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            Abstract
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system that involves demyelination and axonal degeneration. Although substantial progress has been made in drug development for relapsingâ€“remitting MS, treatment of the progressive forms of the disease, which are characterized clinically by the accumulation of disability in the absence of relapses, remains unsatisfactory. This unmet clinical need is related to the complexity of the pathophysiological mechanisms involved in MS progression. Chronic inflammation, which occurs behind a closed bloodâ€“brain barrier with activation of microglia and continued involvement of T cells and B cells, is a hallmark pathophysiological feature. Inflammation can enhance mitochondrial damage in neurons, which, consequently, develop an energy deficit, further reducing axonal health. The growth-inhibitory and inflammatory environment of lesions also impairs remyelination, a repair process that might protect axons from degeneration. Moreover, neurodegeneration is accelerated by the altered expression of ion channels on denuded axons. In this Review, we discuss the current understanding of these disease mechanisms and highlight emerging therapeutic strategies based on these insights, including those targeting the neuroinflammatory and degenerative aspects as well as remyelination-promoting approaches.
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                    Fig. 1: Treatment approaches for progressive MS.[image: ]
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Glossary
	Neuromyelitis optica spectrum disorder
	
                  Inflammatory disorder of the central nervous system mediated by disease-specific antibodies against aquaporin-4, leading to severe immune-mediated demyelination and axonal damage.

                
	Normal-appearing white matter
	
                  (NAWM). An area in the white matter without obvious lesions or significant abnormalities, such as axonal damage, astrogliosis and microgliosis.

                
	Normal-appearing grey matter
	
                  (NAGM). An area in the grey matter without obvious lesions.

                
	Experimental autoimmune encephalitis
	
                  (EAE). An inflammatory animal model of multiple sclerosis, mediated by inoculation of myelin components with adjuvants.

                
	Gadolinium-enhancing lesions
	
                  T1 lesions showing contrast agent (gadolinium) enhancement on magnetic resonance imaging.

                
	T2 lesions
	
                  Hyperintense magnetic resonance imaging sequences, indicating multiple sclerosis lesion load.

                
	Clinically isolated syndrome
	
                  (CIS). The first clinical episode of neurological symptoms lasting at least 24â€‰h, with features that are indicative of multiple sclerosis.

                
	Astrogliosis
	
                  An increase in the number of astrocytes due to damage.

                
	Periplaque white matter
	
                  The area around lesions in the white matter.

                
	Iron chelation
	
                  Binding of iron by a chelating agent.

                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Faissner, S., Plemel, J.R., Gold, R. et al. Progressive multiple sclerosis: from pathophysiology to therapeutic strategies.
                    Nat Rev Drug Discov 18, 905â€“922 (2019). https://doi.org/10.1038/s41573-019-0035-2
Download citation
	Accepted: 04 July 2019

	Published: 09 August 2019

	Issue Date: December 2019

	DOI: https://doi.org/10.1038/s41573-019-0035-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Mitochondrial and metabolic dysfunction of peripheral immune cells in multiple sclerosis
                                    
                                

                            
                                
                                    	Peng-Fei Wang
	Fei Jiang
	Zhao-Lan Hu


                                
                                Journal of Neuroinflammation (2024)

                            
	
                            
                                
                                    
                                        Myeloid cell-associated aromatic amino acid metabolism facilitates CNS myelin regeneration
                                    
                                

                            
                                
                                    	Jingwen Hu
	George S. Melchor
	Jeffrey K. Huang


                                
                                npj Regenerative Medicine (2024)

                            
	
                            
                                
                                    
                                        Ocrelizumab reduces cortical and deep grey matter loss compared to the S1P-receptor modulator in multiple sclerosis
                                    
                                

                            
                                
                                    	Albulena Bajrami
	Agnese Tamanti
	Massimiliano Calabrese


                                
                                Journal of Neurology (2024)

                            
	
                            
                                
                                    
                                        Granzyme Bâ€‰+â€‰CD8â€‰+â€‰T cells with terminal differentiated effector signature determine multiple sclerosis progression
                                    
                                

                            
                                
                                    	Ziyan Shi
	Xiaofei Wang
	Mu Yang


                                
                                Journal of Neuroinflammation (2023)

                            
	
                            
                                
                                    
                                        Cycling in primary progressive multiple sclerosis (CYPRO): study protocol for a randomized controlled superiority trial evaluating the effects of high-intensity interval training in persons with primary progressive multiple sclerosis
                                    
                                

                            
                                
                                    	Marie Kupjetz
	Niklas Joisten
	Philipp Zimmer


                                
                                BMC Neurology (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Drug Discovery (Nat Rev Drug Discov)
                
                
    
    
        ISSN 1474-1784 (online)
    
    


                
    
    
        ISSN 1474-1776 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
