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            Abstract
We observed that CCAAT/enhancer-binding protein (C/EBP)α is highly inducible in primary fibroblasts by DNA-damaging agents that induce strand breaks, alkylate and crosslink DNA as well as those that produce bulky DNA lesions. Fibroblasts deficient in C/EBPα (C/EBPα−/−) display an impaired G1 checkpoint as evidenced by an inappropriate entry into the S-phase in response to DNA damage, and these cells also display an enhanced G1/S transition in response to mitogens. The induction of C/EBPα by DNA damage in fibroblasts does not require p53. Electrophoretic mobility shift assay (EMSA) analysis of nuclear extracts prepared from ultraviolet B (UVB)- and N-methyl-N′-nitro-N-nitrosoguanidine (MNNG)-treated fibroblasts showed increased binding of C/EBPβ to a C/EBP consensus sequence and chromatin immunoprecipitation (ChIP) analysis also showed increased C/EBPβ binding to the C/EBPα promoter. To determine whether C/EBPβ has a function in the regulation of C/EBPα, we treated C/EBPβ−/− fibroblasts with UVB or MNNG. We observed that C/EBPα induction was impaired in both UVB- and MNNG-treated C/EBPβ−/− fibroblasts. Our study shows a novel function for C/EBPβ in the regulation of C/EBPα in response to DNA damage and provides definitive genetic evidence that C/EBPα has a critical role in the DNA damage G1 checkpoint.




            
                
                    

    
        
            
                
                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 50 print issues and online access
$259.00 per year
only $5.18 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


Figure 4


Figure 5



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        JMJD6 modulates DNA damage response through downregulating H4K16ac independently of its enzymatic activity
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 July 2019
                                    

                                

                                Dawei Huo, Hao Chen, … Chenghao Xuan

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Signal-induced enhancer activation requires Ku70 to read topoisomerase1–DNA covalent complexes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 February 2023
                                    

                                

                                Yuliang Tan, Lu Yao, … Michael G. Rosenfeld

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        E2F1 acetylation directs p300/CBP-mediated histone acetylation at DNA double-strand breaks to facilitate repair
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 October 2019
                                    

                                

                                Swarnalatha Manickavinayaham, Renier Vélez-Cruz, … David G. Johnson

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Akira S, Isshiki H, Sugita T, Tanabe O, Kinoshita S, Nishio Y et al. (1990). A nuclear factor for IL-6 expression (NF-IL6) is a member of a C/EBP family. EMBO J 9: 1897–1906.
Article 
    CAS 
    
                    Google Scholar 
                

	Basseres DS, Levantini E, Ji H, Monti S, Elf S, Dayaram T et al. (2006). Respiratory failure due to differentiation arrest and expansion of alveolar cells following lung-specific loss of the transcription factor C/EBPalpha in mice. Mol Cell Biol 26: 1109–1123.
Article 
    CAS 
    
                    Google Scholar 
                

	Bennett KL, Hackanson B, Smith LT, Morrison CD, Lang JC, Schuller DE et al. (2007). Tumor suppressor activity of CCAAT/enhancer binding protein alpha is epigenetically down-regulated in head and neck squamous cell carcinoma. Cancer Res 67: 4657–4664.
Article 
    CAS 
    
                    Google Scholar 
                

	Berberich-Siebelt F, Berberich I, Andrulis M, Santner-Nanan B, Jha MK, Klein-Hessling S et al. (2006). SUMOylation interferes with CCAAT/enhancer-binding protein beta-mediated c-myc repression, but not IL-4 activation in T cells. J Immunol 176: 4843–4851.
Article 
    CAS 
    
                    Google Scholar 
                

	Cesena TI, Cardinaux JR, Kwok R, Schwartz J . (2007). CCAAT/enhancer-binding protein (C/EBP) beta is acetylated at multiple lysines: acetylation of C/EBPbeta at lysine 39 modulates its ability to activate transcription. J Biol Chem 282: 956–967.
Article 
    CAS 
    
