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                    Brain-derived neurotrophic factor (BDNF) is one of the most widely distributed protein regulators of many biological processes in the central nervous system. Like other neurotrophins, BDNF is synthesized in cells as a precursor molecule (proBDNF), which undergoes proteolytic cleavage to form the mature form, BDNF. The effectiveness of proteolysis of the proform and, thus, the proBDNF/BDNF ratio, has been shown to be determined by the nature of concomitant neuronal activity. Extensive data have provided evidence that the BDNF precursor (proBDNF) has intrinsic biological functions, which are often diametrically opposed to the functions of the mature neurotrophin. Thus, the proBDNF/BDNF balance is an important component in the regulation of many process in central nervous system cells. This review considers the key points in BDNF expression and its proteolysis to BDNF, as well as the role of brain-derived neurotrophic factor in the developing nervous system, in the processes of long-term synaptic plasticity, memory consolidation and extinction, and possible involvement in the development of various nervous system pathologies.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Neuroinflammation in Alzheimer’s Disease: Current Progress in Molecular Signaling and Therapeutics
                                        
                                    

                                    
                                        Article
                                        
                                         20 August 2022
                                    

                                

                                Sujata Thakur, Rishika Dhapola, … Dibbanti HariKrishna Reddy

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Molecular hallmarks of ageing in amyotrophic lateral sclerosis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 March 2024
                                    

                                

                                Cyril Jones Jagaraj, Sina Shadfar, … Julie D. Atkin

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Hippocampus and its involvement in Alzheimer’s disease: a review
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 February 2022
                                    

                                

                                Y. Lakshmisha Rao, B. Ganaraja, … Amit Agrawal

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Adachi, N., Kohara, K., and Tsumoto, T., “Difference in trafficking of brain-derived neurotrophic factor between axons and dendrites of cortical neurons, revealed by live-cell imaging,” BCM Neurosci., 6, 42 (2005).

                    Google Scholar 
                

	Aid, T., Kazantseva, A., Piirsoo, M., Palm, K., and Timmusk, T., “Mouse and rat BDNF gene structure and expression revisited,” J. Neurosci. Res., 85, No. 3, 525–535 (2007).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	An, J. J., Gharami, K., Liao, G., et al., “Distinct role of long 3’UTR BDNF mRNA in spine morphology and synaptic plasticity in hippocampal neurons,” Cell, 134, No. 1, 175–187 (2008).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Anastasia, A., Deinhardt, K., Chao, et al., “Val66Met polymorphism of BDNF alters prodomain structure to induce neuronal growth cone retraction,” Nat. Commun., 4, 2490 (2013).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Avwenagha, O., Campbell, G., and Bird, M. M., “Distribution of GAP-43, beta-III tubulin and F-actin in developing and regenerating axons and their growth cones in vitro, following neurotrophin treatment,” J. Neurocytol., 32, No. 9, 1077–1089 (2003).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Baj, G., Leone, E., Chao, M. V., and Tongiorgi, E., “Spatial segregation of BDNF transcripts enables BDNF to differentially shape distinct dendritic compartments,” Proc. Natl. Acad. Sci. USA, 108, No. 40, 16813–16818 (2011).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Barnes, P. and Thomas, K. L., “Proteolysis of proBDNF is a key regulator in the formation of memory,” PLoS One, 3, No. 9, e3248 (2008).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Bibel, M., Hoppe, E., and Barde, Y. A., “Biochemical and functional interactions between the neurotrophin receptors trk and p75NTR,” EMBO J., 18, No. 3, 616–622 (1999).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Borghesani, P. R., Peyrin, J. M., Klein, R., et al., “BDNF stimulates migration of cerebellar granule cells,” Development, 129, No. 6, 1435–1442 (2002).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Caldeira, M. V., Melo, C. V., Pereira, D. B., et al., “BDNF regulates the expression and traffic of NMDA receptors in cultured hippocampal neurons,” Mol. Cell Neurosci., 35, No. 2, 208–219 (2007).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Canas, N., Pereir, I. T., Ribeiro, J. A., and Sebastião, A. M., “Brain-derived neurotrophic factor facilitates glutamate and inhibits GABA release from hippocampal synaptosomes through different mechanisms,” Brain Res., 1016, No. 1, 72–78 (2004).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Carlino, D., De Vanna, M., and Tongiorgi, E., “Is altered BDNF biosynthesis a general feature in patients with cognitive dysfunctions?” Neuroscientist, 19, No. 4, 345–353 (2012).
Article 
    PubMed 
    
