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            Abstract
Induced pluripotent stem (iPS) cells have been generated from mouse and human somatic cells by ectopic expression of four transcription factors (OCT4 (also called POU5F1), SOX2, c-Myc and KLF4)1,2,3,4,5,6,7. We previously reported that Oct4 alone is sufficient to reprogram directly adult mouse neural stem cells to iPS cells8. Here we report the generation of one-factor human iPS cells from human fetal neural stem cells (one-factor (1F) human NiPS cells) by ectopic expression of OCT4 alone. One-factor human NiPS cells resemble human embryonic stem cells in global gene expression profiles, epigenetic status, as well as pluripotency in vitro and in vivo. These findings demonstrate that the transcription factor OCT4 is sufficient to reprogram human neural stem cells to pluripotency. One-factor iPS cell generation will advance the field further towards understanding reprogramming and generating patient-specific pluripotent stem cells.
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                    Figure 1: 
                        1F human NSC-derived iPS cell colony formation and cell line characterization.
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Figure 2: 
                        Expression levels of pluripotent markers and DNA methylation analysis in human NSC-derived iPS cells.
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Figure 3: 
                        In vitro
                         differentiation of human NSC-derived iPS cells into all three germ layers.
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Figure 4: 
                        In vivo
                         pluripotency and global gene expression profile of human NSC-derived iPS cells.
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                The microarray data sets are available from GEO (Gene Expression Omnibus) under accession number GSE15355. Human NiPS cells are in the process of being deposited in the UK Stem Cell Bank.

              
            

References
	Takahashi, K. & Yamanaka, S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors. Cell 126, 663–676 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	Okita, K., Ichisaka, T. & Yamanaka, S. Generation of germline-competent induced pluripotent stem cells. Nature 448, 313–317 (2007)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Wernig, M. et al. In vitro reprogramming of fibroblasts into a pluripotent ES-cell-like state. Nature 448, 318–324 (2007)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Takahashi, K. et al. Induction of pluripotent stem cells from adult human fibroblasts by defined factors. Cell 131, 861–872 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Yu, J. et al. Induced pluripotent stem cell lines derived from human somatic cells. Science 318, 1917–1920 (2007)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Park, I. H. et al. Reprogramming of human somatic cells to pluripotency with defined factors. Nature 451, 141–146 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Lowry, W. E. et al. Generation of human induced pluripotent stem cells from dermal fibroblasts. Proc. Natl Acad. Sci. USA 105, 2883–2888 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Kim, J. B. et al. Oct4-induced pluripotency in adult neural stem cells. Cell 136, 411–419 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Maherali, N. et al. Directly reprogrammed fibroblasts show global epigenetic remodeling and widespread tissue contribution. Cell Stem Cell 1, 55–70 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Dimos, J. T. et al. Induced pluripotent stem cells generated from patients with ALS can be differentiated into motor neurons. Science 321, 1218–1221 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Nakagawa, M. et al. Generation of induced pluripotent stem cells without Myc from mouse and human fibroblasts. Nature Biotechnol. 26, 101–106 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Aoi, T. et al. Generation of pluripotent stem cells from adult mouse liver and stomach cells. Science 321, 699–702 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Wernig, M., Meissner, A., Cassady, J. P. & Jaenisch, R. c-Myc is dispensable for direct reprogramming of mouse fibroblasts. Cell Stem Cell 2, 10–12 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Huangfu, D. et al. Induction of pluripotent stem cells from primary human fibroblasts with only Oct4 and Sox2 . Nature Biotechnol. 26, 1269–1275 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Kim, J. B. et al. Pluripotent stem cells induced from adult neural stem cells by reprogramming with two factors. Nature 454, 646–650 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Park, K. I., Teng, Y. D. & Snyder, E. Y. The injured brain interacts reciprocally with neural stem cells supported by scaffolds to reconstitute lost tissue. Nature Biotechnol. 20, 1111–1117 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	Kim, H. T. et al. Human neurospheres derived from the fetal central nervous system are regionally and temporally specified but are not committed. Exp. Neurol. 199, 222–235 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	Ramalho-Santos, M., Yoon, S., Matsuzaki, Y., Mulligan, R. C. & Melton, D. A. “Stemness”: transcriptional profiling of embryonic and adult stem cells. Science 298, 597–600 (2002)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Shi, Y. et al. A combined chemical and genetic approach for the generation of induced pluripotent stem cells. Cell Stem Cell 2, 525–528 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Kim, D. et al. Generation of human induced pluripotent stem cells by direct delivery of reprogramming proteins. Cell Stem Cell 4, 472–476 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Seo, B. M. et al. Investigation of multipotent postnatal stem cells from human periodontal ligament. Lancet 364, 149–155 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Widera, D. et al. Adult palatum as a novel source of neural-crest related stem cells. Stem Cells 27, 1899–1910 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Zaehres, H. & Daley, G. Q. Transgene expression and RNA interference in embryonic stem cells. Methods Enzymol. 420, 49–64 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	Thomson, J. A. et al. Embryonic stem cell lines derived from human blastocysts. Science 282, 1145–1147 (1998)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Aasen, T. et al. Efficient and rapid generation of induced pluripotent stem cells from human keratinocytes. Nature Biotechnol. 26, 1276–1284 (2008)
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank B. Schäfer for histology, T. Kitamura for the pMX retroviral vector and A. Malapetsas and S. Kölsch for editing. This work has been supported, in part, by a grant from the German Federal Ministry of Education and Research BMBF 01GN0811 and in part by a grant by the Deutsche Forschungsgemeinschaft DFG SCHO 340/4-1.
Author Contributions J.B.K., project design, generation and characterization of iPS cells, preparation of manuscript; B.G., M.J.A.-B., J.M., characterization of iPS cells; K.I.P., providing human NSCs; H.Z., project design, generation of iPS cells, preparation of manuscript; H.R.S., project design, preparation of manuscript.


