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Extended Data Fig. 1| Gating strategy for identification of intratumoral transduced OT-I T cells. Representative gating strategy showing OT-1 (CD45.1") transduced
(Thy1.1") T cells in B16-OVA tumors.
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Extended DataFig. 2| Peripheral CD8 + T cell subsets display distinct Bach2
expression levels. a-b, MFI of RFP expressionin CD8" T cells from spleen (a)
and tumor-draining lymph nodes (b) of B16-F10 tumor-bearing Bach2'**"* mice,
and representative flow cytometry histograms (n = 3). c-d, Frequency of RFP
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(LN) (d) of B16-F10 tumor-bearing Bach2'**"* mice (n = 3). e, Representative flow
cytometry plot of T cells rested in culture for 48 h post-transduction across all
vectors. Dots representindependent replicates (a-d), bars and error indicate
mean £s.e.m. (a-d).
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Extended Data Fig. 3 | Low-dose expression of BACH2 preserves stemness
upon chronic stimulation in vitro. a-b, Frequency of CD62L expression (a) and
TCF1MFI (b) of chronically stimulated transduced OT-I T cells and representative
flow cytometry plots (n =3 for all groups). ¢, PCA plot of chronically stimulated
transduced OT-I cells on day 6 (n =4 for all groups). d, Comparison between EV
and BACH2,g, BACH2,; o, or BACH2, 5, in chronically stimulated transduced
OT-Icells at day 6 using gene set enrichment analysis (GSEA) with signatures

derived from terminally exhausted or progenitor-exhausted SIINFEKL-reactive
CD8" TILs from B16-OVA tumors®. Data are representative of three independent
experiments (a-c) with three to five samples per experimental group in each
experiment. One-way ANOVA with Dunnett’s multiple comparison correction
(a-b), Weighted Kolmogorov-Smirnov test with false discovery rate multiple
comparison correction (d). Dots represent independent replicates (a-c),
horizontal lines and error indicate mean + s.e.m. (a-b).
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Extended Data Fig. 4| High and low expression of BACH2 drive changes

in chromatin accessibility upon chronic stimulation. a, Experimental
schema. CD8' T cells were isolated, transduced with EV (n=3), BACH2,; (n=4),
BACH2p.105 (n =2) and BACH2,..5, (n = 4) and subjected to chronic stimulation
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Extended DataFig. 5| Inducible BACH2 expression shows dose-dependent
AP-1suppression. a, Schematic of the BACH2 reporter assay system. The DNA
sequence -18 kb downstream of the Ifnglocus containing a TPA responsive
element (TRE) bound by BACH2 was cloned in triplicate upstream of a minimal
promoter (minP) driving NlucP luciferase expression®>?*, This reporter construct
was stably integrated into Jurkat cells along with a tetracycline-inducible BACH2
expression cassette, enabling dose-dependent analysis of BACH2-mediated
transcriptional repression as reported in Vardaka et al. b, Dose-dependent
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repression of AP-1-driven luciferase activity by BACH2. Reporter cells were
pre-treated with the indicated concentrations of tetracycline for 48 h to model
continuous pre-existing BACH2 expression at distinct levels and then stimulated
with PMA and ionomycin for 6 h to induce AP-1activity. Luciferase signal shows
inverse correlation with tetracycline concentration (R2=0.936, p < 0.001),
demonstrating dose-dependent repression of AP-1-driven transcription by
BACH2. Log- linear regression (b). Dots represent independently cultured and
treated replicates (b), bars and error indicate mean + SEM (b).
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6| BACH2 dosing enhances anti-tumor T cell therapy
responses in MC38-0OVA tumor-bearing mice. a, Tumor volume of MC38-OVA-
bearing mice following sublethal irradiation with 2.5 Gy and adoptive transfer of
0.5x10° OT-IT cells transduced with EV (n = 7), BACH2,y;. 10, (n = 9) and BACH2y.
(n=8)vectors.b, Tumor volumes from (a) at days 21 after T cell transfer. c-f, MFI
of CD101 (c), CX3CR1 (d) and frequency of KLRG1" cells (e) and Slamfé6* CX3CR1*
inintratumoral OT-1T cells transduced with EV (n = 7), BACH2,.,o (n = 7) and
BACH2p.5, (n = 8) and BACH2, (n = 8) vectors and representative flow cytometry
histograms. Fluorescence minus one (FMO) controls for the respective markers is
shown. g, Absolute difference in the frequency of tumor-infiltrating transduced

