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Figure S1. Characterization of multiplexed gold nanostars (MGNs) functionalized with mPEG. 
(a) SERS spectra of MGNs (GNs/mAb/pMBA + GNs/mAb/DTNB at a 1:1 ratio) targeting both 
DTNB (1331 cm–1) and pMBA (1076 cm–1) reporters respectively. (b) Hydrodynamic size of 
MGNs before and after functionalization with mPEG and the (c) corresponding full width at half 
maximum (FWHM) of the extinction of the same samples.

Figure S2. Shelf-life stability of MGNs during storage. MGNs were aliquoted and stored in 
water at 4 °C, and stability was monitored over a 10-day period. (a) Full width at half maximum 
(FWHM) of the localized surface plasmon resonance extinction peak measured with UV–Vis-NIR 
and (b) hydrodynamic diameter at each time point measured with DLS, showing minimal variation 
over time.
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Figure S3. Concentration dependent CCK-8 cell viability assay in 4T1 cells after 24 h of treatment 
with STING+TLR9 combination immunotherapy.

Figure S4. (a) Representative sagittal and longitudinal imaging of mice 6 h after MGNs injection 
(b) Longitudinal analysis of normalized ROI of the tumor over the duration of the in vivo 
experiments.
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Figure S5. Treatment outcomes for mice under STING+TLR9 combination immunotherapy. (a) 
Mean mouse tumor weights at end of study for PBS control (yellow, n = 3), 7.5 μg STING+TLR9 
immunotherapy (blue, n = 3), and 5 μg STING+TLR9 immunotherapy (red, n = 3) cohorts. (b) 
Mean mouse spleen weights at end of study for PBS control (yellow, n = 3), 7.5 μg STING+TLR9 
immunotherapy (blue, n = 3), and 5 μg STING+TLR9 immunotherapy (red, n = 3) cohorts. (c) 
Flow cytometry analysis of CD3+CD4+ T cells for PBS control (yellow, n = 3), 7.5 μg STING+TLR9 
immunotherapy (blue, n = 3), and 5 μg STING+TLR9 immunotherapy (red, n = 3) cohorts. (d) 
Representative H&E images for PBS control and STING+TLR9 treated cohorts.
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Figure S6. FACs gating strategy shown for control tumors, for CD274+ VEGFR2+ cells, CD8+ T-
cells and CD4+ T-cells, CD11c+ CD209- dendritic cells.

Figure S7. FACs gating strategy shown for control tumors, for FOXP3+ CD25+
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Figure S8. Corresponding raw, unprocessed IF images for Figure 4 f, g in the main text.
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Figure S9. Treatment outcomes for mice under antiOX40 monotherapy. (a) Mean mouse tumor 
weights at end of study for PBS control (black, n = 3), and antiOX40 monotherapy (brown, n = 3) 
cohorts. (b) Mean mouse tumor weights at end of study for PBS control (black, n = 3), and 
antiOX40 monotherapy (brown, n = 3) cohorts. (c) Flow cytometry analysis of CD3+CD4+ T cells or 
PBS control (black, n = 3), and antiOX40 monotherapy (brown, n = 3) cohorts. (d)Representative 
H&E images for PBS control and antiOX40 treated cohorts.
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Figure S10. Corresponding raw, unprocessed IF images for Figure 5l, m in the main text.
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Table S1. Shelf-life characterization of MGNs during storage. Full width at half maximum 
(FWHM) of the localized surface plasmon resonance peak obtained from UV–Vis extinction 
measurements and hydrodynamic diameter measured by DLS for MGNs stored in water at 4°C 
over a 10-day period.

Day FWHM (nm) Average Size Diameter (nm)
1 229 55.31 ± 0.71
2 222 55.17 ± 0.45
3 216 54.87 ± 1.14
4 222 54 ± 0.38
5 221 54.93 ± 0.31
6 224 57.5 ± 0.91
7 226 56.1 ± 0.49
8 229 54.5 ± 0.75
9 232 57.33 ± 0.25
10 234 58.4 ± 0.67

Table S2. Correlation coefficient values for heatmap comparing marker pairs quantified by ex vivo 
Raman and IF imaging for (a) STING+TLR9 (n = 3) and (b) antiOX40 (n = 3) treated cohorts, associated 
with Figure 6i; Inverse correlation is plotted in blue while joint correlation is plotted in red.
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