
 1 

Supplementary Information 
 
Revised title: Reversion analysis reveals the in vivo immunogenicity of a 
poorly MHC I-binding cancer neoepitope 

Ebrahimi-Nik et al.  
 
 
 
Supplementary Figures 1-9 
 
Supplementary Tables 1-5 
 
Supplementary References 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 2 

Supplementary Fig. 1.  Data on tumor rejection elicited by individual peptides shown in 
groups in Fig. 1c. Several truncated versions of the 18-mer Ccdc85cMUT peptide (as indicated in 
each panel) were tested in tumor rejection assay as in Fig. 1c. BALB/cJ mice were immunized 
and tumor challenged. Each line represents tumor growth in a single mouse. Tumor rejection 
score (TRS) for each group of neoepitopes is shown, where five represents a complete tumor 
protection and zero means no tumor rejection. The raw data for each panel are provided as raw 
data Excel file for Supplementary Fig. 1. 
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Supplementary Fig. 2.  Assessing CD4 response to Ccdc85cMUT. a Presentation of 
Ccdc85cMUT and Ccdc85cWT peptides by H2-IA and H2-IE are measured by cell-surface density 
assay. The y-axis indicates MHC/GFP (ratio of MHC MFI to GFP MFI) for MHC II-peptide, 
normalized to the MHC/GFP of the negative control peptide, G9, 9-mer all-glycine. Four 
technical and two independent biological repeats of this experiment have been practiced. The 
following additional negative control peptides are used: G12 (12-mer all-glycine) and GGS12 
(4x(glycine-glycine-serine). b. Naïve BALB/cJ mice were injected with 250 µg of CD4 
depleting GK1.5 antibody or isotype control during the priming phase (6 days before the first 
immunization). Mice were immunized, as described in the Methods, with Ccdc85cMUT and 
were challenged with 95,000 Meth A cells. The differences between tumor growth curves 
between un-depleted and CD4-depleted mice are not statistically significant. 
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Supplementary Fig. 3. CD8 response to Ccdc85cMUT and Ccdc85cWT peptides. BALB/c mice 
were immunized twice at a weekly interval with 18-mer peptides containing Ccdc85cWT (left) or 
Ccdc85cMUT (right) as described in Methods.  Spleens were harvested seven days after the second 
immunization and CD8 T cells stimulated in vitro with the peptides (10 µM concentration) used 
for immunization, as indicated. CD8 cells were analyzed for release of interferon g. Each dot 
represents a single mouse. The P values were calculated using two tailed t-test. Data are 
presented as mean values +/- SD. 
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Supplementary Fig. 4. Tumor rejection efficacy of the control peptide, Alms1.1MUT and its 
targeted MS-based detection. a. BALB/cJ mice were immunized with DMSO (as control), 
Alms1.1MUT or Ccdc85cMUT twice and were tumor challenged with Meth A cells as described in 
Methods. Each line represents tumor growth in a single mouse (control group; n=9, Ccdc85cMUT; 
n= 5, and Alms1.1MUT; n= 5). AUC scores for tumor growth curves are shown at the right panel. 
Data are presented as mean values +/- SD. The P values for AUC score comparisons were 
calculated using the 1-way ANOVA test and then were adjusted using the Dunnett’s multiple 
comparison test. b. Targeted MS-based detection of the MHCI neoepitope LYLDSKSDTTV is 
shown. Heavy labeled synthetic peptides were spiked into the peptide samples; the mutation is in 
red. The matched peak lists for the “heavy” and “light” ions were extracted and monitored, while 
only single charge y ions were plotted. First, the absence of “light” peptide and the presence of 
the “heavy” peptide were confirmed by PRM as a quality control measure in the synthetic 
peptide samples (upper left and lower left, respectively). Then, the co-elution of the synthetic 
“heavy” and endogenous “light” fragment ions was measured by PRM in Alms1.1MUT pulsed 
BMDC MHCI peptide sample. Peptides eluted from un-loaded BMDCs were measured as a 
negative control. Representative resulting MS/MS spectra of the “light” and “heavy” 
counterparts are provided. Figures were edited to improve resolution and readability.  
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Supplementary Fig. 5. The library composition plot for myeloid cell clusters in mice 
immunized with Ccdc85cMUT, Alms1.1MUT and BMDCs. Tumors from mice immunized with 
Ccdc85cMUT, Alms1.1MUT and BMDCs (control group) were harvested ten days after the tumor 
challenge. Tumor infiltrating CD45+ cells were sorted and analyzed by scRNA sequencing as 
described in Methods. Combined scRNA sequencing data from four libraries were analyzed. The 
library composition plot for each myeloid cell type is shown. Please refer to page 5, 6 and 12 of 
the paper for definition of each cell type. 
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Supplementary Fig. 6. Process of CRISPR editing the Meth A cell line and its effect on 
kinetics of tumor growth a. Schematic diagram of CRISPR mediated reversion of point 
mutation in Ccdc85cMUT  Meth A tumor cells is shown. Sequence of the wild type (MUT1) and 
corrected Meth A (REV) at the genomic position of chr12-108221754 are shown at the right 
panel. b. Naïve BALB/cJ mice were challenged with REV or MUT cell line. Each line represents 
tumor growth in a single mouse. On the right panel, total Area Under the Curve (AUC) scores 
for REV and MUT are plotted. Each bar shows the average total AUC score for the indicated 
group. Error bars represent standard deviation (SD). P values were calculated using two tailed t-
test (n= 5 per group). 
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Supplementary Fig 7. The plot shows the Approximately Unbiased (AU, in red), p-value and 
the Bootstrap Probability (BP, in Green) value for the edge (to MUT1 and MUT2 sub-tree) using 
pvclust R package [1] for assessing the uncertainty in hierarchical cluster analysis and calculated 
via bootstrap resampling. Values on the edges of the clustering are p-values given in % such as 
clusters with AU larger than 95% are considered strongly supported by the data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 9 

