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Primera: El RA induce la aparición de TrkB y TrkC catalíticamente activos en 

células SH-SY5Y. De acuerdo con este patrón de expresión, BDNF, NT-3 y NT-

4/5 pero no NGF inducen la supervivencia y crecimiento neurítico en células 

SH-SY5Y pre-tratadas con RA. 

Segunda: BDNF, NT-3 y NT-4/5 pero no NGF activan las vías MEK/MAPK y PI 

3-K/Akt en células SH-SY5Y pre-tratadas con RA. La activación de MAPK y Akt 

se puede prevenir mediante el inhibidor de MEK, PD98059 y el de PI 3-K, 

LY294002, respectivamente. 

Tercera: La vía MEK/MAPK es necesaria para el crecimiento neurítico y la 

expresión de GAP-43 inducidos por BDNF. La inhibición de la vía no tiene 

ningún efecto sobre la supervivencia celular. 

Cuarta: La vía PI 3-K/Akt es necesaria para la supervivencia celular inducida 

por BDNF. La retirada de BDNF, o el bloqueo de la vía PI 3-K/Akt, induce una 

muerte de morfología apoptótica. 

Quinta: El tratamiento de células SH-SY5Y con RA a tiempos largos no 

permite su diferenciación homogénea hacia un fenotipo neuronal. El 

tratramiento secuencial con RA y BDNF (este último en medio libre de suero), 

provoca la diferenciación homogénea de estas células hacia un fenotipo 

neuronal. 

Sexta: Las células diferenciadas con RA y BDNF se hallan detenidas en la fase 

G1 del ciclo celular. Consistentemente, el grado de fosforilación de pRb va 

disminuyendo a lo largo de los días de tratamiento. 

Séptima: La retirada del BDNF en células SH-SY5Y diferenciadas con RA y 

BDNF, causa un incremento de la síntesis de DNA y la fosforilación de pRb, 

concomitante a una muerte morfológica y bioquímicamente apoptótica. 
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Octava: Las células diferenciadas con RA y BDNF expresan diferentes 

marcadores neuronales y son negativas para GFAP. El patrón de expresión de 

MAP2 y Tau sugiere que éstas se hallan polarizadas. 

Novena: Las motoneuronas espinales de pollo expresan in vivo e in vitro todos 

los componentes de los receptores para GFLs (Ret y GFR 1, -2 y -4). Estos 

receptores forman un complejo funcional capaz de autofosforilarse en 

presencia de ligando. 

Décima: Los GFLs promueven la supervivencia de las motoneuronas in vitro,

de manera dependiente de GFR s. A concentraciones subsaturantes, la 

combinación de GFLs tiene un efecto aditivo sobre la supervivencia. 

Decimoprimera: Los GFLs promueven la activación de las vías MEK/MAPK y 

PI 3-K/Akt en motoneuronas de pollo. La activación de MAPK y Akt se puede 

prevenir mediante el inhibidor de MEK, PD98059 y el de PI 3-K, LY294002, 

respectivamente. 

Decimosegunda: La actividad PI 3-K es necesaria para la supervivencia de 

motoneuronas de pollo mediada por GFLs, mientras que la inhibición de MEK 

no causa ningún efecto sobre ella. La muerte observada tras el bloqueo de la 

PI 3-K es de carácter apoptótico y mimetiza la retirada de GFLs. 

Decimotercera: La actividad Src es necesaria para el crecimiento neurítico y la 

supervivencia mediados por GDNF en células Neuro 2a y neuronas granulares 

del cerebelo, respectivamente. 

Decimocuarta: p60Src, pero no Fyn o Yes, coinmunoprecipita con Ret en 

presencia de ligando en células Neuro 2a o neuronas del ganglio cervical 

superior estimuladas con GDNF. p60Src se fosforila en su loop de activación 

tras estimulación con GDNF en células Neuro2a. 

Decimoquinta: La actividad Src es necesaria para la activación de las vías 

MEK/MAPK y PI 3-K/Akt mediada por GDNF en células Neuro 2a y SH-SY5Y. 
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p60Src promueve la supervivencia de neuronas granulares del cerebelo a 

través de un mecanismo dependiente de PI 3-K. 

Decimosexta: La actividad Src no es necesaria para la supervivencia mediada 

por NGF en neuronas granulares del cerebelo y neuronas del ganglio cervical 

superior. 
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inducida por BDNF en la linea celular de  neuroblastoma humano SH-SY5Y 
Tipo de participación: Comunicación oral 
Congreso: 15º Seminari Conjunt de les seccions de Biologia Molecular i Biologia del 
Desenvolupament de la Societat Catalana de Biologia 
Lugar de celebración:  Sitges (Barcelona)     Fecha: 1998 

Autores: Encinas M., Iglesias M., Llecha N. and Comella J.X. 
Título: ERK MAPKs and PI 3-K are involved in BDNF mediated survival and neuritogenesis of 
the neuroblastoma cell line SH-SY5Y
Tipo de participación: Póster 
Congreso: 25th Silver Jubilee FEBS meeting 
Lugar de celebración: Copenhage      Fecha:1998 

Autores: Encinas M.
Título: Implicació de la PI 3-K i les MAPK en la supervivència i diferenciació de neuroblastomes 
humans induïda per neurotrofines 
Tipo de participación: Comunicación oral 
Congreso: Mort Neuronal i Neurodegeneració. 1ª Reunió de la xarxa temàtica de 
neurodegeneració 
Lugar de celebración:  La Seu d’Urgell (Lleida)    Fecha:1998 

Autores: Encinas M, Iglesias M, Llecha N and Comella, JX. 
Título: Implicació de les MAPK de tipus ERK i de la PI 3-K en la neuritogènesi i supervivència 
induïda per BDNF en la línea de neuroblastoma humà SH-SY5Y 
Tipo de participación: Comunicación oral 
Congreso: II Simposi de Neurobiologia Experimental de la Societat Catalana de Biologia 
Lugar de celebración:  Barcelona      Fecha: 1998 

Autores: Dolcet X, Soler RM, Encinas M, Egea J, Bayascas JR, Comella JX 
Título: Els receptors dels factors neurotrofics de la familia del GDNF influeixen la supervivència 
de motoneurones espinals mitjançant l¡activació de la fosfatidil inositol cinasa.
Tipo de participación: Comunicación oral
Congreso: Seccions de Biologia Molecular i Biologia del Desenvolupament de la Societat 
Catalana de Biologia: Seminario conjunto.
Lugar de celebración: Sitges (Barcelona)     Fecha: 1999  

Autores: Bayascas JR, Comella JX, Soler RM, Espinet C, Dolcet X, Encinas M, Egea J 
Título: PI 3-kinase pathway mediate survival effects of the GDNF-related neurotrophic factors 
Tipo de participación: Póster
Congreso: Sociedad Española de Biología del Desarrollo: II Congreso Nacional. 
Lugar: Barcelona        Fecha: 1999

Autores: Dolcet X, Soler RM, Encinas M, Egea J, Bayascas JR, Comella. JX 
Título: Los receptores de los factores neurotróficos de la familia del GDNF inducen la 
supervivencia de motoneuronas espinales mediante la activación de la fosfatidilinositol 3 quinasa.
Tipo de participación: Póster
Congreso: Sociedad Española de Neurociencia: VIII Congreso Nacional 
Lugar: Murcia        Fecha: 1999



Comunicaciones a congresos 

 156

Autores: Encinas M, Iglesias M, Wang H, Liu Y, Comella JX. 
Titulo: Estudio del proceso de diferenciación neuronal de una líniea de neuroblastoma humano. 
Tipo de participación: Póster
Congreso: Sociedad Española de Neurociencia: VIII Congreso Nacional 
Lugar: Murcia        Fecha: 1999 

Autores:  Comella JX, Dolcet X, Soler RM, Encinas M, Egea J, Bayascas JR,  
Título: Receptors of the GDNF family of neurotrophic factors signal cell survival through PI 3-K 
pathway in motoneurons 
Tipo de participación: Póster
Congreso: Society for Neursocience, 29th Annual Meeting 
Lugar: Miami Beach, Fla (USA)      Fecha: 1999 

Autores: Dolcet X, Soler RM, Encinas M, Egea J, Bayascas JR, Comella JX 
Título: PI 3-kinase mediates survival effects of the GDNF family members on cultured chick 
motoneurons. 
Tipo de participación: Póster
Congreso: EU Biotech Sectorial Meeting 
Lugar: Santa Tecla (Italy)      Fecha: 2000 

Autores: Gallego, C., Encinas, M., Wang, H., Liu, Y., Comella, J.X., 
Aldea, M. 
Título: Apoptosis induced by neurotrophin deprivation in a human neuronal model is associated 
with unscheduled S-phase entry. 
Tipo de participación: Póster
Congreso: Keystone Symposium on Cancer, Cell Cycle and Therapeutics 
Lugar: Steamboat Springs, CO. USA    Fecha: 2000 

Autores: Encinas, M., Iglesias, M., Liu, Y., Wang, H., Muhaisen, A., Ceña, V., Gallego, C., 
Comella, J.X., 
Título: Protocol de diferenciació de cèl·lules de neuroblastoma SH-SY5Y per donar lloc a cèl·lules 
neuronals diferenciades i depenents de factor tròfic 
Tipo de participación: Comunicación oral
Congreso: III Simposi de Neurobiologia Experimental 
Lugar: Barcelona      Fecha:2000



Publicaciones 

157

PUBLICACIONES



Publicaciones 

 158

Encinas M.; Iglesias M.; Llecha N.; Comella J.X. (1999) Extracellular-

regulated kinases and phosphatidylinositol 3-kinase are involved in brain-

derived neurotrophic factor-mediated survival and neuritogenesis of the 

neuroblastoma cell line SH-SY5Y. J. Neurochem. 73:1409-1421. 

Soler R.M.*; Dolcet X.*; Encinas M.; Egea J.; Bayascas J.R.; Comella J.X. 
(1999) Receptors of the glial cell line-derived neurotrophic factor family of 

neurotrophic factors signal cell  survival through the phosphatidylinositol 3-

kinase pathway in spinal cord motoneurons. J.Neurosci. 19: 9160-9169. 

(*Ambos autores deben ser considrados primeros autores). 

Encinas M.; Iglesias M.; Liu Y.; Wang H.; Muhaisen A.; Ceña V.; Gallego 
C.; Comella J.X. (2000) Sequential treatment of SH-SY5Y cells with retinoic 

acid and brain-derived neurotrophic factor gives rise to fully differentiated, 

neurotrophic factor-dependent, human neuron-like cells. J Neurochem. 75:991-

1003.

Encinas M.*; Tansey M.G.*; Tsui-Pierchala B.A.; Comella J.X.; Milbrandt J.; 
Johnson E.M., Jr. c-Src is required for GFL-mediated neuronal survival 

through a PI-3-K-dependent pathway. J Neurosci. (en prensa). (*Ambos autores 

deben ser considrados primeros autores).



Bibliografía 

159

BIBLIOGRAFÍA



Bibliografía 

 160

Aigner L. and P. Caroni .1995. Absence of persistent 
spreading, branching, and adhesion in GAP-43-
depleted growth cones. J Cell Biol. 128:647-60. 

Aigner L., Arber S., Kapfhammer J.P., Laux T., 
Schneider C., Botteri F., Brenner H.R.and P. Caroni. 
1995. Overexpression of the neural growth-
associated protein GAP-43 induces nerve sprouting 
in the adult nervous system of transgenic mice. Cell
83:269-78. 

Airaksinen, M.S., A. Titievsky, and M. Saarma. 1999. 
GDNF family neurotrophic factor signaling: four 
masters, one servant?  Mol.Cell.Neurosci. 13:313-
325. 

Alberti, L., M.G. Borrello, S. Ghizzoni, F. Torriti, M.G. 
Rizzetti, and M.A. Pierotti. 1998. Grb2 binding to the 
different isoforms of Ret tyrosine kinase.  Oncogene
17:1079-1087. 

Alessi, D.R. and P. Cohen. 1998. Mechanism of 
activation and function of protein kinase B.  Curr.Biol
8:55-62. 

