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            Abstract
To determine the role of allogeneic, autologous and syngeneic hemopoietic stem cell transplantation (SCTx) as a treatment for severe autoimmune disease (AID) we performed a literature search employing Medline, Cancer Lit and abstract books for reports on transplants for blood disorders and a concomitant AID. All reviews, case reports and abstracts available between June 1977 and September 2001 were used and attempts made to update them by e-mail by the corresponding authors. Disease-free survival (DFS) after allogeneic SCTx for 23 patients with severe aplastic anemia was 78% at 16 years and survival in unmaintained remission of concomitant AID was 64% at 13 years. DFS after allogeneic SCTx for 24 patients with hematologic malignancies was 87% at 15 years and survival in unmaintained remission for concomitant AID was 70% at 11 years. DFS after autologous SCTx for 24 patients with hematologic malignancies was 48% at 6 years and survival in unmaintained remission for concomitant AID was 29% at 3 years. Among 30 patients given allogeneic SCTx 19 developed graft-versus-host disease (GVHD) and 11 did not. Upon clinically justified discontinuation of all immunosuppressive therapy, 3/11 patients without GVHD relapsed with their concomitant AID (freedom of AID-relapse 69% at 9 years), whereas none of 19 patients with GVHD did so (log rank: P = 0.0135). Freedom of AID-relapse was superior after allo SCTx compared to autologous SCTx (89% at 18 years vs38% at 5 years; log rank: P = 0.0002). Our data suggest that a graft-versus-autoimmunity effect after allogeneic hemopoietic SCTx mediates elimination of autoimmunity.




            
                
                    

    
        
            
                
                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[image: ]


Figure 2[image: ]


Figure 3[image: ]


Figure 4[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        New autoimmune diseases after autologous hematopoietic stem cell transplantation for multiple sclerosis
                                        
                                    

                                    
                                        Article
                                        
                                         28 April 2021
                                    

                                

                                Richard K. Burt, Paolo A. Muraro, â€¦ Joachim Burman

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Hematopoietic stem cell transplantation and cellular therapies for autoimmune diseases: overview and future considerations from the Autoimmune Diseases Working Party (ADWP) of the European Society for Blood and Marrow Transplantation (EBMT)
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 May 2022
                                    

                                

                                Tobias Alexander & Raffaella Greco

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        â€œIncidence and significance of donor-specific antibodies in haploidentical stem cell transplantationâ€�
                                        
                                    

                                    
                                        Article
                                        
                                         23 March 2023
                                    

                                

                                Majed Altareb, Moheeb Al-Awwami, â€¦ Riad El Fakih

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	van Bekkum DW . BMT in experimental autoimmune disease Bone Marrow Transplant 1993 11: 183 187
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	van Gelder M, Kinwel-Bohre EPM, van Bekkum DW . Treatment of experimental allergic encephalomyelitis in rats with total body irradiation and syngeneic BMT Bone Marrow Transplant 1993 11: 233 241
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wicker LS, Miller BJ, Chai A et al. Expression of genetically determined diabetes and insulitis in the nonobese diabetic (NOD) mouse at the level of bone marrow-derived cells J Exp Med 1988 167: 1801 1810
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Marmont AM . Stem cell transplantation for severe autoimmune disorders, with special reference to rheumatic diseases J Rheumatol 1997 24:: (Suppl. 48) 13 18

                    Google ScholarÂ 
                

	Ikehara S . Treatment of autoimmune diseases by hemopoietic stem cell transplantation Exp Hematol 2001 29: 661 669
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jarvinen P, Aho K . Twin studies in rheumatic diseases Semin Arthritis Rheum 1994 24: 19 28
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Slavin S, Nagler A, Varadi G et al. Graft vs autoimmunity following allogeneic non-myeloablative blood stem cell transplantation in a patient with chronic myelogenous leukemia and severe systemic psoriasis and psoriatic polyarthritis Exp Hematol 2000 28: 853 857
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Marmont AM . Lupus: tinkering with haemopoietic stem cells Lupus 2001 10: 769 774
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Marmont AM . Immunoablation followed or not by haemopoietic stem cells as an intense therapy for severe autoimmune diseases. New perspectives, new problems Haematologica 2001 86: 337 345
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Baldwin JL, Storb R, Thomas ED et al. Bone marrow transplantation in patients with gold-induced marrow aplasia Arthritis Rheum 1977 20: 1043 1048
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jacobs P, Vincent MD, Martell RW . Prolonged remission of severe refractory rheumatoid arthritis following allogeneic bone marrow transplantation for drug-induced aplastic anaemia Bone Marrow Transplant 1986 1: 237 239
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lowenthal RM, Cohen ML, Atkinson K et al. Apparent cure of rheumatoid arthritis by bone marrow transplantation J Rheumatol 1993 20: 137 140
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Snowden JA, Kearney P, Kearney A et al. Long-term outcome of autoimmune disease following allogeneic bone marrow transplantation Arthritis Rheum 1998 41: 453 459
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	McKendry RJR, Huebsch L, Leclair B . Progression of rheumatoid arthritis following bone marrow transplantation. A case report with a 13 year follow-up Arthritis Rheum 1996 39: 1246 1253
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Masszi T, Remenyi P, Fekete S . Successful treatment of psoriasis by allogeneic bone marrow transplantation in a severe aplastic anemia patient Bone Marrow Transplant 1997 19: (Suppl. 1) 818

