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Supplemental Methods 
 
Antibodies 
The following antibodies were used: 
CD3E(152309, 100204, Biolegend; 612803, 564009 BD), CD45 (107632, 103133, 748371,103106, 
103155, 147709, 103147, 103124, 564279 Biolegend), CD8A (100759, 100748 Biolegend), CD4 
(100526,116016,563790,100406 Biolegend) CD45.1 (565212 BD), CD45.2 ( 612779, 565390 BD), 
CD127 (135014, 135052 Biolegend, 562419 BD)  TCF1 (655204 Biolegend, 6444 CST), PD-1 
(135221, 135218, Biolegend), CD16/32 (101302 Biolegend), Tim-3 (119721, Biolegend), Ifng 
(505801, Biolegend), CD172a(144006 Biolegend), Ly108 (134610 Biolegend, 561547 BD), CD90.2 
(741702 BD). Antibody tetramers to OVA peptide and gp33-41 peptide were generated by the NIH 
Tetramer Core Facility (TCF) at Emory University. Live/dead fixable aqua dead cell stain kit 
(L34965). 
Bisulfite modification, qPCR and methylation specific PCR 
For bisulfite modification, 1μg of genomic DNA extracted from tumors or lymph nodes was 
performed using the Zymo EZ DNA Methylation Kit (Zymo Research) according to manufacturer’s 
recommended procedures. For methylation specific PCR, primers were designed using BiSearch 
(http://bisearch.enzim.hu). Conversion was performed using a C1000 Touch Thermal Cycler 
(BioRad). Amplification was performed with ZymoTaq PreMix and HotStart Polymerase on a C1000 
Touch Thermal Cycler (BioRad) (95℃ 10min, 40 cycles of 95℃ 30 sec, 50-65℃ 40 sec, 72℃ for 
40 sec, 72℃ for 7 minutes and 4℃ hold) and gel image captured on a ChemiDoc Imaging system 
(BioRad) for EtBr stained gels. Positive control mouse DNA methylated standard was created by 
treating genomic DNA isolated from C57BL/6 mice with M.SssI methyltransferase. Negative and 
positive control methylation standards were purchased from Sigma Inc. and Zymo Research. For 
qRT-PCR, total RNA was extracted from tissues using TRIzol (Qiagen) and the RNeasy Plus mini 
kit (Qiagen). cDNA synthesis was performed using SuperScript IV Reverse Transcriptase (Thermo 
Fisher Scientific). qRT-PCR was performed using a CFX96 Real-Time PCR System (Bio-Rad) and 
iTaq Universal Probes Supermix (Bio-Rad). Sequence-specific oligonucleotide primers were 
purchased from Sigma-Aldrich. The following primers were used: Il7r (5’-
CACCATTCTGAGTTTGTTCTC-3’ and 5’-GAGTTTTCTTATGATCGGGG-3’) and Tcf7 (5’-
AGGCCAAGTACTATGAACTG-3’ and 5’-TCTTCTTTCCGTAGTTATCCC-3’). Expression values 
were calculated using the standard curve method. 
Single Cell Analysis 
Raw sequencing reads were processed with Cell Ranger using the mm10 mouse reference 
genome to generate a gene cell count matrix. Seurat was used to load the matrix and perform 
analyses. Specifically, this matrix was filtered, retaining cells with more than 200 and fewer than 
5,000 genes and less than 5% mitochondrial transcripts. We then normalized and log-transformed 
expression values. Two thousand of the most variable genes were selected using the 
FindVariableGenes command and principal component analysis was performed. To visualize the 
cell subpopulations in two dimensions, we applied t-distributed stochastic neighbor embedding (t-
SNE), a non-linear dimension reduction method, to the log-transformed data using 30 principal 
components. Graph-based clustering was used to generate clusters that were overlaid on the t-
SNE coordinates to investigate cell subpopulations. CD8+ T-cells were identified based on Cd3e 
and Cd8a expression. Subsetting was performed using the command SubsetData. Marker genes 
for each cluster of cells were identified using the Wilcoxon test with Seurat. For adjusted P values, 
the Bonferroni correction was used. 
ATAC-Seq analysis 
Read quality was checked using FastQC and MultiQC. Reads were trimmed of adaptor sequences 
(Trimgalore) and aligned to reference genome mm10 using Bowtie2/BWA_MEM. Orphan and 
duplicate reads were identified by Picard and removed. Reads were merged using SAMtools and 
consensus peaks were identified, quantified and annotated using MACS2. For differential 
accessibility analysis, reads in the consensus peak set were counted for each replicate and 
analyzed with featureCounts and DESeq2. sequence motifs enriched in gained ATAC-seq regions, 
significant, differential (adjusted p-value < 0.05) ATAC-seq regions that overlap the noted 
conditions were used as foreground, and all other ATAC-seq regions within the consensus peak 
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set were used as background. Versions of software used: Nextflow v22.04.3, FastQC v0.11.9, Trim 
Galore! v0.6.4_dev, BWA v0.7.17-r1188, Samtools v1.10, BEDTools v2.29.2, BamTools v2.5.1, 
deepTools v3.4.3, Picard v2.23.1, R v3.6.2, Pysam v0.15.3, MACS2 v2.2.7.1, ataqv v1.1.1, 
featureCounts v2.0.1, Preseq v2.0.3, MultiQC v1.9.  
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Fig. S1. YUMM-GFP33/66 tumor background, validation of immunogenicity and immune 
infiltration, and validation of memory induction model in alternate tumor line, related to 
Figure 1. 
