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Smart fluorescent nano-delivery system for breast cancer cell
tracing and growth inhibition
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Abstract: This study aimed to construct an intelligent fluorescent nanocarrier for tumor cell tracing. Doxoru-
bicin (DOX) was used as a model drug, and the gene targeting siBcl-2 was loaded to achieve synergistic inhibition
of tumor cells. Mesoporous silicon nanoparticles (MSN) were prepared by a sol-gel method, and acetaldehyde
cystine (AC) and polyethyleneimine (PEI) were covalently modified. The prepared nanocarrier MSN-AC-PEI was
uniformly dispersed, with a particle size of 235.53 nm and a potential of 14.63 mV. The carrier material MSN-
AC-PEI could load siRNA with the mass ratio of 60:1 (W, - Warna) @nd protect SiRNA from RNase | degrada-
tion. To simulate the microenvironment of tumor, DOX release in phosphate buffer (pH 5) including 10 mmol - L*
glutathione (GSH) was investigated. The cumulative release rate of DOX at 120 h is 35 times that of the normal
physiological environment, which lays the foundation for the intelligent release of DOX in tumor cells. The results
of cell experiments showed that the carrier material MSN-AC-PEI had significant green fluorescence, and the
traceability can be maintained for 24 h after taken up by MCF-7 cells. After 24 hours of administration of the nano
drug delivery system MSN-AC-PEI@DOX/siBcl-2, the inhibition rate of tumor cell proliferation reached 40.91%,
and the late apoptosis rate was 60.84%. The Western blot results showed that compared with free DOX and siBcl-2,
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the nano-delivery system MSN-AC-PEI@DOX/siBcl-2 can significantly reduce the expression of anti-apoptotic

protein Bcl-2, thereby enhancing its anti-tumor ability.
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Figure 1 The representation of the formation of mesoporous sili-
ca-acetaldehyde modified cystine-polyethyleneimine (MSN-AC-
PEI) nanocarriers for the co-delivery of small interfering RNA
(siBcl-2) and doxorubicin (DOX)
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Figure 2 TEM characterization of mesoporous silicon nanoparti-
cles (MSN) (A) and MSN-AC-PEI nano-carriers (B)
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Figure 3 The fluorescence spectra of acetaldehyde cystine (AC) in aqueous suspension (A). The representative zeta potential (B), hydrody-
namic diameters (C) and thermogravimetric analysis-differential thermal analysis (TG-DTA) of MSN, NH,-MSN, NH,-HMSN-AC and
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Figure 4 Agarose gel electrophoresis retardation assay of MSN-

AC-PEI@siRNA complexes under various vector/siRNA mass
ratios (0.1, 10:1, 20:1, 40:1, 60:1 and 80-1 from left to right).
PEI, ; was used for lane 1-6, and PEl,; was used for lane 7-12 (A).
RNase protection assay of nanocomplexes (B). a: The MSN-AC-
PEI@siRNA complexes with various vector/siRNA mass ratios
(0:1,60:1, 70:1, 80:1 from left to right); b: 5 ng - uL™* RNase
was added; c: 2 Heparin sodium (2 mg-mL*) was added; d: 5 ng -
uL* RNase and 2 mg-mL* heparin sodium were added
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In vitro DOX release profiles of MSN-AC-PEI@DOX complexes in phosphate buffer saline (pH 5 or 7.4) with or without

10 mmol - L* glutathione (GSH) (A). GSH depletion by MSN-AC-PEI. The reduced GSH (150 pmol - L) was incubated with different
concentrations of MSN-AC-PEI for 2 h and the free GSH was determined (B). n = 3, X + 5. "P<0.05, "P<0.01 vs control
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Figure 6 CLSM images of MCF-7 cells after incubation with MSN-AC-PEI@DOX complexes for 6 h (A). Scale bar: 50 um (upper), 15 um
(bottom). Cellular uptake of different nanoparticles in MCF-7 cells for 6 h was determined by flow cytometry (B)
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MSN-AC-PEI@DOX complexes for 2, 6 and 24 h
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Figure 8 Cell viabilities of MCF-7 cells treated with different
concentration of MSN-AC-PEI (A) and different formulations of
DOX/ siBcl-2 for 24, 48 and 72 h (B). n = 4, X £ 5. ""P<0.001 vs
MSN-AC-PEI+DOX group, #P<0.001 vs MSN-AC-PEI +siBcl-2
group
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Figure 10 The expression level of Bcl-2 for control (1), naked
carrier MSN-AC-PEI (2), MSN-AC-PEI@DOX nano system (3),
MSN-AC-PEI@siBcl-2 nano system (4) and DOX/siBcl-2 co-
delivery nano system (5) was evaluated by Western blot (A). Semi-
quantitative analysis of immunoblotting assay (B). n = 3, X = s.
""P<0.001 vs control
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Figure 9 Annexin V-FITC apoptosis assay for the determination of apoptotic/necrotic cells in MCF-7 cells treated with different formula-

tions for 48 h was detected by flow cytometry. Untreated cells were used as a control
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