MedJ Chin PLA, Vol. 48, No. 4, April 28, 2023

W HiHs

3D IR N B 18] 78 5 T+ 20 e SR 0 B S0 A 44 ok B B 40 B AL
RI4E A

]{iﬁﬁ%%l'zﬁ , L% %éé% 1,2,3 , %’% 554 , %_1'1:1,2,3 , a—_ /ﬁ‘ﬁ 1,2,3 , F;i]:\ égl,2,3 , %“%‘9]';2,3 , ?‘H}]QJ ;;;;-‘_2,3 , gﬁjﬂffim , %{RZ“%L?

YRR 2B, JEEL 100853 MR E S BEEE UL 2E D B RE A, LR 1000485 CEZFE RSB s EE IR
B2Ehge iy, bt 1000485 MA/RIEEFRFRAM RS ZEEpeE B, BIBTLIA/REE 150086

[FESZES] R318 [XEFRERE] A [DOI] 10.11855/.issn.0577-7402.2023.04.0411

[FEHA]  ASCTAEE TR 7 rh o

[BIAZ] PR3, s, 52, 45, 3DREFR G 5] 70 50120 MR U5 (14 21 I AT B 4 At 53 f i VR I L) il 42 B 2 4%, 2023,
48(4): 411-419.

[KFEHA] 2022-08-03 [RABH] 2022-09-20 [EZ&BH#] 2022-10-31

(BZE] B8 B =R GD) IR S A SN EERE 37 (2D) A BT ) 78 51 41 i (hUC-MSCs) R 5 i1 Sh s A i i
JE A ERE T 25 5, IRR AT E AL BB R N DB B AT REME . 3% #FhUC-MSCs/ih2D4H 53D 43
WEATR TR, R R BB T LSRN A T AR A, TRD A R P A 5 A K -AML/ PLTE AE 41 i XU 2 K60 3 D A 41 ffd 1)
TEAE s A A S D R W 2 2 R 3R A SR IR AT GO R AR A AT . $RI2 DA 5 3D AL AN A 43 WA 1 S IMA I 43 2D Ak
%1$(2D—Exo)fﬂ53Dﬁl\%{$(3D—Ex0)2ﬂ , RSB . AR UKL ER BR 43 AT M Western blottingXﬂL&l\ﬁ%ﬁgﬁfﬁrf
fiE o ZERSM R 2D -Exo 5 3D-Exo T T 3L BRUM B b B 40 M I HEA7 Wi V5 3 404k, 3B At P AT et | Bl i i 4 (5 2
RT-qPCRYE/E2D-Exo. 3D-ExoX - MLAE I s, &R S2DAlE, sDAQMA/NYSE, RSP AERK; 45
H AR R -AM/PIH FEAN XS 1] W 3DHE IR ThUC-MSCs LA B mn ik s Fst P45 R, 52D 4, 3D4l Lk
HEETET. TERE . RMETTIAE R . B AN Ak . I Az B 40 M6 B ) T ) R4 B 5 IR 3R 38 1) 1 1)
VAP AR, TR D R AR T AN A G RS L AR G e R . AN TSR R . B S T AR R T
UL ZH AN BRI EAR S N 100 nmZE Ay, S BRAMMA BT A ARARIE SARFAE . HLIY 3R IK SMIMAAE SeAR R B F1ICDY . CD63 I
CD81. FLEMH B Mg L WK, S52D-Exodl b#, 3D-ExoZfl W62 L1 (5 1Y £5 45 75 B Im R i P wh R i L £ 5
FEBIW W FhiE s RT-qPCREGINZ R iR, 52D-ExoZl Lb#E, 3D-Exoff Wi 43 LA I M Bglap . Runx2. Alp. Collal .
Sppl mRNAMIX FIA I BT E, ZRASHFE L(P<0.05). &  3DIHIFIhUC-MSCsAHUE 1Y ZM A AT _E 8 i 1A
KHE[EBglap . Runx2. Alp. Collal. SpplRJFeik, FHE T2DEFEAIR S ELAT B8 19 12 1B 40 i 4 fE i ik