                    Google Scholar 
                

	Cesena TI, Cui TX, Subramanian L, Fulton CT, Iniguez-Lluhi JA, Kwok RP et al. (2008). Acetylation and deacetylation regulate CCAAT/enhancer binding protein beta at K39 in mediating gene transcription. Mol Cell Endocrinol 289: 94–101.
Article 
    CAS 
    
                    Google Scholar 
                

	Chen PL, Riley DJ, Chen Y, Lee WH . (1996). Retinoblastoma protein positively regulates terminal adipocyte differentiation through direct interaction with C/EBPs. Genes Dev 10: 2794–2804.
Article 
    CAS 
    
                    Google Scholar 
                

	Christy RJ, Kaestner KH, Geiman DE, Lane MD . (1991). CCAAT/enhancer binding protein gene promoter: binding of nuclear factors during differentiation of 3T3-L1 preadipocytes. Proc Natl Acad Sci USA 88: 2593–2597.
Article 
    CAS 
    
                    Google Scholar 
                

	Darlington GJ, Ross SE, MacDougald OA . (1998). The role of C/EBP genes in adipocyte differentiation. J Biol Chem 273: 30057–30060.
Article 
    CAS 
    
                    Google Scholar 
                

	Diehl AM, Johns DC, Yang S, Lin H, Yin M, Matelis LA et al. (1996). Adenovirus-mediated transfer of CCAAT/enhancer-binding protein-alpha identifies a dominant antiproliferative role for this isoform in hepatocytes. J Biol Chem 271: 7343–7350.
Article 
    CAS 
    
                    Google Scholar 
                

	Dlugosz AA, Glick AB, Tennenbaum T, Weinberg WC, Yuspa SH . (1995). Isolation and utilization of epidermal keratinocytes for oncogene research. Methods Enzymol 254: 3–20.
Article 
    CAS 
    
                    Google Scholar 
                

	Drouet C, Shakhov AN, Jongeneel CV . (1991). Enhancers and transcription factors controlling the inducibility of the tumor necrosis factor-alpha promoter in primary macrophages. J Immunol 147: 1694–1700.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Eaton EM, Sealy L . (2003). Modification of CCAAT/enhancer-binding protein-beta by the small ubiquitin-like modifier (SUMO) family members, SUMO-2 and SUMO-3. J Biol Chem 278: 33416–33421.
Article 
    CAS 
    
                    Google Scholar 
                

	Ewing SJ, Zhu S, Zhu F, House JS, Smart RC . (2008). C/EBPbeta represses p53 to promote cell survival downstream of DNA damage independent of oncogenic Ras and p19(Arf). Cell Death Differ 15: 1734–1744.
Article 
    CAS 
    
                    Google Scholar 
                

	Gery S, Tanosaki S, Bose S, Bose N, Vadgama J, Koeffler HP . (2005). Down-regulation and growth inhibitory role of C/EBPalpha in breast cancer. Clin Cancer Res 11: 3184–3190.
Article 
    CAS 
    
                    Google Scholar 
                

	Gombart AF, Hofmann WK, Kawano S, Takeuchi S, Krug U, Kwok SH et al. (2002). Mutations in the gene encoding the transcription factor CCAAT/enhancer binding protein alpha in myelodysplastic syndromes and acute myeloid leukemias. Blood 99: 1332–1340.
Article 
    CAS 
    
                    Google Scholar 
                

	Halmos B, Huettner CS, Kocher O, Ferenczi K, Karp DD, Tenen DG . (2002). Down-regulation and antiproliferative role of C/EBPalpha in lung cancer. Cancer Res 62: 528–534.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hendricks-Taylor LR, Darlington GJ . (1995). Inhibition of cell proliferation by C/EBP alpha occurs in many cell types, does not require the presence of p53 or Rb, and is not affected by large T-antigen. Nucleic Acids Res 23: 4726–4733.
Article 
    CAS 
    
                    Google Scholar 
                

	Hennings H, Michael D, Cheng C, Steinert P, Holbrook K, Yuspa SH . (1980). Calcium regulation of growth and differentiation of mouse epidermal cells in culture. Cell 19: 245–254.
Article 
    CAS 
    
