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Extended Data Fig. 11 | Patients with high TexPSR signature in tumor-
infiltrating T cells do poorly in response to immunotherapy. a, Overview of 
CD8+ T cell counts and subtype distributions across different cancer types 
from integrated analysis of publicly available pan-cancer scRNA-seq datasets. 
Left panel: total number of CD8+ T cells detected in each cancer type, plotted 
on a logarithmic scale. Middle left panel: sample counts in each cancer type, 
plotted on a logarithmic scale. Middle right panel: number of independent 
studies for each cancer type. Right panel: CD8+ T cell subtype proportion. 
BLCA: bladder urothelial carcinoma; BRCA: breast invasive carcinoma; CESC: 
cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL: 
cholangiocarcinoma; CRC: colorectal cancer; GIM: gastric and intestinal 
malignancies; HNSC: head and neck squamous cell carcinoma; LC: lung cancer; 
LIHC: liver hepatocellular carcinoma; OC: ovarian cancer; PAAD: pancreatic 
adenocarcinoma; PDAC: pancreatic ductal adenocarcinoma; PRAD: prostate 
adenocarcinoma; RCC/CRCC: renal cell carcinoma/clear cell renal cell carcinoma; 
STAD: stomach adenocarcinoma; THCA: thyroid carcinoma; UCEC: uterine 
corpus endometrial carcinoma. b, Heatmap showing the expression level of 
TexPSR signature genes across various T cell populations. c, Correlation of RNA 
and protein expression fold changes of TexPSR signature genes between Tex 

versus Teff cells from the in vitro exhaustion model. d, TexPSR signature scores 
across different T cell subpopulations (two-sided Wilcoxon rank sum test).  
e, UMAP embedding of scRNA-seq data from T cells colored by annotated cell 
types. Overlaid are RNA velocity-based trajectories, inferred with the Slingshot 
algorithm, delineating two major differentiation pathways: Trajectory 1 (teal) 
toward exhaustion and Trajectory 2 (orange) toward effector differentiation.  
f. Signature scores along pseudotime for each trajectory. Trajectory 1 (left) 
shows decreasing Naive and increasing Exhaustion and TexPSR scores, consistent 
with an exhaustion trajectory. Trajectory 2 (right) shows dynamic changes  
in TexPSR and Naive scores, indicative of an alternative effector trajectory.  
g, Kaplan-Meier survival curves for patients with liver cancer stratified by high 
vs. low TexPSR signature, calculated from the CD8+ T cell scRNAseq data. P values 
were calculated using a univariate Cox proportional hazards model. h, TexPSR 
scores in scRNA-seq datasets of CD8+ T cells from non-responders (NR) and 
responders (R) in response to αPD-1 combined with αCTLA-4 therapy for RCC 
(NR: n = 5354 cells from 6 patients, R: n = 15207 cells from 9 patients). Data are 
presented as mean ± SEM, and statistical significance was determined using two-
sided Wilcoxon rank sum tests.



Extended Data Fig. 12 | Working model of TexPSR as a mechanistic driver of 
CD8+ T cell exhaustion. The model presented illustrates a cancer cell at the top 
interacting with an exhausted T cell at the bottom through the MHC class I–T 
cell receptor complex. The intracellular events inside of the Tex cells underscore 
key novel findings from the study, which collectively elucidate a proteotoxic 
stress response (PSR) driving T cell exhaustion, a phenomenon we term TexPSR. 
TexPSR is characterized by an elevated rate of protein synthesis, the accumulation 
of intracellular protein aggregates, the upregulation of specific endoplasmic 

reticulum (ER) chaperones, and an accelerated protein catabolism pathway. 
Central to these processes is the sustained activation of AKT signaling, which 
orchestrates this complex proteotoxic environment. These findings not only 
provide deeper insight into the molecular mechanisms of T cell dysfunction 
within the tumor microenvironment but also open avenues for possible 
therapeutic strategies aimed at mitigating TexPSR to restore immune cell 
function in cancer immunotherapy. The figure was reproduced with the 
permission of The Ohio State University.
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