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Figure S1

Superior cellular penetration of RMAD1 compared with other CPPs in HaCaT cells. (A)
Representative flow cytometry histograms showing the time-dependent intracellular uptake of
EGFP-RMAD1 in HaCaT cells, quantified as mean fluorescence intensity (MFI). (B)
Representative histograms illustrating the dose-dependent cellular penetration of EGFP-
RMAD1 in HaCaT cells. (C) Dose—response curve showing the ECso value for EGFP-RMAD1
cellular penetration in HaCaT cells, together with representative histograms at the indicated
concentrations (n=3 per group). (D) Trypan blue quenching assay showing intracellular
localization of EGFP-RMADL1 (2.5 uM), confirming that the detected fluorescence originates
from internalized peptides rather than membrane-associated signals. (E) Cellular uptake
analysis of RMAD1-derived and sequence-modified variants (2.5 pM), demonstrating reduced
internalization efficiency compared to the original RMAD1 peptide. Data are presented as

mean = SD.
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Figure S2

Structural characterization of the RMAD1 peptide. (A) Mass spectrometry analysis confirming
the molecular weight of RMADL1, consistent with the calculated mass. (B) Circular dichroism
spectra of RMADZ1 (0.2 mg/mL) in aqueous solution and in the presence of 50 % TFE, showing

increased a-helical content under membrane-mimicking conditions.



)\ 100000 —
|
‘.
II 80000 -
Con ‘l\

60000 -1
SOD1

MFI

40000
SOD1-RMAD1
20000 -

SOD1-TAT

0=

PE Intensity

~ o © =3
) ) ) )

(TNF-a secretion)

N
1

Relative Fold Change

o
1

Figure S3.

SOD1- SOD1-
RMAD1 TAT

His --
Tubulin SN S S S—

PBS SOD1

RMAD1-mediated intracellular delivery and functional validation of SOD1. (A) Flow

cytometry analysis of intracellular uptake of TRITC-labeled SOD1 (2.5 uM) in DC2.4 cells,

demonstrating enhanced delivery in the presence of RMADL. (B) Western blot analysis

confirming increased intracellular accumulation of SOD1-RMAD1 (2.5 uM) compared with

control groups. (C) Functional activity of delivered SOD1 assessed in an LPS-induced

inflammatory model. DC2.4 cells were stimulated with LPS (500 ng/mL) and treated with

SOD1-RMAD1 (2.5 uM), followed by measurement of TNF-a secretion using ELISA,

showing a significant reduction compared to controls. Data are presented as mean + SD, and

statistical significance was determined using Student’s t-test (*** p < 0.001).
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Figure S4

Organ biodistribution and clearance profile of OVA-RMAD1. (A) C57BL/6 mice were
subcutaneously administered 25 nmol of FITC-conjugated OVA-RMADL. At 24, 48, and 72
h post-administration, major organs, including the liver, kidney, spleen, and heart, were
harvested and analyzed by IVIS imaging (n=3 per group). Fluorescence signals in each organ
were quantified as total fluorescence counts to evaluate the time-dependent biodistribution and
clearance of OVA-RMADL. Data are presented as mean + SD, and statistical significance was

determined using Student’s t-test (* p < 0.05).
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Figure S5

RMAD1 uptake is mediated by clathrin-dependent endocytosis. (A) Representative flow
cytometry histograms corresponding to Fig. 2B, showing RMAD1 uptake in various immune
cell populations as assessed by an ex vivo cell-binding assay. (B) Representative histograms
corresponding to Fig. 2C, demonstrating the cellular penetration of OVA-RMADL1 in DC2.4
cells. (C) Representative histograms corresponding to Fig. 2D, showing RMAD1 uptake
following treatment at 0.25 or 2.5 uM under 4 °C or 37 °C conditions, indicating energy-
dependent internalization. (D) Representative histograms comparing OVA-RMAD1 uptake in
DC2.4 cells following treatment with various endocytosis inhibitors, demonstrating
involvement of clathrin-mediated endocytosis. (E, F) Quantitative analysis and representative
histograms of RMAD1 uptake in HaCaT (E) and TC-1 (F) cells across different concentrations
under 4 °C and 37 °C conditions (n=3 per group). Data are presented as mean + SD, and

statistical significance was determined using Student’s t-test (*** p < 0.001).
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Figure S6

