







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Aging]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature aging

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 10 December 2021



                    Senolytic vaccination improves normal and pathological age-related phenotypes and increases lifespan in progeroid mice

                    	Masayoshi Suda1Â na1, 
	Ippei Shimizu1Â na1, 
	Goro KatsuumiÂ 
            ORCID: orcid.org/0000-0003-1291-48141Â na1, 
	Yohko Yoshida1, 
	Yuka Hayashi2, 
	Ryutaro Ikegami2, 
	Naomi Matsumoto3, 
	Yutaka Yoshida4, 
	Ryuta MikawaÂ 
            ORCID: orcid.org/0000-0003-0006-90515, 
	Akihiro Katayama6, 
	Jun WadaÂ 
            ORCID: orcid.org/0000-0003-1468-51706, 
	Masahide SekiÂ 
            ORCID: orcid.org/0000-0001-6091-86987, 
	Yutaka SuzukiÂ 
            ORCID: orcid.org/0000-0003-4852-18797, 
	Atsushi IwamaÂ 
            ORCID: orcid.org/0000-0001-9410-89928, 
	Hironori NakagamiÂ 
            ORCID: orcid.org/0000-0003-4494-36019, 
	Ayako Nagasawa10, 
	Ryuichi MorishitaÂ 
            ORCID: orcid.org/0000-0002-8855-073011, 
	Masataka Sugimoto5, 
	Shujiro OkudaÂ 
            ORCID: orcid.org/0000-0002-7704-810412, 
	Masanori Tsuchida10, 
	Kazuyuki Ozaki2, 
	Mayumi Nakanishi-Matsui3 & 
	â€¦
	Tohru MinaminoÂ 
            ORCID: orcid.org/0000-0003-1627-61511,2,13Â 

Show authors

                    

                    
                        
    Nature Aging

                        volumeÂ 1,Â pages 1117â€“1126 (2021)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        83 Citations

                    
	
                            2124 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Ageing
	Diabetes
	Experimental models of disease


    


                
    
    

    
    

                
            


        
            Abstract
Elimination of senescent cells (senolysis) was recently reported to improve normal and pathological changes associated with aging in mice1,2. However, most senolytic agents inhibit antiapoptotic pathways3, raising the possibility of off-target effects in normal tissues. Identification of alternative senolytic approaches is therefore warranted. Here we identify glycoprotein nonmetastatic melanoma protein B (GPNMB) as a molecular target for senolytic therapy. Analysis of transcriptome data from senescent vascular endothelial cells revealed that GPNMB was a molecule with a transmembrane domain that was enriched in senescent cells (seno-antigen). GPNMB expression was upregulated in vascular endothelial cells and/or leukocytes of patients and mice with atherosclerosis. Genetic ablation of Gpnmb-positive cells attenuated senescence in adipose tissue and improved systemic metabolic abnormalities in mice fed a high-fat diet, and reduced atherosclerotic burden in apolipoprotein E knockout mice on a high-fat diet. We then immunized mice against Gpnmb and found a reduction in Gpnmb-positive cells. Senolytic vaccination also improved normal and pathological phenotypes associated with aging, and extended the male lifespan of progeroid mice. Our results suggest that vaccination targeting seno-antigens could be a potential strategy for new senolytic therapies.
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                    Fig. 1: GPNMB is a potential candidate of seno-antigen.[image: ]


Fig. 2: Elimination of Gpnmb-positive cells attenuates metabolic abnormalities and atherosclerosis in mice fed a HFD.[image: ]


Fig. 3: Gpnmb vaccination improves HFD-induced metabolic abnormalities.[image: ]


Fig. 4: Gpnmb vaccination decreases tissue senescence and alleviates normal and pathological age-related phenotypes.[image: ]
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                Data availability

              
              All data are available from the authors upon reasonable request. Additional materials, including the source data, are available online. RNAseq data and gene expression data obtained in these studies were deposited in the Gene Expression Omnibus database (GSE155680 for HUVECs and GSE155596 for ApoE KO mice).
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Extended data

