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Lentivirus- mediated BMP -2 overexpression plasmid transfection into bone marrow mesenchymal stem cells com-
bined with silk fibroin scaffold for osteoblast transformation FAN Shao-peng, Ll Xiao-hui,SHI Cai-xia, FAN Chun-xia,
and YE Fa-gang®. *The Medical Department of Qingdao University , Qingdao 266000, Shandong, China

ABSTRACT Objective:To explore the effect of lentivirus-mediated BMP-2 overexpression plasmid transfection into bone
marrow mesenchymal stem cells and silk fibroin scaffold on osteoblast transformation. Methods: The lentivirus BMP-2 overex-
pression vector was constructed ,bone marrow mesenchymal stem cells were cultured ,and the combined culture system of nu-
clear scaffolds was constructed. Alizarin red staining and alkaline phosphatase staining were used to detect the osteogenic
transformation of bone marrow mesenchymal stem cells in vitro. Ten New Zealand white rabbits , weighing 3.2 to 4.5 kg (averag-
ing 3.9 kg) ,aged (2.89+0.45) years old, were selected to construct the rabbit tibial defect model by drilling a conical tibial de-
fect (5 mm in length,2 mm in width and 3 mm in depth) with an oral drill. The repair of the tibial defect in the animal model
was observed by HE staining. The experimental group was implanted with silk fibroin scaffold + BMP-2 overexpression vector
bone marrow mesenchymal stem cell complex,while the negative control group was implanted with silk fibroin scaffold +non-

transfected bone marrow mesenchymal stem cell complex. Results : Compared with the control group (silk fibroin scaffold+non-
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transfected bone marrow mesenchymal stem cells) ,the number of adherent cells on the surface of the scaffold in the experi-
mental group (silk fibroin scaffold+transfected BMP-2 overexpression vector BMP-2 complex ) increased significantly. Com-
pared with the control group,the ECM secretion in the experimental group increased significantly. EDX analysis showed that
the content of calcium ion was 0.22% in the control group and 0.86% in the experimental group,which showed that the ability
of inducing calcium ion formation in the experimental group was stronger than that in the control group. Alizarin red staining of
calcium nodules showed that there was no obvious change in the naked eye of the control group,and a small amount of calcium
nodules could be seen under the microscope. In the experimental group,obvious red area staining was observed by naked eye,
and a large number of calcium nodules were observed by microscopy. The results of alkaline phosphatase staining showed that
there was no obvious change in the naked eye of the control group,and no obvious change in the microscopic observation. In the
experimental group,purple area staining was observed by naked eyes,and ALP staining was strongly positive by microscopy.
The combined culture system of silk fibroin scaffold and bone marrow mesenchymal stem cells can repair cartilage defects. The
repair effect of BMP-2 bone marrow mesenchymal stem cells after transfection is obviously better than that of non—transfection
group. HE staining showed that inflammatory cells decreased and scaffolds disappeared slightly in the control group. In the ex-
perimental group,inflammatory cells were significantly reduced,scaffolds disappeared and angiogenesis was observed. Con-
clusion : Lentivirus -mediated BMP-2 overexpression plasmid can promote BMSC to differentiate into osteocytes and secrete

more exiracellular matrix containing Ca* to promote bone defect repair.
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Fig.1 Culture and identification of human bone marrow mesenchymal stem cells ~ 1a. Primary bone marrow mesenchymal stem cells  1b. Second-gener-

ation bone marrow mesenchymal stem cells  1e. Expression of CD44 on the surface of second-generation bone marrow mesenchymal stem cells  1d. Ex-

pression of CD29 on the surface of second-generation bone marrow mesenchymal stem cells  1e. Expression of CD34 on the surface of second-generation

bone marrow mesenchymal stem cells  1f. Expression of CD45 on the surface of second-generation bone marrow mesenchymal stem cells
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Fig.2 Transfection efficiency of lentivirus transfected bone marrow mesenchymal stem cells

RS RN 022%, LM LR EHmITE

EDX 3 #7 i 7R 45 55 1 & 8o~ 0.86%, W] UL 56 21155

PGB IR A RE ) L IR AR . LI 3.

2.4 RT-PCR #ill] BMP-2 K[ i 335 & =
BMP-2 mRNA (1) #H %F 4% ik & %t B4 O 1.01+

5

0.02, 5250 2H o 5.37+2.89, Wi 4H e # 22 S A Gt
Y (1=2.738;P=0.0174<0.05) ,
2.5 PRAMIEREFF R FR R (] 70 5T 40 A ) 20 Mg
AN i AR k)

PN Es 285 o R e ) LI 4, XFRR 4



FREEAG 2019 459 A28 32 4555 9 ] China J Orthop Trauma,Sep.2019, Vol.32,No.9 + 857 -

Ca ca

ettt ot
e ——— Lo T T T T
300 400 500 5.00 1.0@‘ 000 400 540 840 unﬁ:
Energy - keV Energy - kaV

3 2 FE ISR SRR T T AL A B IR R R 4R 3a. X M2 400 pum RLEE R 8RS0 T AR A AR R A 22 AR 1 SRR W
3b. S2ER 2 400 wm BLE R B 1] 58501 400 24 50 A A7 22 3R AR 1 SRR AT, AT DL 1] S8 T A0 M R g ok B AR LG AR B R B Xt
FEZH 100 pm WLE T 40 S8 3 5 (ECM) 4300 F S 4210 3d. 5245 40 100 pm HLET T 4 i 40 3 5 (ECM) 43306 F S22 1) 3e. X IR 4 S 4R R TG &
EDX 7pr  3f. SL 4150 R w6 % EDX 2

Fig.3 Structure of a co-culture system of silk fibroin scaffold and bone marrow mesenchymal stem cells  3a. Bone marrow mesenchymal stem cells grew
uniformly on the surface of silk fibroin scaffold under 400 pm window in control group  3b. The bone marrow mesenchymal stem cells grew uniformly on
the surface of silk fibroin scaffold under 400 wm window in the experimental group. The number of bone marrow mesenchymal stem cells was more than
that of the control group 3c. The control group secreted extracellular matrix (ECM) between scaffolds under 100 pm window  3d. Extracellular matrix

(ECM) secreted between scaffolds under 100 pm window in experimental group ~ 3e. EDX analysis of scaffold surface elements in control group  3f. EDX

analysis of surface elements of scaffolds in experimental group
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Fig.4 Alizarin red staining 4a. Naked eye view of alizarin red staining in control group
4b. Alizarin red staining microscopic observation in control group (x40) 4e. Naked eye
view of alizarin red staining in experimental group ~4d. Alizarin red staining microscopic

observation of experimental group (x40)
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Fig.5 Alkaline phosphatase staining 5a. Control group alkaline phosphatase staining
naked eye view 5b. Alkaline phosphatase staining microscopy in control group (x40)
Sc. Naked eye view of alkaline phosphatase staining in experimental group  5d. In the ex-

perimental group ,alkaline phosphatase staining was observed under microscope (x40)
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Fig.6 HE staining of bone defect tissue (x100)

6a. In control group , HE staining showed that the number of inflammatory cells decreased and the stent

disappeared slightly ~ 6b. In experiment group , HE staining, inflammatory cells significantly reduced , stent disappearance , angiogenesis
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