                    Google Scholar 
                

	Hulla JE, French JE, Dunnick JK . (2001). Chromosome 11 allelotypes reflect a mechanism of chemical carcinogenesis in heterozygous p53-deficient mice. Carcinogenesis 22: 89–98.
Article 
    CAS 
    
                    Google Scholar 
                

	Ishikawa K, Ishii H, Saito T . (2006). DNA damage-dependent cell cycle checkpoints and genomic stability. DNA Cell Biol 25: 406–411.
Article 
    CAS 
    
                    Google Scholar 
                

	Johnson PF . (2005). Molecular stop signs: regulation of cell-cycle arrest by C/EBP transcription factors. J Cell Sci 118: 2545–2555.
Article 
    CAS 
    
                    Google Scholar 
                

	Kastan MB, Bartek J . (2004). Cell-cycle checkpoints and cancer. Nature 432: 316–323.
Article 
    CAS 
    
                    Google Scholar 
                

	Kim J, Cantwell CA, Johnson PF, Pfarr CM, Williams SC . (2002). Transcriptional activity of CCAAT/enhancer-binding proteins is controlled by a conserved inhibitory domain that is a target for sumoylation. J Biol Chem 277: 38037–38044.
Article 
    CAS 
    
                    Google Scholar 
                

	Kowenz-Leutz E, Twamley G, Ansieau S, Leutz A . (1994). Novel mechanism of C/EBP beta (NF-M) transcriptional control: activation through derepression. Genes Dev 8: 2781–2791.
Article 
    CAS 
    
                    Google Scholar 
                

	Lee YH, Sauer B, Johnson PF, Gonzalez FJ . (1997). Disruption of the c/ebp alpha gene in adult mouse liver. Mol Cell Biol 17: 6014–6022.
Article 
    CAS 
    
                    Google Scholar 
                

	Lin FT, Lane MD . (1994). CCAAT/enhancer binding protein alpha is sufficient to initiate the 3T3-L1 adipocyte differentiation program. Proc Natl Acad Sci USA 91: 8757–8761.
Article 
    CAS 
    
                    Google Scholar 
                

	Loomis KD, Zhu S, Yoon K, Johnson PF, Smart RC . (2007). Genetic ablation of CCAAT/enhancer binding protein alpha in epidermis reveals its role in suppression of epithelial tumorigenesis. Cancer Res 67: 6768–6776.
Article 
    CAS 
    
                    Google Scholar 
                

	Mo X, Kowenz-Leutz E, Xu H, Leutz A . (2004). Ras induces mediator complex exchange on C/EBP beta. Mol Cell 13: 241–250.
Article 
    CAS 
    
                    Google Scholar 
                

	Mukaida N, Mahe Y, Matsushima K . (1990). Cooperative interaction of nuclear factor-kappa B- and cis-regulatory enhancer binding protein-like factor binding elements in activating the interleukin-8 gene by pro-inflammatory cytokines. J Biol Chem 265: 21128–21133.
CAS 
    
                    Google Scholar 
                

	Muller C, Calkhoven CF, Sha X, Leutz A . (2004). The CCAAT enhancer-binding protein alpha (C/EBPalpha) requires a SWI/SNF complex for proliferation arrest. J Biol Chem 279: 7353–7358.
Article 
    
                    Google Scholar 
                

	Oh HS, Smart RC . (1998). Expression of CCAAT/enhancer binding proteins (C/EBP) is associated with squamous differentiation in epidermis and isolated primary keratinocytes and is altered in skin neoplasms. J Invest Dermatol 110: 939–945.
Article 
    CAS 
    
                    Google Scholar 
                

	Osada S, Yamamoto H, Nishihara T, Imagawa M . (1996). DNA binding specificity of the CCAAT/enhancer-binding protein transcription factor family. J Biol Chem 271: 3891–3896.
Article 
    CAS 
    