Alessi, D.R., A. Cuenda, P. Cohen, D.T. Dudley, and 
A.R. Saltiel. 1995. PD 098059 is a specific inhibitor 
of the activation of mitogen-activated protein kinase 
kinase in vitro and in vivo.  J.Biol.Chem 270:27489-
27494. 

Alessi, D.R., F.B. Caudwell, M. Andjelkovic, B.A. 
Hemmings, and P. Cohen. 1996b. Molecular basis 
for the substrate specificity of protein kinase B; 
comparison with MAPKAP kinase-1 and p70 S6 
kinase.  FEBS Lett 399:333-338. 

Alessi, D.R., M. Andjelkovic, B. Caudwell, P. Cron, N. 
Morrice, P. Cohen, and B.A. Hemmings. 1996a. 
Mechanism of activation of protein kinase B by 
insulin and IGF-1.  EMBO J 15:6541-6551.  

Alessi, D.R., M. Deak, A. Casamayor, F.B. Caudwell, 
N. Morrice, D.G. Norman, D. Gaffney, C.B. Reese, 
C.N. MacDougall, and D. Harbison. 1997a. 3-
phosphoinositide-dependent protein kinase-1 
(PDK1): structural and functional homology with the 
Drosophila DSTPK61 kinase.  Curr.Biol 7:776-789. 

Alessi, D.R., S.R. James, C.P. Downes, A.B. Holmes, 
P. Gaffney, C. Reece, and P. Cohen. 1997b. 
Purification and characterisation of a 
phosphatidylinositol 3,4,5-trisphosphate dependent 
protein kinase (PDK1) that phosphorilates and 
activates protein kinase B Curr.Biol 7:261-269. 

Alessi, D.R., Y. Saito, D.G. Campbell, P. Cohen, G. 
Sithanandam, U. Rapp, A. Ashworth, C.J. Marshall, 
and S. Cowley. 1994. Identification of the sites in 
MAP kinase kinase-1 phosphorylated by p74raf-1.  
EMBO J. 13:1610-1619. 

Aloyz, R.S., S.X. Bamji, C.D. Pozniak, J.G. Toma, J. 
Atwal, D.R. Kaplan, and F.D. Miller. 1998. p53 is 
essential for developmental neuron death as 
regulated by the TrkA and p75 neurotrophin 
receptors.  J Cell Biol 143:1691-1703. 

Anderson, K.E., J. Coadwell, L.R. Stephens, and P.T. 
Hawkins. 1998. Translocation of PDK-1 to the 

plasma membrane is important in allowing PDK-1 to 
activate protein kinase B.  Curr.Biol 8:684-691. 

Anderson, S.M., P.M. Carroll, and F.D. Lee. 1990. 
Abrogation of IL-3 dependent growth requires a 
functional v-src gene product: evidence for an 
autocrine growth cycle.  Oncogene 5:317-325. 

Andjelkovic, M., D.R. Alessi, R. Meier, A. Fernandez, 
N.J.C. Lamb, M. Frech, P. Cron, J.M. Lucocq, and 
B.A. Hemmings. 1997. Role of translocation in the 
activation and function of protein kinase B.  
J.Biol.Chem 272:31515-31524. 

Andjelkovic, M., T. Jakubowich, P. Cron, X.F. Ming, 
and J.W. Han. 1996. Activation and phosphorilation 
of a pleckstrin homology domain containing protein 
kinase (RAC-PK/PKB) promoted by serum and 
protein phosphatase inhibitors.  Proc.Natl.Acad Sci 
USA 93:5699-5704. 

Arcangeli A., Rosati B., Crociani O., Cherubini A., 
Fontana L., Passani B., Wanke E., and M. 
Olivotto.1999. Modulation of HERG current and herg 
gene expression during retinoic acid treatment of 
human neuroblastoma cells: potentiating effects of 
BDNF. J Neurobiol. 40: 214-225. 

Arenas, E., M. Trupp, P. Akerud, and C.F. Ibañez. 
1995. GDNF prevents degeneration and promotes 
the phenotype of brain noradrenergic neurons in 
vivo.  Neuron 15:1465-1473. 

Arighi, E., L. Alberti, F. Torriti, S. Ghizzoni, M.G. 
Rizzetti, G. Pelicci, B. Pasini, I. Bongarzone, C. 
Piutti, M.A. Pierotti, and M.G. Borrello. 1997. 
Identification of Shc docking site on Ret tyrosine 
kinase.  Oncogene 14:773-782. 

Armstrong, R.C., T. Aja, J.L. Xiang, S. Gaur, J.F. 
Krebs, K. Hoang, X. Bai, J. Korsmeyer, D.S. 
Karanewsky, L.C. Fritz, and K.J. Tomaselli. 1996. 
Fas-induced activation of the cell death-related 
protease CPP32 is inhibited by Bcl-2 and by ICE 
family protease inhibitors.  J.Cancer Res.
271:16850-16855. 

Ashkenazi A. and V.M. Dixit. 1998. Death receptors: 
signaling and modulation. Science 281:1305-8. 

Atwal JK, Massie B, Miller FD, Kaplan DR 2000. The 
TrkB-Shc site signals neuronal survival and local 
axon growth via MEK and P13-kinase. Neuron
27:265-77. 

Baker, S.J. and E.P. Reddy. 1996. Transducers of life 
and death: TNF receptor superfamily and associated 
proteins.  Oncogene  12:1-9. 

Baloh, R.H., A. Gorodinsky, J.P. Golden, M.G. Tansey, 
C.L. Keck, N.C. Popescu, E.M. Johnson, and J. 
Milbrandt. 1998a. GFR 3 is an orphan member of 
the GDNF/neurturin/persephin receptor family.  
Proc.Natl.Acad.Sci.USA 95:5801-5806. 

Baloh, R.H., H. Enomoto, E.M. Johnson, and J. 
Milbrandt. 2000. The GDNF family ligands and 
receptors - implications for neural development.  
Curr.Opin.Neurobiol. 10:103-110. 



Bibliografía 

161

Baloh, R.H., M.G. Tansey, J.P. Golden, D.J. Creedon, 
R.O. Heuckeroth, C.L. Keck, D.B. Zimonjic, N.C. 
Popescu, E.M. Johnson, and J. Milbrandt. 1997. 
TrnR2, a novel receptor that mediates neurturin and 
GDNF signaling through Ret.  Neuron 18:793-802. 

Baloh, R.H., M.G. Tansey, P.A. Lampe, T.J. Fahrner, 
H. Enomoto, K.S. Simburger, M.L. Leitner, T. Araki, 
E.M. Johnson Jr, and J. Milbrandt. 1998b. Artemin, a 
novel member of the GDNF ligand family, supports 
peripheral and central neurons and signals through 
the GFR 3-RET receptor complex.  Neuron 21:1291-
1302. 

Banner, D.W., A. D'Arcy, W. Janes, R. Gentz, H.J. 
Schoenfeld, C. Broger, H. Loetscher, and W. 
Lesslauer. 1993. Crystal structure of the soluble 
human 55 kd TNF receptor-human TNF complex: 
implication for TNF receptor activation.  Cell 73:431-
445. 

Barbacid M. 1994. The Trk family of neurotrophin 
receptors. J Neurobiol 25:1386-403. 

Barde, Y.A. 1988. What, if anything, is a neurotrophic 
factor ?  TINS 11:343-334. 

Barde, Y.A. 1989. Trophic factors and neuronal 
survival.  Neuron 2:1525-1534. 

Barde, Y.A., D. Edgar, and H. Thoenen. 1982. 
Purification of a new neurotrophic factor from 
mammalian brain.  EMBO J 1:549-553. 

Barker, P.A., C. Lomen-Hoerth, E.M. Gensch, S.O. 
Meakin, D.J. Glass, and E.M. Shooter. 1993. Tissue-
specific alternative splicing generates two isoforms of 
the trkA receptor.  J.Biol.Chem 268:15150-15157. 

Bar-Sagi, D. and J.R. Feramisco. 1985. Microinjection 
of the ras oncogene into PC12 cells induces induces 
morphological differentiation.  Cell 42:841-848. 

Bartlett, S.E., A.J. Reynolds, M. Weible, K. Heydon, 
and I.A. Hendry. 1997. In sympathetic but not 
sensory neurones, phosphoinositide-3 kinase is 
important for NGF-dependent survival and the 
retrograde transport of 125I-betaNGF.  Brain Res
761:257-262. 

Bellacosa, A., T.O. Chang, N.N. Ahmed, K. Datta, S. 
Malstrom, D. Stokoe, F. Mccormick, J. Feng, and P. 
Tsichlis. 1998. Akt activation by growth factors is a 
multiple-step process: the role of the PH domain.  
Oncogene 17:313-325. 

Berninger, B., D.E. Garcia, N. Inagaki, C. Hahnel, and 
D. Lindholm. 1993. BDNF anb NT-3 induce 
intracellular Ca2+ elevation in hippocampal neurons.  
NeuroReport 4:1303-1306. 

Berridge, M. 1993. Inositol triphosphate and calcium 
signaling.  Nature 361:315-325. 

Besset, V., Scott R. P., and C.F. Ibañez. 2000. 
Signaling complexes and protein-protein interactions 
involved in the activation of the Ras and PI3K 
pathways by the c-Ret receptor tyrosine kinase. J.
Biol. Chem. .(in press). 

Biedler J. L., Helson L., and B. A. Spengler.1973. 
Morphology and growth, tumorigenicity, and 

cytogenetics of human neuroblastoma cells in 
continuos culture. Cancer Res. 33:2643-2652. 

Blair, L.A., K.K. Bence-Hanulec, S. Mehta, T. Franke, 
D. Kaplan, and J. Marshall. 1999. Akt-dependent 
potentiation of L channels by insulin-like growth 
factor-1 is required for neuronal survival.  J Neurosci 
19:1940-1951. 

Blenis, J. 1993. Signal transduction via the MAP 
kinases: proceed at your own RSK.  Proc.Natl.Acad 
Sci USA 90:5889-5892. 

Blume-Jensen, P., R. Janknecht, and T. Hunter. 1998. 
The kit receptor promotes cell survival via activation 
of PI 3-Kinase and subsequent Akt-mediated 
phosphorylation of Bad on Ser136.  Curr.Biol. 8:779-
782. 

Boguski, M.S. and F. Mccormick. 1993. Proteins 
regulating Ras and its relatives.  Nature 366:643-
654. 

Boldin, M.P., E.E. Varfolomeev, Z. Pancer, I.L. Mett, 
J.H. Camonis, and D. Wallach. 1995. A novel protein 
that interacts with the death domain of Fas/APO1 
contains a sequence motif related to the death 
domain.  J.Biol.Chem. 270:7795-7798. 

Bonni, A., A. Brunet, A.E. West, S.R. Datta, M.A. 
Takasu, and M.E. Greenberg. 1999. Cell survival 
promoted by the Ras-MAPK signaling pathway by 
transcription-dependent and -independent 
mechanisms. Science 286:1358-1362. 

Bonni, A., D.D. Ginty, H. Dudek, and M.E. Greenberg. 
1995. Serine 133-phosphorylated CREB induces 
transcription via a cooperative mechanism that may 
confer specificity to neurotrophin signals.  
Mol.Cell.Neurosci. 6:168-183. 

Borasio, G.D., A. Markus, A. Wittinghofer, Y.A. Barde, 
and R. Heumann. 1993. Involvement of ras p21 in 
neurotrophin-induced response of sensory, but not 
sympathetic neurons.  J.Cell Biol. 121:665-672. 

Borasio, G.D., J. John, A. Wittinghofer, Y.-A. Barde, M. 
Sendtner, and R. Heumann. 1989. ras p21 protein 
promotes survival and fiber outgrowth of cultured 
embryonic neurons.  Neuron 2:1087-1096. 

Borrello, M.G., L. Alberti, E. Arighi, I. Bongarzone, C. 
Battistini, A. Bardelli, B. Pasini, C. Piutti, M.G. 
Rizzetti, P. Mondellini, M.T. Radice, and M.A. 
Pierotti. 1996. The full oncogenic activity of Ret/ptc2 
depends on tyrosine 539, a docking site for 
phospholipase C- . Mol.Cell Biol. 16:2151-2163. 