                    Google Scholar 
                

	Casaccia-Bonnefil, P., Carter, B. D., Dobrowsky, R. T., and Chao, M. V., “Death of oligodendrocytes mediated by the interaction of nerve growth factor with its receptor p75,” Nature, 383, No. 6602, 716–719 (1996).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen, W. G., Chang, Q., Lin, Y., et al., “Derepression of BDNF transcription involves calcium-dependent phosphorylation of MeCP2,” Science, 302, No. 5646, 885–889 (2003a).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen, Z. Y., Ieraci, A., Teng, H., et al., “Sortilin controls intracellular sorting of brain-derived neurotrophic factor to the regulated secretory pathway,” J. Neurosci., 25, No. 26, 6156–6166 (2005).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chen, W. G., West, A. E., Tao, X., et al., “Upstream stimulatory factors are mediators of Cat-responsive transcription in neurons,” J. Neurosci., 23, No. 7, 2572–2581 (2003b).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Conner, J. M., Lauterborn, J. C., Yan, Q., et al., “Distribution of brain-derived neurotrophic factor (BDNF) protein and mRNA in the normal adult rat CNS: evidence for anterograde axonal transport,” J. Neurosci., 17, No. 7, 2295–2313 (1997).
CAS 
    PubMed 
    
                    Google Scholar 
                

	DeKosky, S. T., Ikonomovic, M. D., Styren, S. D., et al., “Upregulation of choline acetyltransferase activity in hippocampus and frontal cortex of elderly subjects with mild cognitive impairment,” Ann. Neurol., 51, No. 2, 145–55 (2002).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dieni, S., Matsumoto, T., Dekkers, M., et al., “BDNF and its pro-peptide are stored in presynaptic dense core vesicles in brain neurons,” J. Cell Biol., 196, No. 6, 775–788 (2012).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dong, Q., Ji, Y. S., Cai, C., and Chen, Z. Y., “LIM kinase 1 (LIMK1) interacts with tropomyosin-related kinase B (TrkB) and mediates brain-derived neurotrophic factor (BDNF)-induced axonal elongation,” J. Biol. Chem., 287, No. 50, 41,720–41,731 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Dudek, H., Datta, S. R., Franke, T. F., et al., “Regulation of neuronal survival by the serine-threonine protein kinase Akt,” Science, 275, No. 5300, 661–665 (1997).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dunham, J. S., Deakin, J. E., Miyajima, F., et al., “Expression of hippocampal brain-derived neurotrophic factor and its receptors in Stanley consortium brains,” J. Psychiatr. Res., 43, No. 14, 1175–1184 (2009).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Durany, N., Michel, T., Zöchling, R., et al., “Brain-derived neurotrophic factor and neurotrophin 3 in schizophrenic psychoses,” Schizophr. Res., 52, No. 1–2, 79–86 (2001).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Egashira, Y., Tanaka, T., Soni, P., et al., “Involvement of the p75NTR signaling pathway in persistent synaptic suppression coupled with synapse elimination following repeated long-term depression induction,” J. Neurosci. Res., 88, No. 16, 3433–3446 (2010).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fahnestock, M., Garzon, D., Holsinger, R. M., and Michalski, B., “Neurotrophic factors and Alzheimer’s disease: are we focusing on the wrong molecule?” J. Neural Transm., Suppl., 62, 241–252 (2002).

	Garcia, K., L. P., Yu, G., Nicolini, C., and Michalski, B., “Altered balance of proteolytic isoforms of pro-BDNF in autism,” J. Neuropath. Exp. Biol., 71, No. 4, 289–297 (2012).