A) Driver mutations and dominant antigens in YUMM-GFP33/66 (top) and YUMM-OVA (bottom) 
tumor lines 
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B) Immunohistochemistry of mouse YUMM-GFP33/66 tumors at days 3, 6, and 9 using anti-CD3 
antibody to assess T cell infiltrate. 
C) Growth of tumors in mice engrafted with 1x106 YUMM-GFP33/66 cells and treated either with 
isotype control IP (left, black) or combination anti-PD1/anti-CTLA4 (right, red). Kaplan-Meier 
comparing survival of mice engrafted with 1x106 YUMM-GFP33/66 cells and treated either with 
isotype control IP (solid, black), anti-PD-1 (dotted black), anti-CTLA-4 (dashed black) or 
combination anti-PD-1/anti-CTLA-4 (solid red). 
D) Flow cytometry gating of Tim3/PD1+ CD8+ T-cells (top) in tumor as well as tdLN. Percent 
Tim3/PD1+ CD8+ T-cells in tdLN of exhausted, 3 days post tumor resection (recently resected), 
and functional memory mice. Flow cytometry gating of TCF1+ CD8+ T-cells (Bottom) in tumor as 
well as tdLN. Percent Tim3/PD1+ CD8+ TILs in exhausted mice, in tdLN 10 days post 
engraftment (exhausted), and tdLN of functional memory mice (p=0.0059, Student’s t-test) 
E) Tumor growth curves (top) and Kaplan-Meier curves (bottom) of C57BL6 mice receiving ACT 
with 500k P14 cells (red) or PBS (black) 3 days prior to engraftment with 1x106 YUMM-GFP33/66 
tumor cells.  
F) Tumor growth and Kaplan-Meier curves of mouse adenocarcinoma cell line, MC38 (left), and 
melanoma cell line, YUMMER1.7 (right), engraftment in functional memory mice (red) versus 
age-matched naive controls (black). Functional memory mice were generated using the model in 
Figure 1A.  
G) Tumor growth curves (left) and Kaplan-Meier curves (right) of YUMM-GFP33/66 memory mice 
(red line) and naïve mice (black line) engrafted with 1x106 mouse adenocarcinoma cell line, 
MC38 tumor cells. 
H) Percent tetramer positive CD8+ T-cells in the tdLN, spleen and contralateral inguinal LN (non-
tdLN) of day 14 tumor bearing mice (exhausted) and functional memory mice (p=0.0075, 
Student’s t-test). 
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Fig. S2. Flow cytometry gating strategy for exhaustion and stem-like markers, tdLN 
tetramer positivity and IL-7R blockade time course, related to Figure 2 
A) Gating strategy for tetramer positive T cells in tdLN of mice challenged with YUMM1.7-
GFP33/66 (dominant antigen containing, far left) and YUMMER1.7 (no dominant antigen, middle) 
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and bar graphs showing percent tetramer positive T cells TIL (p=0.007), tdLN (P=0.019), and 
spleen (p=0.03) of mice with YUMMER1.7 (no dominant antigen) (grey) or YUMM-GFP33/66 
(blue) (far right). 
B) Gating strategy for the assessment of antigen-specific activated/exhausted CD8+ T-cells in 
tdLN. Functional memory (top) and exhausted (bottom) 
C) Gating strategy for the assessment of antigen-specific stem-like CD8+ T-cells in tdLN. 
Functional memory (top) and exhausted (bottom) 
D) Flow cytometry gating (left) and graph of percent tetramer positive CD8+ T-cells (right) in tdLN 
of day 14 tumor mice (exhausted, grey), day 3 post-resection mice (nascent memory, red), 
functional memory (blue) and non-GFP33/66 expressing tumor bearing mice (YR1.7, purple). 
(p=0.007, Student’s t-test). 
E) Assessment of CD8+ T cell population in tdLN of WT B6 mice prior to and 7, 14, and 21 days 
post YUMM-GFP33/66 tumor resection (black); as well as IL-7R blocking mAB treated mice at 
these same time points (red). Trend of the CD8+ T-cell population in each group (top) and 
comparison across the treatment groups at each day post-resection (bottom). (p=0.0064, 0.0020, 
0.0800, respectively. Student’s t-test). 
F) Gating strategy for the assessment of exhaustion marker expression on IL-7R+ antigen-specific 
CD8+ T-cells in functional memory tdLN. Representative sample shown lacking Tim3/PD1 
expression. 
Statistical tests used: Student’s t-test or ANOVA and Log-rank test; * p< 0.05, **p<0.01, 
***p<0.001.  
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Figure S3. IL-7R marks a tumor specific T cell population with central memory-like 
features, related to Figure 3. 
A) Violin plot showing expressing and distribution of marker gene expression for each cluster 
across the dataset. Related to Figure 3C. 
B) Single cell transcription level and distribution of expression for indicated genes in the tSNE plot 
from Figure 3A). Level of transcription displayed as gradient from gray (no expression) to purple 
(expression). 
C) Cluster annotation using automated immune gene canonical markers. 
D) Pseudo time analysis of relatedness between different clusters identified. 
E) Violin plot showing Bcl2 expression in CD8+ clusters 4, 12 and 13.  
F) Ridge plot of CD8 and IL-7R expression across the 13 cell clusters.  
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G) Dot plot showing relative mean expression level of markers of exhaustion from the melanoma 
TME of exhausted phenotype 21 days after tumor cell injection (n=5,192 cells). 
 