                    Google ScholarÂ 
                

	Nelson JL, Torrez R, Louie FM et al. Pre-existing autoimmune disease in patients with longterm survival after allogeneic bone marrow transplantation J Rheumatol 1997 24: (Suppl. 48) 23 29

                    Google ScholarÂ 
                

	Cetkovsky P, Koza V, Cetkovska P et al. Successful treatment of severe Shulman's syndrome by allogeneic bone marrow transplantation Bone Marrow Transplant 1998 21: 637 639
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kim SW, Rice L, Champlin R et al. Aplastic anemia in eosinophilic fasciitis: responses to immunosuppression and marrow transplantation Haematologia 1997 28: 131 137
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yokota A, Hukazawa M, Nakaseko C et al. Resolution of psoriasis vulgaris following allogeneic bone marrow transplantation for aplastic anemia Rinsho Ketsueki 1996 37: 35 39
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Diez S, Banias H, Diez-Martin JL et al. Apparent cure of Graves-Basedow disease after sibling allogeneic bone marrow transplantation Clin Endocrinol 1999 50: 267 270
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gur-Lavi M . Long-term remission with allogeneic bone marrow transplantation in systemic lupus erythematosus Arthritis Rheum 1999 42: 1777 1778
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lee WY, Oh ES, Min CK et al. Changes in autoimmune thyroid disease following allogeneic bone marrow transplantation Bone Marrow Transplant 2001 28: 63 66
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lopez-Cubero SO, Sullivan KM, McDonald GB . Course of Crohn's disease after allogeneic marrow transplantation Gastroenterology 1998 114: 433 440
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Talbot DC, Montes A, Teh WL et al. Remission of Crohn's disease following allogeneic bone marrow transplant for acute leukaemia Hosp Med 1998 59: 580 581
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Eedy DJ, Burrows D, Bridges JM et al. Clearance of severe psoriasis after allogenic bone marrow transplantation Br Med J 1990 300: 908
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Liu Yin JA, Jowitt SN . Resolution of immune-mediated diseases following allogeneic bone marrow transplantation for leukaemia Bone Marrow Transplant 1992 9: 31 33

                    Google ScholarÂ 
                

	Burt RK, Burns W, Hess A . Bone marrow transplantation for multiple sclerosis Bone Marrow Transplant 1995 16: 1 6
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Vento S, Cainelli F, Renzini C et al. Resolution of autoimmune hepatitis after bone marrow transplantation Lancet 1996 348: 544 545
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	McAllister LD, Beatty PG, Rose J . Allogeneic bone marrow transplant for chronic myelogenous leukemia in a patient with multiple sclerosis Bone Marrow Transplant 1997 19: 395 397
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Brinch L, Evensen SA, Tjonnfjord GE et al. Long term remission of Crohn's disease after AML treatment and allogeneic marrow transplantation Bone Marrow Transplant 1997 19: (Suppl. 1) 820

