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Effect of PCL/B-TCP on Angiogenesis Through Regulating Macrophage

Polarization*
GUO Shuo, LIU Wen-wen, WEI Xing-hui, WANG Ning, LI Xiao-kang, GUO Zheng"
(Department of Orthopedics, Xijing Hospital, Air Force Military Medical University, Xi'an, Shannxi, 710032, China)

ABSTRACT Objective: To investigate the angiogenesis changes caused by biodegradable material polycaprolactone/B-tricalcium
phosphate (PCL/B-TCP) through the regulation of macrophage polarization, and to provide a basis for its clinical application. Methods:
The samples were prepared by 3D printing technology and characterized. In vivo experiments, SD rats were implanted in distal femur.
Immunofluorescence staining was performed to detect the expression of angiogenesis marker CD31 and angiography was used to evalu-
ate the vascular volume in the stent. Pro-inflammatory marker iNOS and anti-inflammatory marker Arg-1 in the scaffold were detected by
immunofluorescence staining after implantation. PCL/B-TCP and its effect on angiogenesis through the regulation of macrophage polar-
ization were detected by cell co-culture in vitro. The experiment was divided into two groups, the blank group (Control) and the
PCL/B-TCP (PTS5) group. Macrophage cell line Raw264.7 was inoculated on the surface of the material and the polarization and secretion
changes were detected. The expression of the M1 macrophage marker iNOS and M2 macrophage marker Arg-1 were detected by im-
munofluorescence staining. The transcription of vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF-BB),
M1 macrophage marker CCR-7, and M2 macrophage marker CD206 were detected by RT-qPCR. The secretion of VEGF, TNF-q,
PDGEF-BB and IL-10 were detected by enzyme-linked immunosorbent assay (ELISA). Transwell migration experiment was used to detect
the effect of macrophage secretion on HUVECs migration ability of human umbilical vein endothelial cells stimulated by PCL/B-TCP.
Results: In vivo experiments, the volume and expression of CD31 were enhanced (P<0.001, P<0.001). Expression of inflammatory marker
iNOS decreased (P<0.001), while the anti-inflammatory marker Arg-1 increased (P<0.001). In vitro study, compared with Control, there
was no significant difference in synthesis of inflammatory marker iNOS (P>0.05), and the synthesis of anti-inflammatory marker Arg-1
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increased in PTS (P<0.001). Transcription level of inflammatory marker CCR-7 and TNF-a was decreased (P<0.01, P<0.01) in PTS,
while the transcription of anti-inflammatory markers CD206 and IL-10 were up-regulated (P<0.001, P<0.001). Transcription of VEGF
was down-regulated (P<0.01) in PT5, and PDGF-BB transcription level was up-regulated (P<0.001). Treated with PTS5, the secretion level
of VEGF decreased (P<0.01), while the secretion level of PDGF-BB was upregulated (P<0.01) as well as IL-10 (P<0.001). Compared
with Control, the secretion of TNF-a was impaired in PT5 (P<0.05). Under the action of macrophage secretion, HUVECs migration ability

and expression of CD31 were enhanced (P<0.001). Conclusion: Bone repair material PCL/B-TCP can promote angiogenesis by regulat-

ing the polarization of macrophages towards M2, and can be one of the candidate materials for bone repair materials.
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Fig.1 Characterization of PCL/B-TCP specimens.
A Distribution of element. B TF-XRD patterns of PT5. C Detection of contact angles.
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Table 1 The elemental compositions of specimens detected by EDX
Elemental composition (Wt.%)
Groups
C (0) Ca P
PT5 40.94+ 8.27 27.12+ 10.15 20.78+ 5.55 11.15+ 4.02
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Fig.2 Angiogenesis detection in vivo
A: Synthesis of angiogenic marker CD3 1 was detected by immunofluorescence staining.
B: Vessels perfusion to detect the vascular volume, the defect was contained in box:
C: Statistical analysis of the angiogenesis effect.

Note: n=3, compared with Control, ***P<0.001.
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Fig.3 Inflammatory response detection in vivo

A, B: Synthesis and statistical analysis of polarization related markers iNOS (red) and Arg-1 (green) in macrophages were detected by
immunofluorescence staining.

Note: n=3, compared with Control, ***P<0.001.
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Fig.4 Effect of PCL/B-TCP on macrophage polarization and angiogenesis potential
A: The synthesis of iNOS and Arg-1 in macrophages detected by immunofluorescence.
B: Transcription levels of CCR-7 and CD206 detected by RT-qPCR.
C-D: Transcription and secretion of TNF-« and IL-10 detected by RT-qPCR and ELISA.
Note: n=4, compared with Control, *P<0.05, **P<0.01, ***P<0.001.
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Fig.5 Effect of PCL/B-TCP on angiogenesis through macrophage polarization
A: The transcription and secretion of VEGF and PDGF-BB were detected by RT-qPCR and ELISA.
B: Synthesis of CD31 was detected by immunofluorescence. C: Migration ability of HUVECs was detected by Transwell assay. D: Statistical analysis of
fluorescence intensity and cell migration ability.

Note: n=4, compared with ControL, **P<0.01, ***P<0.001.
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