Author information
Authors and Affiliations
	Department of Cell and Developmental Biology, Max Planck Institute for Molecular Biomedicine, Röntgenstrasse 20, 48149 Münster, NRW, Germany, 
Jeong Beom Kim, Boris Greber, Marcos J. Araúzo-Bravo, Holm Zaehres & Hans R. Schöler

	Department of Experimental Hematology, Hannover Medical School, Carl-Neuberg-Strasse 1, 30625 Hannover, Germany, 
Johann Meyer

	Department of Pediatrics, BK21 Project for Medical Sciences, Yonsei University College of Medicine, 250 Seongsanno, Seodaemoon-gu, Seoul 120-752, Korea, 
Kook In Park


Authors	Jeong Beom KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Boris GreberView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marcos J. Araúzo-BravoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Johann MeyerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kook In ParkView author publications
You can also search for this author in
                        PubMed Google Scholar



	Holm ZaehresView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hans R. SchölerView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hans R. Schöler.


Supplementary information

Supplementary Information
This file contains Supplementary Methods, Supplementary Tables 1-2 and Supplementary Figures 1-8 with Legends. (PDF 4717 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Kim, J., Greber, B., Araúzo-Bravo, M. et al. Direct reprogramming of human neural stem cells by OCT4.
                    Nature 461, 649–653 (2009). https://doi.org/10.1038/nature08436
Download citation
	Received: 02 April 2009

	Accepted: 21 August 2009

	Published: 28 August 2009

	Issue Date: 01 October 2009

	DOI: https://doi.org/10.1038/nature08436


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

                
                    	
                            
                                
                                    
                                        Mechanisms, pathways and strategies for rejuvenation through epigenetic reprogramming
                                    
                                

                            
                                
                                    	Andrea Cipriano
	Mahdi Moqri
	Vittorio Sebastiano


                                
                                Nature Aging (2023)

                            
	
                            
                                
                                    
                                        Boldine promotes stemness of human urine-derived stem cells by activating the Wnt/β-catenin signaling pathway
                                    
                                

                            
                                
                                    	Yinggu Qiao
	Liangliang Shen
	Zhenxiao Sun


                                
                                Molecular and Cellular Biochemistry (2023)

                            
	
                            
                                
                                    
                                        Cellular direct conversion by cell penetrable OCT4-30Kc19 protein and BMP4 growth factor
                                    
                                

                            
                                
                                    	Seung Hyun L. Kim
	Sungwoo Cho
	Nathaniel S. Hwang


                                
                                Biomaterials Research (2022)

                            
	
                            
                                
                                    
                                        Advances in RNA Viral Vector Technology to Reprogram Somatic Cells: The Paramyxovirus Wave
                                    
                                

                            
                                
                                    	Brenna Sharp
	Ramya Rallabandi
	Patricia Devaux


                                
                                Molecular Diagnosis & Therapy (2022)

                            
	
                            
                                
                                    
                                        Biological importance of OCT transcription factors in reprogramming and development
                                    
                                

                            
                                
                                    	Kee-Pyo Kim
	Dong Wook Han
	Hans R. Schöler


                                
                                Experimental & Molecular Medicine (2021)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Human iPS cells made simpler
Earlier this year Hans Schöler's group reported that a single transcription factor, OCT4, was sufficient to reprogram mouse adult neural stem cells to pluripotency, making them capable of producing virtually any cell type in the right conditions. This was a striking simplification of the process — OCT4 was just one of four factors used in the early (2006/7) and classic work on producing iPS (induced pluripotent stem) cells. Now Schöler and colleagues show that OCT4 alone can also generate iPS cells from human neural stem cells.
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