                    Google ScholarÂ 
                

	Kishimoto Y, Yamamoto Y, Ito T et al. Transfer of autoimmune thyroiditis and resolution of palmoplantar pustular psoriasis following allogeneic bone marrow transplantation Bone Marrow Transplant 1997 19: 1041 1043
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Adkins DR, Abidi MH, Brown RA et al. Resolution of psoriasis after allogeneic bone marrow transplantation for chronic myelogenous leukemia: late complications of therapy Bone Marrow Transplant 2000 26: 1239 1241
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Slavin S, Nagler A, Varadi G et al. Graft-vs-autoimmunity following non myeloablative blood stem cell transplantation in a patient with chronic myelogenous leukemia and severe systemic psoriasis and psoriatic polyarthritis Exp Hematol 2000 28: 853 857
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mandalfino P, Rice G, Smith A et al. Bone marrow transplantation in multiple sclerosis J Neurol 2000 247: 691 695
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Euler HH, Marmont AM, Bacigalupo A et al. Early recurrence or persistence of autoimmune disease after unmanipulated autologous stem cell transplantation Blood 1996 88: 3621 3625
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Salzman D, Tami J, Jackson C et al. Clinical remission of myastenia gravis in a patient after high dose therapy and autologous transplantation with CD34+ stem cells Blood 1994 84: (Suppl. 1) 206a

                    Google ScholarÂ 
                

	Cooley HM, Snowden JA, Grigg AG et al. Outcome of rheumatoid arthritis and psoriasis following autologous stem cell transplantation for hematologic malignancy Arthritis Rheum 1997 40: 1712 1715
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Snowden JA, Patton WN, O'Donnell JL et al. Prolonged remission of longstanding systemic lupus erythematosus after autologous bone marrow transplant for non-Hodgkin's lymphoma Bone Marrow Transplant 1997 19: 1247 1250
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schinco PC, Tamponi G, Montarulli B et al. Low antibody response in a hemophiliac with natural anti-VIII: C inhibitors treated with HDS and autograft for a concomitant non-Hodgkin's lymphoma Bone Marrow Transplant 1998 21: (Suppl. 1) A186

                    Google ScholarÂ 
                

	Rosler W, Manger B, Repp R et al. Autologous PBPCT in a patient with lymphoma and SjÃ¶gren's syndrome: complete remission of lymphoma without control of the autoimmune disease Bone Marrow Transplant 1998 22: 211 213
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schachna L, Ryan PF, Schwarer AP . Malignancy-associated remission of systemic lupus erythematosus maintained by autologous peripheral blood stem cell transplantation Arthritis Rheum 1998 41: 2271 2272
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Meloni G, Capria S, Vignetti M et al. Blast crisis of chronic myelogenous leukemia in long-lasting systemic lupus erythematosus: regression of both diseases after autologous bone marrow transplantation Blood 1997 89: 4659
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jindra P, Koza V, Fiser J et al. Autologous CD34+ cell transplantation after FAMP treatment in a patient with CLL and persisting AIHA: complete remission of lymphoma with control of autoimmune complications Bone Marrow Transplant 1999 24: 215 217
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Musso M, Porretto F, Crescimanno A et al. Crohn's disease complicated by relapsed extranodal Hodgkin's lymphoma: prolonged complete remission after unmanipulated PBPC autotransplant Bone Marrow Transplant 2000 26: 921 923
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Caspi O, Polliack A, Klar R et al. The association of inflammatory bowel disease and leukemia â€“ coincidence or not? Leuk Lymphoma 1995 17: 255 262
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Drakos PE, Nagler A, Or R . Case of Crohn's disease in bone marrow transplantation Am J Hematol 1993 43: 157 158
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kashyap A, Forman SJ . Autologous bone marrow transplantation for non-Hodgkin's lymphoma resulting in long-term remission of coincidental Crohn's disease Br J Haematol 1998 103: 651 652
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Meloni G, Capria S, Salvetti M et al. Autologous peripheral blood stem cell transplantation in a patient with multiple sclerosis and concomitant Ph+ acute leukemia Haematologica 1999 84: 665 667
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jondeau K, Job-Deslandre C, Bouscary D et al. Remission of nonerosive polyarthritis associated with SjÃ¶gren's syndrome after autologous hematopoietic stem cell transplantation for lymphoma J Rheumatol 1997 24: 2466 2468
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jantunen E, Myllykangas-Luosujarvi R, Kaipiainen-Seppanen O et al. Autologous stem cell transplantation in a lymphoma patient with a long history of ankylosing spondylitis Rheumatology (Oxford) 2000 39: 563 564
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ferraccioli G, Damato R, De Vita S et al. Haematopoietic stem cell transplantation in a patients with SjÃ¶gren's syndrome and lung malt lymphoma cured lymphoma not the autoimmune disease Ann Rheum Dis 2001 60: 174 176
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Euler HH . A preliminary definition of the term â€˜cureâ€™ as applied to systemic lupus erythematosus Arthritis Rheum 1999 42: 1552
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schranz DB, Lenmark A . Immunology in diabetes: an update Diabetes Metab Rev 1998 14: 3 29
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Li H, Kaufman CL, Boggs SS et al. Mixed allogeneic chimerism induced by a sublethal approach prevents autoimmune diabetes and reverses insulitis in nonobese diabetic (NOD) mice J Immunol 1996 156: 380 387
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Seung E, Iwakosh N, Woda BA et al. Allogeneic hematopoietic chimerism in mice treated with sublethal myeloablation and anti-CD154 antibody: absence of graft-versus-host disease, induction of skin allograft tolerance and prevention of recurrent autoimmunity in islet-allografted NOD/Lt mice Blood 2000 95: 2175 2387
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	McSweeny PA, Niederwieser D, Shizuru JA et al. Hematopoietic cell transplantation in older patients with hematologic malignancies: replacing high dose cytotoxic therapy with graft versus tumor effects Blood 2001 97: 3390 3400
ArticleÂ 
    