Extended Data Fig. 1 Expression of Gpnmb in various tissues.
a, qPCR analysis of relative Gpnmb expression in the aorta or lung endothelial cells (EC) of mice fed NC or an HFD (aorta, nâ€‰=â€‰8 for NC and nâ€‰=â€‰10 for HFD; EC, nâ€‰=â€‰6 for NC and nâ€‰=â€‰4 for HFD). b, qPCR analysis of relative Gpnmb expression in various tissues of young mice (12 weeks old) and aged mice (109â€“110 weeks old) (heart, nâ€‰=â€‰10 for young mice and nâ€‰=â€‰11 for aged mice; aorta, nâ€‰=â€‰4 for young mice and nâ€‰=â€‰7 for aged mice; lung, nâ€‰=â€‰10 for young mice and nâ€‰=â€‰11 for aged mice; liver, nâ€‰=â€‰5 for young mice and nâ€‰=â€‰10 for aged mice; kidney, nâ€‰=â€‰9 for young mice and nâ€‰=â€‰11 for aged mice; gWAT, nâ€‰=â€‰7 for young mice and nâ€‰=â€‰10 for aged mice; brown adipose tissue (BAT) nâ€‰=â€‰10 for both mice; skeletal muscle (SM), nâ€‰=â€‰10 for young mice and nâ€‰=â€‰9 for aged mice; spleen, nâ€‰=â€‰10 for young mice and nâ€‰=â€‰11 for aged mice; bone marrow (BM), nâ€‰=â€‰10 for young mice and nâ€‰=â€‰11 for aged mice). Gpnmb expression in the hearts of young mice was set as 1. c, Western blot analysis of Gpnmb in visceral adipose tissue of mice fed NC or the HFD. The similar results were obtained from three independent experiments. d, Clinical characteristics of patients with or without atherosclerotic diseases (AD). The data were analyzed by the 2-tailed Studentâ€™s t-test (a and b). *Pâ€‰<â€‰0.05, **Pâ€‰<â€‰0.01, NS (not significant). The data are shown as box and whisker plots that display the range of the data (whiskers), the 25th and 75th percentiles (box), and the median (solid line) (a and b).

                          Source data
                        


Extended Data Fig. 2 Gpnmb vaccination improves HFD-induced metabolic abnormalities.
a, Serum titer of anti-Gpnmb antibody (nâ€‰=â€‰5, 5, 4 for Cont, A, and B). b, Western blot analysis of Gpnmb expression in senescent cells of the stromal vascular fraction (SVF) from wild-type mice (WT) and Gpnmb knockout (KO) mice. The similar results were obtained from three independent experiments. c, ADCC activity of purified IgG antibody from mice immunized with Gpnmb vaccine (Gpnmb vac) or control vaccine (Cont vac) (nâ€‰=â€‰3 each). d, Serum titer of anti-Gpnmb antibody in mice administered Gpnmb vaccine plus a neutralizing antibody (nâ€‰=â€‰8, 8, 6, and 6 for Cont vac, Gpnmb vac+Cont, Gpnmb vac+NK, and Gpnmb vac+CD8, respectively). e, FACS analysis for SPiDER-beta-gal and Gpnmb expression in the SVF of HFD-fed mice. f, The number of SPiDER-beta-gal-positive cells among Gpnmbhigh cells in the SVF (nâ€‰=â€‰5). g, Cellular populations expressing Gpnmb in the SVF from visceral adipose tissue (nâ€‰=â€‰5). h, The number of Gpnmblow SPiDER-beta-gallow cells in the SVF (Cont vac, nâ€‰=â€‰5; Gpnmb vac, nâ€‰=â€‰9). i, FACS analyses of the SVF from HFD-fed mice (Cont vac, nâ€‰=â€‰5; Gpnmb vac, nâ€‰=â€‰9). The data were analyzed by the 2-tailed Studentâ€™s t-test (h and i) or repeated measures analysis followed by Tukeyâ€™s multiple comparison test (a, c, and d). *Pâ€‰<â€‰0.05; **Pâ€‰<â€‰0.01; NS, not significant. In Extended Data Fig. 2a, **Pâ€‰<â€‰0.01 Cont vac vs. Gpnmb vac (peptide A). In Extended Data Fig. 2d, ##Pâ€‰=â€‰0.026 Cont vac vs. Gpnmb + NK, $Pâ€‰=â€‰0.005 Cont vac vs. Gpnmb vac + CD8, **Pâ€‰=â€‰0.004 Cont vac vs. Gpnmb vac + Cont. The data are shown as box and whisker plots that display the range of the data (whiskers), the 25th and 75th percentiles (box), and the median (solid line) (fâ€“i), the meanâ€‰Â±â€‰SEM with plots of all individual data (a and d), or the meanâ€‰Â±â€‰SD with plots of all individual data (c).

