
P3.070: Sympathetic Hyper-Activation Promotes Lung Cancer Bone Metastasis by Upregulation of 

Immune Checkpoint Molecules and Osteoclastogenesis

INTRODUCTION

Bone metastasis is a frequent complication of advanced 

lung cancer and is commonly associated with pain, 

fractures, hypercalcemia, and impaired mobility. Most 

lung cancer bone metastases are osteolytic, driven by 

disrupted bone remodeling and interactions between 

tumor cells and the immunosuppressive bone 

microenvironment. Current bone-targeted therapies 

provide limited survival benefit, underscoring the need 

for new therapeutic targets. Chronic stress activates the 

sympathetic nervous system and increases 

catecholamines such as norepinephrine, which regulate 

bone and immune cells through β-adrenergic signaling. 

We therefore investigated whether sympathetic 

activation promotes lung cancer bone metastasis and 

whether β-adrenergic signaling represents a potential 

therapeutic target.

METHODS

DISCUSSION AND CONCLUSION

Actionable Take Away Message

• Stress-induced or exogenous norepinephrine 

(NE) promoted the growth of bone 

metastases through upregulation of PD-L1 

and osteoclastogenesis.

• NE activated β2-adrenergic receptor (ADRB2)

signaling, which induced PD-L1 expression 

and secretion, then promoted 

osteoclastogenesis through PD-L1-dependent 

and PD-L1-independent mechanisms.

• The β-antagonist propranolol reversed PD-L1 

expression and osteoclast differentiation and 

enhanced the efficacy of anti-PD-1 treatment.

Future Direction for Research

• β-blockade (e.g., propranolol) may combat 

bone metastasis and enhance the efficacy of 

anti-PD-1 immunotherapy.

Y. Liu¹, W. Wang1, K. Jia¹, T. Qiu¹, S. Yang¹, J. Yu¹, Q. Fang¹, Q. Sun², S. Ren¹

¹Shanghai Pulmonary Hospital, School of Medicine, Tongji University, Shanghai, China; ²Shanghai Tenth People's Hospital, School of Medicine, Tongji University, Shanghai, China

Correspondence: harry_ren@126.com

RESULTS

REFERENCES & ACKNOWLEDGEMENTS

References:

1. Sun J, Jia X, Zhang Z, Yang Y, Zhai C, Zhao B, Liu Y.Role of β-adrenergic 

signaling and the NLRP3 inflammasome in chronic intermittent hypoxia-

induced murine lung cancer progression[J].Respir Res,2024, 25 (1): 347.

2. He X Y, Gao Y, Ng D, Michalopoulou E, George S, Adrover J M, Sun L, 

Albrengues J, Daßler-Plenker J, Han X, Wan L, Wu X S, Shui L S, Huang Y 

H, Liu B, Su C, Spector D L, Vakoc C R, Van Aelst L, Egeblad M.Chronic 

stress increases metastasis via neutrophil-mediated changes to the 

microenvironment[J].Cancer Cell,2024, 42 (3): 474-486.e12.

3.  Hofbauer L C, Bozec A, Rauner M, Jakob F, Perner S, Pantel K.Novel 

approaches to target the microenvironment of bone metastasis[J].Nat Rev 

Clin Oncol,2021, 18 (8): 488-505.

4. Sun J, Jia X, Zhang Z, Yang Y, Zhai C, Zhao B, Liu Y.Role of β-adrenergic 

signaling and the NLRP3 inflammasome in chronic intermittent hypoxia-

induced murine lung cancer progression[J].Respir Res,2024, 25 (1): 347.

Acknowledgements:

This work was supported by the National Natural Science Foundation of 

China (82203046). 

Design:
Preclinical interventional study of sympathetic tone in 

mouse models of bone metastasis.

Restraint stress and sympathetic tone–modulated 

mouse models of bone metastasis were used to study 

the stress-driven bone tumor microenvironment.

An orthotopic mouse model evaluated combinatorial 

therapies targeting sympathetic tone.

• Psychological stress and activation of sympathetic signaling significantly promoted the 

progression of bone metastases.

                         

     

                         

     

                                       

 

    

         

                          

                   

             

 
 

  
  

  
  

 
 

  
  

  
  

• Both restraint stress and sympathetic activation altered osteoclast activity within bone 

metastatic lesions
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• Antagonist of β-receptor attenuated stress-

mediated tumor growth and progression
• Schematic figure

Figure1. An LLC femoral bone 

metastasis mouse model was 

established to evaluate the 

effects of restraint stress and 

sympathetic activation on 

bone Metastasis. 

Bone metastasis-bearing mice 

were subjected to restraint 

stress or control treatment. 

(B) Bone metastasis-bearing 

mice were treated with 

capsaicin to induce 

sympathetic activation or with 

control treatment. Data are 

presented as indicated. ns, not 

significant; * p < 0.05.

D Figure2. Evaluation of the effects of restraint stress and 

sympathetic activation on osteoclast activity in metastatic 

bone tissues . (A) Representative TRAP-stained sections 

and quantification of femoral bone metastases from 

control and restraint stress-treated mice. (B) 

Representative TRAP-stained sections and quantification 

of femoral bone metastases from control and capsaicin-

treated mice.  (C) BMDMs were co-cultured with LLC lung 

cancer cells to assess the effect of norepinephrine (NE) 

treatment on osteoclast differentiation. Representative 

TRAP-stained images of BMDMs co-cultured with LLC 

cells in the presence or absence of NE. (D) Quantification 

of TRAP-positive multinucleated cells. ns, not significant; * 

p < 0.05; ** p < 0.01. 

Figure 3. An LLC femoral bone metastasis mouse model was established to evaluate the effects of β-antagonist propranolol on bone 

metastatic tumor growth. (A) Mice were assigned to the β-antagonist + capsaicin or capsaicin group. Luciferase-based in vivo 

bioluminescence imaging was performed to assess differences in femoral bone metastatic tumor burden. ns, not significant; * p < 0.05.
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