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Extended Data Fig. 1. Gating strategies for identification of exhausted CD8+ T cell subsets. Gate strategies for the analysis of exhausted CD8+ T cells in the studies with LCMV-Clone 13 and tumor-bearing mice. In this schematic figure, gates for antigen-specific CD8+ T cells (endogenous versus TCR-transgenic P14) are shown. In the bottom row, gate strategies for the definition of TPEX, TEXEFF, TEXTERM, TRTEX populations are shown, as well as gates for GzmB+ or IFNγ+ cells.
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Extended Data Fig. 2. P2RX7 expression is present in TPEX and TRTEX cells. (A) P14 CD8+ T cells from mice infected with either LCMV-Armstrong or LCMV-Clone 13 were sorted for scRNA-seq analyses. Differentially expressed genes (DEGs) within subset-associated clusters (defined in Fig. 1) were defined; a Venn diagram showing the intersection between DEGs for TPEX and TRTEX cluster is shown, highlighting 110 common DEGs between these two clusters, listing some examples (a complete list can be found in Table S1). (B) Representative histograms (left) and average gMFI levels (right) of P2RX7 expression in distinct subsets of exhausted P14 CD8+ T cells (LCMV-Clone 13, d30 p.i.) compared to SI-IEL P14 TRM cells (LCMV-Armstrong, d30 p.i.). (B) Data pooled from 2 independent experiments, n=6 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. **p<0.01, ***p<0.001, ****p<0.0001, One-way ANOVA with Tukey’s post-test.
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Extended Data Fig. 3. P2RX7 expression maintains the functional capacity of exhausted CD8+ T cells. (A and B) Upon co-adoptive transfer of WT and P2RX7-KO P14 cells into LCMV-Clone 13 infected mice, cells were collected at day 30 p.i. and TPEX/TRTEX subsets were evaluated for Granzyme B (GzmB) production following re-stimulation with PMA and Ionomycin, and expression of TOX, CD103 and CXCR6 ex vivo. (C and D) WT and P2RX7-KO P14 cells from LCMV-Clone 13 infected mice (days 7 and 30 p.i.) were used for LegendScreen/InfinityFlow experiments. We also show here a heatmap of the main InfinityFlow differentially expressed proteins between WT and P2RX7-KO TEXTERM_TRTEX cells, highlighting example proteins increased in WT (black) or P2RX7-KO (red) TEXTERM_TRTEX. (A-B) Data pooled from 2 independent experiments, n=4-6 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. **p<0.01, ***p<0.001, ****p<0.0001, unpaired t-test.
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Extended Data Fig. 4. P2RX7 sustains transcriptionally and phenotypically diverse TPEX populations following chronic antigen exposure. (A to C) WT and P2RX7-KO P14 cells were isolated (LCMV-Clone 13, d0, d7 and d30 p.i.) for scRNA-seq analysis. UMAP clusters showing distinct exhausted P14 cell clusters (highlighting the TPEX and TRTEX clusters) are shown. We also show an UMAP of the re-clusterized TPEX cluster, highlighting the distribution of different donor P14 cell populations. Finally, a heatmap depicting the top 10 DEGs defining each one of the clusters within the TPEX population is shown. (D) In mice previously co-transferred with a 1:1 mix of WT and P2RX7-KO P14 cells, the numbers and percentages (within TPEX) of WT and P2RX7-KO TPEX populations divided based on CD62L expression are shown. (E to G) Upon re-clusterization of the TRTEX cluster, we show a UMAP depicting TRTEX subclusters, the relative distribution of each experimental group within these subclusters, and a volcano plot comparing DEGs between TRTEX subcluster 1 (WT-rich) versus subcluster 3 (KO-rich). (D) Data pooled from 2 independent experiments, n=6 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. **p<0.01, ****p<0.0001, One-way ANOVA with Tukey’s post-test (left) or paired t-test (right).