	Gibon, J., Buckley, S. M., Unsain, N., et al., “proBDNF and p75NTR control excitability and persistent firing of cortical pyramidal neurons,” J. Neurosci., 35, No. 26, 9741–9753 (2015).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Glerup, S., Olsen, D., Vaegter, C. B., et al., “SorCS2 regulates dopaminergic wiring and is processed into an apoptotic two-chain receptor in peripheral glia,” Neuron, 82, No. 5, 1074–1087 (2014).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gray, K. and Ellis, V., “Activation of pro-BDNF by the pericellular serine protease plasmin,” FEBS Lett., 582, No. 6, 907–910 (2008).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gupta, S., Kim, S. Y., Artis, S., et al., “Histone methylation regulates memory formation,” J. Neurosci., 30, No. 10, 3589–3599 (2010).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hiester, B. G., Galati, D. F., Salinas, P. C., and Jones, K. R., “Neurotrophin and Wnt signaling cooperatively regulate dendritic spine formation,” Mol. Cell Neurosci., 56, 115–127 (2013).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Holm, M. M., Nieto-Gonzalez, J. L., Vardya, I., et al., “Mature BDNF, but not proBDNF, reduces excitability of fast-spiking inter-neurons in mouse dentate gyrus,” J. Neurosci., 29, No. 40, 12,412–12,418 (2009).
Article 
    CAS 
    
                    Google Scholar 
                

	Ikonomovic, M. D., Mufson, E. J., Wuu, J., et al., “Cholinergic plasticity in hippocampus of individuals with mild cognitive impairment: correlation with Alzheimer’s neuropathology,” J. Alzheimers Dis., 5, No. 1, 39–48 (2003).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ji, Y., Pang, P. T., Feng, L., and Lu, B., “Cyclic AMP controls BDNFinduced TrkB phosphorylation and dendritic spine formation in mature hippocampal neurons,” Nat. Neurosci., 8, No. 2, 164–172 (2005).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jia, N., Yang, K., Sun, Q., et al., “Prenatal stress causes dendritic atrophy of pyramidal neurons in hippocampal CA3 region by glutamate in offspring rats,” Dev. Neurobiol., 70, No. 2, 114–125 (2010).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Kawaai, K. I., Tominaga-Yoshino, K., Urakubo, T., et al., “Analysis of gene expression changes associated with long-lasting synaptic enhancement in hippocampal slice cultures after repetitive exposures to glutamate,” J. Neurosci. Res., 88, No. 13, 2911–2922 (2010).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Koshimizu, H., Kiyosue, K., Hara, T., et al., “Multiple functions of precursor BDNF to CNS neurons: negative regulation of neurite growth, spine formation and cell survival,” Mol. Brain, 2, 27 (2009).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kuczewski, N., Porcher, C., Ferrand, N., et al., “Backpropagating action potentials trigger dendritic release of BDNF during spontaneous network activity,” J. Neurosci., 28, No. 27, 7013–7023 (2008).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Laegreid, A., Medvedev, A., Nonstad, U., et al., “Tumor necrosis factor receptor p75 mediates cell-specific activation of nuclear factor kappa B and induction of human cytomegalovirus enhancer,” J. Biol. Chem., 269, No. 10, 7785–7791 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Langlois, A., Diabira, D., Ferrand, N., et al., “NMDA-dependent switch of proBDNF actions on developing GABAergic synapses,” Cereb. Cortex, 23, No. 5, 1085–1096 (2012).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lau, A. G., Irier, H. A., Gu, J., et al., “Distinct 3’UTRs differentially regulate activity-dependent translation of brain-derived neurotrophic factor (BDNF),” Proc. Natl. Acad. Sci. USA, 107, No. 36, 15945–15950 (2010).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lee, J. L., Everitt, B. J., and Thomas, K. L., “Independent cellular processes for hippocampal memory consolidation and reconsolidation,” Science, 304, No. 5672, 839–843 (2004).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lee, R., Kermani, P., Teng, K. K., and Hempstead, B. L., “Regulation of cell survival by secreted proneurotrophins,” Science, 294, No. 5548, 1945–1948 (2001).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Levine, E. S., Crozier, R. A., Black, I. B., and Plummer, M. R., “Brain-derived neurotrophic factor modulates hippocampal synaptic transmission by increasing N-methyl-D-aspartic acid receptor activity,” Proc. Natl. Acad. Sci. USA, 95, No. 17, 10,235–10,239 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Li, X. and Wolf, M. E., “Brain-derived neurotrophic factor rapidly increases AMPA receptor surface expression in rat nucleus accumbens,” Eur. J. Neurosci., 34, No. 2, 190–198 (2011).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Li, Y. X., Zhang, Y., Lester, H. A., et al., “Enhancement of neurotransmitter release induced by brain-derived neurotrophic factor in cultured hippocampal neurons,” J. Neurosci., 18, No. 24, 10,231–10,240 (1998).
CAS 
    
