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Application of RUNX2 gene over expression vector modified exosomes from BMSC combined with calcium carbonate
scaffold system in bone defect ZHAO You-shun,LIN Ping,TU Ying-chun ,AN Tao ,WU Yu-ping,and LI Xiao-fei. Depart-
ment of Bone Surgery ,Affiliated Jinhua Hospital , Zhejiang University School of Medicine ,The Jinhua Municipal Central Hos-
pital, Jinhua 321000, Zhejiang , China

ABSTRACT Objective:To investigate the effect of RUNX2 gene overexpression vector modified exosomes derived from
bone marrow mesenchymal stem cells (BMSCs) combined with calcium carbonate scaffold system in bone defect. Methods :
Rabbit BMSCs were used as the research object,and BMSCs were identified by flow cytometry. Construct RUNX2 gene overex-
pression vector , transfect BMSCs with lentivirus, and collect exosomes by ultracentrifugation. The morphology of exosomes was
observed by transmission electron microscope ,the expression of exosome marker CD63 was detected by Western blot,and the
calcium carbonate scaffold was constructed by three chamber parallel automatic temperature control reaction system. According
to whether the RUNX2 gene overexpression vector was transfected or not,the complex of BMSCs and calcium carbonate scaf-
fold was divided into three groups,namely BMSCs group, RUNX2 overexpression group and exosome group. The osteogenic
differentiation of BMSCs was detected by oil red O staining and RT-PCR. There were 9 clean adult healthy male New Zealand
white rabbits,aged (12.97+1.21) months, with a body weight of (19.3£3.6) kg, with 3 rabbits in each group. The animal model

of skull defect was constructed by surgical method,and the repair of bone defect was evaluated by imaging, he staining and

FGWH WA BARFLA B G0 H (45 : Q20H060058 ) 5 #i V144 B2 25 A RHE I H (4 '7 :2020KY343) s A A 45 K IUH (45
2019-4-002)

Fund program : Natural Science Foundation of Zhejiang Province (No. Q20H060058 )

HIRE# 2 HE & E-mail : professorlxf@163.com

Corresponding author: LI Xiao-fei  E-mail : professorlxf@163.com



+380 - PG 2022 45 4 A5 35 55 4 ] China J Orthop Trauma, Apr.2022, Vol.35,No.4

Masson staining. Results: The results of flow cytometry showed that the expression of CD29 protein, CD44 protein, CD11b pro-
tein and CD45 protein on the surface of BMSCs were 99.5% ,100% ,0.1% and 0.1% ,respectively. Transmission electron mi-
croscopy showed that the exosomes were bilayer vesicles with a diameter of 50 to 150 nm. Western blot showed that the molec-
ular marker CD63 of exosomes was positive. Oil red O staining showed that the osteogenic differentiation of BMSCs in exosome
group was significantly higher than that in RUNX2 overexpression group and BMSCs group. The results of RT-PCR showed that
the relative expressions of RUNX2,BMP-2 and ALP mRNA in BMSCs in exosome group were significantly higher than those in
RUNX2 overexpression group and BMSCs group (P<0.05). The imaging results showed that the repair effect of skull defect in
exosome group was better than that in RUNX2 overexpression group. HE staining and Masson staining showed that the repair
effect of skull defect in exosome group was better than that in RUNX2 overexpression group (P<0.05). MSCs in exosome group
was significantly higher than that in RUNX2 overexpression group and BMSCs group. The results of RT-PCR showed that the
relative expressions of RUNX2,BMP-2 and ALP mRNA in BMSCs in exosome group were significantly higher than those in
RUNX2 overexpression group and BMSCs group (P<0.05). The imaging results showed that the repair effect of skull defect in
exosome group was better than that in RUNX2 overexpression group. HE staining and Masson staining showed that the repair
effect of skull defect in exosome group was better than that in RUNX2 overexpression group (P<0.05). Conclusion : Compared
with RUNX2 gene overexpression vector transfection , extraction of exosomes directly can promote the differentiation of BMSCs

into osteoblasts more efficiently,and the combination with calcium carbonate scaffold can better promote the healing of bone

defects. So as to provide new ideas and methods for the clinical treatment of bone defects.
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Tab.1 Gene sequence of osteogenic differentiation of BMSCs
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Fig.1 Culture and identification of rabbit derived mesenchymal stem
cells  la. Primary BMSCs 1b. P3 BMSCs 1c,1d,1e,1f. CD29,
CD44,CD11b and CDA45 expression on cell surface
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Fig.4 Calcium carbonate scaffold complex 4a. Calcium carbonate scaffolds ~ 4b. Calcium carbonate composite BMSCs ~ 4¢. Calcium carbonate com-

posite exosomes
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Fig.5 Oil red O staining and mineralized nodule under light microscope (arrow on the figure )
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6c. ALP mRNA () 4/ %) 235 4t

Fig.6 Results of the RT-PCR about the osteogenic differentiation of BMSCs among three groups. Comparison with previous neighbor group, *P<0.05
6a. Relative expression of RUNX2 mRNA  6b. Relative expression of BMP-2 mRNA  6¢. Relative expression of ALP mRNA;
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Fig.7 General results of animal model of skull defect ~7a. Skull defect model ~7b. BMSCs group 7¢. RUNX2 overexpression group 7d. Exosome

group
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Fig.8 Imaging results of animal model repair of skull defect (arrow on the figure )
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Fig.9 HE staining and Masson staining results of skull defect animal model repair
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%3 &£AKE O Driscoll ¥4 F1 Makin ¥ 4y Lk %
(x£s,571)
Tab.3 Comparison of O Driscoll score and Makin score in

each group (x+s,score)

451 AR MR O Driscoll #4F  Makin 343
BMSCs 41 3 18.77+2.13* 0.23+0.03%*
RUNX2 i F k4l 3 11.272.774 0.42+0.0944
SR 3 8.12+1.08 1.2420.11
FAH 9.078 9.221
Pl 0.000 0.002

. 5 BMSCs 41 [L#% , *¢=2.896,P=0.011<0.05; **¢=3.907,P=0.000<
0.05, 5 RUNX2 i k4l 45, 29=3.982,P=0.000; **¢=2.072,P=
0.023<0.05

Note : Compared with BMSCs group, *¢=2.896,P=0.011<0.05; **¢=
3.907,P=0.000<0.05. Compared with RUNX2 overexpression group, “g=
3.982,P=0.000, “"¢=2.072,P=0.023<0.05

W SO, M T RUNX2 JEH st 5k 3 Ik %

o, HAR R HUAM IR, W] DL S A0 {2 #E BMSCs [n]

BCE A AL, S B IR S SRS 5, T LA BE A
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