Bothwell, M. 1995. Functional interactions of 
neurotrophins and neurotrophin receptors.  
Annu.Rev.Neurosci. 18:223-253. 

Boulton, T.G., S.H. Nye, D.J. Robbins, N.Y. Ip, E. 
Radziejewska, S.D. Morgenbesser, R.A. Depino, N. 
Panayotos, M.H. Cobb, and G.D. Yancopoulos. 
1991. ERKs: a familiy of protin-serine/threonine 
kinases that are activated and tyrosine 
phosphorylated in response to insulin and NGF.  Cell
65:663-675. 

Brakebusch, C., Y. Nophar, O. Kemper, H. 
Engelmann, and D. Wallach. 1992. Cytoplasmic 



Bibliografía 

 162

truncation of the p55 tumour necrosis factor (TNF) 
receptor abolishes signalling, but not induced 
shedding of the receptor.  EMBO J 11:943-950. 

Bratton S.B., MacFarlane M., Cain K. and G.M. 
Cohen. 2000. Protein complexes activate distinct 
caspase cascades in death receptros and stress-
induced apoptosis. Exp. Cell. Res. 256:27-33. 

Brown, D.A. and E. London. 1998. Functions of lipid 
rafts in biological membranes.  Annu.Rev.Cell 
Dev.Biol 14:111-136. 

Brown, D.A. and E. London. 2000. Structure and 
function of sphingolipid- and cholesterol-rich 
membrane rafts.  J.Biol.Chem. 275:17221-17224. 

Brunet, A., A. Bonni, M.J. Zigmond, M.Z. Lin, P. Juo, 
L.S. Hu, M.J. Anderson, K.C. Arden, J. Blenis, and 
M.E. Greenberg. 1999. Akt promotes cell survival by 
phosphorylating and inhibiting a Forkhead 
transcription factor.  Cell 96:857-868. 

Budihardjo I., Oliver H., Lutter M., Luo X. and X. 
Wang. 1999. Biochemical pathways of caspase 
activation during apoptosis. Annu. Rev. Cell. Dev. 
Biol. 15:269-90. 

Buj-Bello, A., J. Adu, L.G. Piñon, A. Horton, J. 
Thompson, A. Rosenthal, M. Chinchetru, V.L. 
Buchman, and A.M. Davies. 1997. Neurturin 
responsiveness requires a GPI-linked receptor and 
the Ret receptor tyrosine kinase.  Nature 387:721-
724. 

Buj-Bello, A., V.L. Buchman, A. Horton, A. Rosenthal, 
and A.M. Davies. 1995. GDNF is an age-specific 
survival factor for sensory and autonomic neurons.  
Neuron 15:821-828. 

Burek, M.J. and R.W. Oppenheim. 1996. Programmed 
cell death in the developing nervous system.  Brain 
Pathol. 6:427-446. 

Burgering, B.M.T. and P.J. Coffer. 1995. Protein 
kinase B (c-Akt) in phosphatidylinositol-3-OH kinase 
signal transduction.  Nature 376:599-602. 

Busser J. C., Geldmacher D.S., and K. Herrup.1998. 
Ectopic cell cycle proteins predict the sites of 
neuronal cell death in Alzheimer's disease brain. .J
Neurosci. 18:2801-2807. 

Cacalano G., Farinas I., Wang L.C., Hagler K., Forgie 
A., Moore M., Armanini M., Phillips H.,Ryan A.M., 
Reichardt L.F., Hynes M., Davies A., and A. 
Rosenthal. 1998. GFRalpha1 is an essential receptor 
component for GDNF in the developing nervous 
system and kidney. Neuron. 21:53-62. 

Campbell, S.L., R. Khosravi-Far, K.L. Rossman, G.J. 
Clark, and C.J. Der. 1998. Increasing complexity of 
Ras signaling.  Oncogene 17:1395-1413. 

Cardone, M.H., N. Roy, H.R. Stennicke, G.S. 
Salvesen, T.F. Franke, E. Stanbridge, S.M. Frisch, 
and J.C. Reed. 1998. Regulation of Cell Death 
Pratease Caspase-9 by Phosphorylation.  Science
282:1318-1321. 

Carpenter, C., K.K. Auger, B. Duckworth, W. Hou, B. 
Schaffhausen, and L. Cantley. 1990. Purification and 

characterization of phosphoinositide 3-kinase from 
rat liver.  J.Biol.Chem 265:19704-19711. 

Casey, P.J. 1995. Protein lipidation in cell signaling.  
Science 2668:221-225. 

Chao, M.V. 1992. Neurotrophin receptors: a window 
into neuronal differentiation.  Neuron 9:583-593. 

Chapman, B.S. and I.D. Kuntz. 1995. Modeled 
structure of the 75-kda neurotrophin receptor.  
Protein Sci. 4:1696-1707. 

Chen, R.H., C. Sarnecki, and J. Blenis. 1992. Nuclear 
localization and regulation of erk- and rsk-encoded 
protein kinases.  Mol Cell Biol 12:915-927. 

Chen, R.H., R.R. Tung, C. Abate, and J. Blenis. 1993. 
Cytoplasmatic to nuclear signal transduction by 
mitogen-activated protein kinase and 90 kDa 
robosomal S6 kinase.  Biochem.Soc.Trans.

Chiarello, M., R. Visconti, F. Carlomagno, R.M. Melillo, 
C. Bucci, V. Franciscis, G.M. Fox, S. Jing, O.A. 
Coso, J.S. Gutkind, A. Fusco, and M. Santoro. 1998. 
Signaling of the ret receptor tyrosine kinase through 
the Jun NH2-terminal protein kinases (JNKs): 
evidence for a divergence of the ERKs and JNKs 
pathways induced by Ret.  Oncogene 16:2435-2445. 

Chinnaiyan, A.M., K. Orth, K. Orourke, H. Duan, G.G. 
Poirier, and V.M. Dixit. 1996. Molecular ordering of 
the cell death pathway. Bcl-2 and Bcl-xl function 
upstream of the CED-3-like apoptotic proteases.  
J.Biol.Chem. 271:4573-4576. 

Chou, M.M., W. Hou, J. Johnson, L.K. Graham, M.H. 
Lee, C.-S. Chen, A.C. Newton, B. Schaffhausen, and 
A. Toker. 1998. Regulation of protein kinase C zeta 
by PI 3-kinase and PDK-1.  Curr.Biol 8:1069-1077. 

Chung, J., S.L. Pelech, and J. Blenis. 1991. Mitogen-
activated Swiss mouse 3T3 RSK kinases I and II are 
related to pp44mpk from sea star oocytes and 
participate in the regulation of pp90rsk activity.  
Proc.Natl.Acad Sci USA 88:4981-4985. 

Ciccarone V., Spengler B. A., Meyers M.B., Biedler J. 
L., and R. A. Ross. 1989. Phenotypic diversification 
in human neuroblastoma cells: expression of distinct 
neural crest lineages. Cancer Res. 49:219-225. 

Cohen, G.B., R. Ren, and D. Baltimore. 1995. Modular 
binding domains in signal transduction proteins.  Cell
80:237-248. 

Conover JC, Erickson JT, Katz DM, Bianchi LM, 
Poueymirou WT, McClain J, Pan L, Helgren M, Ip 
NY, Boland P, et al 1995. Neuronal deficits, not 
involving motor neurons, in mice lacking BDNF 
and/or NT4. Nature 375:235-8. 

Cowley, S., H. Paterson, P. Kemp, and C.J. Marshall. 
1994. Activation of MAP kinase kinase is necessary 
and sufficient for PC12 differentiation and for 
transformation of NIH 3t3 cells.  Cell 77:841-852. 

Creedon, D.J., E.M. Johnson, and J.C. Lawrence. 
1996. Mitogen-activated protein kinase-independent 
pathways mediate the effects of nerve growth factor 
and cAMP on neuronal survival.  J.Biol.Chem.
271:20713-20718. 



Bibliografía 

163

Creedon, D.J., M.G. Tansey, R.H. Baloh, P.A. 
Osborne, P.A. Lampe, T.J. Fahrner, R.O. 
Heuckeroth, J. Milbrandt, and E.M. Johnson. 1997. 
Neurturin shares receptors and signal transduction 
pathways with glial cell line-derived neurotrophic 
factor in sympathetic neurons.  
Proc.Natl.Acad.Sci.USA 94:7018-7023. 

Crowder, R.J. and R.S. Freeman. 1998. 
Phosphatidylinositol 3-kinase and Akt protein kinase 
are necessary and sufficient for the survival of nerve 
growth factor-dependent sympathetic neurons.  
J.Neurosci. 18:2933-2943. 

Crowley, C., S.D. Spencer, M.C. Nishimura, K.S. 
Chen, S. Pittsmeek, M.P. Armanini, L.H. Ling, S.B. 
Mcmahon, D.L. Shelton, A.D. Levinson, and H.S. 
Phillips. 1994. Mice lacking nerve growth factor 
display perinatal loss of sensory and sympathetic 
neurons yet develop basal forebrain cholinergic 
neurons.  Cell 76:1001-1011. 

Cryns, V. and J. Yuan. 1998. Proteases to die for.  
Gene Dev. 12:1551-1570. 

Cunningham, M.E. and L.A. Greene. 1998. A function-
structure model for NGF-activated trk.  EMBO J.
17:7282-7293. 

Cunningham, M.E., R.M. Stephens, D.R. Kaplan, and 
L.A. Greene. 1997. Autophosphorylation of activation 
loop tyrosines regulates signaling by the TRK nerve 
growth factor receptor.  J.Biol.Chem. 272:10957-
10967. 

Datta, S.R., A. Brunet, and M.E. Greenberg. 1999. 
Cellular survival: a play in three Akts.  Genes Dev.
13:2905-2927. 

Datta, S.R., H. Dudek, X. Tao, S. Masters, H. Fu, Y. 
Gotoh, and M.E. Greenberg. 1997. Akt 
Phosphorylation of BAD Couples Survival Signals to 
the Cell-Intrinsic Death Machinery.  Cell 91:231-241. 

Daum, G., I. Eisenmann-Tappe, H.W. Fries, J. 
Troppmair, and U.R. Rapp. 1994. The ins and outs of 
Raf kinases.  Trends Biochem Sci 19:474-480. 

Dechant, G. and Y.A. Barde. 1997. Signalling through 
the neurotrophin receptor p75(NTR).  
Curr.Opin.Neurobiol 7:413-418. 

Dechant, G., S. Biffo, H. Okazawa, R. Kolbeck, J. 
Pottgiesser, and Y.-A. Barde. 1993. Expression and 
binding characteristics of the BDNF receptor chick 
trkB.  Development 119:545-558. 

Deckwerth T.L. and E.M. Johnson, Jr. 1993. Temporal 
analysis of events associated with programmed cell 
death (apoptosis) of sympathetic neurons deprived of 
nerve growth factor.J Cell Biol. 123:1207-22. 

Deckwerth TL, Elliott JL, Knudson CM, Johnson EM 
Jr, Snider WD, Korsmeyer SJ. 1996. BAX is required 
for neuronal death after trophic factor deprivation and 
during development. Neuron 17:401-11. 

Delpeso, L., M. Gonzalezgarcia, C. Page, R. Herrera, 
and G. Nunez. 1997. Interleukin-3-induced 
phosphorylation of BAD through the protein kinase 
Akt.  Science 278:687-689. 

Deshmukh M. and E.M. Johnson,Jr. 1998. Evidence of 
a novel event during neuronal death: development of 
competence-to-die in response to cytoplasmic 
cytochrome c. Neuron. 21:695-705. 

Dhanasekaran, N. and E.P. Reddy. 1998. Signaling by 
dual specificity kinases.  Oncogene 17:1447-1455. 

