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Preparation of Graphene Mediated Macrophage Membrane
Coating and Its Effects on the Anti-fouling and
Immunomodulatory Properties of Tianium Implants
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Abstract Titanium implants are susceptible to biofouling and inflammatory reactions, which can lead to poor bone
fusion and implant failure. In this paper, we fixed graphene to the surface of titanium implant by polydopamine and
then bound the M, macrophage membrane to the graphene surface via the extremely strong interaction force between
graphene and phospholipid in the cell membrane to create a bioactive cell membrane coating at the macroscopic level.
This homogeneous cell membrane coating has excellent resistance to biological contamination, which can effectively
prevent non-specific adsorption of proteins. Titanium implants with cell membrane coatings showed excellent biocom-

patibility due to the high cellular affinity of native cell membranes. In addition, immunofluorescence and RT-qPCR
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(Real-time quantitative polymerase chain reaction) were used for detection of proinflammatory markers (iNOS,

TNF-a) and anti-inflammatory markers (IL-10, IL-1ra). In an inflammatory environment, the experimental results
showed that the modified cell membrane-coated titanium implants could induce the polarization of macrophages to M,
type and had excellent immunomodulatory ability. This cell membrane coating preparation strategy, relying on the
interaction force between graphene and phospholipids, provides ideas for solving the problems of bio-contamination
and inflammatory response of titanium implants.
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Scheme 1 Synthesis process and schematic diagram of titanium implant coated with

M, macrophage membrane
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Fig.1 Flow cytometry results of RAW264. 7 cells(A) and RAW264. 7 cells stimulated by IL.-4
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Fig. 2 Fluorescence images(A—C) and semi-quantitative analysis of the fluorescence images(D)
of Ti-M(A, a), Ti-PDA-M(B, b) and Ti-PDA-GO-M(C, ¢)
(D) Exrror bars represent standard deviation(n=3); *P<0. 05, **P<0. 01, ***P<0. 001, **+P<0. 0001) vs. Ti-M group.
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Fig. 3 Fluorescence images(A—C), semi - quantitative analysis(D) of the stability of M,
macrophages coating at 1(A), 5(B), and 14 day(C)
(D) Error bars represent standard deviation(n=3) ; #*P<0. 05, *¥P<0. 01, *#¥*P<0. 001, ****P<0. 0001) vs. 1 d group.
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Fig.4 SEM images(A—C), IR spectra(D) and X-ray photoelectron energy spectra(E) of Ti(A),
Ti-PDA-GO(B) and Ti-PDA-GO-M(C)
Insets of (A—C): magnification SEM images of Ti, Ti-PDA-GO and Ti-PDA-GO-M.
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Fig. 6 Fluorescence images(A—F) and semi-quantitative analysis of the fluorescence images(G, H)
of BSA(A—C, G) and HAS(D—F, H) and zeta potential(I) on Ti(A, D, a), Ti-PDA-GO(B, E,
b) and Ti-PDA-GO-M(C, F, ¢)

(G—T) Error bars represent standard deviation(n=3) ; *P<0. 05, **P<0. 01, **%P<0. 001, ***%P<0. 0001 ) vs. Ti group.
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Fig.7 Fluorescence images of RAW264. 7 cell proliferation on Ti(A—D), Ti-PDA-GO(E—H) and
Ti-PDA-GO-M(I—L) at 1(A, E, ), 3(B, F, J), 5(C, G, K), and 7 d(D, H, L))
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Fig. 8 Semi-quantitative fluorescence results of RAW264. 7 cell proliferation on Ti, Ti-PDA-GO and
Ti-PDA-GO-M at 1,3,5,and 7 d
Error bars represent standard deviation(n=3) ; *P<0. 05, **P<0. 01, ***P<0. 001, ****P<0. 0001) vs. Ti group.
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Fig. 9 The relative mRNA expression levels of iNOS and TNF-a(A), IL-10 and IL-1ra(B)
in Ti, Ti-PDA-GO and Ti-PDA-GO-M after 24 h
Error bars represent standard deviation(n=3) ; *P<0. 05, **P<0. 01, *#%P<0. 001, ****P<0. 0001) vs. Ti group.
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Fig. 10 Fluorescence images of iNOS(A—C) and CD206(D—F) in Ti(A, D), Ti-PDA-GO(B, E) and
Ti-PDA-GO-M(C, F) after 24 h
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