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ABSTRACT Objective: To explore the promotion of dynamic distraction on osteogenic differentiation of
human bone marrow mesenchymal stem cells (hBMMSCs) in three-dimensional culture. Methods: Dy-
namic stretching in a three-dimensional culture for hBMMSCs was achieved with proportions set at 5% |,
10% , and 20% , a frequency of 0.5 Hz, and a dynamic stretching duration of 2 hours per day. Static
culture was used as the control group. Deformation of hBMMSCs induced by dynamic stretching was ob-
served through cytoplasmic fluorescence staining. After 7 days of dynamic stretching culture, the impact
of dynamic stretching on the viability of hBMMSCs was observed through cell live/dead staining. The
effect of dynamic stretching on the osteogenic differentiation of hBMMSCs was observed through alkaline
phosphatase ( ALP) staining and the expression of osteogenic related genes and proteins after 7 days of
dynamic stretching culture. Results: Dynamic stretching in a three-dimensional culture for hBMMSCs
was successfully constructed, which could achieve different durations, frequencies, and ratios of dynamic
stretching. Dynamic stretching led to deformation of hBMMSCs, and the greater the stretching ratio, the
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more pronounced the cell deformation, transitioning from a circular to a flat oval shape. After 7 days of
dynamic stretching culture, hBMMSCs in the static control group and dynamic stretching groups were
mostly green stained live cells, with only a few red stained dead cells. The difference in the proportion of
live cells between the groups was not statistically significant (P >0.05). The ALP staining in the
dynamic stretching group was deeper than that in the static control group, and the number of ALP staining
positive cells observed under the microscope was higher. The expression of osteogenic related genes and
proteins increased after 7 days of dynamic stretching culture, and the difference was statistically signifi-
cant (P <0.05). Among them, the dynamic stretching group with 10% had the deepest ALP staining,
the highest number of positive cells, and the most significant increase in the expression of osteogenic re-
lated genes and proteins compared with the static control group. Conclusion: Dynamic stretching caused
deformation of hBMMSCs without a significant impact on cell viability, and it could effectively promote
the osteogenic differentiation of hBMMSCs.
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&1 qRT-PCR 54751

Table 1 Prime sequences used for quantitative real-time PCR

Gene Forward primer(5'to 3") Reverse prime(5'to 3")
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC
RUNX2 GAACCACAAGTGCGGTGCAA ACTGCTTGCAGCCTTAAATGACT
ALP ATGGGATGGGTGTCTCCACA CCACGAAGGGGAACTTGTC
0CN CATGAGAGCCCTCACACTCCTC CCTGCTTGGACACAAAGGCTGC
COL-1 ACAGGGCTCTAATGATGTTGA AGGCGTGATGGCTTATTTGT

qRT-PCR, quantitative reverse transcriptase-mediated PCR; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RUNX2, runt-related transcrip-
tion factor 2; ALP, alkaline phosphatase; OCN, osteocalcin; COL-1, collagen-1.
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hBMMSCs, human bone marrow mesenchymal stem cells; GelMA, gelatin methacryloyl.
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Figure 1 Construction of dynamic stretching three-dimensional culture
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Figure 2 Deformation of hBMMSCs under dynamic stretching at different proportions
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hBMMSCs, human bone marrow mesenchymal stem cells; ns, not significant.
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Figure 3 Live/dead staining (A) and the proportion of live cells (B) of hBMMSCs under dynamic stretching at different proportions
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hBMMSCs, human bone marrow mesenchymal stem cells; ALP, alkaline phosphatase.
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Figure 4 ALP staining’s general view (A), microscope view (B) and relative quantification of activity (C) of
hBMMSCs under dynamic stretching at different proportions
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hBMMSCs, human bone marrow mesenchymal stem cells; RUNX2, runt-related transcription factor 2 (A) ; ALP, alkaline phosphatase (B) ; OCN, os-

teocalcin (C); COL-1, collagen-1 (D).
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Figure 5 Expression of osteogenic related genes of hBMMSCs under dynamic stretching at different proportions
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hBMMSCs, human bone marrow mesenchymal stem cells; RUNX2, runt-
related transcription factor 2. DAPI, 4’ 6-diamidino-2-phenylindole.

Bl 6 Al Lflshasask T hBMMSCs #7268 H RUNX2 fyRik

Figure 6 Expression of osteogenic related proteins RUNX2 under
dynamic stretching at different proportions
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hBMMSCs, human bone marrow mesenchymal stem cells; OCN, osteo-

calcin. DAPI, 4’ 6-diamidino-2-phenylindole.
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Figure 7 Expression of osteogenic related proteins OCN under
dynamic stretching at different proportions
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hBMMSCs, human bone marrow mesenchymal stem cells; COL-1, colla-
gen-1. DAPI, 4’ 6-diamidino-2-phenylindole.
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Figure 8 Expression of osteogenic related proteins COL-1 under
dynamic stretching at different proportions

ERH AL AR TSR, 41K =R

Sk i 1R) 70 5T A0 M o34k R B AL, — 3840 R
0 60 2 A Sy B S e AT M, — 50 o - A4 3
AMANEE T, T2 A R 2 A
WAL W S, & ﬁa\fkﬁﬁiﬂﬂﬁﬁiﬂéﬂiﬂ@o
ARG R, ShAAE KT R AN MY AR B[Rl A2
520 hBMMSCs F9 41 16 14 o AH b T S X0 B4,
FIASNEA G, W E bR Y RUNX2 (%5
B S 140, 5B hBMMSCs B - [ J815 1] 434k 5 B
H AR EY OCN )ikt B 34, 156 B A 13-4
TR J 1 B 22 5 1 [a] 94 15 0 W UL AL ) ALP 325K 3
i, A4 Y 2 B HLAL 2 COL-1 Y Rk o3
T, U Sh AR 242 SKAIR (T B %) 40 I A 6 T R R 2 0
FEIR L B L TOE B G ER 5 e Ah , AR BIE ST K
AR Ee B sh 2 22 5K 241 9 A W 8 e AN TR, Herb g
AR 10% H S AU B A, X 5 KR E 4



AP S NI
- 648 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)

E % R )
Vol.58 No.3 Jun. 2026

QU ER L) IR BRI BT ™ AR BFSE4S
HEB , A A A0 AR B AL R R R S5,

OCN fluorescence intensity

RUNX2 fluorescence intensity

Group

et =4 55 57 hBMMSCs plH 71 704k, HAT 16 4 R
AR L 1A REOK

P<0.05
P<0.01 .G P<0.05 |
P<0.01 Z or P<0.01
g 5l
20 | -+
E | ¥
3
s 2|
!
é 0 & 6‘5\* QQ\V Qc\c
Ax D A
o A\E.Q \{\N\ \{\N
F
Group Group

hBMMSCs, human bone marrow mesenchymal stem cells; RUNX2, runt-related transcription factor 2; OCN, osteocalcin; COL-1, collagen-1.
B9 AIELLHIZhASEE 5K T hBMMSCs i E A G T RUNX2(A) (OCN(B) \COL-1( C) Rk MY25E 7 53 Hr

Figure 9 Semi quantitative analysis of the expression of osteogenic related proteins RUNX2(A), OCN(B),
and COL-1(C) of hBMMSCs under dynamic stretching at different proportions
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