Dikic, I., A.G. Batzer, P. Blaikie, A. Obermeier, A. 
Ullrich, J. Schlessinger, and B. Margolis. 1995. Shc 
binding to nerve growth factor receptor is mediated 
by the phosphotyrosine interaction domain.  
J.Biol.Chem 270:15125-15129. 

D'Mello, S.R., K. Borodez, and S.P. Soltoff. 1997. 
Insulin-like growth factor and potassium 
depolarization maintain neuronal survival by distinct 
pathways: possible involvement of PI3-kinase in IGF-
1 signaling.  J.Neurosci. 17:1548-1560. 

Dockrell, D.H., A.D. Badley, J.S. Villacian, C.J. 
Heppelmann, A. Algeciras, S. Ziesmer, H. Yagita, 
D.H. Lynch, P.C. Roche, P.J. Leibson, and C.V. 
Paya. 1998. The expression of Fas Ligand by 
macrophages and its upregulation by human 
immunodeficiency virus infection.  J Clin.Invest.
101:2394-2405. 

Dolcet, X., J. Egea, R.M. Soler, D. Martin-Zanca, and 
J.X. Comella. 1999. Activation of phosphatidylinositol 
3-kinase, but not extracellular-regulated kinases, is 
necessary to mediate brain-derived neurotrophic 
factor-induced motoneuron survival.  J.Neurochem.
73, 521-531:521-531. 

Downward, J. 1998. Mechanisms and consequences 
of activation of protein kinase B/Akt.  Curr.Opin.Cell 
Biol. 10:262-267. 

Dudek, H., S.R. Datta, T.F. Franke, M.J. Bimbaum, R. 
Yao, G.M. Cooper, R.A. Segal, D.R. Kaplan, and 
M.E. Greenberg. 1997. Regulation of neuronal 
survival by the serine-threonine protein kinase Akt.  
Science 275:661-665. 

Dudley D.T., L. Pang, S.J. Decker, A.J. Bridges, and 
A.R. Saltiel. 1995. A synthetic inhibitor of the 
mitogen-activated protein kinase cascade.  
Proc.Natl.Acad.Sci.USA 92:7686-7689. 

Dupin E. and N. M. Ledouarin. 1995. Retinoic acid 
promotes the differentiation of adrenergic cells and 
melanocytes in quail neural crest cultures. Dev. Biol. 
168:529-548. 

Durbec, P., C.V. Marcos-Gutierrez, C. Kilkenny, M. 
Grigoriou, K. Wartiowaara, P. Suvanto, D. Smith, B. 
Ponder, F. Costantini, M. Saarma, H. Sariola, and V. 
Pachnis. 1996b. GDNF signalling through the Ret 
receptor tyrosine kinase.  Nature 381:789-793. 

 Durbec, P., L. Larsson-Bloomberg, A. Schuchardt, F. 
Constantini, and V. Pachnis. 1996a. Common origin 
and developmental dependence on c-ret of subsets 
of enteric and sympathetic neuroblasts.  
Development 122:349-358. 

Durick, K., G.N. Gill, and S.S. Taylor. 1996. Mitogenic 
signaling by Ret/ptc2 requires association with 
enigma via a LIM domain.  J.Biol.Chem 271:12691-
12694. 



Bibliografía 

 164

Easton, J.B., N.M. Moody, X. Zhu, and D.S. 
Middlemas. 1999. Brain-derived neurotrophic factor 
induces phosphorylation of fibroblast growth factor 
receptor substrate 2*.  J.Biol.Chem. 274:11321-
11327. 

Edery, P., C. Eng, A. Munnich, and S. Lyonnet. 1997. 
RET in human development and oncogenesis.  
BioEssays 19:389-395. 

Edwards S.N., Buckmaster A.E. and A.M. Tolkovsky. 
1991. The death programme in cultured sympathetic 
neurones can be suppressed at the posttranslational 
level by nerve growth factor, cyclic AMP, and 
depolarization. J Neurochem. 57:2140-3. 

Ellis, H.M. and R. Horvitz. 1986. Genetic control of 
programmed cell death in the nematode C. elegans.  
Cell 44:817-829. 

Eng, C. 1996. The Ret proto-oncogen in multiple 
endocrine neoplasia type 2 and Hirschsprung's 
disease.  New.Engl.J.Med. 335:943-951. 

Enokido, Y., F. deSauvage, J.-A. Hongo, N. Ninkina, 
A. Rosenthal, V.L. Buchman, and A.M. Davies. 1998. 
GFR 4 and the tyrosine kinase ret form a fucntional 
receptor complex for persephin.  Curr.Biol. 8:1019-
1022. 

Enomoto H , Araki T., Jackman A., Heuckeroth R.O., 
Snider W.D., Johnson E.M. Jr, and J. Milbrandt. 
1998.GFR alpha1-deficient mice have deficits in the 
enteric nervous system and kidneys. Neuron 21:317-
24. 

Ernfors P, Lee KF,  and R Jaenisch . 1994a. Mice 
lacking brain-derived neurotrophic factor develop 
with sensory deficits. Nature 368:147-50. 

Ernfors P, Lee KF, Kucera J, and R Jaenisch. 1994b. 
Lack of neurotrophin-3 leads to deficiencies in the 
peripheral nervous system and loss of limb 
proprioceptive afferents. Cel l77:503-12. 

Ernfors, P., C.F. Ibañez, T. Ebendal, L. Olson, and H. 
Persson. 1990. Molecular cloning and neurotrophic 
activities of a protein with structural similarities to 
nerve growth factor: developmental and 
topographical expression in the brain.  
Proc.Natl.Acad.Sci.USA 87:5454-5458. 

Estus S, Zaks WJ, Freeman RS, Gruda M, Bravo R, 
Johnson EM Jr. 1994. Altered gene expression in 
neurons during programmed cell death: identification 
of c-jun as necessary for neuronal apoptosis. J Cell 
Biol 127:1717-27. 

Fang X, Yu S, Eder A, Mao M, Bast RC Jr, Boyd D, 
Mills GB. 1999. Regulation of BAD phosphorylation 
at serine 112 by the Ras-mitogen-activated protein 
kinase pathway. Oncogene 18:6635-40. 

Faris, M., N. Kokot, K. Latinis, S. Kasibhatla, D.R. 
Green, G.A. Koretzky, and A. Nel. 1998. The c-Jun 
N-terminal kinase cascade plays a role in stress-
induced apoptosis in Jurkat cells by up-regulating 
Fas ligand expression.  J Immunol 160:134-144. 

Feinstein, E. and A. Kimchi. 1995. The death domain: 
a module shared by proteins with diverse cellular 
functions.  TIBS 20:342-344. 

Franke, T., S. Yang, T. Chan, K. Datta, and A. 
Kazlauskas. 1995. The protein kinase encoded by 
the Akt proto-oncogene is a target of the PDGF-
activated phosphatidylinositol 3-kinase.  Cell 81:727-
736. 

Franke, T.F., D.R. Kaplan, L.C. Cantley, and JB. 1997. 
PI3K: Downstream AKTion blocks apoptosis.  Cell
88:435-437. 

Franklin, J.L. and E.M. Johnson. 1992. Supression of 
programmed neuronal death by sustained elevation 
of cytoplasmic calcium.  TINS 15:500-508. 

Freeman RS, Estus S, Johnson EM Jr. 1994. Analysis 
of cell cycle-related gene expression in postmitotic 
neurons: selective induction of Cyclin D1 during 
programmed cell death. Neuron 12:343-55. 

Frisch, S.M. and H. Francis. 1994. Disruption of 
epithelial cell-matrix interactions induces apoptosis.  
J.Cell Biol. 124:619-626. 

Fujita, E., A. Jinbo, H. Matuzaki, H. Konishi, U. 
Kikkawa, and T. Momoi. 1999. Akt phosphorylation 
site found in human caspase-9 is absent in mouse 
caspase-9.  Biochem Biophys Res Commun.
264:550-555. 

Fukuda, M., Y. Gotoh, T. Tachibana, K. Dell, S. 
Hattori, Y. Yoneda, and E. Nishida. 1995. Induction 
of neurite outgrowth by MAP kinase in PC12 cells.  
Oncogene 11:239-244. 

Furber, S., R.W. Oppenheim, and D. Prevette. 1987. 
Naturally occurring neuron death in the ciliary 
ganglion of the chick embryo following removal of 
preganglionic input: evidence for the role of afferents 
in ganglion cell survival.  J.Neurosci. 7:1816-1832. 

Galli, C., O. Meucci, A. Scorziello, T.M. Werge, P. 
Calissano, and G. Schettini. 1995. Apoptosis in 
cerebellar granule cells is blocked by high KCl, 
Forskolin, and IGF-1 trrough distinct mechanisms of 
action: the involvement of intracellular calcium and 
RNA synthesis.  J.Neurosci. 15:1172-1179. 

Glass, D.J., S.H. Nye, P. Hantzopoulos, M.J. Macchi, 
S.P. Squinto, M. Goldfarb, and G.D. Yancopoulos. 
1991. TrkB Mediates BDNF/NT-3-Dependent 
Survival and Proliferation in Fibroblasts Lacking the 
Low Affinity NGF Receptor.  Cell 66:405-413. 

Goedert M., Crowther R. A., C. C. Garner. 1991. 
Molecular characterization of microtubule-associated 
proteins tau and MAP2. Trends Neurosci. 14: 193-
199. 

Goldsmith, B.A. and S. Koizumi. 1997. Transient 
association of the phosphotyrosine phosphatase 
SHP-2 with TrkA is induced by nerve growth factor.  
J.Neurochem. 69:1014-1019. 

Gorin PD, Johnson EM. 1979.Experimental 
autoimmune model of nerve growth factor 
deprivation: effects on developing peripheral 
sympathetic and sensory neurons. Proc Natl Acad 
Sci U S A 76:5382-6 . 

Gotz, R., R. Koster, C. Winkler, F. Raulf, F. Lottspeich, 
M. Schartl, and H. Thoenen. 1994. Neurotrophin-6 is 



Bibliografía 

165

a new member of the nerve growth factor family.  
Nature 372:266-269. 

Green, D. R., and J. C. Reed. 1998. Mitochondria and 
apoptosis. Science 281: 1309–1312. 

Greene, L.A. and A. Tischler. 1982. PC12 
pheocromocytoma cultures in neurobliological 
research. In Advances in Cellular Neurobiology. S. 
Federoff and L. Hertz, editors. New York. 373-414. 

Greene, L.A. and A.S. Tischler. 1976. Establishment of 
a noradrenergic clonal line of rat adrennal 
pheochromocytoma cells which respond to nerve 
growth factor.  Proc.Natl.Acad.Sci.USA 73:2424-
2428. 

Gross A., Yin X.M., Wang K.., Wei M.C., J. Jockel et 
al.. 1999. Caspase cleaved Bid targets mitochondria 
and is required for cytochrome c release while Bcl-xL 
prevents this release but not tumor necrosis factor-
R1/Fas death. J. Biol. Chem. 274:1156–63. 

Gryz, E.A. and S.O. Meakin. 2000. Acidic substitution 
of the activation loop tyrosines in TrkA supports 
nerve growth factor-independent cell survival and 
neuronal differentiation.  Oncogene 19:417-430. 

Gunn-Moore, F.J., A.G. Williams, N.J. Toms, and J.M. 
Tavare. 1997. Activation of mitogen-activated protein 
kinase and p70S6 kinase is not correlated with 
cerebellar granule cell survival.  Biochem J 324 ( Pt 
2):365-369. 

Hadari, Y.R., H. Kouhara, I. Lax, and J. Schlessinger. 
1998. Binding og Shp2 tyrosine phosphatase to 
FRS2 is essential for fibroblast growth factor-induced 
PC12 cell differentiation.  Mol.Cell Biol. 18:3966-
3973. 

Hagag, N., S. Halegoua, and M. Viola. 1986. Inhibition 
of growth factor-induced differentiation of PC12 cells 
by microinjection of antibody to ras p21.  Nature
319:680-682. 

Hallberg, B., M. Ashcroft, D.M. Loeb, D.R. Kaplan, and 
J. Downward. 1998. Nerve growth factor induced 
stimulation of Ras requires Trk interaction with Shc 
but does not involve phosphoinositide 3-OH kinase.  
Oncogene 17:691-697. 