                    Google Scholar 
                

	Pabst T, Mueller BU, Zhang P, Radomska HS, Narravula S, Schnittger S et al. (2001). Dominant-negative mutations of CEBPA, encoding CCAAT/enhancer binding protein-alpha (C/EBPalpha), in acute myeloid leukemia. Nat Genet 27: 263–270.
Article 
    CAS 
    
                    Google Scholar 
                

	Plachetka A, Chayka O, Wilczek C, Melnik S, Bonifer C, Klempnauer KH . (2008). C/EBPbeta induces chromatin opening at a cell-type-specific enhancer. Mol Cell Biol 28: 2102–2112.
Article 
    CAS 
    
                    Google Scholar 
                

	Pless O, Kowenz-Leutz E, Knoblich M, Lausen J, Beyermann M, Walsh MJ et al. (2008). G9a-mediated lysine methylation alters the function of CCAAT/enhancer-binding protein-beta. J Biol Chem 283: 26357–26363.
Article 
    CAS 
    
                    Google Scholar 
                

	Porse BT, Pedersen TA, Xu X, Lindberg B, Wewer UM, Friis-Hansen L et al. (2001). E2F repression by C/EBPalpha is required for adipogenesis and granulopoiesis in vivo. Cell 107: 247–258.
Article 
    CAS 
    
                    Google Scholar 
                

	Radomska HS, Huettner CS, Zhang P, Cheng T, Scadden DT, Tenen DG . (1998). CCAAT/enhancer binding protein alpha is a regulatory switch sufficient for induction of granulocytic development from bipotential myeloid progenitors. Mol Cell Biol 18: 4301–4314.
Article 
    CAS 
    
                    Google Scholar 
                

	Ramirez A, Page A, Gandarillas A, Zanet J, Pibre S, Vidal M et al. (2004). A keratin K5Cre transgenic line appropriate for tissue-specific or generalized Cre-mediated recombination. Genesis 39: 52–57.
Article 
    CAS 
    
                    Google Scholar 
                

	Ramji DP, Foka P . (2002). CCAAT/enhancer-binding proteins: structure, function and regulation. Biochem J 365: 561–575.
Article 
    CAS 
    
                    Google Scholar 
                

	Rask K, Thorn M, Ponten F, Kraaz W, Sundfeldt K, Hedin L et al. (2000). Increased expression of the transcription factors CCAAT-enhancer binding protein-beta (C/EBBeta) and C/EBzeta (CHOP) correlate with invasiveness of human colorectal cancer. Int J Cancer 86: 337–343.
Article 
    CAS 
    
                    Google Scholar 
                

	Sancar A, Lindsey-Boltz LA, Unsal-Kacmaz K, Linn S . (2004). Molecular mechanisms of mammalian DNA repair and the DNA damage checkpoints. Annu Rev Biochem 73: 39–85.
Article 
    CAS 
    
                    Google Scholar 
                

	Schreiber E, Matthias P, Muller MM, Schaffner W . (1989). Rapid detection of octamer binding proteins with ‘mini-extracts’, prepared from a small number of cells. Nucleic Acids Res 17: 6419.
Article 
    CAS 
    
                    Google Scholar 
                

	Shim M, Powers KL, Ewing SJ, Zhu S, Smart RC . (2005). Diminished expression of C/EBPalpha in skin carcinomas is linked to oncogenic Ras and reexpression of C/EBPalpha in carcinoma cells inhibits proliferation. Cancer Res 65: 861–867.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Shuman JD, Sebastian T, Kaldis P, Copeland TD, Zhu S, Smart RC et al. (2004). Cell cycle-dependent phosphorylation of C/EBPbeta mediates oncogenic cooperativity between C/EBPbeta and H-RasV12. Mol Cell Biol 24: 7380–7391.
Article 
    CAS 
    
                    Google Scholar 
                

	Slomiany BA, D’Arigo KL, Kelly MM, Kurtz DT . (2000). C/EBPalpha inhibits cell growth via direct repression of E2F-DP-mediated transcription. Mol Cell Biol 20: 5986–5997.
Article 
    CAS 
    
