
 1

Supplementary Information: 

 

Supplementary Materials and Methods 

 

Nanoparticle (NP) Synthesis, Conjugation and Labeling 

Pluronic-stabilized PPS-NPs were synthesized by emulsion polymerization and surface-

functionalized as described previously (1). OVA or TRP-2 were incubated overnight at room 

temperature with NPs in the presence of guanidinium hydrochloride (Sigma-Aldrich). Free 

antigen and guanidinium hydrochloride were removed at the end of the reaction by gel filtration 

through Sepharose CL6B exclusion matrix (Sigma-Aldrich). Protein concentration on NPs was 

determined by Pierce BCA protein assay (Perbio Thermo Fischer Scientific, Waltham MA, 

USA). 5’ SPO3-CpG and NPs were incubated overnight at room temperature and free CpG was 

removed by gel filtration as described above. The concentration of CpG on the NPs was 

determined by GelRed assay (Brunschwig, Basel, Switzerland). 5’ SPO3-CpG-NH2 3’ was 

labeled with Dy633 NHS ester by mixing and incubating them in PBS solution before 

conjugating it onto NPs.  

 

Non-functionalized NPs were incubated with Alexa Fluor 647 C2 maleimide in PBS solution, and 

then filtered through CL6B matrix. For details on labeling and conjugation chemistry and 

analysis, see Supplementary Methods below. The size of NPs was determined by dynamic light 

scattering (Zetasizer, Nano ZS, Malvern Instruments, Malvern, UK) and was in the 30 nm range. 

All NP formulations displayed endotoxin levels lower than 0.1 EU per dose administered to 

mice, as detected using the HEK-Blue hTLR4 cells from InvivoGen (San Diego, CA, USA). 

 

Flow Cytometry and ELISA 

Cells were labeled with live/dead fixable cell viability reagent (LifeTechnologies). Staining with 

PE-labeled H-2Kb/OVA257–264 or H-2Kb/TRP-2180-188 pentamer (Proimmune, Oxford, UK) and 
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with the Foxp3 staining kit (eBioscience, San Diego, CA, USA) were performed according to the 

manufacturer’s instructions. For intracellular cytokine staining, cells were fixed in 2% 

paraformaldehyde, and stained with antibodies diluted in saponin solution. 

Samples were acquired on CyAn ADP Analyzer (Beckman Coulter, Brea, CA, USA) and data 

analyzed with FlowJo software (v9.4; Tree Star, Ashland, OR, USA).  

Antibodies were purchased from BioLegend (San Diego, CA, USA) or from eBioscience. Pacific 

Orange-conjugated and Alexa Fluor 647-conjugated streptavidins were purchased from 

LifeTechnologies. 

 

OVA-specific antibody ELISAs were performed as described previously(2). 

 

Histology/Immunofluorescence 

Tumor-draining and non-tumor-draining brachial lymph nodes were indirectly frozen in O.C.T. 

embedding medium, cryosectioned (10 μm) and subjected to standard immunofluorescence 

protocols using the following antibodies: rabbit anti-mouse LYVE-1 (1:500, RELIATech), 

hamster anti-mouse CD3ε (1:200 BD PharMingen), biotinylated anti-mouse B220 (CD45R) 

(1:200, BD PharMingen). Fluorescently conjugated secondary antibodies and streptavidin were 

from Invitrogen, and samples were counterstained with DAPI (Vector Laboratories). 
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Supplementary Methods. Labeling and conjugation of NP vaccine. A. Labeling scheme of 

NPs: AF647 maleimide reacts with thiols on the surface of NPs to produce a stable thioether 

linkage (NP-AF647). B. Relative fluorescence of elution fractions of NP-AF647 through a CL6B 

column. C. Labeling scheme of CpG: DY633 NHS ester reacts with the terminal amine of CpG 

to yield a stable amide group (CpG-DY633). D. Relative fluorescence of elution fractions of 

CpG-DY633 through a Sephadex G25 column. E. Conjugation scheme of labeled CpG onto 

NPs: the pyridyl disulfide group of NPs reacts with the terminal sulfhydryl of CpG-DY633 to form 

a disulfide bond (NP-SS-CpG-DY633). F. Elution fractions of NP-coupled labeled CpG through 

a CL6B column: relative fluorescence of CpG and DY633, absorbance of NPs. G. Summary of 

coupling of OVA, TRP-2 and CpG onto NPs via a disulfide exchange. H. Elution fractions of NP-

coupled TRP-2 analyzed by protein content and fluorescamine assays. 
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Supplementary Figure Legends: 