Hallbook, F., C.F. Ibanez, and H. Persson. 1991. 
Evolutionary studies of nerve growth factor family 
reveal a novel member abundantly expressed in 
xenopus ovary.  Neuron 6:845+858 

Hamburger, V. and R. Levi-Montalcini. 1949. 
Proliferation, differentiation and degeneration in the 
spinal ganglia of the chick embryo and the normal 
and experimental conditions.  J.Exp.Zool. 111:457-
501. 

Hamburger, V., J.K. Brunso-Bechtold, and J. Yip. 
1981. Neuronal death in the spinal ganglia of the 
chick embryo and its reduction by nerve growth 
factor.  J.Neurosci. 1:60-71. 

Hearn, C.J., M. Murphy, and D. Newgreen. 1998. 
GDNF and ET-3 differentially modulate the numbers 
of avian enteric neural crest cells and enteric 
neurons in vitro.  Dev.Biol. 197:93-105. 

Hee Han, B. and D.M. Holtzman. 2000. BDNF protects 
the neonatal brain from hypoxic-ischemic injury in 
vivo via the ERK pathway.  J.Neurosci. 20:5775-
5781. 

Henderson, C.E., H.S. Phillips, R.A. Pollock, A.M. 
Davies, C. Lemeulle, M. Armanini, L.C. Simpson, B. 
Moffet, R.A. Vandlen, V.E. Koliatsos, and A. 
Rosenthal. 1994. GDNF: a potent survival factor for 
motoneurons present in peripheral nerve and 
muscle.  Science 266:1062-1064. 

Hengartner, M.O. and H.R. Horvitz. 1994. C-elegans 
cell survival gene ced-9 encodes a functional 
homolog of the mammalian proto-oncogene bcl 2.  
Cell 76:665-676. 

Hengartner, M.O., R.E. Ellis, and H.R. Horvitz. 1992. 
Caenorhabditis elegans Gene ced-9 Protects Cells 
from Programmed Cell Death.  Nature 356:494-499. 

Herrup K. and J. C. Busser. 1995. The induction of 
multiple cell cycle events precedes target- related 
neuronal death. Development 121:2385-2395. 

Herrup, K. and K. Sunter. 1987. Numerical matching 
during cerebellar development: quantitative analysis 
of granule cell death in staggerer mouse chimeras.  
J.Neurosci. 7:829-836. 

Hetman, M., J.E. Cavanaugh, D. Kimelman, and Z. 
Xia. 2000. Role of glycogen synthase kinase-3beta in 
neuronal apoptosis induced by trophic withdrawal.  J
Neurosci  20:2567-2574. 

Hetman, M., K. Kanning, J.E. Cavanaugh, and Z. Xia. 
1999. Neuroprotection by brain-derived neurotrophic 
factor is mediated by extracellular signal-regulated 
kinase and phosphatidylinositol 3-kinase.  J Biol 
Chem 274:22569-22580. 

Heuckeroth R.O., Enomoto H., Grider J.R., Golden 
J.P., Hanke J.A., Jackman A., Molliver D.C.,Bardgett 
M.E, Snider W.D., Johnson E.M. Jr, and J. Milbrandt 
.1999. Gene targeting reveals a critical role for 
neurturin in the development and maintenance of 
enteric, sensory, and parasympathetic neurons. 
Neuron. 22:253-63. 
Heuckeroth, R.O., P.A. Lampe, E.M. Johnson, and J. 

Milbrandt. 1998. Neurturin and GDNF promote 
proliferation and survival of enteric neuron and glial 
progenitors in vitro.  Dev.Biol. 200:116-129. 

Hill D. P. and K. A. Robertson. 1997. Characterization 
of the cholinergic neuronal differentiation of the 
human neuroblastoma LA-N-5 after treatment with 
retinoic acid. Dev. Brain Res. 102:53-67. 

Hill, C.S. and R. Treisman. 1995. Transcriptional 
regulation by extracellular signals: mechanisms and 
specificity.  Cell 80:199-211. 

Hohn, A., J. Leibrock, K. Bailey, and Y.A. Barde. 1990. 
Identification and Characterization of a Novel 
Member of the Nerve Growth Factor Brain-Derived 
Neurotrophic Factor Family.  Nature 344:339-341. 

Holgado-Madruga, M., D.R. Emlet, D.K. Moscatello, 
A.K. Godwin, and A.J. Wong. 1996. A Grb2-
associated docking protein in EGF- and insulin-
receptor signalling.  Nature 378:560-564. 



Bibliografía 

 166

Holgado-Madruga, M., Moscatello, D. K., Emlet, D. R., 
Dieterich, R., and A. J. Wong. 1997. Grb2-associated 
binder-1 mediates phosphatidylinositol 3-kinase 
activation and the promotion of cell survival by nerve 
growth factor. Proc.Natl.Acad.Sci.USA 94:12419-
12424. 

Horger, B.A., M.C. Nishimura, M.P. Armanini, L.C. 
Wang, K.T. Poulsen, C. Rosenblad, D. Kirik, B. 
Moffat, L. Simmons, E. Johnson, J. Milbrandt, A. 
Rosenthal, A. Bjorklund, R.A. Vandlen, M.A. Hynes, 
and H.S. Phillips. 1998. Neurturin exerts potent 
actions on survival and function of midbrain 
dopaminergic neurons.  J.Neurosci. 18:4929-4937. 

Horvitz, H.R., H.M. Ellis, and P. Sternberg. 1982. 
Programmed cell death in nematode development.  
Neurosci.Commentaries 1:56-65. 

Hou, S.T., D. Callaghan, M.-C. Fournier, I. Hill, L. 
Kang, B. Massie, P. Morley, C. Murray, I. Rasquinha, 
R. Slack, and J.P. MacManus. 2000. The 
transcription factor E2F1 modulates apoptosis in 
neurons.  J.Neurochem. 75:91-100. 

Howe, L.R., S.J. Leevers, N. Gomez, S. Nakielny, P. 
Cohen, and C.J. Marchall. 1992. Activation of the 
MAP kinase pathway by the protein kinase raf.  Cell
71:335-342. 

Howes KA, Ransom N, Papermaster DS, Lasudry JG, 
Albert DM, Windle JJ. 1994. Apoptosis or 
retinoblastoma: alternative fates of photoreceptors 
expressing the HPV-16 E7 gene in the presence or 
absence of p53. Genes Dev 8:1300-10. 

Hu, P., B. Margolis, E.Y. Skolnik, R. Lammers, A. 
Ullrich, and J. Schlessinger. 1992. Interaction of 
phosphatidylinositol 3-kinase-associated p85 with 
epidermal growth factor and platelet-derived growth 
factor receptors.  Mol.Cell Biol. 12:981-990. 

Ip N. Y., Stitt T. N., Tapley P., Klein R., Glass D. J., 
Fandl J., Greene L. A., Barbacid M., and G. D. 
Yancopoulos. 1993. Similarities and differences in 
the way neurotrophins interact with the Trk receptors 
in neuronal and nonneuronal cells. Neuron 10:137–
149. 

Ip NY,  and GD Yancopoulos . 1996. The 
neurotrophins and CNTF: two families of 
collaborative neurotrophic factors. Annu Rev 
Neurosci 19:491-515 

Ip, N.Y., C.F. Ibanez, S.H. Nye, J. Mcclain, P.F. Jones, 
D.R. Gies, L. Belluscio, M.M. Lebeau, R. Espinosa, 
S.P. Squinto, H. Persson, and G.D. Yancopoulos. 
1992. Mammalian Neurotrophin-4 - Structure, 
Chromosomal Localization, Tissue Distribution, and 
Receptor Specificity.  Proc.Natl.Acad.Sci.USA
89:3060-3064. 

Itoh, N. and S. Nagata. 1993. A novel protein domain 
required for apoptosis - mutational analysis of human 
fas antigen.  J.Biol.Chem. 268:10932-10937. 

Iwamoto T, Taniguchi M, Asai N, Ohkusu K, 
Nakashima I, Takahashi M. 1993. cDNA cloning of 
mouse ret proto-oncogene and its sequence 
similarity to the cadherin superfamily. Oncogene
8:1087-91. 

Jacobson, M. D., Weil, M., and M. C. Raff. 1997. 
Programmed cell death in animal development. Cell 
88: 347-354. 

Jensen L. M. .1987. Phenotypic differentiation of 
aphidicolin-selected human neuroblastoma cultures 
after long-term exposure to nerve growth factor. Dev. 
Biol. 120:56-64. 

Jing, S. Q., Yu, Y. B., Fang, M., Hu, Z., Holst, P. L., 
Boone, T., Delaney, J., Schultz, H., Zhou, R. P., and 
Fox, G. M. 1997. GFR alpha-2 and GFR alpha-3 are 
two new receptors for ligands of the GDNF family. J.
Biol. Chem. 272:33111-33117 

Jing, S., D.Z. Wen, Y.B. Yu, P.L. Holst, Y. Luo, M. 
Fang, R. Tamir, L. Antonio, Z. Hu, R. Cupples, J.C. 
Louis, S. Hu, B.W. Altrock, and G.M. Fox. 1996. 
GDNF-induced activation of the Ret protein tyrosine 
kinase is mediated by GDNFR-alpha, a novel 
receptor for GDNF.  Cell 85:1113-1124. 

Jing, S., P. Tapley, and M. Barbacid. 1992. Nerve 
growth factor mediates signal transduction through 
trk homodimer receptors.  Neuron 9:1067-1079. 

Johnson EM Jr, Gorin PD, Brandeis LD and J 
Pearson. 1980. Dorsal root ganglion neurons are 
destroyed by exposure in utero to maternal antibody 
to nerve growth factor. Science. 210:916-8. 

Johnson, D., A. Lanahan, C.R. Buck, A. Sehgal, C. 
Morgan, E. Mercer, M. Bothwell, and M. Chao. 1986. 
Expression and structure of the human NGF 
receptor.  Cell 47:545-554. 

Johnson, D., M. Agochiya, M. Samejima, W. 
Earnshaw, M. Frame, and J. Wyke. 2000. Regulation 
of both apoptosis and cell survival by the v-src 
oncoprotein.  Cell Death.Differ. 7:685-696. 

Johnson, E.M. 1978. Destruction of the sympathetic 
nervous system in neonatal rats and hamsters by 
vinblastine: prevention by concomitant administration 
of nerve growth factor.  Brain Res. 141:105-118. 

Jones KR, Farinas I, Backus C, and LF Reichardt. 
1994. Targeted disruption of the BDNF gene 
perturbs brain and sensory neuron development but 
not motor neuron development. Cell 76:989-99. 

Jones, K.R. and L.F. Reichardt. 1990. Molecular 
Cloning of a Human Gene That Is a Member of the 
Nerve Growth Factor Family.  
Proc.Natl.Acad.Sci.USA 87:8060-8064. 

Juergensmeier J.M., Xie Z., Deveraux Q., Ellerby L., 
Bredesen D. and Reed J.C. 1998. Bax directly 
induces release of cytochrome c from isolated 
mitochondria. Proc. Natl. Acad. Sci. USA 95:4997–
5002. 

Kaisho, Y., K. Yoshimura, and K. Nakahama. 1990. 
Cloning and Expression of a cDNA Encoding a Novel 
Human Neurotrophic Factor.  FEBS Lett. 266:187-
191. 

Kaplan D. R., Matsumoto K., Lucarelli E., and C. J 
Thiele. 1993. Induction of TrkB by retinoic acid 
mediates biologic responsiveness to BDNF and 
differentiation of human neuroblastoma cells. Neuron 
11:321-331. 



Bibliografía 

167

Kaplan, D. R. and Miller, F. D. 1997. Signal 
transduction by the neurotrophin receptors. Curr. 
Opin.  Cell Biol. 9:213-221.  

Kaplan, D.R. and F.D. Miller. 2000. Neurotrophin 
signal transduction in the nervous system.  
Curr.Opin.Neurobiol. 10:381-391. 