[RER] ek, AW E T4, SMA s mUd sk

Effects of exosomes derived from 3D-cultured human umbilical cord mesenchymal stem cells on
osteoblast differentiation
Chen Rui-_]ingl'“, Feng Tao-]in1’2’3, Cheng Shi*, Li Shangl’2’3, Yu Hai-Kuan"*?, Chen Ming1’2’3, Li Yi*?, Yin Peng-Bin2’3,
Zhang Li—Chengz’s, Tang Pei-Fu™”

'Medical School of Chinese PLA, Beijing 100853, China

*Department of Orthopedics, the Fourth Medical Center of Chinese PLA General Hospital, Beijing 100048, China

*National Orthopedics and Sports Rehabilitation Clinical Research Center, Beijing 100048, China

*Department of Orthopedics, the Second Affiliated Hospital of Harbin Medical University, Harbin, Heilongjiang 150086, China

"Corresponding author, E-mail: pftang301@126.com

This work was supported by the National Natural Science Foundation of China (81972115, 82002330)

[Abstract] Objective To compare the differences between exosomes derived from three-dimensional (3D) cultured
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human umbilical cord-derived mesenchymal stem cells (hUC-MSCs) and conventional (2D) cultured hUC-MSCs in promoting
osteoblast differentiation, and to explore the application possibility of exosomes derived from 3D-cultured hUC-MSCs in treatment
related to promoting bone formation. Methods hUC-MSCs were divided into 2D group and 3D group, and cultured respectively.
The morphological characteristics of the both groups were observed under optical microscope, and the viability of 3D-cultured
hUC-MSCs was detected by calcein AM/PI double staining of living and dead cells. Transcriptome sequencing was performed to
screen the differentially expressed genes between 2D group and 3D group, and GO enrichment analysis was conducted. Exosomes
of 2D group and 3D group were extracted and divided into 2D-Exo group and 3D-Exo group. Characterization of exosomes was
conducted by transmission electron microscope, nanoparticle tracking analysis and Western blotting. The exosomes excreted by 2D
group and 3D group were applied to C57BL/6] mouse calvarial osteoblasts, respectively, and osteogenic differentiation was induced
in vitro. The effects of exosomes cultured in 2D and 3D on osteogenic differentiation were identified by alizarin red staining, alkaline
phosphatase staining and RT-qPCR. Results Comparing to 2D group, cells in 3D group were equal in size and grew into spherical
shape. 3D-cultured hUC-MSCs showed higher rate of viability verified by calcein AM/PI double staining of living and dead cells.
Transcriptome sequencing results showed that the up-regulated genes in 3D group were enriched in bone mineralization, cartilage
development, composition of extracellular matrix, osteoblast differentiation, angiogenesis, cell proliferation and gene expression.
The down-regulated genes were enriched in negative regulation of cell proliferation, cell migration, and apoptotic process, etc.
Transmission electron microscope observation showed that the exosome diameter in both 2D-Exo group and 3D-Exo group were
around 100 nm and exhibited typical cup shape features, and expressed exosome related marker proteins CD9, CD63 and CD81.
Staining results of osteoblasts in calvaria of newborn rats showed that the number of calcium nodules stained with alizarin red and
the intensity of alkaline phosphatase staining increased significantly in 3D-Exo group than in 2D-Exo group. Results of RT-qPCR
showed that the relative expression levels of osteogenic differentiation related genes Bglap, Runx2, Alp, Collal and Sppl mRNA
increased significantly in 3D-Exo group than in 2D-Exo group with statistically significant differences (P<0.05). Conclusion
Exosomes from 3D-cultured hUC-MSCs can up-regulate the expressions of osteogenic genes Bglap, Runx2, Alp, Collal and Sppl,
and have stronger capabilities to promote osteogenic differentiation compared with 2D-cultured exosomes.
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Fig.1 2D and 3D culture of human umbilical cord-derived mesenchymal stem cells
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Fig.2 Morphology of 2D- and 3D-cultured human umbilical cord-derived mesenchymal stem cells
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Fig.3 Gene expression differences between 2D- and 3D-cultured human umbilical cord-derived mesenchymal stem cells (n=3)
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