Figure S1. NPs target the tdLN. 106 E.G7-OVA cells were inoculated i.d. on one side of the 

back of mice and fluorescently-labeled NPs (NP*, * = AF647) were injected i.d. 7 days post 

tumor inoculation in the ipsi or contra footpads. After 6 hr, inguinal, axillary and brachial LNs 

were collected and analyzed by fluorescence intensity and flow cytometry. Propidium iodide (PI) 

was injected intratumorally (i.t.) 1 hr before sacrifice. (A) Experiment setup and vaccination 

schedule. (B) Drainage and accumulation of PI, contra injected NP* and ipsi injected NP* in the 

LNs (fold increase fluorescence intensity over naïve LNs) (** vs. all other groups). The tdLN (or 

sentinel LN) is the ipsi brachial LN, and NPs drain to LNs on the side upon which they are 

injected. (C) NP* targeting of CD11c+ MHCII+ dendritic cells (DCs) in the LNs: flow cytometry 

data expressed as percentage of DCs that are NP*+. DCs are more effectively targeted in the 

tdLN (brachial) than in the distal (inguinal) LN. DCs in the tdLN were more effectively targeted 

with ipsi NP injection than with contra NP injection. (ing: inguinal, ax: axillary, bra: brachial). 5 

mice per group. *P<0.05, **P<0.01. 

 

Figure S2. NP-conjugated OVA and CpG induces functional OVA257-264-specific CD8+ T 

cells and antibodies. Systemic response of E.G7-OVA tumor-bearing mice vaccinated with 10 

μg NP-OVA + 1 μg NP-CpG ipsi or contra to the tumor 4 d post tumor inoculation. (A) 

Representative flow cytometry plots of circulating CD8+ T cells 7 d post vaccination: costaining 

with SIINFEKL-MHCI pentamer and CD44, CD62L, PD-1, LAG-3, or CTLA-4. Values in the dot 

plots represent percentage of CD8+ T cells in each gate. (B) Anti-OVA IgG antibodies in the 

blood as determined by ELISA (3 weeks post immunization). Data reflect two independent 

experiments with 5-10 mice per group. *P<0.05. 

 

Figure S3. Targeting the tdLN with NP-TRP-2 + free CpG is therapeutically more 

beneficial than targeting a non-tdLN. Response of B16-F10 melanoma-bearing mice after 
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vaccination with 10 μg NP-TRP-2180-188 + 10 μg free CpG ipsi or contra to the tumor: (A) tumor 

volumes, (B) survival. 3 mice per group. *P<0.05. 

 

Figure S4. Targeting the tdLN with NP-OVA and NP-CpG induces more antigen-specific 

and effector CD8+ T cells in the tumor, spleen, and tdLN. CD8+ T cell responses 7 d post 

vaccination in E.G7-OVA tumor-bearing mice immunized with 10 μg NP-OVA + 1 μg NP-CpG 

ipsi or contra to the tumor. (A) Frequencies of CD8+ T cells in the tumor as percentage of CD45+ 

cells. (B) Proportion of OVA257-264-specific CD8+ T cells in the tumor, spleen, tdLN and non-tdLN 

as determined by SIINFEKL-MHCI pentamer staining (statistics vs. all other groups). (C) 

Effector (CD44+ CD62L-) and exhaustion (PD-1+) phenotype of CD8+ T cells in the tumor. Data 

reflect two independent experiments with 5-10 mice per group. *P<0.05, **P<0.01. 

 

Figure S5. CD4+ T cells are more polyfunctional upon ex vivo restimulation when NP-OVA 

+ NP-CpG is targeted to the tdLN. Mice were immunized as described in the caption of Fig. 

S4. Cells from spleens and LNs were restimulated ex vivo with OVA (100 μg/ml) for 6 hr prior to 

staining for intracellular cytokines and analysis by flow cytometry. (A) Representative flow 

cytometry plots of spleen CD4+ T cells stained for IFNγ+ and TNFα+. Values in the dot plots 

represent percentage of CD4+ T cells in each gate. Proportion of IFN-γ+, IFN-γ+ TNF-α+ and 

IFN-γ+ TNF-α+ IL-2+ cytotoxic CD4+ T cells in the (B) spleen, (C) tdLN, and (D) non-tdLN of ipsi, 

contra and control mice after OVA restimulation. Data reflect two independent experiments with 

8 mice per group. *P<0.05, **P<0.01. 

 

Figure S6. As the tumor progresses, OVA expression decreases in the tumor. E.G7-OVA 

tumor-bearing mice were sacrificed 4, 7, or 11 days post tumor inoculation. Tumors were 

collected and processed. (A) OVA expression by RT-PCR in the tumors. 5 mice per group. 


