







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 19 January 2022



                    Enantiomer-dependent immunological response to chiral nanoparticles

                    	Liguang Xu1,2Â na1, 
	Xiuxiu Wang1,2Â na1, 
	Weiwei Wang1,2, 
	Maozhong Sun1,2, 
	Won Jin ChoiÂ 
            ORCID: orcid.org/0000-0001-6303-88993, 
	Ji-Young KimÂ 
            ORCID: orcid.org/0000-0001-5631-957X4, 
	Changlong Hao1,2, 
	Si Li5, 
	Aihua Qu1,2, 
	Meiru Lu1,2, 
	Xiaoling Wu1,2, 
	Felippe M. ColombariÂ 
            ORCID: orcid.org/0000-0002-5431-13016, 
	Weverson R. GomesÂ 
            ORCID: orcid.org/0000-0002-9456-95347, 
	Asdrubal L. Blanco7, 
	Andre F. de MouraÂ 
            ORCID: orcid.org/0000-0003-1974-48037, 
	Xiao Guo1,2, 
	Hua Kuang1,2,5,8, 
	Nicholas A. KotovÂ 
            ORCID: orcid.org/0000-0002-6864-58043,4 & 
	â€¦
	Chuanlai XuÂ 
            ORCID: orcid.org/0000-0002-5639-71021,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 601,Â pages 366â€“373 (2022)Cite this article
                    

                    
        
            	
                        45k Accesses

                    
	
                        235 Citations

                    
	
                            265 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Applied immunology
	Nanomedicine


    


                
    
    

    
    

                
            


        
            Abstract
Chirality is a unifying structural metric of biological and abiological forms of matter. Over the past decade, considerable clarity has been achieved in understanding the chemistry and physics of chiral inorganic nanoparticles1,2,3,4; however, little is known about their effects on complex biochemical networks5,6. Intermolecular interactions of biological molecules and inorganic nanoparticles show some commonalities7,8,9, but these structures differ in scale, in geometry and in the dynamics of chiral shapes, which can both impede and strengthen their mirror-asymmetric complexes. Here we show that achiral and left- and right-handed gold biomimeticÂ nanoparticles show different in vitro and in vivo immune responses. We use irradiation with circularly polarized light (CPL) to synthesize nanoparticles with controllable nanometre-scale chirality and optical anisotropy factors (g-factors) of up to 0.4. We find that binding of nanoparticles to two proteins from the family of adhesion G-protein-coupled receptors (AGPCRs)â€”namely cluster-of-differentiation 97 (CD97) and epidermal-growth-factor-like-module receptor 1 (EMR1)â€”results in the opening of mechanosensitive potassium-efflux channels, the production of immune signalling complexes known as inflammasomes, and the maturation of mouse bone-marrow-derived dendritic cells. Both in vivo and in vitro immune responses depend monotonically on the g-factors of the nanoparticles, indicating that nanoscale chirality can be used to regulate the maturation of immune cells. Finally, left-handed nanoparticles show substantially higher (1,258-fold) efficiency compared with their right-handed counterparts as adjuvants for vaccination against the H9N2 influenza virus, opening a path to the use of nanoscale chirality in immunology.
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                    Fig. 1: Morphology and spectroscopy of photosynthesized chiral nanoparticles (NPs).[image: ]


Fig. 2: Quantification of electromagnetic fields and chirality measures for photosynthesized nanoparticles.[image: ]


Fig. 3: Nanoparticle-mediated immune responses.[image: ]


Fig. 4: Chirality-dependent intracellular intake of BMDCs.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Chiral nanoparticles are taken up by human BMDCs and activate inflammasomes.
a, Flow-cytometry data for human BMDCs after being treated with PBS, anti-EMR1 antibody (30Â Î¼gÂ mlâˆ’1, blocking EMR1), anti-CD97 antibody (20Â Î¼gÂ mlâˆ’1, blocking CD97), or both anti-EMR1 antibody (30Â Î¼gÂ mlâˆ’1) and anti-CD97 antibody (20Â Î¼gÂ mlâˆ’1) (blocking both CD97 and EMR1) and then incubated with l-P+Â NP(2Â nM) or d-Pâˆ’Â NP (2Â nM) for 8Â h. b, Confocal imaging of human BMDCs incubated with 2Â Î¼gÂ mlâˆ’1 MPL, 20Â Î¼gÂ mlâˆ’1 OVA and 2Â nM l-P+Â NP with various incubation times up to 4Â h. Blue, DAPI; red, CD97â€“Cy5; green: l-P+Â NPâ€“Cy3. Scale bar, 10Â Î¼m. c, Confocal imaging of NLRP3 inflammasome activation in mouse BMDCs after incubation with PBS, MPL plus OVA, l-P+Â NPÂ +Â MPLÂ +Â OVA, l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â MCC950 (NLRP3 inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â amiodarone (K+-channel inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ + KCl (K+-efflux inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â dynasore (dynamin inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â chlorpromazine (clathrin inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ + CA-074-Me (cathepsin B inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â cytochalasin D (phagocytosis inhibitor), l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â NAC (inhibitor of reactive oxygen species, ROS) and l-P+Â NPÂ +Â MPLÂ +Â OVAÂ +Â nocodazole (microtubule inhibitor) for 12Â h. Blue, DAPI; red, caspase-1; green, NLRP3. Scale bar, 20Â Î¼m. Data are meanÂ Â±Â s.d. (nÂ =Â 5). *PÂ <Â 0.05, **PÂ <Â 0.01, ***PÂ <Â 0.001, analysed by Studentâ€™s t-test.
Source data


Extended Data Fig. 2 Chirality-dependent efficiency of vaccination in mice.
a, IL-1Î² concentration in the culture medium of mouse BMDCs after incubation with chiral nanoparticles of different g-factors, measured by ELISA. b, Expression of NLRP3 in wild-type mice after treatment with chiral nanoparticles of different g-factors, detected by flow cytometry. câ€“f, Influenza vaccination. C57BL/6 mice (nÂ =Â 5) were immunized with H9N2 influenza vaccine and the indicated adjuvants, including MPL, alumÂ +Â MPL, d-Pâˆ’Â NPÂ +Â MPL, l-P+Â NPÂ +Â MPL, NS-d-CYPÂ +Â MPL, or NS-l-CYPÂ +Â MPL. c, The serum of the mice was collected to measure vaccine-specific antibody titres. dâ€“f, IFN-Î³-secreting CD8+ T cells (d), IFN-Î³-secreting CD4+ T cells (e) and IL-4-secreting CD4+ T cells (f) in the spleen were measured by flow cytometry 7Â days after immunization. Data are meansÂ Â±Â s.d. (nÂ =Â 5). *PÂ <Â 0.05, **PÂ <Â 0.01, ***PÂ <Â 0.001, analysed by Studentâ€™s t-test.
Source data
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