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the expression of PD-L1 in tumor cells and subsequently 
induce immune-mediated tumor cell death. The dual 
mechanism of attracting PD-L1-expressing tumor cells 
followed by selective elimination significantly enhances 
the therapeutic outcomes in tumor therapy. Currently, 
a major challenge for anticancer therapy via target-
ing pyroptosis suffers from a serious lack of available 
small molecules (Loveless et al., 2021; Wang et al., 2017). 
With α-MG as a specific RTN4 chemical degrader, we 
found that α-MG obviously decreased RTN4 expression 
for promoting ER tubules-to-sheets transition, subse-
quently causing pyroptosis in cancer cells. This obser-
vation further supported that RTN4 may function as a 
valuable drug target for anticancer by controlling ER 
dynamics in pyroptosis, indicating potential benefits 

in medical translation. Meanwhile, to the best of our 
knowledge, α-MG is the first small molecule targeting 
RTN4 to enhance pyroptosis-based antitumor immune 
responses. Specifically, α-MG may serve as a molecu-
lar glue to induce the RTN4 degradation by recruiting 
E3 ligase UBR5. Therefore, α-MG may provide a novel 
molecular templet for drug candidate development 
for anticancer via activating the function of ubiquitin-
proteasome system.

In summary, we show that RTN4 is highly involved 
in driving pyroptosis via dynamic remodeling ER mem-
brane curvature. These findings may provide an attrac-
tive direction for our understanding of the fundamental 
ER biology during pyroptosis, and underline the impor-
tance of RTN4 as a valuable anticancer target.
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Figure 6.  Plasma membrane disturbance synergistically promotes RTN4 deficiency-induced pyroptosis. (A and B) Triton X-100 
(0.01%) upregulated the proportion of dox-induced “bubble” structures by Annexin V-PI double staining (scale bar: 25 μm) and flow 
analysis. (C) Triton X-100 significantly promoted the LDH release in dox-induced U2OS cells. (D) Triton X-100 synergistically promoted 
the “bubble” structures formation in α-MG-induced U2OS cells by Annexin V-PI double staining (scale bar: 25 μm). (E and F) Triton 
X-100 synergistically promoted pyroptosis in U2OS cells by flow analysis and LDH release assay. (G) GSDME-N overexpression with 
a mCherry tag enhanced α-MG-induced “bubble” structures formation (scale bar: 25 μm). (H) GSDME-N overexpression upregulated 
α-MG-induced proportion of pyroptotic cells. Data were presented as mean ± SD for three individual experiments. **P < 0.01 vs. 
control group.
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Figure 7.  Translational study of RTN4 degrader for anticancer therapy. (A) 3D U2OS tumor spheroids were stained by Calcein-AM 
and EthD-1 at different concentrations of Dox (0.5, 1, and 2 μg/mL) for 24 h. RTN4 degrader α-MG (40 μmol/L) was also added for 
3 h to induce tumor spheroid disintegration. Scale bar: 100 μm. (B and C) Intratumor injection of dox into the K7M2 osteosarcoma 
xenograft model containing a dox-inducible RTN4 shRNA lentivirus vector retarded tumor growth and downregulated the tumor 
weights. (D) Procedure of a combination scheme with α-MG and anti-PD-1 antibody. (E and F) α-MG administration coupled with 
anti-PD1 treatment displayed a marked synergistic action in reducing tumor growth and weights. (G) Detection of RTN4 expression 
on osteosarcoma chip containing 101 clinical samples. Scale bar: 200 μm. (H) Immunohistochemical staining scoring of RTN4 
expression based on whether the tumors metastasized and the patients died within 3 years. Data were presented as mean ± SD 
(n = 6). *P < 0.05, **P < 0.01 vs. control group. (I) Virtual screening of RTN4-targeting small molecules. (J) Mitoxantrone, crizotinib, and 
idarubicin concentration-dependently increased the proportion of pyroptosis by Annexin V-PI double staining (scale bar: 25 μm).
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Supplementary data
Supplementary data is available at Protein & Cell online at 
https://doi.org/10.1093/procel/pwae049.
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