304 A T B A 98 2 i TR 2026 4F 8 A 55 20 455 4 3] Chin J Stomatol Res (Electronic Edition) , August 2026, Vol.20, No.4

BB e -

AN TRy R 5 PN i P 2 K U J A 28 ) g 7
S HT 70N i i 1] e o AR M A T A B 52

RAIHF WA EAAN ko
"B R TBRF AR ER, REE S B EEERE,BE 710004; " H %
RBRFUREERILESARELET EEEH, % 710004; ° % BKF v
B Be 4 FALAPARAS BAL, B 710004; ‘B EBRFAGHFEHRFRANE S
BOIRKTHRESERE A2 TARE AN AFHII, BE 710049

WBAZAEH 5K, Email : zhang_hui@xjtu.edu.cn

(FEE] BH WEARF B H R RS AU 1 SR D S BRI K B A, AR AN [ I 1T
W BE A4 /0N B 46 ) 78 5T 40 (mBMSC) (Y S 22 T 25 il e S 300 ol b DG 3 R 383k, RAPE i
FEHY AN 2w RS I A T . sk AR R I 3 20 SR DN T e K B AR, A6 A
PRSIt RN R THLRE B2, JF 28 sulfo-SANPAH IR AL J5 (B 1 5. 1 mBMSC AP T /K Bl e | i
33 F-actin/DAPI 26 e (0 LS 20 MO A 22 T 245 I o0 o RE W il JR8 T B s SR P AR IR i 38 D T2 3R 5
BT 7 dJE R Alpl B Runax2 WAHXS 23K . R GraphPad Prism 8 FXAF AT 481245001 241
[¥) Eb AR AR B A B 25 57 P B R 38 O 25 T 8 Kruskal-Wallis K6 56, 20 1] 95 19 LL 4840 501 0%
JH Tukey 8%, Dunn Z 8 LT . L P<0.05 W ERAGIFE N &R K. P S W EHKE R
2 4 B A 4 43 51 R 1.09 . 11.37 F129.24 kPa, BUUR G 24 bR ic R A 22 R A G il ¢ 2 L (F =
766.60, P<<0.001) ;3 21 S 1HHURE 2 22 53 o0 12 2 X (H=5.956, P>0.05) . Bl /K EEIRERIEE 3,
mBMSC {322 o T I S, AR ot R T AR (H = 14,73, NI 20 5 e WIS 41 9% o it ), P =
0.000 4) o X HEZAFTR , = W EE AL Alpl F Runa2 F3k & TARWIEELL (F,,=91.54,P,,=0.003 9; F,, .=
12.93,P,,.,=0.002 5) ; ZHMIFA 0 3 D T HUS AR m WIEE 2R ] bR B R ik 22 e e e it L (F =
91.54,P,,=04019;F, ,=1293,P, ,=0.8873), £t AHFFH G JPII TEE K B AY n] 7
PRI 2 AR T 1) 25 A4 T2 s IR 174 A ECASE 0 432, ok D 2 08042 1 40 0 1) R B A — e A
AT 52 S 20 A0 A (S

[SE8EiE] RVGEEHOKEER; WICHE; S8l TaM; e, REst

BEE£WE : HXK ARFEI4 (12502365.82470960)

S| AZ RN KT L A L PHT, S S R DB 50 TR 04 I e /I T S 1 %) 4 e o
X /N SR TR T AN ARA T A 5 [ 1701 . e Ms BE2#0iF T 2 (R TR, 2026,20(4) :304-310.

DOI: 10.3877/cma.j.issn.1674-1366.2026.04.007

Construction of polyacrylamide hydrogel models with different Young’s moduli and their effects
on mouse bone marrow mesenchymal stem cell behavior
Zhang Wenqing'*, Qiang Ruyue', Pei Dandan'”, Zhang Hui'"*
'Key Laboratory of Shaanxi Province for Craniofacial Precision Medicine Research , College of Stomatology,
Xi'an Jiaotong University , Xi'an 710004, China ; *Department of Pediatric Dentomaxillofacial Development
Management, College of Stomatology, Xi'an Jiaotong University, Xi'an 710004, China; *Department of
Digital Oral Implantology and Prosthodontics, College of Stomatology, Xi'an Jiaotong University, Xi'an
710004, China; *Bioinspired Engineering and Biomechanics Center (BEBC) , The Key Laboratory of
Biomedical Information Engineering of Ministry of Education, School of Life Science and Technology,
Xi'an Jiaotong University , Xi'an 710049, China
Corresponding author : Zhang Hui, Email :zhang_hui@xjtu.edu.cn

[Abstract] Objective To construct polyacrylamide hydrogel models with graded Young's moduli
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and comparable surface roughness, and to evaluate their feasibility for studying stiffness-related changes in
the actin cytoskeleton, spreading, and early osteogenic gene expression of mouse bone marrow
mesenchymal stem cells (mBMSCs). Methods Three groups of polyacrylamide hydrogels with low,
medium, and high stiffness were prepared, characterized for Young's modulus and surface roughness,
activated with sulfo-SANPAH, and functionalized with type I collagen. The morphology of F-actin and the
relative spreading area of mBMSCs were assessed by fluorescence imaging. Actin polymerization was
perturbed with cytochalasin D, followed by 7 days of osteogenic induction and measurement of Alpl and
Runx2 expression. Statistical analyses were performed using GraphPad Prism 8. Comparisons among
multiple groups were conducted using one-way analysis of variance (ANOVA) or the Kruskal-Wallis test,
as appropriate, according to the data distribution and homogeneity of variances. Post hoc pairwise
comparisons were performed using Tukey’s multiple comparisons test or Dunn’s multiple comparisons test ,
respectively. A two-sided P value of <<0.05 was considered statistically significant. Results The average
Young's moduli of the low-, medium-, and high-stiffness hydrogels were 1.09, 11.37, and 29.24 kPa,
respectively, with statistically significant differences (F=766.60,P<0.001 for all pairwise comparisons) ,
whereas surface roughness did not differ significantly among groups (H = 5.956, P>0.05). Increasing
stiffness was associated with more prominent actin bundles and greater cell spreading (H = 14.73, low
stiffness group-high stiffness group: P =0.000 4). Under control conditions, Alpl and Runx2 expression
=91.54,P,,=0.003 9; F
12.93,P,,.,=0.002 5). After cytochalasin D treatment, the differences between the low- and high-stiffness
groups were not significant (F,,=91.54,P, =0.401 9;F, ,=12.93,P, ,=0.8873). Conclusions The

Runx2 ~
polyacrylamide hydrogel model developed in this study exhibited distinct levels of Young's modulus while

were higher on the high-stiffness group than in the low-stiffness group (F

Alpl Runx2 —

Runx2

maintaining comparable surface roughness. The effects of matrix stiffness on the early osteogenic responses
of stem cells may depend, at least in part, on cytoskeletal actin filaments.
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