OT-IT cells fromEV (n=14), BACH2, 5 (n =15), BACH2,¢ 5, (n =15) and BACH2,;
(n=13) expressing the indicated number of effector molecules (IFN-g, TNF,
granzyme B, IL-2) upon 4-hour ex vivo anti-CD3 stimulation normalized to EV.
Pie charts represent the average proportion of cells from each condition (co-)
expressing the indicated number of effector molecules. Datain (e-f) represent
pooledindependent replicates from two independent experiments. ns, non-
significant (P> 0.05);*, P< 0.05; **, P< 0.01; ****, P< 0.0001. One-way ANOVA
with Dunnett’s multiple comparison correction (b, g). Tumor curve represents
average of independent replicates +s.e.m. (a), dots represent independent
replicates (b-g), horizontal lines and error indicate mean + s.e.m. (b-g).
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Extended Data Fig. 7| Low-dose expression of BACH2 induces changes in a Slamf6--specific manner. Pearson similarity matrix illustrating Slamf6* and Slamf6~
populations fromintratumoral OT-IT cells transduced from the indicated conditions (n = 5 for all groups). Samples represent independent replicates.
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Antibodies

Antibodies used Antibody Fluorochrome Clone Supplier Catalogue no. Dilution
anti-CD101 PE-Cy7 Moushi101 eBioscience #25-1011-82 1/500
anti-CD197 (CCR7) BB700 4B12 BD Horizon #566462 1/500
anti-CD279 (PD-1) BV605 29F.1A12 BiolLegend #135220 1/1000
anti-CD279 (PD-1) PE-Cy7 RMP1-30 BioLegend #109110 1/1000
anti-CD3 Spark Blue 550 SK7 BioLegend #344852 1/5000
anti-CD4 BUV395 GK1.5 BD Horizon #563790 1/1000
anti-CD44 BV510 IM7 BiolLegend #103044 1/1000
anti-CD45.1 BV711 A20 BiolLegend #110739 1/500
anti-CD62L BUV737 MEL-14 BD Horizon #612833 1/500
anti-CD69 PE-Cy5 H1.2F3 BiolLegend #104510 1/500
anti-CD8 BUV805 53-6.7 BD Horizon #612898 1/1000
anti-CD90.1 (Thy1.1) BUV496 OX-7 BD Horizon #741110 1/1000
anti-CX3CR1 PE/Dazzle 594 SA011F11 BioLegend #149014 1/500
anti-DYKDDDDK PE L5 BiolLegend #637310 1/1000
anti-Granzyme B PE QA16A02 BioLegend #372208 1/200
anti-IFNy BUV737 XMG1.2 BD Horizon #612769 1/200
anti-IL-2 PE/Dazzle 594 JES6-5H4 BiolLegend #503840 1/200
anti-Ki67 AF700 16A8 BiolLegend #652420 1/2000
anti-KLRG1 BV785 2F1/KLRG1 BiolLegend #138429 1/500
anti-Ly108 (Slamf6) PE 330-AJ BioLegend #134606 1/1000
anti-TCF1 AF647 C63D9 Cell Signaling Technology #6709 1/200
anti-TIM-3 BV421 B8.2C12 BioLegend #134019 1/500
anti-TNF BV650 MP6-XT22 BioLegend #506333 1/200
Fixable Viability Dye eFluor 780 eBioscience #65-0865-14 1/1000