                    Google Scholar 
                

	Lou, H., Kim, S. K., Zaitsev, E., et al., “Sorting and activity-dependent secretion of BDNF require interaction of a specific motif with the sorting receptor carboxypeptidase E,” Neuron, 45, No. 2, 245–255 (2005).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lu, B., Pang, P. T., and Woo, N. H., “The yin and yang of neurotrophin action,” Nat. Rev. Neurosci., 6, No. 8, 603–614 (2005).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lubin, F. D., Roth, T. L., and Sweatt, J. D., “Epigenetic regulation of BDNF gene transcription in the consolidation of fear memory,” J. Neurosci., 28, No. 42, 10,576–10,586 (2008).
Article 
    CAS 
    
                    Google Scholar 
                

	Madani, R., Hulo, S., Toni, N., et al., “Enhanced hippocampal long-term potentiation and learning by increased neuronal expression of tissue-type plasminogen activator in transgenic mice,” EMBO J., 18, No. 11, 3007–3012 (1999).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mann, D. M., “is the pattern of nerve cell loss in aging and Alzheimer’s disease a real, or only an apparent, selectivity?” Neurobiol. Aging, 12, No. 4, 340–343 (1991).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Man, H. Y., Wang, Q., Lu, W. Y., et al., “Activation of PI3-kinase is required for AMPA receptor insertion during LTP of mEPSCs in cultured hippocampal neurons,” Neuron, 38, No. 4, 611–624 (2003).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Markham, J. A. and, Koenig, J. I., “Prenatal stress: Role in psychotic and depressive diseases,” Psychopharmacology (Berl.), 214, No. 1, 89–106 (2011).
Article 
    CAS 
    
                    Google Scholar 
                

	Martinowich, K., Hattori, D., Wu, H., et al., “DNA methylation-related chromatin remodeling in activity-dependent BDNF gene regulation,” Science, 302, No. 5646, 890–893

	Massey, P. V., Johnson, B. E., Moult, P. R., et al., “Differential roles of NR2A and NR2B-containing NMDA receptors in cortical long-term potentiation and long-term depression,” J. Neurosci., 24, No. 36, 7821–7828 (2004).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Michalski, B. and Fahnestock, M., “Pro-brain-derived neurotrophic factor is decreased in parietal cortex in Alzheimer’s disease,” Mol. Brain Res., 111, No. 12, 148–154 (2003).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Middlemas, D. S., Meisenhelder, J., and Hunter, T., “Identification of TrkB autophosphorylation sites and evidence that phospholipase C-gamma 1 is a substrate of the TrkB receptor,” J. Biol. Chem., 269, No. 7, 5458–5466 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Mizoguchi, H., Nakade, J., Tachibana, M., et al., “Matrix metalloproteinase-9 contributes to kindled seizure development in pentylenetetrazole-treated mice by converting pro-BDNF to mature BDNF in the hippocampus,” J. Neurosci., 31, No. 36, 12,963–12,971 (2011).
Article 
    CAS 
    