                    Google ScholarÂ 
                

	McColl G, Kohsaka H, Szer J et al. High-dose chemotherapy and syngeneic hemopoietic stem-cell transplantation for severe, seronegative rheumatoid Ann Intern Med 1999 131: 507 509
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hinterberger W, Rowlings PA, Hinterberger-Fischer M et al. Results of transplanting bone marrow from genetically identical twins into patients with aplastic anemia Ann Intern Med 1997 126: 116 122
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Young NS . Hematopoietic cell destruction by immune mechanisms in acquired aplastic anemia Semin Hematol 2000 37: 3 14
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank all the authors, who responded to our follow-up requests. This paper was supported by the Ludwig Boltzmann Institute for Stem Cell Transplantation, Donauspital, Vienna, Austria.


Author information
Authors and Affiliations
	2nd Department of Internal Medicine, Donauspital, and Ludwig Boltzmann Institute for Stem Cell Transplantation, Vienna, Austria
W HinterbergerÂ &Â M Hinterberger-Fischer

	Division of Hematology and Stem Cell Transplantation, S Martino's Hospital, Genova, Italy
A Marmont


Authors	W HinterbergerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M Hinterberger-FischerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A MarmontView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Hinterberger, W., Hinterberger-Fischer, M. & Marmont, A. Clinically demonstrable anti-autoimmunity mediated by allogeneic immune cells favorably affects outcome after stem cell transplantation in human autoimmune diseases.
                    Bone Marrow Transplant 30, 753â€“759 (2002). https://doi.org/10.1038/sj.bmt.1703686
Download citation
	Received: 21 January 2002

	Accepted: 01 June 2002

	Published: 14 November 2002

	Issue Date: 01 December 2002

	DOI: https://doi.org/10.1038/sj.bmt.1703686


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
	hemopoietic stem cell transplantation
	autoimmune disease
	graft-versus-autoimmunity







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Psoriasis in the transplant population
                                    
                                

                            
                                
                                    	Nathanael C. Jensen
	Jacob Robins
	Luke Johnson


                                
                                Archives of Dermatological Research (2022)

                            
	
                            
                                
                                    
                                        Curability and transferability of atopy with allogeneic hematopoietic cell transplantation
                                    
                                

                            
                                
                                    	Sarah Whiteside
	Alex Chin
	Jan Storek


                                
                                Bone Marrow Transplantation (2020)

                            
	
                            
                                
                                    
                                        Small molecule inhibitor of TGF-Î² signaling enables robust osteogenesis of autologous GMSCs to successfully repair minipig severe maxillofacial bone defects
                                    
                                

                            
                                
                                    	Anyuan Shi
	Aerali Heinayati
	Haiyan Qin


                                
                                Stem Cell Research & Therapy (2019)

                            
	
                            
                                
                                    
                                        Autologous haematopoietic stem cell transplantation for treatment of multiple sclerosis
                                    
                                

                            
                                
                                    	Paolo A. Muraro
	Roland Martin
	Riccardo Saccardi


                                
                                Nature Reviews Neurology (2017)

                            
	
                            
                                
                                    
                                        Allogene hÃ¤matopoetische Stammzelltransplantation
                                    
                                

                            
                                
                                    	S. Wirths
	W. Bethge
	J. C. Henes


                                
                                Zeitschrift fÃ¼r Rheumatologie (2016)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
