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Figure S1. Polyacrylamide gel electrophoresis analysis of G4-CpG ODNs in complex with 

DOTAP. Electrophoresis was performed using a 10–20% linear gradient polyacrylamide gel in 

tris-glycine buffer supplemented with 4 mM KCl. Linear ODN is the ssODN with the same 

length (30mer) as GD2. 

  



Figure S2. CD spectra of naked GD2 and GD2-DOTAP complexes were drawn from the 

original raw data. 



Figure S3. Intensity-, volume-, and number-weighted particle size distributions of GD2-

DOTAP at various charge ratios. Distribution was calculated using the CONTIN algorithm.  



Figure S4.  Hydrodynamic size (nm) reported as a function of time for all complexes at 

different charge ratios. Data are presented as mean ± SD (n=3).  



Figure S5. (a) Hydrodynamic size, polydispersity index, and (b) zeta potential of GD3-DOTAP 

complexes. Data are presented as mean ± SD (n=3). 

  



Figure S6. Characterization of linear CpG ODN-DOTAP liposome complexes of different 

charge ratios. (a, c) Hydrodynamic size, polydispersity index, and (b, d) Zeta potential. Data 

are presented as mean ± SD (n=3). 

  



Figure S7. Cell viability of human PMBCs after stimulation with 0.5 μM Nacked GD2 and 

GD2-DOTAP for 48 h. Data are presented as mean ± SD (n=5). Statistical significance was 

calculated compared to non-treated cells (D-PBS). ****p<0.0001, *p<0.05, ns (not significantly 

different) p>0.05 (one-way analysis of variance, followed by Tukey’s multiple comparisons 

test).  



Figure S8. Cytokine induction by the GD2-DOTAP complex at a charge ratio of 1.5 in human 

PBMCs at different stimulation times. The final ODN concentration in the cell medium was 

0.5 μM. Data are represented as mean ± SD (n=5). #, lower than the detection limit (3.9 pg/mL). 

  



 

Figure S9. Cytokine induction by GD3-DOTAP complexes in (a) Namalwa and (b) PMDC05 

cells. Relative mRNA levels of IL-6 and IFN-α in cells were examined after 6 h (in PMDC05 

cells) and 4 h (in Namalwa cells) of stimulation with naked GD3 and GD3-DOTAP. The final 

ODNs concentration in the cell medium was 1 μM. Data are represented as mean ± SD (n=5). 

Statistical significance was calculated in comparison to bare GD3-treated cells (D-PBS). 

****p<0.0001, ***p<0.001, *p < 0.05, ns (not significantly different) p>0.05 (one-way analysis of 

variance, followed by Tukey's multiple comparisons test). 



 
Figure S10. Internalization of naked GD3 and GD3-DOTAP complexes in Namalwa cells, after 

2 h of stimulation. Non-treated cells served as the control. Cy5 (red), MemBrite™ (green), and 

DAPI (blue) represent GD3-DOTAP, cell membrane, and nuclei, respectively. Scale bar: 10 μm. 

  



  
Figure S11. Internalization of naked GD3 and GD3-DOTAP complexes in PMDC05 cells, after 

2 h of stimulation. The low-charge ratio complexes were localized inside the cells, while high-

charge ratio complexes were still bound to the cell membrane. Non-treated cells served as the 

controls. Cy5 (red), MemBrite™ (green), and DAPI (blue) represent GD3-DOTAP, cell 

membrane, and nuclei, respectively. Scale bar: 10 μm. 

  



 
Figure S12. IL-1β production by GD2-DOTAP complexes in human PMBCs. The complexes at 

high-charge ratios (2 and 2.5) significantly induced IL-1β, which triggers the induction of pro-

inflammatory cytokines, including IL-6. Data are represented as mean ± SD (n=5). *p<0.05, ns 

(not significantly different) p>0.05 (one-way analysis of variance, followed by Tukey's multiple 

comparisons test).  