                    Google Scholar 
                

	Mizui, T., Ishikawa, Y., Kumanogoh, H., et al., “BDNF pro-peptide actions facilitate hippocampal LTD and are altered by the common BDNF polymorphism Va166Met,” Proc. Natl. Acad. Sci. USA, 112, No. 23, E3067–3074 (2015).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Nagappan, G., Zaitsev, E., Senatorov, V. V., et al., “Control of extracellular cleavage of ProBDNF by high frequency neuronal activity,” Proc. Natl. Acad. Sci. USA, 106, No. 4, 1267–1272 (2009).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Neeley, E. W., Berger, R., Koenig, J. I., and Leonard, S., “Prenatal stress differentially alters BDNF expression and signaling across rat strains,” Neuroscience, 187, 24–35 (2011).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Pang, P. T., Teng, H. K., Zaitsev, E., et al., “Cleavage of proBDNF by tPA/plasmin is essential for long-term hippocampal plasticity,” Science, 306, No. 5695, 487–491 (2004).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Patterson, S. L., Grover, L. M., Schwartzkroin, P. A., and Bothwell, M., “Neurotrophin expression in rat hippocampal slices: a stimulus paradigm inducing LTP in CA1 evokes increases in BDNF and NT-3 mRNAs,” Neuron, 9, No. 6, 1081–1088 (1992).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Peng, S., Wuu, J., Mufson, E. J., and Fahnestock, M., “Precursor form of brain-derived neurotrophic factor and mature brain-derived neurotrophic factor are decreased in the pre-clinical stages of Alzheimer’s disease,” J. Neurochem., 93, No. 6, 1412–1421 (2005).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Perry, E. K., Lee, M. L., Martin-Ruiz, C. M., et al., “Cholinergic activity in autism: Abnormalities in the cerebral cortex and basal forebrain,” Am. J. Psychiatry, 158, No. 7, 1058–1066 (2001).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Phillips, H. S., Haim, J. M., Armanini, M., et al., “BDNF mRNA is decreased in the hippocampus of individuals with Alzheimer’s disease,” Neuron, 7, No. 5, 695–702 (1991).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Poulsen, E. R., Lauterborn, J., Zimmer, J., and Gall, C. M., “Differential expression of brain-derived neurotrophic factor transcripts after pilocarpine-induced seizure-like activity is related to mode of Ca2+ entry,” Neuroscience, 126, No. 3, 665–676 (2004).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pruunsild, P., Kazantseval, A., Aid, T., et al., “Dissecting the human BDNF locus: Bidirectional transcription, complex splicing, and multiple promoters,” Genomics, 90, No. 3, 397–406 (2007).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Riffault, B., Medina, I., Dumon, C., et al., “Pro-brain-derived neurotrophic factor inhibits GABAergic neurotransmission by activating endocytosis and repression of GABAA receptors,” J. Neurosci., 34, No. 40, 13516–13534 (2014).
Article 
    PubMed 
    
                    Google Scholar 
                

	Sakuragi, S., Tominaga-Yoshino, K., and Ogura, A., “Involvement of TrkBand p75(NTR)-signaling pathways in two contrasting forms of longlasting synaptic plasticity,” Sci. Rep., 3, 3185 (2013).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Segal, R. A., Pomeroy, S. L., and Stiles, C. D., “Axonal growth and fasciculation linked to differential expression of BD-NF and NT3 receptors in developing cerebellar granule cells,” J. Neurosci., 15, No. 7 Pt. 1, 4970–4981 (1995).

	Seidah, N. G., Benjannet, S., Pareek, S., et al., “Cellular processing of the neurotrophin precursors of NT3 and BDNF by the mammalian proprotein convertases,” FEBS Lett., 379, No. 3, 247–250 (1996).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shieh, P. B., Hu, S. C., Bobb, K., et al., “Identification of a signalling pathway involved in calcium regulation of BDNF expression,” Neuron, 20, 727–740 (1998).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sivakumaran, S., Mohajerani, M. H., and Cherubini, E., “At immature mossy-fiber-CA3 synapses, correlated pre-synaptic and postsynaptic activity persistently enhances GABA release and network excitability via BDNF and cAMP-dependent PKA,” J. Neurosci., 29, No. 8, 2637–2647 (2009).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Södersten, K., Nilsson, E., Ishima, T., et al., “Abnormality in serum levels of mature brain-derived neurotrophic factor (BDNF) and its precursor proBDNF in mood-stabilized patients with bipolar disorder: A study of two independent cohorts,” J. Affect. Disord., 160, 1–9 (2014).
Article 
    PubMed 
    
