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            Summary:
The study of thymic-dependent pathways of T cell reconstitution in T cell replete haematopoietic cell transplant (HCT) recipients in previous studies was complicated by the transfer of naïve CD4+CD45RA+ T cells with the stem cell graft. However, direct quantification of thymic output has been enabled by measurement of T cell receptor excision circles (TREC). We analysed T cell reconstitution using T cell phenotyping and TREC quantification in 12 T cell-replete HCT recipients 6–53 years of age during the first 12 months post transplant. We have identified a novel subpopulation of CD4+CD45RA+ T cells in the peripheral blood of these HCT recipients with expansions of this subset being more pronounced in older recipients. The recovery of classical naïve CD4+CD45RA+ T cells was dependent on thymic output whereas this novel CD4+CD45RA+ subpopulation arose independently of thymic output and displayed effector function and phenotype. These results suggest that CD4+CD45RA+ effector populations exist, similar to the CD8+CD45RA+ effector subset, and that the CD45RA antigen should not be used alone to define naïve CD4+ T cells when monitoring T cell reconstitution in T cell replete HCT recipients. Furthermore, these results raise important questions regarding the role of the thymus in regulating T cell homeostasis in older HCT recipients and normal individuals.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1


Figure 2


Figure 3



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        High proportion of terminally differentiated regulatory T cells after allogeneic hematopoietic stem cell transplantation
                                        
                                    

                                    
                                        Article
                                        
                                         04 March 2021
                                    

                                

                                Caroline Ritacco, Grégory Ehx, … Frédéric Baron

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        T-cell clones of uncertain significance are highly prevalent and show close resemblance to T-cell large granular lymphocytic leukemia. Implications for laboratory diagnostics
                                        
                                    

                                    
                                        Article
                                        
                                         13 May 2020
                                    

                                

                                Min Shi, Horatiu Olteanu, … Pedro Horna

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        CD70 expression determines the therapeutic efficacy of expanded human regulatory T cells
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 July 2020
                                    

                                

                                Rebeca Arroyo Hornero, Christos Georgiadis, … Joanna Hester

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Behringer D, Bertz H, Schmoor C et al. Quantitative lymphocyte subset reconstitution after allogeneic hematopoietic transplantation from matched related donors with CD34+ selected PBPC grafts unselected PBPC grafts or BM grafts. Bone Marrow Transplant 1999; 24: 295–302.
Article 
    CAS 
    
                    Google Scholar 
                

	Lowdell MW, Craston R, Ray N et al. The effect of T cell depletion with Campath-1M on immune reconstitution after chemotherapy and allogeneic bone marrow transplant as treatment for leukaemia. Bone Marrow Transplant 1998; 21: 679–686.
Article 
    CAS 
    
                    Google Scholar 
                

	Small TN, Papadopoulos EB, Boulad F et al. Comparison of immune reconstitution after unrelated and related T-cell depleted bone marrow transplantation: effect of patient age and donor leukocyte infusions. Blood 1999; 93: 467–480.
CAS 
    
                    Google Scholar 
                

	Storek J, Dawson MA, Storer B et al. Immune reconstitution after allogeneic marrow transplantation compared with blood stem cell transplantation. Blood 2001; 97: 3380–3389.
Article 
    CAS 
    
                    Google Scholar 
                

	Douek DC, McFarland RD, Keiser PH et al. Changes in thymic function with age and during the treatment of HIV infection. Nature 1998; 396: 690–695.
Article 
    CAS 
    
                    Google Scholar 
                

	Poulin JF, Viswanathan MN, Harris JM et al. Direct evidence for thymic function in adult humans. J Exp Med 1999; 190: 479–486.
Article 
    CAS 
    
                    Google Scholar 
                

	Jamieson BD, Douek DC, Killian S et al. Generation of functional thymocytes in the human adult. Immunity 1999; 10: 569–575.
Article 
    CAS 
    
                    Google Scholar 
                

	Douek DC, Vescio RA, Betts MR et al. Assessment of thymic output in adults after haematopoietic stem-cell transplantation and prediction of T-cell reconstitution. Lancet 2000; 355: 1875–1881.
Article 
    CAS 
    
                    Google Scholar 
                

	Patel DD, Gooding ME, Parrott RE et al. Thymic function after hematopoietic stem-cell transplantation for the treatment of severe combined immunodeficiency. N Engl J Med 2000; 342: 1325–1332.
Article 
    CAS 
    
                    Google Scholar 
                

	Weinberg K, Blazar BR, Wagner JE et al. Factors affecting thymic function after allogeneic hematopoietic stem cell transplantation. Blood 2001; 97: 1458–1466.
Article 
    CAS 
    
