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Figure S1. NF-kB activity in mouse and human cells. (A) NF-kB activity in RAW blue macrophages stimulated 
with various TLR agonists and SN50 (blue bars), TLR agonists alone (grey bars). Pam3CSK4 (100 ng/mL), R848 (1 
µg/mL) LPS (10 ng/mL), CpG (5 µg/mL), SN50 (250 µg/mL). (B) RAW blue NF-kB activity of cells stimulated 
with SN50 (blue bars) and the control peptide SN50M (grey bars). SN50 and SN50M (250 µg/mL) (C) THP-1 NF-
kB activity of cells stimulated with no peptide (grey bars), SN50 (blue bars) or SN50M (orange bars). LPS (1 µg 
/mL), SN50 and SN50M (150 µg/mL).  (D) Concentration screen of 100 ng/ mL LPS and various concentrations of 
SN50 (blue line) and SN50M (orange line).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
Figure S2. Proinflammatory Cytokine Analysis Time Course (A) Systemic TNF-  levels measured at 1h, 3h, 
6h, 24, 48 h post vaccination. n = 3. (B) Systemic IL-6 levels. (C-F) SEM image of OVA vaccinations. (C) CpG + 
OVA (D) SN50 + OVA (E) CpG + SN50 + OVA (F) CpG + SN50M + OVA. Scale bar 2 um.  
  



 

 

 
Figure S3. SM control peptide vaccination. Systemic TNF-a and IL-6 levels 1h post-vaccination and Anti-
Ovalbumin antibody level on day 28 post-vaccination with: 50 ug CpG (red), CpG + 500 ug SN50 (blue), CpG + 
500 ug SM (green) or PBS (black).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Fig. S4. Gene expression in draining lymph node 24h post-vaccination (fold change relative 

to OVA vaccination) n = 3. 
 
 
 



 

 

Fig. S5. Gene expression in draining lymph node 24h post-vaccination (fold change relative 

to CpG vaccination)  n = 3.  



 

 

 
 
Figure S6. Splenocyte restimulation. Mice vaccinated with CpG + OVA (CpG), CpG + SN50 
+ OVA (CpG + SN50), OVA only (OVA), or PBS. Isolated splenocytes were stimulated with 
full ovalbumin protein (orange dots), SIINFEKL CD8 epitope (blue dots) or 
ISQAVHAAHAEINEAGR CD4 epitope (purple dots). n = 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 

 

 
 
Figure S7. Spleen weight 21 days post-vaccination. n = 5 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 

 
 
Figure S8. Exploration of SN50 mechanism of action. (A) Systemic TNF-  levels 1h post-
vaccination with CpG, CpG + IL-6N, CpG + TNF- N or CpG + Control ab, n = 4. (B) Systemic 
IL-6 levels 1h post-vaccination with CpG, CpG + IL-6N, CpG + TNF- N or CpG + Control ab. 
(C) Anti-ovalbumin antibody level, day 28. (D) Systemic TNF- levels in mice vaccinated with 
mixed CpG and SN50 (CpG + SN50), SN50 in left limb and CpG + OVA in right limb (SN50L, 
CpG R, or CpG alone, n =3.  (E) Systemic IL-6 levels. (F) Anti-OVA antibody level, day 28.  
 

To more directly examine how early systemic expression of TNF- and IL-6 impact the immediate 

inflammatory response and downstream adaptive immune response. We vaccinated mice with CpG and either TNF-

  neutralizing antibody (TNF- N) or IL-6 neutralizing antibody (IL-6N) and measured the systemic cytokines (Fig. 

S8). The CpG + IL-6N group demonstrated a 1.4 -fold decrease in TNF-  expression and a complete reduction of 

systemic IL-6 expression.  The CpG + TNF-  N group demonstrated complete elimination of systemic TNF-  and 

a 3-fold reduction of IL-6 expression.  This result was confirmed by a control isotype antibody to rule out any 

nonspecific interactions. Although both IL-6N and TNF-N groups demonstrated higher average antibody levels, 

these differences were not statistically significant (Fig. S8). This indicates that reducing TNF- and IL-6 from CpG 

with the initial vaccination is not detrimental to antibody production, but also does not enhance it.  

