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INTRODUCTION

METHODS

DISCUSSION AND CONCLUSION

• Our study unveils a novel 
STAT1-SCGB3A2-MARCO-NF-
κB axis whereby SFRT 
suppresses SPP1+ 
MARCOphages to remodel the 
tumor immune microenvironment 
and achieve robust tumor control. 
SCGB3A2 serves as both a 
critical efficacy mediator and 
potential predictive biomarker for 
SFRT combined with chemo-
immunotherapy, providing a 
rationale for biomarker-guided 
patient selection.
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RESULTS

 We performed single-cell RNA sequencing 
on paired pre- and post-treatment tumor 
samples from NSCLC patients receiving 
neoadjuvant SFRT (LATTICE technique) 
combined with immunotherapy and 
chemotherapy to characterize SFRT-induced 
tumor cell reprogramming and immune 
microenvironment remodeling, revealing 
SCGB3A2-MARCO-mediated suppression of 
SPP1+ MARCOphages as a key mechanism. 
We validated this axis in bilateral Lewis lung 
carcinoma (LLC) models treated with SFRT 
(12 Gy peak/4 Gy valley) plus anti-PD-1. 
Mechanistic studies included ChIP-qPCR for 
STAT1 binding to SCGB3A2 promoter, 
SCGB3A2-MARCO receptor interaction, and 
NF-κB-p65 binding to SPP1 promoter. 
Functional rescue experiments employed 
SCGB3A2-KD/OE tumor cells and 
recombinant SCGB3A2 (rSCGB3A2). Clinical 
relevance was further assessed in 
postoperative samples from 50 treatment-
naïve early-stage NSCLC patients.
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Spatially fractionated radiotherapy (SFRT) combined 
with immune checkpoint inhibitors demonstrates 
remarkable efficacy and induces systemic anti-tumor 
immunity, yet the underlying molecular mechanisms 
and predictive biomarkers remain elusive. 
Leveraging pre- and post-treatment tumor samples 
from NSCLC patients receiving neoadjuvant SFRT 
(LATTICE technique) combined with immunotherapy 
and chemotherapy, we identified a SCGB3A2-
MARCO-SPP1 MARCOphage axis through single-cell 
transcriptomics and validated its role as a critical 
mediator of SFRT efficacy using animal and cell 
models.

Fig1.Clinical outcomes and single-cell transcriptomics reveal that SFRT induces unique tumor cell reprogramming.

Fig2.SFRT+immunotherapy induces a systemic anti-tumor effect. Fig 3: STAT1-SCGB3A2-MARCO-NF-κB

Fig. 4. Validation of the clinical value of SCGB3A2 in an external cohort — External cohort