                          Source data
                        


Extended Data Fig. 3 Gpnmb vaccination improves phenotypes of pathological aging.
a, Aortic samples obtained from ApoE KO mice treated with Gpnmb or control vaccine were subjected to RNA sequencing analysis (nâ€‰=â€‰3, respectively). b, Body weight (BW) of ApoE KO mice (Cont vac, nâ€‰=â€‰19; Gpnmb vac, nâ€‰=â€‰20). c, Cell populations expressing Gpnmb in the aorta from ApoE KO mice (nâ€‰=â€‰5). Outlier values were detected by boxplot analysis and was excluded from statistical assessment as indicated in Source data. d, FACS analyses of the aorta of ApoE KO HFD-fed mice treated with Gpnmb vaccine (Gpnmb vac) or control vaccine (Cont vac) (nâ€‰=â€‰5 for Cont vac and nâ€‰=â€‰4 for Gpnmb vac). e, FACS analysis with SPiDER-beta-gal of the aorta from ApoE KO mice treated with Gpnmb vaccine (Gpnmb vac) or control vaccine (Cont vac) (nâ€‰=â€‰5 for Cont vac and nâ€‰=â€‰4 for Gpnmb vac). f, The number of Gpnmblow SPiDER-beta-gallow cells in the aorta of ApoE KO HFD-fed mice (Cont vac, nâ€‰=â€‰5; Gpnmb vac, nâ€‰=â€‰4). g, Lifespan of Zmpste24 KO mice treated with Gpnmb vaccine (Gpnmb vac) or control vaccine (Cont vac) at 10 weeks of age (Cont vac, nâ€‰=â€‰19 for male mice and nâ€‰=â€‰18 for female mice; Gpnmb vac, nâ€‰=â€‰19 for male mice and nâ€‰=â€‰16 for female mice). The data were analyzed by the 2-tailed Studentâ€™s t-test (b, d, e, f, and g). *Pâ€‰<â€‰0.05; **Pâ€‰<â€‰0.01; NS, not significant. The data are shown as box and whisker plots that display the range of the data (whiskers), the 25th and 75th percentiles (box), and the median (solid line) (bâ€“g).

                          Source data
                        


Extended Data Fig. 4 Treatment with senolytics and dietary metabolic abnormalities.
a, Experimental protocol. b, Body weight (BW) and food intake of mice treated with vehicle (Cont), dasatinib and quercetin (Dâ€‰+â€‰Q), Navitoclax (Nav), or Gpnmb vaccine (Gpnmb vac) (body weight nâ€‰=â€‰8, 8, 7, 8, food intake 4, 4, 4, 5). c, Energy expenditure (nâ€‰=â€‰7, 8, 8, 4). d, Luciferase activity. e, Relative luciferase activity (nâ€‰=â€‰3, 5, 5, and 3). f, Serum titer of anti-Gpnmb antibody. (nâ€‰=â€‰5, 5 for 0, 8, 12, 16 weeks, nâ€‰=â€‰3, 3 for 20 weeks). g, Assay of SA-beta-gal (nâ€‰=â€‰11, 10, 12 and 6 for 16 weeks, and nâ€‰=â€‰8, 8, 7 and 10 for 24 weeks). h, Relative expression of Cdkn2a (nâ€‰=â€‰4, 5, 5, and 3 for 16 weeks and nâ€‰=â€‰7, 8, 7, and 7 for 24 weeks). i, Glucose tolerance test (GTT, left) and insulin tolerance test (ITT, right) (nâ€‰=â€‰6, 8, 7, and 7). Changes from basal glucose levels are shown in the ITT graph. j, White blood cell and platelet counts, and bleeding time (nâ€‰=â€‰3, 4, 4, and 4 for white cell counts, nâ€‰=â€‰3, 4, 4, and 4 for platelet counts, and nâ€‰=â€‰5, 3, 3, and 3 for bleeding time). The data were analyzed by repeated measures analysis followed by one-way ANOVA followed by Tukeyâ€™s multiple comparison test (b, c, g, and j), by the 2-tailed Studentâ€™s t-test (h), or by univariate analysis of variance or repeated measures analysis followed by Tukeyâ€™s multiple comparison test (f and i). *Pâ€‰<â€‰0.05, **Pâ€‰<â€‰0.01, NS (not significant). In Extended Data Fig. 4i, *Pâ€‰=â€‰0.024, **Pâ€‰<â€‰0.001 Cont vs. Gpnmb vac, $Pâ€‰=â€‰0.018 Cont vs. Dâ€‰+â€‰Q, ##Pâ€‰=â€‰0.007 Cont vs. Nav. The data are shown as box and whisker plots that display the range of the data (whiskers), the 25th and 75th percentiles (box), and the median (solid line) (b, c, g, h, and j) or the meanâ€‰Â±â€‰SEM with plots of all individual data (h and j).
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