Recombinant ferritin-based nanoparticles as neoantigen carriers significantly inhibit tumor growth and metastasis
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Supplementary experimental section
Dynamic light scattering (DLS) analysis
Particle size of OVAT-FNs after storage at 4°C for 7 days or heating at 65°C for 10 min was analyzed using a Zetasizer Nano ZS (Malvern Instruments Ltd., UK).

[bookmark: _Hlk168131521][bookmark: _Hlk169772982]Preparation of bone marrow-derived macrophages (BMDMs)
[bookmark: _Hlk168212348]Bone marrow was flushed from the femurs and tibias of C57BL/6 mice with ice-cold RPMI 1640 medium supplemented with 2% penicillin-streptomycin. Red blood cells were lysed, and the remaining cells were seeded in a 10 cm tissue culture dish containing 12 mL of BMDM medium consisting of RPMI 1640 medium supplemented with 10% HI-FBS, 1% penicillin-streptomycin, 50 μM 2-mercaptoethanol, and 10 ng/mL M-CSF (PeproTech, Cat. #315-02). On day 2 and day 4, half of the medium was gently removed, and an equal volume of fresh medium was added. On day 6, BMDMs were harvested. 

Uptake of FNs and OVAT-FNs by BMDMs
First, suitable cells cover glasses (NEST, Cat. #801010) were placed in a 24-well plate and 5×105 immature BMDMs obtained as described above were added and cultured for 24 h. BMDMs were then incubated with 2 nmol Cy5-labeled FNs or OVAT-FNs for 4 h. After the unphagocytosed particles were washed away with PBS, the BMDMs were stained with CD11b-FITC antibody at 4°C for 30 min, followed by fixation with 200 μL of 1% paraformaldehyde (Solarbio, Cat. #P1111) at 4°C for 20 min. The cover glasses were harvested and stained with DAPI, after which the localization of Cy5-labeled particles in FITC-positive cells was detected by confocal laser scanning microscopy (CLSM; TCS SP5, Leica, Germany).

Uptake and endosomal escape of OVAT-FNs with time
A total of 1×106 immature BMDCs were grown in 35 mm confocal dishes for 24 h. FITC-labeled OVAT-FNs were then added and co-cultured for 2, 4, 6 and 8 h. After being washed 5 times with PBS, the BMDCs were stained with LysoTracker (Invitrogen, Cat. #L7528) for 1 h, followed by Hoechst (US Everbright, Cat. #H4078) for 30 min. The amount of uptake and endosomal escape of OVAT-FNs were detected by confocal laser scanning microscopy (CLSM; TCS SP5, Leica, Germany).

Analysis of immune cells in LN 24 h after immunization
C57BL/6 mice were immunized with 6 nmol of OVAT, FNs or OVAT-FNs. After 24 h of immunization, lymph nodes were removed and the number of DCs, CD8+ T, CD4+ T, and B cells and the frequency of OVAT-specific CD8+ T cells were analyzed by flow cytometry.

In vitro proliferation assay
[bookmark: _Hlk168935314]Immature 5×105 BMDCs were pulsed with 2 nmol OVAT or OVAT-FNs for 24 h. Then, 1×105 BMDCs were cocultured with 3×105 5 μM CFSE-labeled CD8+ T cells isolated from OT-1 mice in 24-well plate for 4 days. The attenuation of CFSE fluorescence intensity of OVAT-specific CD8+ T cells was detected by flow cytometry. The proliferation index, representing the total number of divisions / cells that went into division, was calculated using the Proliferation Tool on FlowJo v10.8.1 software.

Statistical analyses
Statistical analyses were performed using GraphPad Prism 8.0.2 software. All results were presented as the mean ± s.e.m. An unpaired Student’s t test, one-way ANOVA with Tukey’s multiple-comparison test or two-way ANOVA with Tukey’s multiple-comparison test was used as indicated for comparisons between the groups. P values less than 0.05 were considered statistically significant. No sample in any representative experiment was excluded from the analysis.

[image: ]
Fig. S1 Stability determination of OVAT-FNs after treatment at 4°C for 7 days (a) or 65°C for 10 min (b) by DLS(n=3). Data as the mean ± s.e.m. are shown.
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[bookmark: _Hlk174480453][bookmark: _Hlk174576822]Fig. S2 a, Confocal microscopy images of BMDCs treated with FITC labeled OVAT-FNs for 2 h, 4 h, 6 h and 8 h. The nuclei and lysosomes of BMDCs were stained with Hoechst (blue) and LysoTracker (red), respectively. Scale bar, 10 μm. b, The uptake of FNs and OVAT-FNs by BMDMs. The nuclei and surface marker of BMDMs were stained with DAPI (blue) and CD11b-FITC (green), respectively. Scale bar, 25 μm.
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Fig. S3 a, b, Flow cytometry gating strategy for the assessment of BMDCs activation and SIINFEKL peptide cross-presentation in vitro (n=3). a, Gating strategy for the frequencies of CD80+, CD86+ and MHC-I+ in CD11c+ BMDCs after incubation with OVAT-FNs or controls. b, Gating strategy for the frequencies of CD40+, MHC-II+ and SIINFEKL-H2Kb+ in CD11c+ BMDCs after incubation with OVAT-FNs or controls. 