                    Google Scholar 
                

	Sterneck E, Tessarollo L, Johnson PF . (1997). An essential role for C/EBPbeta in female reproduction. Genes Dev 11: 2153–2162.
Article 
    CAS 
    
                    Google Scholar 
                

	Sundfeldt K, Ivarsson K, Carlsson M, Enerback S, Janson PO, Brannstrom M et al. (1999). The expression of CCAAT/enhancer binding protein (C/EBP) in the human ovary in vivo: specific increase in C/EBPbeta during epithelial tumour progression. Br J Cancer 79: 1240–1248.
Article 
    CAS 
    
                    Google Scholar 
                

	Tada Y, Brena RM, Hackanson B, Morrison C, Otterson GA, Plass C . (2006). Epigenetic modulation of tumor suppressor CCAAT/enhancer binding protein alpha activity in lung cancer. J Natl Cancer Inst 98: 396–406.
Article 
    CAS 
    
                    Google Scholar 
                

	Takai N, Kawamata N, Walsh CS, Gery S, Desmond JC, Whittaker S et al. (2005). Discovery of epigenetically masked tumor suppressor genes in endometrial cancer. Mol Cancer Res 3: 261–269.
Article 
    CAS 
    
                    Google Scholar 
                

	Tang QQ, Jiang MS, Lane MD . (1999). Repressive effect of Sp1 on the C/EBPalpha gene promoter: role in adipocyte differentiation. Mol Cell Biol 19: 4855–4865.
Article 
    CAS 
    
                    Google Scholar 
                

	Tang QQ, Zhang JW, Daniel Lane M . (2004). Sequential gene promoter interactions of C/EBPbeta, C/EBPalpha, and PPARgamma during adipogenesis. Biochem Biophys Res Commun 319: 235–239.
Article 
    CAS 
    
                    Google Scholar 
                

	Timchenko NA, Wilde M, Iakova P, Albrecht JH, Darlington GJ . (1999). E2F/p107 and E2F/p130 complexes are regulated by C/EBPalpha in 3T3-L1 adipocytes. Nucleic Acids Res 27: 3621–3630.
Article 
    CAS 
    
                    Google Scholar 
                

	Timchenko NA, Wilde M, Nakanishi M, Smith JR, Darlington GJ . (1996). CCAAT/enhancer-binding protein alpha (C/EBP alpha) inhibits cell proliferation through the p21 (WAF-1/CIP-1/SDI-1) protein. Genes Dev 10: 804–815.
Article 
    CAS 
    
                    Google Scholar 
                

	Umek RM, Friedman AD, McKnight SL . (1991). CCAAT-enhancer binding protein: a component of a differentiation switch. Science 251: 288–292.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang H, Iakova P, Wilde M, Welm A, Goode T, Roesler WJ et al. (2001). C/EBPalpha arrests cell proliferation through direct inhibition of Cdk2 and Cdk4. Mol Cell 8: 817–828.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang ND, Finegold MJ, Bradley A, Ou CN, Abdelsayed SV, Wilde MD et al. (1995). Impaired energy homeostasis in C/EBP alpha knockout mice. Science 269: 1108–1112.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang X, Scott E, Sawyers CL, Friedman AD . (1999). C/EBPalpha bypasses granulocyte colony-stimulating factor signals to rapidly induce PU.1 gene expression, stimulate granulocytic differentiation, and limit proliferation in 32D cl3 myeloblasts. Blood 94: 560–571.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Watkins PJ, Condreay JP, Huber BE, Jacobs SJ, Adams DJ . (1996). Impaired proliferation and tumorigenicity induced by CCAAT/enhancer-binding protein. Cancer Res 56: 1063–1067.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Williams SC, Baer M, Dillner AJ, Johnson PF . (1995). CRP2 (C/EBP beta) contains a bipartite regulatory domain that controls transcriptional activation, DNA binding and cell specificity. EMBO J 14: 3170–3183.
Article 
    CAS 
    