Validation All antibodies have been validated by the manufacturer. Antibody validation information is available for each of the listed antibodies
on the relevant manufacturer's website:
anti-CD101 PE-Cy7 Moushi101 eBioscience #25-1011-82: https://www.thermofisher.com/antibody/product/CD101-Antibody-clone-
Moushil01-Monoclonal/25-1011-82
anti-CD197 (CCR7) BB700 4B12 BD Horizon #566462: https://www.bdbiosciences.com/en-eu/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/bb700-rat-anti-mouse-cd197-ccr7.566462
anti-CD279 (PD-1) BV605 29F.1A12 BioLegend #135220: https://www.biolegend.com/en-gb/products/brilliant-violet-605-anti-
mouse-cd279-pd-1-antibody-7648
anti-CD279 (PD-1) PE-Cy7 RMP1-30 BioLegend #109110: https://www.biolegend.com/en-gb/products/pe-cyanine7-anti-mouse-
cd279-pd-1-antibody-3612
anti-CD3 Spark Blue 550 SK7 BioLegend #344852: https://www.biolegend.com/en-gb/products/spark-blue-550-anti-human-cd3-
antibody-18495
anti-CD4 BUV395 GK1.5 BD Horizon #563790: https://www.bdbiosciences.com/en-gb/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/buv395-rat-anti-mouse-cd4.563790
anti-CD44 BV510 IM7 BioLegend #103044: https://www.biolegend.com/en-gb/products/brilliant-violet-510-anti-mouse-human-
cd44-antibody-7994
anti-CD45.1 BV711 A20 BioLegend #110739: https://www.biolegend.com/en-gh/products/brilliant-violet-711-anti-mouse-cd45-1-
antibody-8925
anti-CD62L BUV737 MEL-14 BD Horizon #612833: https://www.bdbiosciences.com/en-gb/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies/buv737-rat-anti-mouse-cd621.612833
anti-CD69 PE-Cy5 H1.2F3 BioLegend #104510: https://www.biolegend.com/en-gb/products/pe-cyanine5-anti-mouse-cd69-
antibody-266
anti-CD8 BUV805 53-6.7 BD Horizon #612898: https://www.bdbiosciences.com/en-gb/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/buv805-rat-anti-mouse-cd8a.612898
anti-CD90.1 (Thy1.1) BUV496 OX-7 BD Horizon #741110: https://www.bdbiosciences.com/en-gb/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/buv496-mouse-anti-rat-cd90-mouse-cd90-1.741110
anti-CX3CR1 PE/Dazzle 594 SA011F11 BioLegend #149014: https://www.biolegend.com/en-gb/products/pe-dazzle-594-anti-mouse-
cx3crl-antibody-11908
anti-DYKDDDDK PE L5 BioLegend #637310: https://www.biolegend.com/en-gb/products/pe-anti-dykddddk-tag-antibody-9383

anti-Granzyme B PE QA16A02 BiolLegend #372208: https://www.biolegend.com/en-gb/products/pe-anti-human-mouse-granzyme-b-
recombinant-antibody-14431




anti-IFNy BUV737 XMG1.2 BD Horizon #612769: https://www.bdbiosciences.com/en-gb/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/buv737-rat-anti-mouse-ifn.612769

anti-IL-2 PE/Dazzle 594 JES6-5H4 BioLegend #503840: https://www.biolegend.com/en-gb/products/pe-dazzle-594-anti-mouse-il-2-
antibody-12843

anti-Ki67 AF700 16A8 BiolLegend #652420: https://www.biolegend.com/en-gb/products/alexa-fluor-700-anti-mouse-ki-67-
antibody-10366

anti-KLRG1 BV785 2F1/KLRG1 BiolLegend #138429: https://www.biolegend.com/en-gb/products/brilliant-violet-785-anti-mouse-
human-kirgl-mafa-antibody-13682

anti-Ly108 (Slamf6) PE 330-AJ BioLegend #134606: https://www.biolegend.com/en-gb/products/pe-anti-mouse-ly108-antibody-6016
anti-TCF1 AF647 C63D9 Cell Signaling Technology #6709: https://www.cellsignal.com/products/antibody-conjugates/tcf1-tcf7-c63d9-
rabbit-mab-alexa-fluor-647-conjugate/6709?srsltid=AfmBOop-aoKcQzY1huxI9g3Fgubn34wbe6BWEfllmCq3DgMx3_CnwH3H
anti-TIM-3 BV421 B8.2C12 BioLegend #134019: https://www.biolegend.com/en-gh/products/brilliant-violet-421-anti-mouse-cd366-
tim-3-antibody-18197

anti-TNF BV650 MP6-XT22 BioLegend #506333: https://www.biolegend.com/en-gb/products/brilliant-violet-650-anti-mouse-tnf-
alpha-antibody-8829

Fixable Viability Dye eFluor 780 eBioscience #65-0865-14: https://www.thermofisher.com/order/catalog/product/65-0865-14
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Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) B16-F10 murine melanoma cell line was purchased from American Type Culture Collection. B16-OVA melanoma cell line was
kindly provided by Matthew Krummel, who generated the line (Binnewies, M. et al., 2019). MC38-OVA was purhcased from
Vitro Biotech. Plat-E cells were purchased from Cell Biolabs.

Authentication Cell line authentication was performed by the corresponding suppliers. Additional verifications, including cytometry-based
analysis, morphological observations, and antigen-mediated cell cytotoxicity assays, yielded expected results. Low-passage
stocks were used.