Kaplan, D.R. and R.M. Stephens. 1994. Neurotrophin 
signal transduction by the Trk receptor.  J.Neurobiol.
25:1404-1417. 

Kaplan, D.R., B.L. Hempstead, D. Martinzanca, M.V. 
Chao, and L.F. Parada. 1991a. The trk Proto-
Oncogene Product - A Signal Transducing Receptor 
for Nerve Growth Factor.  Science 252:554-558. 

Kaplan, D.R., D. Martin-Zanca, and L.F. Parada. 
1991b. Tyrosine phosphorylation and tyrosine kinase 
activity of the TRK proto-oncogene product induced 
by NGF.  Nature 350:158-160. 

Kasten M. M. and A. Giordano. 1998. pRb and the 
Cdks in apoptosis and the cell cycle. Cell Death. 
Differ. 5:132-140. 

Katz, M.E. and F. Mccormick. 1997. Signal 
transduction from multiple Ras effectors.  
Curr.Opi.Gen.Dev. 7:75-79. 

KauffmannZeh, A., P. RodriguezViciana, E. Ulrich, C. 
Gilbert, P. Coffer, J. Downward, and G. Evan. 1997. 
Supression of c-Myc-Induced apoptosis by Ras 
signalling through PI(3)K and PKB.  Nature 385:544-
548. 

Kazlauskas, A. and J.A. Cooper. 1989. 
Autophosphorylation of the PDGF receptor in the 
kinase insert region regulates interactions with cell 
proteins.  Cell 58:1121-1133. 

Kazlauskas, A. and J.A. Cooper. 1990. 
Phosphorylation of the PDGF receptor beta subunit 
creates a tight binding site for phosphatidylinositol 3 
kinase.  EMBO J 9:3279-3286. 

Kennedy, S. G., Wagner, A. J., Conzen, S. D., Jordan, 
J., Bellacosa, A., Tsichlis, P. N., and N. Hay. 1997. 
The PI 3-kinase/Akt signaling pathway delivers an 
anti-apoptotic signal. Genes Dev. 11:701-713. 

Kerr, J.F.R., A.H. Wyllie, and A.R. Currie. 1972. 
Apoptosis: A basic biological phenomenon with wide-
ranging implication in tissue kinetics.  Br.J Cancer
26:239-257. 

Khwaja A, Rodriguez-Viciana P, Wennstrom S, Warne 
PH, and J Downward .1997. Matrix adhesion and 
Ras transformation both activate a phosphoinositide 
3-OH kinase and protein kinase B/Akt cellular 
survival pathway. EMBO J 16:2783-93. 

Kim, B., Leventhal, P. S., Saltiel, A. R., and E. L. 1997. 
Feldman Insulin-like growth factor-I-mediated neurite 
outgrowth in vitro requires mitogen-activated protein 
kinase activation. J Biol Chem 272: 21268-21273. 

Kimura, K., S. Hattori, Y. Kabuyama, Y. Shizawa, J. 
Takayanagi, S. Nakamura, S. Toki, Y. Matsuda, K. 
Onodera, and Y. Fukui. 1994. Neurite outgrowth of 
PC12 cells is suppressed by wortmannin, a specific 

inhibitor of phosphatidylinositol 3-kinase.  
J.Biol.Chem. 269:18961-18967. 

King K. L. and J. A. Cidlowski. 1998. Cell cycle 
regulation and apoptosis. Annu. Rev. Physiol. 
60:601-17. 

Klein R, Silos-Santiago I, Smeyne RJ, Lira SA, 
Brambilla R, Bryant S, Zhang L, Snider WD, 
Barbacid M. 1994. Disruption of the neurotrophin-3 
receptor gene trkC eliminates la muscle afferents 
and results in abnormal movements. Nature
368:249-51. 

Klein R, Smeyne RJ, Wurst W, Long LK, Auerbach 
BA, Joyner AL, Barbacid M. 1993. Targeted 
disruption of the trkB neurotrophin receptor gene 
results in nervous system lesions and neonatal 
death. Cell 75:113-22. 

Klein, R., D. Conway, L.F. Parada, and M. Barbacid. 
1990. The trkB tyrosine protein kinase gene codes 
for a second neurogenic receptor that lacks the 
catalytic kinase domain.  Cell 61:647-656. 

Klein, R., L.F. Parada, F. Coulier, and M. Barbacid. 
1989. trkB, a novel tyrosine protein kinase receptor 
expressed during mouse neural development.  
EMBO J 8:3701-3709. 

Klein, R., S.Q. Jing, V. Nanduri, E. Orourke, and M. 
Barbacid. 1991. The trk Proto-Oncogene Encodes a 
Receptor for Nerve Growth Factor.  Cell 65:189-197. 

Klein, R., V. Nanduri, S.Q. Jing, F. Lamballe, P. 
Tapley, S. Bryant, C. Cordoncardo, K.R. Jones, L.F. 
Reichardt, and M. Barbacid. 1991. The trkB Tyrosine 
Protein Kinase Is a Receptor for Brain- Derived 
Neurotrophic Factor and Neurotrophin-3.  Cell
66:395-403. 

Klein, R.D., D. Sherman, W.-H. Ho, D. Stone, G.L. 
Bennett, B. Moffat, R. Vandlen, L. Simmons, Q. Gu, 
J.-A. Hongo, B. Devaux, K. Poulsen, M. Armanini, C. 
Nozak, N. Asal, A. Goddard, H. Phillips, C.E. 
Henderson, M. Takahashi, and A. Rosenthal. 1997. 
A GPI-linked protein that interacts with Ret to form a 
candidate neurturin receptor.  Nature 387:717-721. 

Klesse L.J., Meyers K.A., Marshall C.J., L.F. Parada. 
1999. Nerve growth factor induces survival and 
differentiation through two distinct signaling 
cascades in PC12 cells. Oncogene 18:2055-68. 

Klesse, L.J. and L.F. Parada. 1998. p21 ras and 
phosphatidylinositol-3 kinase are required for survival 
of wild-type and NF1 mutant sensory neurons.  J
Neurosci  18:10420-10428. 

Klinz FJ, Wolff P, Heumann R. 1996. Nerve growth 
factor-stimulated mitogen-activated protein kinase 
activity is not necessary for neurite outgrowth of 
chick dorsal root ganglion sensory and sympathetic 
neurons. J Neurosci Res 46:720-6. 

Klippel, A., W.M. Kavanaugh, D. Pot, and L.T. 
Williams. 1997. A sepecific product of 
phosphatidylinositol 3-kinase directly activates the 
protein kinase Akt through its pleckstrin homology 
domain.  Mol.Cell.Biol. 17:338-334. 

Klocker N., Kermer P., Weishaupt J.H., Labes M., 
Ankerhold R., M. Bahr .2000. Brain-derived 



Bibliografía 

 168

neurotrophic factor-mediated neuroprotection of adult 
rat retinal ganglion cells in vivo does not exclusively 
depend on phosphatidyl-inositol-3'-kinase/protein 
kinase B signaling. J Neurosci. 20:6962-7. 

Kluck R.M., Bossy-Wetzel E., Green D.R. and D.D. 
Newmeyer. 1997. The release of cytochrome c from 
mitochondria: a primary site or bcl-2 regulation of 
apoptosis. Science 275:1132–36. 

Kobayashi, M., S. Nagata, Y. Kita, N. Nakatsu, S. 
Ihara, K. Kaibuchi, S. Kuroda, M. Ui, H. Iba, H. 
Konishi, U. Kikkawa, I. Saitoh, and Y. Fukui. 1997. 
Expression of a constitutively active 
phosphatidylinositol 3- kinase induces process 
formation in rat PC12 cells - Use of Cre/loxP 
recombination system.  J Biol Chem 272:16089-
16092. 

Kohn, A.D., F. Takeuchi, and R.A. Roth. 1996. Akt, a 
pleckstrin homology domain containing kinase, is 
activated primarily by phosphorylation.  J.Biol.Chem
271:21920-21926. 

Kohn, A.D., K.S. Kovacina, and R.A. Roth. 1995. 
Insulin stimulates the kinase activity of RAC-PK, a 
pleckstrin homology domain containing ser/thr 
kinase.  EMBO J 14:4288-4295. 

Kolch, W., G. Heldecker, G. Kochs, R. Hummel, H. 
Vahidi, H. Mischak, G. Finkenzeller, D. Marme, and 
U.P. Rapp. 1993. Protein kinase Ca activates RAF-1 
by direct phosphorylation.  Nature 364:249-252. 

Kotzbauer, P.T., P.A. Lampe, R.O. Heuckeroth, J.P. 
Golden, D.J. Creedon, E.M. Johnson, and J. 
Milbrandt. 1996. Neurturin, a relative of glial-cell-line-
derived neurotrophic factor.  Nature 384:467-470. 

Kouhara, H., Y.R. Hadari, T. Spivakkroizman, J. 
Schilling, D. Barsagi, I. Lax, and J. Schlessinger. 
1997. A lipid-anchored Grb2-binding protein that 
links FGF-receptor activation to the Ras/MAPK 
signaling pathway.  Cell 89:693-702. 

Kranenburg O., Van der Eb A. J., and A. Zantema. 
1996. Cyclin D1 is an essential mediator of apoptotic 
neuronal cell death. EMBO J. 15:46-54. 

Kremer, N.E., G. Darcangelo, S.M. Thomas, M. 
Demarco, J.S. Brugge, and S. Halegoua. 1991. 
Signal Transduction by Nerve Growth Factor and 
Fibroblast Growth Factor in PC12-Cells Requires a 
Sequence of Src and Ras Actions.  J.Cell Biol.
115:809-819. 

Kulik, G., Klippel, A., and M.J. Weber. 1997. 
Antiapoptotic signalling by the insulin-like growth 
factor I receptor, phosphatidylinositol 3-kinase, and 
Akt . Molecular and Cellular Biology 17:1595-1606. 

Kuo WL, Abe M, Rhee J, Eves EM, McCarthy SA, Yan 
M, Templeton DJ, McMahon M, Rosner MR. 1996. 
Raf, but not MEK or ERK, is sufficient for 
differentiation of hippocampal neuronal cells. Mol 
Cell Biol 16:1458-70. 

Kuwana T., Smith J.J., Muzio M., Dixit V., Newmeyer 
D.D. and S. Kornbluth. 1998. Apoptosis induction by 
caspase-8 is amplified through the mitochondrial 
release of cytochrome c. J. Biol. Chem. 273:16589–
94  

Kyriakis, J.M., H. App, X.F. Zhang, P. Banerjee, D.L. 
Brautigan, U. Rapp, and J. Avruch. 1992. Raf-1 
activates MAP kinase-kinase.  Nature 358:417-421. 

Lamballe, F., P. Tapley, and M. Barbacid. 1993. trkc 
encodes multiple neurotrophin-3 receptors with 
distinct biological properties and substrate 
specificities.  EMBO J. 12:3083-3094. 

Lamballe, F., R. Klein, and M. Barbacid. 1991. trkC, a 
New Member of the trk Family of Tyrosine Protein 
Kinases, Is a Receptor for Neurotrophin-3.  Cell
66:967-979. 

Large, T.H., G. Weskamp, J.C. Helder, M.J. Radeke, 
T.P. Misko, E.M. Shooter, and L.F. Reichardt. 1989. 
Structure and developmental expression of the nerve 
growth factor receptor in the chicken central nervous 
system.  Neuron 2:1123-1134. 

Lee E. Y. H. P., Hu N., Yuan S-S.F., Cox L.A., Bradley 
A., Lee W.-H., and K. Herrup. 1994. Dual roles of the 
retinoblastoma protein in cell cycle regulation and 
neuron differentiation. Genes Dev. 8:2008-2021. 

Leevers, S.J., H.F. Paterson, and C.J. Marshall. 1994. 
Requirement for Ras in Raf activation is overcome 
by targeting Raf to the plasma membrane.  Nature
369:411-444. 

Leibrock, J., F. Lottspeich, A. Hohn, M. Hofer, B. 
Hengerer, P. Masiakowski, H. Thoenen, and Y.-A. 
Barde. 1989. Molecular cloning and expression of 
brain-derived neurotrophic factor.  Nature 341:149-
152. 

