 ; N Alexa Fluor® 594
FRICHIZEE —HT, ZHEFFE 1 h; DAPL (0.1 pg/L)
REOCIEE 10 min, B 5, T Olympus IX53 i fif
BE FULEIHHAIE . R 3K,
1.9 Sit=EHHh

K HI SPSS 19.0 ik A B g it o0t . B
BEI K B AG5 2H 27 Piezol 35 R FA 7 AEAS ¢ 46
SHEFT PRI b, A SC IR AR F R R Ty
F53 4 B Bonferroni 2 J5 K B A7 Z 4R ] LS, P<
0.05 M EFHEAG IR,

2 g B
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I, RPREDSEIEAGI B 28 TC kR S DCX AR TE G
SR A bR &) GFAP BHYELIM 43 e aniEl 1 s,
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Fig. 1 Matrix stiffness affects differentiation of NSCs
(a, b) DCX-positive cells. (c, d) GFAP-positive cells. n=3.
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Fig. 2 Expression of Piezol in rat spinal cord tissue
(a) Immunohistochemistry on the injured tissues of each group.(b) Western blot on the injured tissues of each group. (c) Quantitative analyze of

Piezol protein expression. n=3. *P < 0.05 vs sham group.
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Fig. 3 Effect of matrix stiffness on expression of Piezol in NSCs

(a) Piezol protein expression was detected by Western blot assay. (b) Quantitative analyze of Piezol protein expression. ‘P <0.05 vs 0.7 kPa group.
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Fig.4 Piezol directs neuronal-glial lineage choice in NSCs

(a) The protein expression of Piezol in NSCs transfected with Piezol shRNA plasmid was analyzed by Western blot. (b) Quantitative analyze of

Piezol protein expression. (¢) NSCs transfected with 20 nmol/L Piezol shRNA showed reduced neurogenesis as compared with cells transfected with

20 nmol/L control shRNA (sh-NC). (d) NSCs transfected with 20 nmol/L Piezol shRNA differentiate into astrocytes more efficiently than NSCs

transfected with 20 nmol/L sh-NC. *P <0.05 vs sh-NC group. n=3.
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Fig. 5 Fibronectin reversed the effect of Piezol on NSCs differentiation

(a) The protein expression of collagen IV and fibronectin in NSCs transfected with Piezol shRNA plasmid was analyzed by Western blot.

(b) Quantitative analyze of collagen IV protein expression. (c) Quantitative analyze of fibronectin protein expression. (d, ¢) NSCs were transfected

with 20 nmol/L Piezol shRNA and treated with fibronectin. DCX expression (d) and GFAP expression (e) were analyzed by immunofluorescence.

*P <0.05 vs sh-NC group,*P <0.05 vs sh-Piezol group. n=3.

3 i3t i

AR SCRFFE K B0, 580 114 R I 2 NSCs [ it
2004k, IFfE W3 I8 NSCs 40 il Piezol 3%
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Extracellular Matrix Stiffness Affects Differentiation of Neural Stem Cells by
Regulating Piezol

XU Wang-Yang, HUANG Li-Shan, YAO Shun, HUANG Zi-Xiang, ZHANG Li,
ZHANG Hui, WANG Ye-Yang™

(Department of Orthopedic, Guangdong Second Provincial General Hospital, Guangzhou 510317, China)

Abstract Objective The aim of this study is to investigate the effect of matrix stiffness changes on the
differentiation of neural stem cells (NSCs) and the underlying mechanism. Methods A rat model of spinal cord
injury was constructed. Polyacrylamide gel substrates with different stiffness (0.7 kPa, 40 kPa) were prepared,
and were cultured with primary rat NSCs. NSCs cells were transfected with piezo type mechanosensitive ion
channel component 1 (Piezol) shRNA plasmid. Immunofluorescence staining was used to detect the percentage
of positive cells for the neuron marker doublecortion(DCX) and the astrocyte marker GFAP.
Immunohistochemistry experiment and Western blot were used to detect the protein expression of Piezol.
Results The results showed that compared with the 0.7 kPa group, the number of DCX-positive cells in the
40 kPa group increased, while the number of GFAP-positive cells decreased, as well as the protein expression of
Piezol increased. The expression of Piezol was significantly up-regulated in the injured tissue of rats with spinal
cord injury compared with the sham group. Silencing of Piezol reverse the effect of 40 kPa matrix stiffness on
NSCs proliferation, as indicated by decreased number of DCX-positive cells, and increased number of GFAP-
positive cells increased. Further studies found that knockdown of Piezol leads to decreased expression of
collagen IV and fibronectin. Recombinant fibronectin reversed the effect of sh-Piezol on the differentiation of
NSCs. Conclusion Rigid base stiffness regulates the differentiation of NSCs by promoting the expression of
Piezol protein and up-regulating the expression of type IV collagen and fibronectin. This study provides a new

perspective for the treatment of spinal cord injury based on biomaterials.
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