Mycoplasma contamination Cell lines were screened for mycoplasma contamination and found negative prior to shipment to our facility.

Commonly misidentified lines  No commonly misidentified cell lines were used.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in Research

Laboratory animals Details available in the Methods section: OT-I and Ptprca (CD45.1) congenic mice were obtained from the Jackson Laboratory.
Bach2tdRFP mice and BACH2-FLAG mice were generated as previously described in Herndler-Brandstetter, D. et al. (2018). Wild-type
C57BL/6 mice were purchased from Charles River Laboratories (Wilmington, MA, USA). Experiments were performed with 8- to 12-
week-old animals using age- and sex-matched experimental groups. Mice were housed at the University of Cambridge University
Biomedical Services (UBS) Gurdon Institute Facility under standard dark/light cycles, temperature and humidity conditions.

Wild animals No wild animals were used in this study.

Reporting on sex Female mice was used for adoptive T cell therapy experiments. Both male and female mice were used for all other mice experiments.
Field-collected samples  This study did not involve field-collected samples.

Ethics oversight Mice were housed at the University of Cambridge University Biomedical Services (UBS) Gurdon Institute Facility. Experiments were

conducted in accordance with UK Home Office guidelines and were approved by the University of Cambridge Animal Welfare and
Ethics Review Board.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe the
editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor was
i

Authentication B%ZZF/ZE any-authentication-procedures for-each-seed-stock-used-or-novelgenotype-generated-bescribe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.




ChlP-seq

Data deposition
D Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|Z| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links RNA-seq and CUT&RUN raw data are deposited in the European Nucleotide Archive (ENA) database under the accession
May remain private before publication.  number ERP182454.

Files in database submission Files correspond to independently generated replicates as described in the Methods section. File names containing 'EV'
correspond to empty vector (EV) samples; file names containing 'OE' correspond to BACH2 overexpression (BACH2-OE)
samples; file names containing '10Pct' or '5Pct' correspond to BACH2 dosed expression 10% (BACH2DE-10%) and
BACH2DE-5% groups respectively.

Genome browser session N/A
(e.g. UCSC)
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Methodology
Replicates Files correspond to independently generated JunB CUT&RUN replicate samples as described in the Methods section. The same

pattern of JunB enrichment and peak signal differences between different groups (EV, BACH20E, BACH2DE) were observed in
independent experiments.

Sequencing depth Details of CUT&RUN procedure, sequencing and analysis are available in the Methods section ('CUT&RUN assay', and 'CUT&RUN data
processing and analysis').

Antibodies Rabbit anti-JunB (Clone: C37F9, Cell Signaling Technologies)

Peak calling parameters Details of CUT&RUN procedure, sequencing and analysis are available in the Methods section ('CUT&RUN assay', and 'CUT&RUN data
processing and analysis').

Data quality Details of CUT&RUN procedure, sequencing and analysis are available in the Methods section ('CUT&RUN assay', and 'CUT&RUN data
processing and analysis').

Software Details of CUT&RUN procedure, sequencing and analysis are available in the Methods section ('CUT&RUN assay', and 'CUT&RUN data
processing and analysis').

Flow Cytometry

Plots
Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

|Z| All plots are contour plots with outliers or pseudocolor plots.

- A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Details available in the Methods section: Single-cell suspensions were blocked with anti-mouse CD16/32 Fc block (BioXCell,
2.4G2) followed by live and dead cell discrimination with Fixable Viability Dye eFluor 780 (Thermo Fisher Scientific). Surface
staining was performed for 30 minutes away from light at 4C. Intracellular staining of transcription factors and cytokines was
performed overnight following fixation and permeabilization using the eBioscience Foxp3/Transcription Factor Staining Buffer
Kit (Invitrogen) and BD Cytofix/Cytoperm Fixation/Permeabilization Kit (BD Biosciences), respectively. Cell counts were
obtained using 123count eBeads (Invitrogen).

Instrument Samples were acquired using a 5-laser Cytek Aurora cytometer.
Software Flow cytometry data was analysed using FlowJo v10 (Tree Star Inc.).
Cell population abundance Confirmation of sorted cell populations was obtained via RNA sequencing demonstrating differential gene expression of the

marker used for sorting between groups.
Gating strategy Representative gating strategy is shown in Extended Data Fig. 1.

|Z| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.