 
 
 
Supplementary Fig. 8. a. The process of analyzing TME of MUT1, REV and MUT2. 
Tumors from mice challenged with MUT1, REV and MUT2 Meth A cell lines were harvested 
ten days after the tumor challenge. Tumor infiltrating CD45+ cells were sorted and analyzed by 
scRNA sequencing as described in Methods. Combined scRNA sequencing data from the three 
libraries (MUT1, REV and MUT2) were classified into 7 cell clusters. b. Two main Cd4 and 
Cd8 T cell clusters were analyzed by further sub-clustering. Pure CD8 T cells (C3, C4 and C5) 
were computationally extracted for further analysis. c. Percentage of Nkg7 and Ifng gene 
expression in CD8 T cells of MUT1, MUT2 and REV libraries are shown.  
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Supplementary Fig. 9. Gating strategy. a. Shows gating strategy for MHC II binding analysis. 
NIH3T3 cells that stably expressed MHC II alpha chain and transiently expressed MHC II beta 
chain were gated based on the forward scatter (FSC) and side scatter (SSC) properties (Gate 1). 
Singlets gates (Gate 2) were made based on the height and area of the FSC. MHC II expression 
levels in GFP-positive cells (Gate 4) were determined by calculating the ratio of MHC II (MFI) 
to GFP (MFI). b. Represents gating strategy for sorting CD45 positive cells of Meth A TME. 
Lymphocytes were gated based on the FSC-A and SSC-A (P1). Cells were further gated for 
singlets (P2 and P3). Single cells that were negative for eflour780 live/dead stain were gated as 
alive cells in P4. Live single cells that were positive for CD45-PE were sorted as shown in the 
gate P5. 
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Supplementary Table 1. The list of peptides and nucleotide sequences used for cell-surface 
MHC density assay.  
 

 
 
*Original length represents length of the peptide without additional glycine.   
**A complementary all-glycine amino acid sequence is added to the N terminus of each peptide to adjust its length 
to 12-mer (to eliminate length-dependent effects of the peptides).   
*** Complementary all-glycine codon nucleotide sequences are added to the N terminus of each DNA construct to 
adjust the length of the corresponding peptide to 12-mer. 
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Supplementary Table 2. Enriched CDR3 GLIPH motifs of TCRs from TILs of MUT1 library. P 
values were calculated using GLIPH package calculation. 
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Supplementary Table 3. Enriched CDR3 GLIPH motifs of TCRs from TILs of REV library. P 
values were calculated using GLIPH package calculation. 
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Supplementary Table 4. Enriched CDR3 GLIPH motifs of TCRs from TILs of MUT2 library. P 
values were calculated using GLIPH package calculation. 
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Supplementary Table 5. List of the primers, donor oligonucleotide and gRNA sequences 
 

Name Sequence Description 
1036_seq_f CAGCCATACGGAGCTTGCAGACACT Forward primer for 

amplification of 1036 
mutation locus 

1036_seq_r ACACGCTCTGAACCCATCCACTAGG Reverse primer for 
amplification of 1036 

mutation locus 
1036_seq_s CTGGATTTGAGCGAGGAGTGGGTCT Internal sequencing 

primer for 
sequencing of 1036 

mutation locus (used 
with amplicon from 

1036_seq_f + 
1036_seq_r PCR) 

1036_correction_donor CTTACCTGTGGGGGGAGCTTGTCACC 
GTCCAACAGCTTCACCTTGGTCTCCA 

ATGGCCTGATGTAAGTGGACGAGGGA 
TCTGAAGAACAGAGGGGAAGAAG 

Donor 
oligonucleotide for 
correction of 1036 

mutation to wild type 
1036_regen_donor CTTACCTGTGGGGGGAGCTTGTCACC 

GTCCAACAGCTTCACCTTGGTCTCAA 
ATGGCCTGATGTAAGTGGACGAGGGA 

TCTGAAGAACAGAGGGGAAGAAG 

Donor 
oligonucleotide for 

reversion of wild type 
1036 locus to 1036 

mutation 
1036_correction_sgrna AGCTTCACCTTGGTCTCAAA Guide RNA 

protospacer sequence 
for correction of 1036 
mutation to wild type 

1036_regen_sgrna AGCTTCACCTTGGTCTCCAA Guide RNA 
protospacer sequence 
for reversion of wild 
type 1036 locus to 

1036 mutation 
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