                    Google Scholar 
                

	Soppet, D., Escandon, E., Maragos, J., et al., “The neurotrophic factors brain-derived neurotrophic factor and neurotrophin-3 are ligands for the trkB tyrosine kinase receptor,” Cell, 65, No. 5, 895–903 (1991).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sun, Y., Lim, Y., Li, F., et al., “ProBDNF collapses neurite outgrowth of primary neurons by activating RhoA,” PLoS One, 7, No. 4, 1–12 (2012).

                    Google Scholar 
                

	Suzuki, R., Matsumoto, M., Fujikawa, A., et al., “SPIG1 negatively regulates BDNF maturation,” J. Neurosci., 34, No. 9, 3429–3442 (2014).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tabuchi, A., Nakaoka, R., Amano, K., et al., “Differential activation of brain-derived neurotrophic factor gene promoters I and III by Ca2++ signals evoked via L-type voltage-dependent and N-methyl-Daspartate receptor Ca2+ channels,” J. Biol. Chem., 275, No. 23, 17269–17275 (2000).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tao, X., Finkbeiner, S., Arnold, D. B., et al., “Ca2+ influx regulates BDNF transcription by a CREB family transcription factor-dependent mechanism,” Neuron, 20, No. 4, 709–726 (1998).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Taylor, A. R., Gifondorwa, D. J., Robinson, M. B., et al., “Motoneuron programmed cell death in response to proBDNF,” Dev. Neurobiol., 72, No. 5, 699–712 (2012).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Teng, H. K., Teng, K. K., Lee, R., et al., “ProBDNF induces neuronal apoptosis via activation of a receptor complex of p75NTR and sortilin,” J. Neurosci., 25, No. 22, 5455–5463 (2005).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vaghi, V., Polacchini, A., Baj, G., et al., “Pharmacological profile of brain-derived neurotrophic factor (BDNF) splice variant translation using a novel drug screening assay: a ‘quantitative code’,” J. Biol. Chem., 289, No. 40, 27702–27713 (2014).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wang, H., Wu, L. L., Song, X. Y., et al., “Axonal transport of BDNF precursor in primary sensory neurons,” Eur. J. Neurosci., 24, No. 9, 2444–2452 (2006).
Article 
    PubMed 
    
                    Google Scholar 
                

	Weickert, C. S., Hyde, T. M., Lipska, B. K., et al., “Reduced brain-derived neurotrophic factor in prefrontal cortex of patients with schizophrenia,” Mol. Psychiatry, 8, No. 6, 592–610 (2003).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Weickert, C. S. and Kleinman, J. E., “The neuroanatomy and neurochemistry of schizophrenia,” Psychiatr. Clin. North Am., 21, No. 1, 57–75 (1998).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	West, A. E., Pruunsild, P., and Timmusk, T., “Neurotrophins: transcription and translation,” Handb. Exp. Pharmacol., 220, 67–100 (2014).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wetsel, W. C., Rodriguiz, R. M., Guillemot, J., et al., “Disruption of the expression of the pro-protein convertase PC7 reduces BDNF production and affects learning and memory in mice,” Proc. Natl. Acad. Sci. USA, 110, No. 43, 17362–17367 (2013).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Whitehouse, P. J., Price, D., Struble, R., et al., “Alzheimer’s disease and senile dementia: loss of neurons in the basal forebrain,” Science, 215, No. 4537, 1237–1239 (1982).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Winnubst, J., Cheyne, J. E., Niculescu, D., and Lohmann, C., “Spontaneous activity drives local synaptic plasticity in vivo,” Neuron, 87, No. 2, 399–410 (2015).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wong, J., Hyde, T. M., Cassano, H. L., et al., “Promoter specific alterations of BDNF mRNA in schizophrenia,” Neuroscience, 169, No. 3, 1071–1084 (2010).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Woo, N. K., Teng, H. K., Siao, C. J., et al., “Activation of p75NTR by proBDNF facilitates hippocampal longterm depression,” Nat. Neurosci., 8, No. 8, 1069–1077 (2005).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wu, L. L., Fan, Y., Li, S., et al., “Huntingtin-associated protein-1 interacts with pro-brain-derived neurotrophic factor and mediates its transport and release,” J. Biol. Chem., 285, No. 8, 5614–5623 (2010).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xiong, J., Zhou, L., Yang, M., et al., “ProBDNF and its receptors are upregulated in glioma and inhibit the growth of glioma cells in vitro,” Neurooncology, 15, No. 8, 990–1007 (2013).
CAS 
    
