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Characterization of graphene oxide, boron nitride nanotube and nanocarriers 

Single layered graphene oxide was previously synthesizedS1 using the modified Hummers method. AFM, 

Raman and XPS characterization, with toxicity assessment were carried out and reported previously.S2-4 

Further details of preparation of GO nanocarrier can be found in the supporting information of ref. S5.S5 The 

confirmation of successful loading of siRNA was measured by the changes of surface charges from positive 

potential values to around -18 to -20 mV by the dynamic light scattering.  

Characterization of boron nitride nanotubes and polymer modification were following previously published 

protocols.S6 Purified BNNTs were modified with poly(3-methoxy tetraethoxy methyl thiophene) and 

dispersed in water to make a 0.5 mg/mL BNNT-polymer (BNP-long) dispersion. The dispersion was bath 

sonicated for 300 mins to obtain BNP-short dispersion. Absorption and AFM characterization were carried 

out and results are included in Figure S5 and S6. Dispersed BNP (in water) was further diluted in cell media to 

form stable dispersions (Fig. S5A,B). Fluorescence live cell imaging (Fig. S5C) also illustrated the rapid uptake 

of BNPs. The successful formation of the BNP-siRNA complex was confirmed by the observed changes of 

surface charges (changes from positive or neutral potential values to around -17 mV and -18 mV for long-

BNP_siRNA and short-BNP_siRNA, respectively). 

 

Quantification of siRNA Measurements 

siRNA encapsulated in LNPs was quantified by Quanti-T RiboGreen RNA assay (Life Technologies, Burlington, 

ON, Canada). Briefly, LNP-siRNA was incubated at 37°C for 10 min in the presence or absence of 1% Triton X-

100 followed by the addition of the RiboGreen reagent. The fluorescence intensity (Ex/Em: 480/520 nm) was 

determined using a plate reader (BMG CLARIOstar Plus). The encapsulation efficiency values for the control 

siRNA-LNP and CD47_siRNA-LNP were 77% and 75%, respectively. 
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Other Control Measurements 

Figure S1. Flow cytometric analysis of human macrophages before and after treatment of PMA. The 

expression levels of CD11b (A) and CD14 (B) were measured by incubating PE labelled anti-CD11b and APC 

labelled anti CD14 antibodies with non-treated and PMA treated human macrophages. C: Mean fluorescence 

intensity (MFI) values of CD11b+ and CD14+ indicate the change in CD11b (A) and CD14 (B), levels before 

and after PMA treatment. Values in the graphs are shown as means ± SEM of three trials of duplicate 

samples (n=6). The statistical significance was determined by independent two-sample t test with the note 

** P < 0.01. SC cells: Human normal monocyte/macrophage. 

 

Figure S2. Viability of cancer cells: A: HL-60, NB4, A549 and HepG2 when incubating at different 

concentrations of small-GO-PEG-PAMAM. B: Viability of human macrophages at 0.25 µg/mL of small-GO-

PEG-PAMAM. All cell were incubated with 0, 0.1, 0.25, 0.5, 1, and 5 µg/mL and human macrophages were 

incubated with 0.25 µg/mL of small-GO-PEG-PAMAM for 48 h in the CO2 incubator. Then viability of all cells 

were measured using PE-Annexin V apoptosis detection kit following the manufacturer instructions.     
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Figure S3. Knockdown efficiency of cancer cells after transfection of CD47_siRNA encapsulated in lipid 

nanoparticles (LNPs). A: mean of fluorescence intensity (MFI) of CD47 protein levels in all cell lines before 

and after transfection of CD47_siRNA- LNPs. B: the knockdown efficiency of CD47 protein in all cell lines used 

after transfection.  The statistical analysis of the MFI was determined by one way ANOVA, measured on 

untransfected, CD47_siRNA alone, LNPs-negative control (NC), empty LNPs, and transfected with and 

without co-culture in each cell line in (A) and CD47 knockdown efficiency in (B), with the notes of *** P < 

0.001 and “ns” not significant.   

 

 

 

Figure S4. Viability of HL-60, NB4, A549, and HepG2 cell lines when incubating at different concentrations of 

lipid nanoparticles. All cell lines were incubated with 0, 0.25, 1, and 5 µg/mL of lipid nanoparticles for 48 h in 

the CO2 incubator. Then viability of cells were measured using PE-Annexin V apoptosis detection kit 

following the manufacturer instructions.       
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Figure S5. Absorption spectra of poly(3-methoxy tetraethoxy methyl thiophene) (A) and polymer modified 

boron nitride nanotubes (BNP) (B) in water and cell media. Live cell imaging of BNP treated HepG2 cells (C). 

BF: Bright field images; TR: Fluorescence images captured using TexasRed filter (image field of view is about 

224 µm by 168 µm). 
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Figure S6. Transfection evaluation of CD47_siRNA conjugated to short and long BNP. A-B: verification of the 

sizes of short (A) and long (B) BNP using AFM. C-D: knockdown efficiency of CD47 protein after transfection 

of all cancer cell lines using short (C) and long (D) BNP as nanocarriers. E-F: Viability (%) of all cancer cell lines 

when incubating at different concentrations of short (E) and long (F) BNP. The statistical analysis of the 

knockdown efficiencies was determined by one way ANOVA, measured on CD47_siRNA alone, negative 

control (NC), short and long BNP alone, and transfected with and without co-culture in each cell line in (C) 

and (D) with the notes of *** P < 0.001 and “ns” not significant. 
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Figure S7. Knockdown efficiency of cancer cells after transfection of CD47_siRNA using lipofectamine 
RNAiMAX as carrier. (A-D): Overly flow cytometric histograms representing the levels of PE-labelled CD47 
protein before and after knockdown of CD47 in HL-60 (A), NB4 (B), A549 (C), and HepG2 (D). E: mean of 
fluorescence intensity (MFI) of CD47 protein levels in all cell lines before and after transfection of 
CD47_siRNA- lipofectamine RNAiMAX. F: the knockdown efficiency of CD47 protein in all cell lines used after 
transfection.  The statistical analysis of the MFI was determined by one way ANOVA, measured on 
untransfected, lipofectamine RNAiMAX -negative control (NC), and transfected with and without co-culture 
in each cell line in (E) and CD47 knockdown efficiency in (F), with the notes of ** P < 0.05, *** P < 0.001 and 
“ns” not significant.   
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Figure S8. Mean of fluorescence intensity (MFI) of CRT protein in cancer cells. A-C: MFI of CRT protein in HL-

60, NB4, A549, and HepG2 cancer cells using LNPs (A), short (B) and long (C) BNP as nanocarriers to deliver 

CD47_siRNA inside the cell. Cells were harvesting and CRT was measured using Alexa Fluor® 488 antibody. 

Then cells were analyzed using a flow cytometry. The statistical analysis of the MFI was determined by one 

way ANOVA, measured on untransfected, CD47_siRNA alone, LNPs-negative control (NC) and NC with short 

and long BNP, empty LNPs, and short and long BNP alone and transfected with and without co-culture in 

each cell line in (A-C) , with the notes of * P<0.05,  ** P < 0.01 and “ns” not significant.   
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