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Abstract: Objective By covalently grafting cinnamaldehyde (CA) onto the side chains of chitosan oligosaccharides (COS) and
further self-assembling to form nanoparticles (COS-CA-NPs), and investigating the inhibitory effect of these nanoparticles on breast
cancer metastasis under the micro-acidic environment of tumors and their potential mechanism of action. Methods Different grafting
degrees of COS-CA derivatives were synthesized via the Schiff base reaction and named as low grafting product (COS-CAL) and high
grafting product (COS-CAn). The two derivatives were self-assembled into nanoparticles (COS-CAL-NPs and COS-CAn-NPs) through
aqueous phase induction. The chemical structure of COS-CA derivatives was characterized by 'H-NMR and FT-IR. The

physicochemical properties of the nanoparticles at different pH environments were evaluated by particle size, polydispersity index
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(PDI), and ¢ potential. The morphology of the two nanoparticles was observed by transmission electron microscopy (TEM). The
inhibitory effect of the nanoparticles on the proliferation of MDA-MB-231 human breast cancer cells was detected by MTT assay. The
effects of the nanoparticles on cell migration and invasion were evaluated by cell scratch and Transwell assays. The regulatory effects
of the nanoparticles on the expression levels of nuclear factor (NF)-kB and matrix metalloproteinase-9 (MMP-9) were detected by
immunofluorescence and Western blotting. Results COS-CAL and COS-CAHn derivatives were successfully synthesized. Both COS-
CA-NPs with different grafting ratios were spherical, with particle sizes less than 200 nm, and could gradually dissociate and release
CA at low pH. Compared with COS-CAn-NPs, COS-CAL-NPs were more sensitive to micro-acidic environments and could be
protonated and carry positive charges at pH 6.5. Under neutral conditions, the proliferation inhibitory effects of the two nanoparticles
on MDA-MB-231 cells were slightly lower than that of free CA. However, at pH 6.5, COS-CAL-NPs significantly reduced the half
maximal inhibitory concentration (ICso) value of CA for this cell line. Additionally, free CA, COS-CAL-NPs, and COS-CAn-NPs could
all effectively inhibit the migration and invasion of MDA-MB-231 cells, with COS-CAL-NPs showing the best inhibitory effect (P <
0.01). The mechanism of inhibiting breast cancer metastasis mainly involves CA inhibiting NF-«xB activity and down-regulating MMP-
9 expression levels. Conclusion COS-CA grafts can self-assemble into nanoparticles. Among them, COS-CAL-NPs are more easily

taken up by breast cancer cells and release CA in tumor micro-acidic environments, thereby effectively inhibiting the proliferation,

migration, and invasion of breast cancer cells through the regulation of the NF-kB/MMP-9 signaling pathway.
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Table 1 Particle size, PDI and  potential of COS-CA-NPs at different pH values (X *s, n=3)
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