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Abstract

BACKGROUND: With the rapid development of tissue engineering, seeking for optimal scaffold materials, osteogenic factors and abundant
stem cells with strong differentiation and proliferation potential has been an issue of concern in the field of orthopedics.

OBJECTIVE: To explore the effect of calcium polyphosphate/icariin bone scaffold to induce osteogenic differentiation of bone marrow
mesenchymal stem cells for the treatment of bone defects.

METHODS: The CPP/ICA composite bone scaffold was prepared using 3D printing technology. The rabbit bone marrow mesenchymal stem
cells were isolated and cultured. Bone defect models were made in 36 New Zealand white rabbits, and equally randomized into control group
and experimental group, followed by implantation of calcium polyphosphate/icariin composite bone scaffold. Afterwards, in the experimental
group, 1.5 mL of bone marrow mesenchymal stem cells (1x10%L) was injected through the femoral vein into the rabbits, while the rabbits in
the control group were given the same amount of normal saline via the femoral vein. At 4, 8 and 12 weeks postoperatively, six rabbits from
each group were taken to isolate and culture bone marrow mesenchymal stem cells. Transwell chamber assay was used to measure the
migration ability of bone marrow mesenchymal stem cells. Fluorescence quantification-reverse transcriptase polymerase chain reaction was
used to determine the type | collagen and CD44 mRNA levels in the cells. Rabbit femoral condyle specimens were taken, and X-ray films were
used to observe the formation of epiphyses around the composite scaffold. Van-Gieson staining was used to observe the histological changes
of bone tissues. Immunohistochemical staining was used to determine the level of epiphyseal nerve growth factors.

RESULTS AND CONCLUSION: The number of migrated bone marrow mesenchymal stem cells was significantly higher in the experimental
group than the control group (P < 0.05). The type | collagen and CD44 mRNA levels in the cells were also higher in the experimental group
than the control group (P < 0.05). Findings from X-ray examination and histological observation showed more osteophytes in the experimental
group than the control group. The level of epiphyseal nerve growth factors in the experimental group was significantly higher than that in the
control group (P < 0.05). To conclude, the calcium polyphosphate/icariin bone scaffold prepared by 3D printing technology can induce the
osteogenic differentiation of bone marrow mesenchymal stem cells, and has a good effect in the treatment of bone defects.

Key words: femoral condyle; bone defect; calcium polyphosphate; icariin; composite bone scaffold; 3D printing technology; bone marrow
mesenchymal stem cells; osteogenic differentiation
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x1 WMAXARBHEEFRTHARIBEILE (xts, n=6)
Table 1 Comparison of migration of bone marrow mesenchymal
stem cells between two groups of rabbits

it LB AR E(T)

44 8 J4 12 Ji
papict:i] 104.25+17.56 107.24+18.93 102.53+17.58
SEE A 213.64+21.15 198.35+22.62 187.24+19.05
tfH 9.747 7.566 8.005
P f& <0.001 <0.001 <0.001

*2 MEAXARBHEEFRTAR | EREER. CD44 RikLLR
(xS, n=6)

Table 2 Comparison of type | collagen and CD44 levels in bone

marrow mesenchymal stem cells between two groups of rabbits

2051 I BRI TT mRNA

CD44 mRNA

4 8 Ji 12 J 4 )8 8 Ji 12 J#

XI4H 1.00¢0.11 1.00£0.13 1.00+0.12 1.00+0.09 1.00+0.11 1.00+0.10
A 2.25%0.16 1.82+0.17 1.64+0.14 1.74+0.12 1.65+0.13 1.47+0.11

tfH 15.769 9.385 8.502 12.084 9.35 7.744
P e <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

#3 FWEXRERBMEEERKEFKELE (xts, n=6, BOGLE)
Table 3 Comparison of epiphyseal nerve growth factor levels
between two groups of rabbits

415 4 J 8 4 12 4
papicEil 13.24+1.25 11.65+1.37 9.47+1.26
Sl 24.63+1.42 21.47+1.36 15.59+1.47
t A 14.748 12.461 7.743

P {& <0.001 <0.001 <0.001
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Figure 1 Morphology of rabbit bone marrow mesenchymal stem cells (x40)
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Figure 2 Identification of bone marrow mesenchymal stem cells Figure 3 Ultrastructural observation of calcium polyphosphate/
by immunohistochemical staining (x400) icariin composite bone scaffold by scanning electron microscopy
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Figure 4 X-ray examination results of two groups of white rabbits
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Figure 5 Van-Gieson staining of the rabbit femoral condyle (x100)
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Figure 6 Transwell chamber detection of bone marrow Figure 7 Immunohistochemical detection of epiphyseal nerve
mesenchymal stem cells migrated in two groups of rabbits (x100) growth factor expression (x400)
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