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Extended Data Fig. 5. P2RX7 is needed to maintain the functional diversity of early TPEX populations in response to chronic LCMV infection. (A) Gate definition, within P14 cells (LCMV-Clone 13 d7 p.i.), of early TPEX (TCF1+Ly108+), Exh-like (TOX+CD39+) and Effector (remaining cells) subsets. (B, C). LegendScreen/InfinityFlow was performed for comparisons of WT and P2RX7-KO early TPEX P14 cells. The gating of early TPEX cells (backbone Ly108+), as well as a UMAP defining WT and P2RX7-KO early TPEX and representative histograms showing markers upregulated in P2RX7-KO early TPEX (CD366, PD1H and Galectin-9) are shown. (D) P2RX7hi and P2RX7lo early TPEX (top or bottom 25%) were sorted and transferred into secondary hosts (infection-matched). After one week, the total numbers of spleen daughter P14 cells and the percentage of distinct exhausted P14 cell subsets were measured. (E) Average expression of P2RX7 from daughter cells originating from P2RX7hi versus P2RX7lo donors was measured, as shown by representative histograms and average gMFI levels. (F) Spleen daughter P14 cells from both P2RX7hi versus P2RX7lo donors were stratified based on their own P2RX7 expression and the distribution of distinct exhausted P14 subsets was analyzed and (in the case of TPEX) quantified as average percentages. (B-C) was generated from P14 cells obtained from n=6 experimental mice (previously co-transferred with WT/P2RX7-KO P14 cells). (D-F) Data pooled from 2-3 independent experiments, n=5-7 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. ns – not significant (p>0.05), **p<0.01, ****p<0.0001, One-way ANOVA with Tukey’s post-test (D), unpaired t-test (D,E), paired t-test (F).
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Extended Data Fig. 6. P2RX7 shields TPEX and TRTEX cells from metabolic collapse and cell death in a Prdm1-associated way. (A and B) SCENITH analyses were performed comparing WT and P2RX7-KO spleen P14 cells. Average levels of puromycin incorporation (anti-Puromycin gMFI), and percentages of mitochondrial dependence and glycolytic capacity for WT and P2RX7-KO TRTEX are shown. (C) Average gMFI levels for TMRE (mitochondrial membrane potential) and Mitotracker Green (MTG; mitochondrial mass) are shown for WT and P2RX7-KO P14 total and TPEX cells. (D) Z-score normalized expression of Prdm1 in TPEX cluster WT versus P2RX7-KO P14 cells, as depicted from scRNA-seq analyses (LCMV-Clone 13, d30 p.i.). (E) Average percentages of dead cells (Annexin-V+Live/Dead+) within WT versus P2RX7-KO TPEX and TRTEX P14 cells (LCMV-Clone 13, d30 p.i.). (A-C, E) Data pooled from 2-3 independent experiments, n=4-9 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, unpaired t-test (A-B), One-way ANOVA with Tukey’s post-test (C, E).
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Extended Data Fig. 7. P2RX7 is necessary to maintain the expression and NFAT-associated function of multiple AP-1 factors in exhausted CD8+ T cells. (A) Blots showing the expression of c-Fos, FosB (Tubulin as control) in WT/P2RX7-KO in vitro exhausted CD8+ T cells (left); on the right, blots showing JunB expression in WT/P2RX7-KO P14 cells isolated from spleens of mice (d7 LCMV-Clone 13). (B) Bubble plots showing normalized expression of Jun, Fos and Fosb in WT versus P2RX7-KO early TPEX (d7 p.i.) and TPEX (d30 p.i.) cells. (C) WT or P2RX7-KO in vitro exhausted CD8+ T cells were transduced with either empty virus (EV), CA-NFAT2 or Junb-OE; average percentages of TMRE+ CD8+ T cells were quantified for each group. Data from co-immunoprecipitation experiments are obtained from n=6 wells (from n=3 donor mice) per experimental group. (C) Data pooled from 2 independent experiments, n=5-7 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. ns – not significant, **p<0.01, ****p<0.0001, One-way ANOVA with Tukey’s post-test.
