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& Introduction

This study proposes an unfolded protein response (UPR) gene signature, reveals the heterogeneity of UPR activity at the
pan-cancer level, and identifies prognostic biomarkers associated with breast cancer.

Step1 Identification of gene signature of Step2 Inter- and intra- tumor heterorgenety Step3 Exploring clinical translational value

the unfolded protein response.
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Highlights

* Developed a transcriptome-based unfolded protein response (UPR) signature that
enables reliable assessment of UPR activation across pan-cancer.

» Systematically characterized the landscape of UPR heterogeneity and uncovered its
multidimensional associations with key tumor features.

* Identified and validated a UPR-related biomarker with significant prognostic value in

breast cancer.



Results

Identified and validated gene signatures for assessing UPR status in tumors.
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Results

UPR is broadly activated in tumor tissues, particularly in breast cancer, prostate cancer, and other cancer types.
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UPR activation exhibits cancer-type-specific
associations with immunosuppression, tumor stemness,
and other key tumor characteristics.



Significant intratumoral UPR heterogeneity exists, with tumor cells showing the highest UPR scores, while stromal
cells and immune cells display relatively lower UPR scores.
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Breast cancer patients with higher UPR scores are typically accompanied by increased myeloid cell infiltration.
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In the high-UPR group, specific myeloid
cell subsets show increased infiltration
within the tumor microenvironment and
may promote interactions with tumor

cells through the MIF signaling pathway.
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Higher UPR activation is associated with impaired antitumor immune function, and
tumors with elevated UPR scores may exhibit resistance to immunotherapy.
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Results

(A) _ (B) TCGA-BRCA cohort (n = 1097)
Cellular UPR signature 1.00
’ Strata
.' — High
f ) —= Low
: Random Forest : 0.751
LASSO algorithm : XGBoost algorithm =
algorithm =
[]
S 050+
a
24 genes 37 genes 10 genes 2
; 0.251
‘ Intersection @ p < 0.0001
Three common genes 0.00
(SLC1A4, SHMT2, KDELR?2) 0 2 10 15 20 25
Year
Number at risk
UPR predictor High {549 111 15 4 3 0
(3 genes) Low 548 146 28 8 3 0
0 5 10 15 20 25
Year
(C) . (D) (E)
64 - = . TCGA-BRCA cohort (n = 937) GSE9893 (n = 155)
— =
= 1.001 ]
= Strata 1.00 +SE?$ﬁ
@ =~ High = Low
o | S 0.751 L 2 4751
5 5 E == Low = 075
Q = [1]
5 = S
o 2 0.50 8 0.50
o ® @
o g =
5 41 € 028 §
8 "1 5 <0.0001 @ 92%1 5= 0.001
o
g 0.001 0.00
34 o 0 5 10 15 20 25 0 5 10 15
Year Year
6'\ N \\'\ \\'\ Number at risk ~ Number at risk
() & @ @ High {469 80 8 1 1 0 nghj 78 49 8 0
P P B D low{d68 113 19 4 3 0 Low{ 77 57 7 0
= ) 0 5 10 15 20 25 0 5 v 15
ear

Year

Based on UPR
signature, a predictive
model constructed
using selected key
genes effectively
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breast cancer patients.
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Conclusion

O In this study, we systematically evaluated UPR activity across human cancers and revealed its
substantial heterogeneity across tumor types and cellular contexts, along with strong associations
with key genomic and immune features.

O We also identified a UPR-related prognostic biomarker with potential clinical utility in breast
cancer. Collectively, these findings deepen our understanding of the role of UPR in cancer and
provide a valuable reference for future investigations into its mechanistic and therapeutic

relevance.
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