





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Time evolution of PEG-shedding and serum protein coronation determines the cell uptake kinetics and delivery of lipid nanoparticle formulated mRNA
  
       View ORCID ProfileA. Gallud, M. J. Munson, K. Liu, A. Idström, H. M. G. Barriga, S. R. Tabaei, N. Aliakbarinodehi, M. Ojansivu, Q. Lubart, J. J. Doutch, M. N. Holme, L. Evenäs, L. Lindfors, M. M. Stevens, A. Collén, A. Sabirsh,  View ORCID ProfileF. Höök,  View ORCID ProfileE. K. Esbjörner

  
      doi: https://doi.org/10.1101/2021.08.20.457104 

  
  
  

A. Gallud 
1Division of Chemical Biology, Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for A. Gallud
	For correspondence: 
audrey.gallud@astrazeneca.com
eline@chalmers.se


M. J. Munson 
2Advanced Drug Delivery, Pharmaceutical Sciences, R&D, AstraZeneca, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


K. Liu 
2Advanced Drug Delivery, Pharmaceutical Sciences, R&D, AstraZeneca, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


A. Idström 
3Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


H. M. G. Barriga 
4Department of Medical Biochemistry and Biophysics, Karolinska Institutet, SE-171 77 Stockholm, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


S. R. Tabaei 
5Department of Physics, Chalmers University of Technology, 41296 Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


N. Aliakbarinodehi 
5Department of Physics, Chalmers University of Technology, 41296 Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


M. Ojansivu 
4Department of Medical Biochemistry and Biophysics, Karolinska Institutet, SE-171 77 Stockholm, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Q. Lubart 
1Division of Chemical Biology, Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


J. J. Doutch 
6ISIS Neutron and Muon Source, STFC, Rutherford Appleton Laboratory, Didcot OX11 ODE, U.K.

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


M. N. Holme 
4Department of Medical Biochemistry and Biophysics, Karolinska Institutet, SE-171 77 Stockholm, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


L. Evenäs 
3Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


L. Lindfors 
2Advanced Drug Delivery, Pharmaceutical Sciences, R&D, AstraZeneca, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


M. M. Stevens 
4Department of Medical Biochemistry and Biophysics, Karolinska Institutet, SE-171 77 Stockholm, Sweden
7Imperial College London, Materials, London, SW7 2AZ. U.K.

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


A. Collén 
8Projects, Research and Early Development, Cardiovascular, Renal and Metabolism (CVRM), Biopharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


A. Sabirsh 
2Advanced Drug Delivery, Pharmaceutical Sciences, R&D, AstraZeneca, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


F. Höök 
5Department of Physics, Chalmers University of Technology, 41296 Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for F. Höök


E. K. Esbjörner 
1Division of Chemical Biology, Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg, Sweden

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for E. K. Esbjörner
	For correspondence: 
audrey.gallud@astrazeneca.com
eline@chalmers.se




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Development of efficient lipid nanoparticle (LNP) vectors remains a major challenge towards broad clinical translation of RNA therapeutics. New lipids will be required, but also better understanding LNP interactions with the biological environment. Herein, we model protein corona formation on PEG-ylated DLin-MC3-DMA LNPs and identify time-dependent maturation steps that critically unlock their cellular uptake and mRNA delivery. Uptake requires active serum proteins and precedes after a significant (∼2 hours) lag-time, which we show can be eliminated by pre-incubating LNPs for 3-4 hours in serum-containing media. This indicates an important role of protein corona maturation for the pharmacokinetic effects of these LNPs. We show, using single-nanoparticle imaging, NMR diffusometry, SANS, and proteomics, that the LNPs, upon serum exposure, undergo rapid PEG-shedding (∼30 minutes), followed by a slower rearrangement of the adsorbed protein layer. The PEG-shedding coincides in time with high surface abundance of Apolipoprotein A-II, whereas the LNPs preferentially bind Apolipoprotein E when their maximum uptake-competent state is reached. Finally, we show that pre-incubation of the LNPs enables rapid uptake and allows pulse-chase video-microscopy colocalization experiments with sufficiently short pulse durations to gain improved mechanistic understanding of how intracellular trafficking events determine delivery efficacy, emphasizing early endosomes as important delivery-mediating compartments.
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