Statistical tests used: Student’s t-test or ANOVA; * p< 0.05, **p<0.01, ***p<0.001.  
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Figure S4. IL-7Rhi CD8+ cells have a poised epigenetic landscape with superior anti-tumor 
activity, related to Figure 5. 
A) Principal component analysis of functional memory (black) and exhausted phenotype (red) 
ATAC-Seq samples. 
B) Comparison of IFN-g, IL-2, IL-12 and IL-1ß cytokine levels in functional memory (red) and 
tumor re-challenged conditions (purple). See also Figure 5I. 
C) Comparison of indicated cytokine level between functional memory (red) and tumor re-
challenge (purple) conditions.  
D) Violin plots comparing methylation of indicated genes between the IL-7Rhi (red) and IL-7Rlo 
(black) groups in a large melanoma patient cohort.  
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Statistical tests used: Student’s t-test or ANOVA; * p< 0.05, **p<0.01, ***p<0.001. Benjamini-
Hochberg correction for multiple tests.   
 
  



 
 

12 
 

 
 
Figure S5. IL-7R in the melanoma TME is associated with improved survival, related to 
Figure 6. 
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A) Violin plots comparing expression of indicated IL-7Rhi marker genes between the IL-7Rhi (red) 
and IL-7Rlo (black) groups in a large melanoma patient cohort. Related to Figure 6A and B. 
B) Top enriched gene sets identified in the functional memory phenotype, related to Figure 6C. 
C-D) Kaplan-Meier plots comparing overall survival (C) and progression-free survival (D) of 
melanoma patients stratified by TCF7 expression (high in red, low in black) in a large cohort of 
melanoma patients (51). N=96 per group.  
E) Multivariable Cox-proportional hazard analysis of IL-7R expression in relation to overall 
survival in melanoma cohort HR 0.91 (95% CI 0.85-0.97). Age, gender, Breslow depth, clinical 
stage and ulceration status were used as co-variates. IL-7R expression is an independent 
predictor of melanoma-specific overall survival with a protective effect HR 0.91 (95% CI 0.85-
0.97). 
F) Kaplan-Meier curve comparing the overall survival of melanoma patients from a Yale cohort 
(n=60) stratified into TCF7hi (red) and TCF7low (black) groups. n.s. p>0.05 Log-rank test. 
G) IL-7R expression did not vary significantly with Breslow thickness, clinical substage or 
ulceration status in metastatic melanoma cohort (n=199) from TCGA. Data shown as mean and 
5-95 percentile range. n.s. p>0.05 ANOVA. 
Statistical tests used: Student’s t-test or ANOVA and Log-rank test; * p< 0.05, **p<0.01, 
***p<0.001.  
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Figure S6. Generation of the YUMM-GFP33/66 melanoma cell line by transduction of 
YUMM1.7, related to Figure S1. 
A) Full sequence map of the construct used to transduce YUMM 1.7 melanoma cell lines to 

create YUMM-GFP33/66.  
B) Confirmatory Sanger sequencing of the GP33/66 insert.  
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