RMAD1 exhibits excellent safety profiles across multiple cell lines. (A) In vitro cytotoxicity
of RMAD1 was evaluated at 72 h following treatment with 12.5 uM RMADI1 using a CCK-8
assay in TC-1, DC2.4, and HaCaT cells. Doxorubicin was used as a positive control for
cytotoxicity (n=3 per group). (B) The proportion of viable cells following treatment with 12.5
uM RMAD1 was quantified using Annexin V/propidium iodide (P1) staining in TC-1, DC2.4,
and HaCaT cells (n=3 per group). Representative dot plots corresponding to the Annexin V/PI
analysis are shown. Data are presented as mean + SD, and statistical significance was

determined using Student’s t-test (*** p < 0.001).
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Figure S7

Conjugation of E7 SLP to RMAD1 enhances antigen-specific T cell responses.

(A)

Representative flow cytometry dot plots corresponding to Fig. 4C, showing the frequency of

tetramer-positive T cells in peripheral blood. (B, C) Representative dot plots corresponding to

Fig. 4D and 4E show tetramer-positive T cells in the spleen (B) and lymph nodes (C),

respectively.
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Figure S8

Conjugation of E7 SLP to RMAD1 enhances functional T cell responses. (A, B) Representative
dot plots corresponding to Fig. 4F and 4G, showing the frequencies of TNF-o— and IFN-y—

producing CD8* (A) and CD4* T (B) cells.
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Conjugation of E7 SLP to RMAD1 enhances functional T cell responses in tumors. (A) Tumors
were harvested, and the proportion of IFN-y" CD8" T cells was quantified by intracellular
staining and representative dot plots are shown (n=3 per group). Data are presented as mean

SD, and statistical significance was determined using Student’s t-test (* p < 0.05).
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Conjugation of E7 SLP to RMAD1 reduces population of Tregs in blood. (A) Representative
dot plots corresponding to Figure 4H, showing the frequency of Foxp3*CD25* regulatory T

cells in peripheral blood.
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Figure S11

Assessment of CD8" T-cell exhaustion. (A) The extent of CD8" T-cell exhaustion was
evaluated based on the frequency of PD-1'LAG-3" cells (n=3 per group). Quantitative graphs
and representative flow cytometry dot plots are shown. (B) CD8" T-cell exhaustion was further
assessed by the frequency of PD-1*TIM-3* cells (n=3 per group). Quantitative graphs and

representative flow cytometry dot plots are shown. Data are presented as mean + SD.



Peptide name Sequence
OVA DEVSGLEQLESIINFEKLAAAAAK
OVA-RMAD1 DEVSGLEQLESIINFEKLAAAAAKggCKSKRRRRRRSKRKD
OVA-TAT DEVSGLEQLESIINFEKLAAAAAKggYGRKKRRQRRR
E7 GQAEPDRAHYNIVTFCCKCD
E7-RMAD1 GQAEPDRAHYNIVTFCCKCDggCKSKRRRRRRSKRKD
RMAD1 CKSKRRRRRRSKRKD
RMAD2 CRSKRRRRRRSRRRD
RMAD3 CKSKKKKKKKSKRKD
RMAD4 CKSKRRRRSKR
RMAD5 SKRRRRSKRD
RMADG6 YKSKRRRRRRSKRKD
TAT YGRKKRRQRRR

Table S1.
Peptide sequences used in this study. Table summarizing the names and amino acid sequences

of peptides utilized in this study.