                    Google Scholar 
                

	Dumont-Girard F, Roux E, van Lier RA et al. Reconstitution of the T-cell compartment after bone marrow transplantation: restoration of the repertoire by thymic emigrants. Blood 1998; 92: 4464–4471.
CAS 
    
                    Google Scholar 
                

	Roux E, Dumont-Girard F, Starobinski M et al. Recovery of immune reactivity after T-cell-depleted bone marrow transplantation depends on thymic activity. Blood 2000; 96: 2299–2303.
CAS 
    
                    Google Scholar 
                

	Rothstein DM, Sohen S, Daley JF et al. CD4+CD45RA+ and CD4+CD45RA− T cell subsets in man maintain distinct function and CD45RA expression persists on a subpopulation of CD45RA+ cells after activation with Con A. Cell Immunol 1990; 129: 449–467.
Article 
    CAS 
    
                    Google Scholar 
                

	Jones RA, Richards SJ, Roberts BE et al. Phenotypic switch from CD45RA+ to CD45RA− by normal blood T cells is associated with increased HLA-ABC expression for CD4+ and CD8+ populations but not for the NK-associated CD4−CD8dim+ or CD4−CD8− fractions. Immunology 1990; 70: 55–60.
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wallace DL, Beverley PC . Phenotypic changes associated with activation of CD45RA+ and CD45RO+ T cells. Immunology 1990; 69: 460–467.
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Merkenschlager M, Beverley PC . Evidence for differential expression of CD45 isoforms by precursors for memory-dependent and independent cytotoxic responses: human CD8 memory CTLp selectively express CD45RO (UCHL1). Int J Immunol 1989; 1: 450–459.
Article 
    CAS 
    
                    Google Scholar 
                

	McFarland RD, Douek DC, Koup RA, Picker LJ . Identification of a human recent thymic emigrant phenotype. Proc Natl Acad Sci USA 2000; 97: 4215–4220.
Article 
    CAS 
    
                    Google Scholar 
                

	Sallusto F, Lenig D, Forster R et al. Two subsets of memory T lymphocytes with distinct homing potentials and effector functions. Nature 1999; 401: 708–712.
Article 
    CAS 
    
                    Google Scholar 
                

	Baars PA, Ribeiro Do Couto LM, Leusen JH et al. Cytolytic mechanisms and expression of activation-regulating receptors on effector-type CD8+CD45RA+CD27− human T cells. J Immunol 2000; 165: 1910–1917.
Article 
    CAS 
    
                    Google Scholar 
                

	Mackall CL, Fleisher TA, Brown MR et al. Age, thymopoiesis, and CD4+ T-lymphocyte regeneration after intensive chemotherapy. N Engl J Med 1995; 332: 143–149.
Article 
    CAS 
    
                    Google Scholar 
                

	Muller SM, Kohn T, Schulz AS et al. Similar pattern of thymic-dependent T-cell reconstitution in infants with severe combined immunodeficiency after human leukocyte antigen (HLA)-identical and HLA-nonidentical stem cell transplantation. Blood 2000; 96: 4344–4349.
CAS 
    PubMed 
    
                    Google Scholar 
                

	De Rosa SC, Herzenberg LA, Roederer M . 11-color, 13-parameter flow cytometry: identification of human naive T cells by phenotype, function, and T-cell receptor diversity. Nat Med 2001; 7: 245–248.
Article 
    CAS 
    
                    Google Scholar 
                

	Livak F, Schatz DG . T-cell receptor alpha locus V(D)J recombination by-products are abundant in thymocytes and mature T cells. Mol Cell Biol 1996; 16: 609–618.
Article 
    CAS 
    
                    Google Scholar 
                

	Hintzen RQ, de Jong, SM Lens et al. Regulation of CD27 expression on subsets of mature T-lymphocytes. J Immunol 1993; 151: 2426–2435.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hamann D, Baars PA, Hooibrink B, and van Lier RW . Heterogeneity of the human CD4+ T-cell population: two distinct CD4+ T-cell subsets characterized by coexpression of CD45RA and CD45RO isoforms. Blood 1996; 88: 3513–3521.
CAS 
    
                    Google Scholar 
                

	Hamann D, Baars PA, Rep MH et al. Phenotypic and functional separation of memory and effector human CD8+ T cells. J Exp Med 1997; 186: 1407–1418.
Article 
    CAS 
    
                    Google Scholar 
                

	Glucksberg H, Storb R, Fefer A et al. Clinical manifestations of graft-versus-host disease in human recipients of marrow from HLA-matched sibling donors. Transplantation 1974; 18: 295.
Article 
    CAS 
    
                    Google Scholar 
                

	Fallen PR, McGreavey L, Madrigal JA et al. Reconstitution of the T-cell compartment post allogeneic haematopoietic stem cell transplant. Bone Marrow Transplant (in press).