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Extended Data Fig. 8. KLF3 overexpression restores the expression of pro-residency phenotypes in TPEX cells. WT and P2RX7-KO P14 cells were retrovirally transduced with empty vectors (EV) or tamoxifen-inducible Klf3-OE vectors. A 1:1 mix of EV or Klf3-OE WT/P2RX7-KO P14 cells were transferred into LCMV-Clone 13 infected recipient mice. Between days 1 and 5 post-infection, tamoxifen was administered to mice to induce Klf3-OE. The average expression levels of CXCR6, KLRG1 and P2RX7 in spleen P14 TPEX cells (d7 p.i., shown as average gMFI levels), are shown. Data pooled from 2 independent experiments, n=11-15 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. ns – not significant (p>0.05), *p<0.05, **p<0.01, ****p<0.0001, One-way ANOVA with Tukey’s post-test.
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Extended Data Fig. 9. P2RX7 drives increased antitumor CD8+ T cell responses in orthotopic tumors and CAR-T cell therapy models. (A and B) WT (CD4-Cre) or CD4-Cre P2rx7fl/fl mice were inoculated orthotopically (mammary gland implantation) with EO771-OVA tumors. Average tumor growth curves and the average percentages of tumor TPEX, tumor TRTEX and tdLN TPEX OVA-specific (Kb-SIINFEKL tetramer+) CD8+ T cells are shown for both experimental groups. (C) WT or P2RX7 CD8+ T cells were retrovirally transduced with a CAR-T construct specific for EGFRvIII; transduced CD8+ T cells were transferred into recipient mice with ectopic inoculation of B16.EGFRvIII tumors. Average tumor growth curves are shown for both groups, as well as for non-transferred control mice. (D) In other experiments, CAR-T transduced WT and P2RX7-KO CD8+ T cells were incubated in vitro (at the indicated numbers) with 10x105 B16. EGFRvIII tumor cells. After 24h, the percentages of cytotoxicity (calculated as the relative loss of tumor cells compared to non T cell controls) were calculated, and average values are shown. (A-D) Data pooled from 2 independent experiments, n=5-10 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. ns – not significant (p>0.05), **p<0.01, ***p<0.001, ****p<0.0001, Two-way ANOVA with Bonferroni’s post-test (A, C), unpaired t-test (B), One-way ANOVA with Tukey’s post-test (D).
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Extended Data Fig. 10. P2RX7 agonism drives robust and sustained antitumor CD8+ T cell responses to ectopic R1LWT tumors. (A to D) R1LWT tumor-bearing WT mice were treated (between days 7 and 15 post-tumor inoculation, once every two days) with vehicle (IgG + PBS), anti-PD1, or HEI3090. Average tumor growth curves (A, left), average tumor area values at endpoint (A, right), average numbers of CD11a+PD1+ CD8+ T cells per tdLN (B), average TPEX percentages per tdLN (C) and average percentages of PD1+ CD11a+ CD8+ T cells within TPEX cells (D) are shown. (E) WT mice were inoculated with R1LWT tumors and treated with HEI3090. HEI3090-treated mice that had eliminated tumors were then re-implanted with R1LWT tumors (2 weeks after clearance, re-implantation done in the contralateral side) and their tumor growth was compared to control mice (not previously inoculated). Average values for tumor growth curves and tumor sizes at endpoint are shown. (A-E) Data pooled from 2 independent experiments, n=5-9 per group. Error bars are mean ± standard deviation. All statistical tests were two-sided. ns – not significant (p>0.05), *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, Two-way ANOVA with Bonferroni’s post-test (A), unpaired t-test (A), One-way ANOVA with Tukey’s post-test (B-D).
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