
INTRODUCTION

METHODS

Our study delineates the RA 

metabolic landscape of LUAD 

evolution using multi-omics 

data and elucidates the 

metabolic mechanisms driving 

the invasive progression of 

LUAD in vitro and in vivo, 

providing theoretical guidance 

for clinical decision-making 

and new therapeutic targets 

for this malignancy.

Retinoic acid metabolic reprogramming drives the invasive evolution of lung adenocarcinoma

Author: Yang Wang, Shenghui Li, Bingxuan Hu, Jialin Tang, Xiucheng Liu, Chang Chen

Institutions: Shanghai Pulmonary Hospital, Tongji University School of Medicine, Shanghai, China

Correspondence: chenthoracic@163.com

RESULTSCONCLUSION

REFERENCES & 

ACKNOWLEDGEMENTS

References

Fu F, Shang J, Yan Y, et al. Genomic and 

transcriptomic dynamics in the stepwise 

progression of lung adenocarcinoma. Cell 

Res. 

Acknowledgements

This work was supported by the National 

Natural Science Foundation of China 

(Grant No. 8240010395)

Artificial Intelligence (AI) Use Disclaimer

No generative AI or AI-assisted 

technologies were used in the writing, 

analysis of this manuscript.

Spatial metabolomics was performed 

across AIS, MIA, and IA stages to 

systematically map the metabolic 

evolution of LUAD, followed by HPLC-

based validation in independent clinical 

specimens. TICs isolated from KP 

mouse models were used to establish 

both organoid cultures and in vivo 

transplantation systems to recapitulate 

tumor progression. In addition, 

lentiviral-mediated gene manipulation, 

ChIP-seq profiling, and luciferase 

reporter assays were employed to 

dissect the molecular mechanisms 

governing TIC differentiation and 

LUAD invasive behavior.

The progression of lung 

adenocarcinoma (LUAD) from 

preinvasive lesions to invasive 

adenocarcinoma (IA) contributes to 

marked pathological heterogeneity and 

is associated with poor prognosis; 

however, the role of retinoic acid (RA) 

metabolic reprogramming in driving 

this transition remains unclear.

Preliminary spatial metabolomics analysis revealed significantly enhanced RA 

metabolism, marked by elevated retinyl esters and RA, specifically within the invasive 

components of IA. Further studies identified TICs as the effector cells of RA metabolism. 

High RA metabolic signaling induces TICs to transition from a quiescent to an activated 

state, reducing their stemness and promoting invasive differentiation. Mechanistically, 

RA binds to the retinoic acid receptor and retinoid X receptor (RAR-RXR) heterodimer, 

which directly binds to the promoter region of FZD7 to inhibit its transcription. The 

resulting downregulation of FZD7 blocks classical Wnt signaling, activating TICs and 

thereby driving the invasive progression of LUAD.