 

Upon observing this in vivo modulation, we sought to determine whether SN50 acts locally or systemically. 

To examine this mechanism, we injected SN50 i.m. in the left hind limb and immediately injected CpG + OVA (SN50 

L + CpG R) in the right hind limb. There was no significant difference in systemic cytokine levels tested between 

CpG and the SN50 L + CpG R group (Fig. S8), whereas SN50 + CpG + OVA (SN50 + CpG) injected simultaneously 



 

 
 

demonstrated reduction of TNF-  and IL-6. On day 28, we analyzed serum antibody concentrations, revealing a 5.5 

fold difference between the SN50 + CpG and the SN50 L +CpG R group (Fig. S8). This demonstrates the importance 

of coadministration of the components and therefore indicates that SN50 is acting locally to both increase safety and 

protection.  

From these experiments, we conclude that SN50 acts locally at the injection site to inhibit immediate cytokine 

production, containing inflammation before it is distributed systemically. Based on our in vitro data, we believe CpG 

+ SN50 enables TNF-  and IL-6 production locally at reduced levels. Our in vitro data suggests that immune cells 

exposed to CpG + SN50 express higher levels of cell surface receptors important for antigen presentation and effective 

T cell activation.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure S9. Weight Loss Post-Vaccination. (A) Weight loss 24h (black dot), 48h (blue dot) and 72h (green dot) 
post prime. Fz = Fluzone 2017-2018 flu vaccine. n = 13. (B) Spleen weight d21 post vaccination n = 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

  



 

 
 

Figure S10. Serum IgG1, IgG2b, IgG2c, IgG3, IgM, IgA and IgE Antibody concentrations at (A) day 28 post-
vaccination, n=8. (B) Day 46 (d3 post infection) n=3. (C) Day 57 (d14 post infection) Fz (n= 2), Fz + SN50 (n=5), 
Fz + CpG (n=5), Fz + CpG + SN50 Hi (n=5), Fz + CpG + SN50 Lo (n=5). Fz = Fluzone 2017-2018 flu vaccine. 



 

 

  

 
Figure S11. Serum IgG1:IgG2 Antibody concentration ratios at (A) day 28 post-vaccination, n = 8. (B) Day 46 
(d3 post infection) n = 3. (C) Day 57 (d14 post infection) Fz (n =  2), Fz + SN50 (n = 5), Fz + CpG (n = 5), Fz + 
CpG + SN50 Hi (n = 5), Fz + CpG + SN50 Lo (n = 5). Fz = Fluzone 2017-2018 flu vaccine. 



 

 

 

 

 

Figure S12. (A) Lung viral titer d3 post-infection. (B) Full temperature curve for 14 days post-challenge. Fz (black 
line), Fz + SN50 (blue line), Fz + CpG (grey line), Fz + CpG + SN50 Hi (red line), Fz + CpG + SN50 Lo (purple 
line), Placebo (yellow line).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
Figure S13. Tolerability vs. Protection score 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 
 
 
 
 
 
 

Figure S14. Mean intensity of each recognized epitope by CpG (red bars) or CpG + SN50 (blue bars). 
 
With some diseases, including HIV, high titers of non-neutralizing antibodies can lead to antibody-dependent 
enhancement and increased infection risk (70–73). In other situations, including with HIV, non-neutralizing 
antibodies can be beneficial (73–75). The key is to induce the correct types of antibodies at the right time. In 
general, increased abundance of broadly neutralizing antibodies, correlate with improved disease outcomes (76–78). 
The most highly recognized epitope in the CpG + SN50 group corresponds to the epitope recognized by the recently 
isolated 35O22 monoclonal antibody (79). Antibodies isolated from mice vaccinated with CpG + SN50 also 
recognize the CD4 binding site recognized by several potent, broadly neutralizing antibodies (VRC01, VRC03, b12) 
(80–82).  Based on the epitopes recognized by the serum samples, we hypothesize that these antibodies may be 
beneficial to protection. It is possible that altering the epitopes recognized could enhance certain vaccinations where 
specific epitopes are difficult to target with standard immunization strategies. Additionally, varying levels of 
antigen, adjuvant or SN50 may shift epitope recognition and we are currently examining the functional biological 
significance of such a shift. 
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