Le-Niculescu, H., E. Bonfoco, Y. Kasuya, F.X. Claret, 
D.R. Green, and M. Karin. 1999. Withdrawal of 
survival factors results in activation of the JNK 
pathway in neuronal cells leading to Fas ligand 
induction and cell death.  Mol Cell Biol 19:751-763. 

Leventhal P. S., Randolph A. E., Vesbit T. E., 
Schenone A., Windebank A. J., E. L.Feldman. 1995. 
Insulin-like growth factor-II as a paracrine growth 
factor in human neuroblastoma cells. Exp. Cell Res.
221:179-186. 

Levi-Montalcini, L. 1987. The nerve growth factor 35 
years later.  Science 237:1154 

Lewin, G.R. and Y.-A. Barde. 1996. Physiology of the 
neurotrophins.  Annu.Rev.Neuroscience 19:289-317. 

Li F., Srinivasan A., Wang Y., Armstrong R.C., 
Tomaselli K.J. and L.C. Fritz. 1997a.Cell-specific 
induction of apoptosis by microinjection of 
cytochrome c. Bcl-xL has activity independent of 
cytochrome c release.J Biol Chem. 272:30299-305. 

Li, H., Zhu, H., Xu, C. J., and J. Yuan. 1998. Cleavage 
of BID by caspase 8 mediates the mitochondrial 
damage in the Fas pathway of apoptosis. Cell 94:
491–501. 

Li, P., Nijhawan, D., Budihardjo, I., Srinivasula, S. M., 
Ahmad, M., Alnemri, E. S., and X. Wang. 1997b. 
Cytochrome c and dATP-dependent formation of 
Apaf-1/caspase-9 complex ini-tiates an apoptotic 
protease cascade. Cell 91: 479–489. 



Bibliografía 

169

Lin, L.-F.H., D.H. Doherty, J.D. Lile, S. Bektesh, and F. 
Collins. 1993. GDNF: a glial cell line-derived 
neurotrophic factor for midbrain dopaminergic 
neurons.  Science 260:1130-1132. 

Lindahl, M., T. Timmusk, J. Rossi, M. Saarma, and 
M.S. Airaksinen. 2000. Expression and alternative 
splicing of mouse gfr4 suggest roles in endocrine cell 
development.  Mol.Cell Neurosci. 15:522-533. 

Lindsay, R.M., S.J. Wiegand, C.A. Altar, and P.S. 
DiStefano. 1994. Neurotrophic factors - from 
molecule to man.  TINS 17:182-190. 

Liu X, Ernfors P, Wu H,  and R Jaenisch. 1995. 
Sensory but not motor neuron deficits in mice lacking 
NT4 and BDNF. Nature 375:238-41. 

Liu, X., Q.C. Vega, R.A. Decker, A. Pandley, C.A. 
Worby, and J.E. Dixon. 1996. Oncogenic RET 
receptors display different autophosphorylation sites 
and substrate binding specificities.  J.Biol.Chem
271:5309-5312. 

Liu, Y.Z., L.M. Boxer, and D.S. Latchman. 1999. 
Activation of the Bcl-2 promoter by nerve growth 
factor is mediated by the p42/p44 MAPK cascade.  
Nucleic Acids Res 27:2086-2090. 

Li-Weber, M., O. Laur, A. Hekele, J. Coy, H. Walczak, 
and P.H. Krammer. 1998. A regulatory element in the 
CD95 (APO-1/Fas) ligand promoter is essential for 
responsiveness to TCR-mediated activation.  Eur J 
Immunol 28:2373-2383. 

Lorenzo, M. J., Gish, G. D., Houghton, C., 
Stonehouse, T. J., Pawson, T., Ponder, B. A. J., and 
D. P. Smith. 1997. RET alternate splicing influences 
the interaction of activated RET with the SH2 and 
PTB domains of Shc, and the SH2 domain of Grb2.
Oncogene 14:763-771 

Lowenstein, E.J., R.J. Daly, A.G. Batzer, W. Li, B. 
Margolis, R. Lammers, A. Ullrich, E.Y. Skolnik, D. 
Barsagi, and J. Schlessinger. 1992. The SH2 and 
SH3 Domain-Containing Protein GRB2 Links 
Receptor Tyrosine Kinases to Ras Signaling.  Cell
70:431-442. 

Luo X., Budihardjo I., Zou H., Slaughter C. and X. 
Wang.1998. Bid, a Bcl-2 interacting protein, 
mediates cytochrome c release from mitochondria in 
response to activation of cell surface death 
receptors. Cell 94:481–90. 

Macara, I.G., K.M. Lounsbury, S.A. Richards, C. 
Mckiernan, and D. Barsagi. 1996. The ras 
superfamily of GTPases.  FASEB J. 10:625-630. 

Maisonpierre, P.C., L. Belluscio, S. Squinto, N.Y. Ip, 
M.E. Furth, R.M. Lindsay, and G.D. Yancopoulos. 
1990. Neurotrophin-3 - A Neurotrophic Factor 
Related to NGF and Bdnf.  Science 247:1446-1451. 

Marshall, C.J. 1994. MAP kinase kinase kinase, MAP 
kinase kinase and MAP kinase.  
Curr.Opin.Genet.Dev. 4:82-89. 

Marshall, C.J. 1995b. Specificity of receptor tyrosine 
kinase signaling: transient versus sustained 
extracellular signal-regulated kinase activation.  Cell
80:179-185. 

Marshall, M.S. 1995a. Ras target proteins in 
eukaryotic cells.  FASEB J. 9:1311-1318. 

Marte, B.M. and J. Downward. 1997. PKB/Akt: 
connecting phosphoinositide 3-kinase to cell survival 
and beyond.  Trends Biochem Sci 22:355-358. 

Martin-Zanca, D., R. Oskam, G. Mitra, T. Copeland, 
and M. Barbacid. 1989. Molecular and Biochemical 
Characterization of the Human trk Proto-Oncogene.  
Mol.Cell.Biol. 9:24-33. 

Martin-Zanca, D., S.H. Hughes, and M. Barbacid. 
1986. A human oncogene formed by the fusion of 
truncated tropomyosin and protein tyrosine kinase 
sequences.  Nature 319:743-748. 

Matsushima H. and E. Bogenmann. 1992. Bi-modal 
differentiation pattern in a new human 
neuroblastoma cell line in vitro. Int. J. Cancer 
51:250-258. 

Mazzoni, I.E., F.A. Said, R. Aloyz, F.D. Miller, and D. 
Kaplan. 1999. Ras regulates sympathetic neuron 
survival by suppressing the p53-mediated cell death 
pathway.  J Neurosci  19:9716-9727. 

McCarthy M.J., Rubin L.L. and K.L. Philpott 1997. 
Involvement of caspases in sympathetic neuron 
apoptosis.J Cell Sci. 110:2165-73. 

McCormick, F. 1994. Activators and effectors of ras 
p21 proteins.  Curr.Opin.Genet.Dev. 4:71-76. 

McCubrey, J.A., S.R. Smith, P.A. Algate, J.E. Devente, 
M.K. White, and L.S. Steelman. 1993. Retroviral 
infection can abrogate the factor dependency of 
hematopoietic cells by autocrine and non-autocrine 
mechanisms depending on the presence of a 
functional viral oncogene.  Oncogene 8:2905-2915. 

Meakin, S.O., J.L. MacDonald, E.A. Gryz, C.J. Kubu, 
and J.M. Verdi. 1999. The signaling adapter FRS-2 
competes with Shc for binding to the nerve growth 
factor receptor 
TrkA. A model for discriminating proliferation and 
differentiation.  J.Biol.Chem 274:9861-9870. 

Meakin, S.O., U. Suter, C.C. Drinkwater, A.A. Welcher, 
and E.M. Shooter. 1992. The rat trk protooncogene 
product exhibits properties characteristic of the slow 
nerve growth factor receptor.  Proc.Natl.Acad Sci 
USA 89:2374-2378. 

Meier, R., Alessi, D. R., Cron, P., Andjelkovic, M., and 
B.A. Hemmings. 1997. Mitogenic activation, 
phosphorylation, and nuclear translocation of protein 
kinase B beta. J. Biol. Chem. 272:30491-30497. 

Melillo, R.M., M.V. Barone, G. Lupoli, A.M. Cirafici, F. 
Carlomagno, R. Visconti, B. Matoskova, P.P. Di 
Fiore, G. Vecchio, A. Fusco, and M. Santoro. 1999. 
Ret-mediated mitogenesis requires Src kinase 
activity.  Cancer Res. 59:1120-1126. 

Middlemas, D.S., R.A. Lindberg, and T. Hunter. 1991. 
trkB, a neural receptor protein-tyrosine kinase: 
evidence for a full-length and two truncated 
receptors.  Mol.Cell Biol. 11:143-153. 



Bibliografía 

 170

Milbrandt, J., F.J. deSauvage, T.J. Fahrner, R.H. 
Baloh, M.L. Leitner, M.G. Tansey, P.A. Lampe, R.O. 
Heuckeroth, P.T. Kotzbauer, K.S. Simburger, J.P. 
Golden, J.A. Davies, R. Vejsada, A.C. Kato, M. 
Hynes, D. Sherman, M. Nishimura, L.C. Wang, R. 
Vandlen, B. Moffat, R.D. Klein, K. Poulsen, C. Gray, 
A. Garces, C.E. Henderson, H.S. Phillips, and E.M. 
Johnson. 1998. Persephin, a novel neurotrophic 
factor related to GDNF and neurturin.  Neuron
20:245-253. 

Miller, F.D. and D.R. Kaplan. 1998. Life and death 
decisions: a biological role for the p75 neurotrophin 
receptor.  Cell Death.Differentiation. 5:343-345. 

Miller, T. M., Moulder, K. L., Knudson, C. M., Creedon, 
D. J., Deshmukh, M., Korsmeyer, S. J., and E.M: 
Johnson, Jr. 1997. Bax deletion further orders the 
cell death pathway in cerebellar granule cells and 
suggests a caspase-independent pathway to cell 
death. J. Cell. Biol. 139:205-217. 

Miller, T.M. and E.M.J. Johnson, Jr. 1996. Metabolic 
and genetic analyses of apoptosis in 
potassium/serum-deprived rat cerebellar granule 
cells.  J Neurosci  16:7487-7495. 

Miller, T.M., M.G. Tansey, E.M. Johnson, Jr, and D.J. 
Creedon. 1997. Inhibition of Phosphatidylinositol 3-
Kinase Activity Blocks Depolarization- and Insulin-
like Growth Factor I-mediated Survival of Cerebellar 
Granule Cells.  J.Biol.Chem. 272:9847-9853. 

Minichiello L, Klein R. 1996. TrkB and TrkC 
neurotrophin receptors cooperate in promoting 
survival of hippocampal and cerebellar granule 
neurons. Genes Dev 10:2849-58. 

Minichiello, L., Casagranda, F., Tatche, R. S., Stucky, 
C. L., Postigo, A., Lewin, G. L., Davies, A. M., and R. 
Klein. 1998. Point mutation in TrkB causes loss of 
NT4-dependent neurons without major effects on 
diverse BDNF responses.  Neuron. 21:335-345. 

Miyashita, T. and J.C. Reed. 1995. Tumor suppressor 
p53 is a direct transcriptional activator of the human 
bax gene.  Cell 80:293-299. 

Miyashita, T., S. Krajewski, M. Krajewska, H.G. Wang, 
H.K. Lin, D.A. Liebermann, B. Hoffman, and J.C. 
Reed. 1994. Tumor suppressor p53 is a regulator of 
bcl-2 and bax gene expression in vitro and in vivo.  
Oncogene 9:1799-1805. 

Moore, M.W., R.D. Klein, I. Farinas, H. Sauer, M. 
Armanini, H. Phillips, L.F. Reichardt, A.M. Ryan, K. 
CarverMoore, and A. Rosenthal. 1996. Renal and 
neuronal abnormalities in mice lacking GDNF.  
Nature 382:76-79. 