	Tanchot C, Lemonnier FA, Perarnau B et al. Differential requirements for survival and proliferation of CD8 naive or memory T cells. Science 1997; 276: 2057–2062.
Article 
    CAS 
    
                    Google Scholar 
                

	Goldrath AW, Bevan MJ . Low-affinity ligands for the TCR drive proliferation of mature CD8+ T cells in lymphopenic hosts. Immunity 1999; 11: 183–190.
Article 
    CAS 
    
                    Google Scholar 
                

	Ku CC, Murakami M, Sakamoto A et al. Control of homeostasis of CD8+ memory T cells by opposing cytokines. Science 2000; 288: 675–678.
Article 
    CAS 
    
                    Google Scholar 
                

	Mackall CL, Bare CV, Granger LA et al. Thymic-independent T cell regeneration occurs via antigen-driven expansion of peripheral T cells resulting in a repertoire that is limited in diversity and prone to skewing. J Immunol 1996; 156: 4609–4616.
CAS 
    
                    Google Scholar 
                

	Mackall CL, Fry TJ, Bare C et al. IL-7 increases both thymic-dependent and thymic-independent T-cell regeneration after bone marrow transplantation. Blood 2001; 97: 1491–1497.
Article 
    CAS 
    
                    Google Scholar 
                

	Hazenberg MD, Otto SA, Cohen Stuart JW et al. Increased cell division but not thymic dysfunction rapidly affects the T-cell receptor excision circle content of the naive T cell population in HIV-1 infection. Nat Med 2000; 6: 1036–1042.
Article 
    CAS 
    
                    Google Scholar 
                

	Hazenberg MD, Otto SA, de Pauw ES et al. T-cell receptor excision circle and T-cell dynamics after allogeneic stem cell transplantation are related to clinical events. Blood 2002; 99: 3449–3453.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We would like to acknowledge Daniel Douek for help and advice in optimising the TREC assay; Sarah Grace and the nursing staff of Crowley Ward for taking blood samples, without whose cooperation this project would not have been possible; and Rose Zamoyska and Brigitta Stockinger for critically reviewing this manuscript.


Author information
Author notes	P R Fallen
Present address: Department of Immunology, The Scripps Research Institute, La Jolla, CA, 92037, USA

	L McGreavey
Present address: Ninewells Hospital and Medical School, Biomedical Research Institute, Dundee, DD1 9SY, UK


Authors and Affiliations
	Anthony Nolan Research Institute, London, UK
P R Fallen, R F Duarte, L McGreavey, J A Madrigal & P J Travers

	Department of Haematology, Royal Free and University College Medical School, Hampstead, London, UK
R F Duarte, M Potter, M Ethell, H G Prentice, J A Madrigal & P J Travers


Authors	P R FallenView author publications
You can also search for this author in
                        PubMed Google Scholar



	R F DuarteView author publications
You can also search for this author in
                        PubMed Google Scholar



	L McGreaveyView author publications
You can also search for this author in
                        PubMed Google Scholar



	M PotterView author publications
You can also search for this author in
                        PubMed Google Scholar



	M EthellView author publications
You can also search for this author in
                        PubMed Google Scholar



	H G PrenticeView author publications
You can also search for this author in
                        PubMed Google Scholar



	J A MadrigalView author publications
You can also search for this author in
                        PubMed Google Scholar



	P J TraversView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                P J Travers.


Additional information
This work was supported by the Anthony Nolan Trust.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Fallen, P., Duarte, R., McGreavey, L. et al. Identification of non-naïve CD4+CD45RA+ T cell subsets in adult allogeneic haematopoietic cell transplant recipients.
                    Bone Marrow Transplant 32, 609–616 (2003). https://doi.org/10.1038/sj.bmt.1704185
Download citation
	Received: 19 February 2003

	Accepted: 15 April 2003

	Published: 03 September 2003

	Issue Date: 01 September 2003

	DOI: https://doi.org/10.1038/sj.bmt.1704185


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
                        


Keywords
	Naïve T cell
	thymus
	TREC
	haematopoiesis







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        The prevention and treatment of cytomegalovirus infection in haematopoietic stem cell transplantation
                                    
                                

                            
                                
                                    	Mark Tuthill
	Frederick Chen
	Alejandro Madrigal


                                
                                Cancer Immunology, Immunotherapy (2009)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors and Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                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


    





        
    
        
            

            
                
                    Bone Marrow Transplantation (Bone Marrow Transplant)
                
                
    
    
        ISSN 1476-5365 (online)
    
    


                
    
    
        ISSN 0268-3369 (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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    











    