[image: ]
Fig. S4 ELISA analysis of IL-6 (a), IFN-γ (b) and TNF-α (c) in the culture supernatant of BMDCs after treatment with OVAT, FNs, or OVAT-FNs for 24 h (n=3). The mean ± s.e.m. are shown. The statistical significance of differences between the groups was assessed using two-tailed unpaired Student’s t test. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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[bookmark: _Hlk174543976][bookmark: _Hlk174575312][bookmark: _Hlk174573692][bookmark: _Hlk174543996]Fig. S5 a, b, Live imaging of the location of OVAT-FNs in normal organs in vivo. C57BL/6 mice were subcutaneously administered 6 nmol Cy5-labeled vaccines. Fluorescence images (a) and total efficiency (b) at 24 h, 48 h, and 72 h after administration are shown (n=3). c, Changes in lymph node size and number of immune cells in C57BL/6 mice treated with OVAT-FNs and controls after 24 h of immunization (n=3). b, c, Data are presented as the mean ± s.e.m. The statistical significance of differences between the groups was assessed using one-way ANOVA (b) and two-tailed unpaired Student’s t test (c). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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[bookmark: _Hlk174574322][bookmark: _Hlk173675294][bookmark: _Hlk173676743]Fig. S6 Proliferation of OVAT-specific CD8+ T cells induced by OVAT-FNs in vitro (n=3). Scheme of the experimental design (a), flow cytometry analysis data (b), proliferation index (c) and frequency of each division (d) for the proliferation assay in vitro. c, d, Data are presented as the mean ± s.e.m. Statistical significance between the groups was assessed using two-tailed unpaired Student’s t test (c) and one-way ANOVA (d). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
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[bookmark: _Hlk174479051][bookmark: _Hlk175918884]Fig. S7 Proliferation of OVAT-specific CD8+ T cells induced by OVAT-FNs+Poly(I:C) in vivo (n=3). a, Proliferation peak plots of OVAT-specific CD8+ T cells after immunized with vaccines for 24 h and 48 h. b, Frequency of OVAT-specific CD8+ T cells in total CD8+ T cells. c, Flow cytometry analysis of the frequency of CFSE-labeled OVAT-specific CD8+ T cells in each division immunized with vaccines for 72 h. b, c, Data are presented as the mean ± s.e.m. Statistical significance between the groups was assessed using one-way ANOVA. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
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Fig. S8 Flow cytometry analysis of OVAT-specific CD8+ T cells induced by OVAT-FNs+Poly(I:C) in vivo (n=5). 
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Fig. S9 a, Flow cytometry gating strategy for the frequencies of OVAT tetramer+, PD-1+ TIM-3- and CD62L+/CD44+ in CD8+ T cells in the blood on day 7 after the second immunization. b, c, Flow cytometry analysis of PD-1+ TIM-3- (b) and CD62L+/CD44+ (c) in CD8+ T cells(n=5).

[image: ]
Fig. S10 Flow cytometry data showing the frequency of TNF-α-producing CD8+ T cells in the spleen on day 21 (n=5). The statistical significance of differences between the groups was assessed using one-way ANOVA. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Fig. S11 Flow cytometry analysis of the in vivo cytotoxicity of OVAT-specific CD8+ T cells induced by OVAT-FNs+Poly(I:C) (n=3). The splenocytes of C57BL/6 mice pulsed with or without OVAT peptide were mixed at a ratio of 1:1 and then transferred to C57BL/6 mice immunized with OVAT-FNs+Poly(I:C) for 8 days. Flow cytometry analysis of the lysis of OVAT-pulsed splenocytes in the spleen (a) and LN (b). 

[image: ]
Fig. S12 a, Individual tumor growth curves of MC-38-OVA colon tumors (n=5). 
b, c, The prophylactic effects of OVAT-FNs+Poly(I:C) against B16F10-OVA melanoma (n=5). Schematic illustration of the experimental design (b) and average tumor growth curves (c) are shown. d-f, Changes in the weights of mice implanted with E.G7-OVA (d), MC-38-OVA (e) or B16F10-OVA (f). c-f, Data presented as the mean ± s.e.m. c, Statistical significance between the groups was assessed using two-way ANOVA. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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[bookmark: _Hlk174273219][bookmark: _Hlk169777234]Fig. S13 Biosafety assessment of OVAT-FNs in vitro (a) and OVAT-FNs+Poly(I:C) in vivo (b). a, Cell viability of human fetal hepatocytes LO2 cells and mouse PBMCs co-cultured with FNs or OVAT-FNs for 24 h was assessed by CCK-8 assay (n=3). b, C57BL/6 mice were immunized with OVAT-FNs+Poly(I:C) subcutaneously on days 0, 14 and 28. The peripheral blood was harvested on day 35. Systemic hepatotoxicity was assessed by measuring the concentrations of AST, ALT, BUN and CRE in the serum (n=3). a, b, Data presented as the mean ± s.e.m. Statistical significance between the groups was assessed using one-way ANOVA (a) and two-tailed unpaired Student’s t test (b). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

[image: ]
Fig. S14 SDS-PAGE analysis of purified FNs (monomer ~19.94 kDa) and M30-FNs (monomer ~23.36 kDa). 

[image: ]
Fig. S15 Antitumor capacity of M30-FNs+Poly(I:C) in a prophylactic metastatic B16F10 melanoma model (n=4). H&E staining of representative lungs. C57BL/6 mice were immunized on days 0, 14 and 28 and intravenously challenged with 1×105 B16F10 cells on day 35. The mice were sacrificed and the lungs were fixed on day 57. 
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