                    Google Scholar 
                

	Xu, Z.,-Q., Sun, Y., Li, H.-Y, et al., “Endogenous proBDNF is a negative regulator of migration of cerebellar granule cells in neonatal mice,” Eur. J. Neurosci., 33, No. 8, 1376–1384 (2011).

	Yang, J., Harte-Hargrove, L. C., Siao, C. J., et al., “ProBDNF negatively regulates neuronal remodeling, synaptic transmission, and synaptic plasticity in hippocampus,” Cell. Rep., 7, No. 3, 796–806 (2014).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yang, J., Siao, C. J., Nagappan, G., et al., “Neuronal release of proBDNF,” Nat. Neurosci., 12, No. 2, 113–115 (2009).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yang, M., Lim, Y., Li, X., Zhong, J. H., and Zhou, X. E., “Precursor of brain-derived neurotrophic factor (proBDNF) forms a complex with huntingtin-associated protein-1 (HAP1) and sortilin that modulates proBDNF trafficking, degradation, and processing,” J. Biol. Chem., 286, No. 18, 16,272–16,284 (2011).
Article 
    CAS 
    
                    Google Scholar 
                

	Yeh, C.-M., Huang, C.-C., and Hsu, K-S., “Prenatal stress alters hippocampal synaptic plasticity in young rat offspring through preventing the proteolytic conversion of pro-brain-derived neurotrophic factor (BDNF) to mature BDNF,” J. Physiol., 590, No. 4, 991–1010 (2012).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ying, S. W., Futter, M., Rosenblum, K., et al., “Brain-derived neurotrophic factor induces long-term potentiation in intact adult hippocampus: requirement for ERK activation coupled to CREB and upregulation of Arc synthesis,” J. Neurosci., 22, No. 5, 1532–1540 (2002).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang, L. L. and Poo, M. M., “Electrical activity and development of neural circuits,” Nat. Neurosci., 4, Supplement, 1207–1214 (2001).

	Zheng, F., Zhou, X., Moon, C., and Wang, H., “Regulation of brain-derived neurotrophic factor expression in neurons,” Int. J. Physiol. Pathophysiol. Pharmacol., 4, No. 4, 188–200 (2012).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zhou, P., Porcionatto, M., Pilapil, M., et al., “Polarized signaling endosomes coordinate BDNF-induced chemotaxis of cerebellar precursors,” Neuron, 55, No. 1, 53–68 (2007).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences, Moscow, Russia
A. A. Borodinova & S. V. Salozhin


Authors	A. A. BorodinovaView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. V. SalozhinView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                A. A. Borodinova.


Additional information
Translated from Zhurnal Vysshei Nervnoi Deyatel’nosti imeni I. P. Pavlova, Vol. 66, No. 1, pp. 3–23, January–February, 2016. Original article submitted June 24, 2015.
S. V. Salozhin is deceased.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Borodinova, A.A., Salozhin, S.V. Differences in the Biological Functions of BDNF and proBDNF in the Central Nervous System.
                    Neurosci Behav Physi 47, 251–265 (2017). https://doi.org/10.1007/s11055-017-0391-5
Download citation
	Received: 24 June 2015

	Accepted: 26 October 2015

	Published: 09 March 2017

	Issue Date: March 2017

	DOI: https://doi.org/10.1007/s11055-017-0391-5


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
	brain-derived neurotrophic factor
	proneurotrophins
	synaptic plasticity
	nervous system development








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.203.247.36
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    