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In vitro osteogenetic effects of the Tet-On lentiviral vectors carrying human bone morphologic

protein 2 transfected human umbilical cord mesenchymal stem cells
Zhang Zhen', Tian Shao-qi', Zhang Cai-long’, Sun Kang', Zhang Ji-hua?, Sui Ai-hua®, Zhou Ming", Feng Xue-tao

Abstract

BACKGROUND: In addition to the advantages of conventional lentiviral vectors, Tet-On lentiviral vectors can regulate the
expression of target gene by doxycycline or similar analogue because of insertion of trans-acting factors.

OBJECTIVE: To investigate the effects of Tet-On lentiviral vectors carrying human bone morphologic protein 2 on transfection
and osteogenesis of human umbilical cord mesenchymal stem cells (hUMSCs).

METHODS: The cultured passage 3 hUMSCs were divided into four groups. In the hUMSC + doxcycline group, cells were stably
transfected with Tet-On lentiviral vectors carrying human bone morphologic protein 2 and 10 mg/L doxcycline was added. In the
hUMSC group, cells were treated the same as the hUMSC + doxcycline group, with the exception of addition of doxcycline. In the
empty virus group, cells were transfected by green fluorescence protein. In the blank control group, cells were not treated.
RESULTS AND CONCLUSION: Human bone morphologic protein 2 expression was significantly higher in the hUMSC +
doxcycline group than that in the hUMSC group (P < 0.05). Human bone morphologic protein 2 expression was not detected in
the empty virus and blank control groups. Alkaline phosphatase staining results showed that a large number of red or brown
granules appeared in the cytoplasm in the hUMSC+ doxcycline group, and there were a few red or brown granules in the
cytoplasm in the hUMSC group. Alkaline phosphatase activity was significantly higher in the hUMSC+ doxcycline group than in
the hUMSC group (P < 0.05). Such red or brown granules were not observed in the empty virus and blank control groups.
Tubercles developed in the hUMSC + doxcycline group and hUMSC group. The tubercles were more and larger in the hUMSC +
doxcycline group compared with the hUMSC group. Tubercles were not observed in the empty virus and blank control groups.
These findings suggest that Tet-On lentiviral vectors carrying human bone morphologic protein 2 can stably transfect human
umbilical cord mesenchymal stem cells and significantly increase cellular osteogenic capability.
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vectors carrying human bone morphologic protein 2 transfected human umbilical cord mesenchymal stem cells.Zhongguo Zuzhi
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a: hUMSCs at passage 3 (optical microscope)
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b: hUMSCs at 4 d after transfection (optical microscope)

c: hUMSCs at 4 d after transfection (fluorescence microscope)

Figure 1 Morphological observation of human umbilical cord
mesenchymal stem cells (hUMSCs, x100)
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Figure 2 Phenotype characterization of human umbilical cord
mesenchymal stem cells by flow cytometry
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M: Marker; 1, 3, 5, 7 indicates internal reference in the hUMSC +
doxcycline group, hUMSC group, empty virus group and blank control
group, respectively; 2, 4, 6, 8 indicates target gene in the hUMSC +
doxcycline group, hUMSC group, empty virus group and blank control
group, respectively (hBMP-2:182 bp, GAPDH:150 bp)

Figure 3 Semi-quantitative RT-PCR detection of bone
morphogenetic protein 2
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a—d: hUMSC + doxcycline group, hUMSC group, empty virus group and
blank control group

Figure 4 Alkaline phosphatase staining of human umbilical
cord mesenchymal stem cells (hUMSCs) in each
group (inverted microscope, x 100)
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a—d: hUMSC + doxcycline group, hUMSC group, empty virus group and
blank control group

Figure 5 Alizarin red staining of human umbilical cord
mesenchymal stem cells (hUMSCs) in each group
(inverted microscope, x 100)
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Table 1 Alkaline phosphatase activity at different time points
after implantation (xts, n=5, pkat/L)

Time hUMSC + ’ Blank
(d) doxcycline IS Empty virus control
3 51.84+1.50% 30.01£2.00 20.50+0.83 19.67+1.33
6 80.52+2.00° 43.68+1.67 31.17+1.50 32.01+0.83
9 147.86+13.50° 77.01£9.84 46.18+5.17 47.51+6.67
12 243.72+21.84° 143.70+11.67 75.35+10.50 80.68+12.50
15 214.71£17.00° 127.53+18.50 64.85+12.00 63.68+14.34

2P < 0.05, vs. the other three groups; hUMSC: human umbilical cord
mesenchymal stem cells
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