                    Google Scholar 
                

	Xu L, Hui L, Wang S, Gong J, Jin Y, Wang Y et al. (2001). Expression profiling suggested a regulatory role of liver-enriched transcription factors in human hepatocellular carcinoma. Cancer Res 61: 3176–3181.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Yeh WC, Cao Z, Classon M, McKnight SL . (1995). Cascade regulation of terminal adipocyte differentiation by three members of the C/EBP family of leucine zipper proteins. Genes Dev 9: 168–181.
Article 
    CAS 
    
                    Google Scholar 
                

	Yoon K, Smart RC . (2004). C/EBPalpha is a DNA damage-inducible p53-regulated mediator of the G1 checkpoint in keratinocytes. Mol Cell Biol 24: 10650–10660.
Article 
    CAS 
    
                    Google Scholar 
                

	Zhu S, Oh HS, Shim M, Sterneck E, Johnson PF, Smart RC . (1999). C/EBPbeta modulates the early events of keratinocyte differentiation involving growth arrest and keratin 1 and keratin 10 expression. Mol Cell Biol 19: 7181–7190.
Article 
    CAS 
    
                    Google Scholar 
                

	Zhu S, Yoon K, Sterneck E, Johnson PF, Smart RC . (2002). CCAAT/enhancer binding protein-beta is a mediator of keratinocyte survival and skin tumorigenesis involving oncogenic Ras signaling. Proc Natl Acad Sci USA 99: 207–212.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This research was supported by grants from the National Cancer Institute (CA46637), the National Institute of Environmental Health Sciences (ES12473), and a training grant from the NIEHS (ES007046). We thank Brian Sayers for his technical support with DNA-damaging agents.


Author information
Authors and Affiliations
	Department of Environmental and Molecular Toxicology, Cell Signaling and Cancer Group, North Carolina State University, Raleigh, NC, USA
R Ranjan, E A Thompson & R C Smart

	Division of Common Cancers, National Cancer Center, Lung Cancer Branch, Goyang-si, Gyeonggi-do, South Korea, 
K Yoon


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



	E A ThompsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	K YoonView author publications
You can also search for this author in
                        PubMed Google Scholar



	R C SmartView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                R C Smart.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Ranjan, R., Thompson, E., Yoon, K. et al. C/EBPα expression is partially regulated by C/EBPβ in response to DNA damage and C/EBPα-deficient fibroblasts display an impaired G1 checkpoint.
                    Oncogene 28, 3235–3245 (2009). https://doi.org/10.1038/onc.2009.176
Download citation
	Received: 23 December 2008

	Revised: 23 May 2009

	Accepted: 24 May 2009

	Published: 06 July 2009

	Issue Date: 10 September 2009

	DOI: https://doi.org/10.1038/onc.2009.176


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
	C/EBP
	DNA damage response
	G1/S transition
	p53







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        The X-linked trichothiodystrophy-causing gene RNF113A links the spliceosome to cell survival upon DNA damage
                                    
                                

                            
                                
                                    	Kateryna Shostak
	Zheshen Jiang
	Alain Chariot


                                
                                Nature Communications (2020)

                            
	
                            
                                
                                    
                                        Wellington-bootstrap: differential DNase-seq footprinting identifies cell-type determining transcription factors
                                    
                                

                            
                                
                                    	Jason Piper
	Salam A. Assi
	Sascha Ott


                                
                                BMC Genomics (2015)

                            
	
                            
                                
                                    
                                        C/EBPα Expression Is Downregulated in Human Nonmelanoma Skin Cancers and Inactivation of C/EBPα Confers Susceptibility to UVB-Induced Skin Squamous Cell Carcinomas
                                    
                                

                            
                                
                                    	Elizabeth A. Thompson
	Songyun Zhu
	Robert C. Smart


                                
                                Journal of Investigative Dermatology (2011)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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 & 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


    





        
    
        
            

            
                
                    Oncogene (Oncogene)
                
                
    
    
        ISSN 1476-5594 (online)
    
    


                
    
    
        ISSN 0950-9232 (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




    

    
    
    











    