Morgenbesser S. D., Williams B. O., Jacks T., and R. 
A. DePinho. 1994. p53-dependent apoptosis 
produced by Rb-deficiency in the developing mouse 
lens. Nature 371:72-74. 

Moriya, S., A. Kazlauskas, K. Akimoto, S. Hirai, K. 
Mizuno, T. Takenawa, Y. Fukui, Y. Watanabe, S. 
Ozaki, and S. Ohno. 1996. Platelet-derived growth 
factor activates protein kinase C epsilon through 
redundant and independent signaling pathways 
involving phospholipase C gamma or 
phosphatidylinositol 3-kinase.  Proc.Natl.Acad Sci 
USA 93:151-155. 

Morrison, D.K. and R.E. Cutler Jr. 1997. The 
complexity of Raf-1 regulation.  Curr.Opi.Cell Biol.
9:174-179. 

Muroya, K., S. Hattori, and S. Nakamura. 1992. Nerve 
Growth Factor Induces Rapid Accumulation of the 
GTP- Bound Form of p21ras in Rat 
Pheochromocytoma PC12 Cells.  Oncogene 7:277-
281. 

Nagata, S. 1997. Apoptosis by death factor.  Cell
88:355-365. 

Nagata, S. and P. Golstein. 1995. The Fas death 
factor.  Science 267:1449-1456. 

Nagy Z. and M. M. Esiri. 1998. Neuronal cyclin 
expression in the hippocampus in temporal lobe 
epilepsy. Exp. Neurol. 150:240-247. 

Naveilhan, P., Baudet, C., Mikaels, A., Shen, L. Y., 
Westphal, H., and Ernfors, P. 1998. Expression and 
regulation of GFR alpha 3, a glial cell line-derived 
neurotrophic factor family receptor. Proc.Nat.Acad. 
Sci.USA 95:1295-1300. 1998.  

Naveilhan, P., ElShamy, V. M., and Emfors, P. 1997. 
Differential regulation of mRNAs for GDNF and its 
receptors Ret and GDNFR alpha after sciatic nerve 
lesion in the mouse. Eur.J Neurosci. 9:1450-1460.  

Nguyen, T.T., J.C. Scimeca, C. Filloux, P. Peraldi, J.L. 
Carpentier, and E. Vanobberghen. 1993. Co-
regulation of the Mitogen-Activated Protein Kinase, 
Extracellular Signal-Regulated Kinase-1, and the 90-
kDa Ribosomal S6 Kinase in PC12 Cells - Distinct 
Effects of the Neurotrophic Factor, Nerve Growth 
Factor, and the Mitogenic Factor, Epidermal Growth 
Factor.  J.Biol.Chem. 268:9803-9810. 

Nishino J., Mochida K., Ohfuji Y., Shimazaki T., Meno 
C., Ohishi S., Matsuda Y., Fujii H.,Saijoh Y., and H. 
Hamada. 1999. GFR alpha3, a component of the 
artemin receptor, is required for migration and 
survival of the superior cervical ganglion.Neuron
23:725-36. 

Nobes, C.D. and A.M. Tolkovsky. 1995. Neutralizing 
anti-p21 ras Fabs supress rat sympathetic neuron 
survival induced by NGF, LIF, CNTF and cAMP.  
Eur.J.Neurosci. 7:344-350. 

Noda, M., M. Ko, A. Ogura, D. Liu, T. Amano, T. 
Takano, and Y. Ikawa. 1985. Sarcoma viruses 
carrying ras oncogenes induce differentiation-
associated properties in a neuronal cell line.  Nature
318:73-75. 

Nonomura T., Kubo T., Oka T., Shimoke K., Yamada 
M., Enokido Y.,and H. Hatanaka. 1996. Signaling 
pathways and survival effects of BDNF and NT-3 on 
cultured cerebellar granule cells. Dev. Brain Res. 
97:42–50. 

Obermeier, A., H. Halfter, K.H. Wiesmuller, G. Jung, J. 
Schlessinger, and A. Ullrich. 1993a. Tyrosine 785 is 
a major determinant of Trk-substrate interaction.  
EMBO J. 12:933-941. 

Obermeier, A., R. Lammers, K. Wiesmuller, G. Jung, 
J. Schlessinger, and A. Ullrich. 1993b. Idetification of 
Trk binding sites for SHC and phosphatidylinositol 3´-



Bibliografía 

171

kinase and formation of a multimeric signaling 
complex. J.Biol.Chem. 268:22963-22966. 

Obermeier, A., R.A. Bradshaw, K. Seedorf, A. 
Choidas, J. Schlessinger, and A. Ullrich. 1994. 
Neuronal differentiation signals are controlled by 
nerve growth factor receptor/trk binding sites for shc 
and plc gamma.  EMBO J. 13:1585-1590. 

Ohiwa, M., H. Murakami, T. Iwashita, N. Asai, Y. 
Iwata, T. Imai, H. Funahashi, H. Takagi, and M. 
Takahashi. 1997. Characterization of Ret-Shc-Grb2 
Complex Induced by GDNF, MEN 2A, and MEN 2B  
Mutations.  Biochem.Bioph.Res.Co. 237:747-751. 

Ohmichi, M., L. Pang, S.J. Decker, and A.R. Saltiel. 
1992b. Nerve growth factor stimulates the activaties 
of the raf-1 and the mitogen-activated protein 
kinases via the trk protooncogene.  J Biol Chem
267:14604-14610. 

Ohmichi, M., S.J. Decker, and A.R. Saltiel. 1992. 
Activation of Phosphatidylinositol-3 Kinase by Nerve 
Growth Factor Involves Indirect Coupling of the trk 
Proto-Oncogene with src Homology-2 Domains.  
Neuron 9:769-777. 

Ohtsuka, T., K. Shimizu, B. Yamamori, S. Kuroda, and 
Y. Takai. 1996. Activation of brain B-Raf protein 
kinase by Rap1B small GTP-binding protein.  
J.Biol.Chem 271:1258-1261. 

Okado, N. and R.W. Oppenheim. 1984. Cell death of 
motoneurons in the chick embryo spinal cord. IX. 
The loss of motoneurons following removal of 
afferent inputs.  J.Neurosci. 4:1639-1652. 

Oppenheim R.W. 1991. Cell death during development 
of the nervous system. Annu Rev Neurosci. 14:453-
501. 

Oppenheim RW, Maderdrut JL,  and  DJ Wells .1982. 
Cell death of motoneurons in the chick embryo spinal 
cord. VI. Reduction of naturally occurring cell death 
in the thoracolumbar column of Terni by nerve 
growth factor. J Comp Neurol. 210:174-89. 

Oppenheim, R.W. 1989. The neurotrophic theory and 
naturally occurring motoneuron death.  TINS 12:252-
255. 

Oshima, M., G. Sithanandam, U. Rapp, and G. Guroff. 
1993. The phosphorylation and activation of B-raf in 
PC12 cells stimulated by nerve growth factor.  
J.Biol.Chem. 266:23753-23760. 

Padmanabhan J., Park D.S., Greene L.A., and M. L: 
Shelanski. 1999. Role of cell cycle regulatory 
proteins in cerebellar granule neuron apoptosis. J.
Neurosci. 19:8747-8756. 

Pan H, and AE Griep . 1995. Temporally distinct 
patterns of p53-dependent and p53-independent 
apoptosis during mouse lens development. Genes 
Dev 9:2157-69. 

Pan H, and AE Griep. 1994. Altered cell cycle 
regulation in the lens of HPV-16 E6 or E7 transgenic 
mice: implications for tumor suppressor gene 
function in development. Genes Dev 8:1285-99. 

Pang, L., T. Sawada, S.J. Decker, and A.R. Saltiel. 
1995. Inhibition of MAP kinase kinase blocks the 

differentiation of PC- 12 cells induced by nerve 
growth factor.  J Biol Chem 270:13585-13588. 

Paradis, S. and G. Ruvkun. 1998. Caenorhabditis 
elegans Akt/PKB transduces insulin receptor-like 
signals from AGE-1 PI3 kinase to the DAF-16 
transcription factor.  Genes Dev 12:2488-2498. 

Park, D. S., Levine, B., Ferrari, G., and L. A. Greene. 
1997. Cyclin dependent kinase inhibitors and 
dominant negative cyclin dependent kinase 4 and 6 
promote survival of NGF-deprived sympathetic 
neurons. J.Neurosci. 17:8975-8983. 

Park, E.K., S.I. Yang, and S.S. Kang. 1996. Activation 
of Akt by nerve growth factor via 
phosphatidylinositol-3 kinase in PC12 
pheochromocytoma cells.  Mol.Cells 6:494-498. 

Parrizas M, Saltiel AR, LeRoith D. 1997. Insulin-like 
growth factor 1 inhibits apoptosis using the 
phosphatidylinositol 3'-kinase and mitogen-activated 
protein kinase pathways. J Biol Chem 272:154-61. 

Pasini, B., I. Ceccherini, and G. Romeo. 1996. RET 
mutations in human disease.  Trends Genet. 12:138-
144. 

Pearson J, Johnson EM, and L Brandeis. 1983. Effects 
of antibodies to nerve growth factor on intrauterine 
development of derivatives of cranial neural crest 
and placode in the guinea pig. Dev Biol 96:32-6. 

Peng, X., L.A. Greene, D.R. Kaplan, and R.M. 
Stephens. 1995. Deletion of a conserved 
juxtamembrane sequence in trk abolishes NGF-
promoted neuritogenesis.  Neuron 15:395-406. 

Philpott, K. L., McCarthy, M. J., Klippel, A., and L.L. 
Rubin. 1997. Activated phosphatidylinositol 3-kinase 
and Akt kinase promote survival of superior cervical 
neurons. J. Cell. Biol. 139:809-815. 

Pichel, J. G., Shen, L., Sheng, H. Z., Granholm, A. C., 
Drago, J., Grinberg, A., Lee, E. J., Huang, S. P., 
Saarma, M., Hoffer, B. J., Sariola, H., and H. 
Westphal. 1996. GDNF is required for kidney 
development and enteric innervation. Cold Spring 
Harb.Symp.Quant.Biol. 61:445-457. 

Pong, K., R.Y. Xu, W.F. Baron, J.C. Louis, and K.D. 
Beck. 1998. Inhibition of phosphatidylinositol 3-
kinase activity blocks cellular differentiation madiated 
by glial cell line-derived neurotrophic factor in 
dopaminergic neurons.  J.Neurochem. 71:1912-
1919. 

Putcha G.V., Deshmukh M. and E.M. 
Johnson,Jr.1999.BAX translocation is a critical event 
in neuronal apoptosis: regulation by 
neuroprotectants, BCL-2, and caspases. J Neurosci.
19:7476-85. 

Qian, X., A. Riccio, Y. Zhang, and D.D. Ginty. 1998. 
Identification and characterization of novel substrates 
of Trk receptors in developing neurons.  Neuron
21:1017-1029. 

Qin X.-Q., Livingston D. M., Kaelin W. G., and P. D. 
Adams. 1994. Deregulated transcription factor E2F-1 
expression leads to S-phase entry and p53-mediated 



Bibliografía 

 172

apoptosis. Proc. Natl. Acad. Sci. USA 91:10918-
10922. 

Qiu, M.S. and S.H. Green. 1991. NGF and EGF 
Rapidly Activate p21ras in PC12 Cells by Distinct, 
Convergent Pathways Involving Tyrosine 
Phosphorylation.  Neuron 7:937-946. 

Qiu, M.-S. and S.H. Green. 1992. PC12 cell neuronal 
differentiation is associated with prolonged p21ras 
activity and consequent prolonged ERK activity.  
Neuron 9:705-717. 

Quilliam, L.A., R. Khosravi-Far, S.Y. Huff, and C.J. 
Der. 1995. Guanine nucleotide exchange factors: 
Activators of the Ras superfamily of proteins.  
BioEssays 17:395-404. 

Rabin, S.J., V. Cleghon, and D.R. Kaplan. 1993. SNT, 
a Differentiation-Specific Target of Neurotrophic 
Factor- Induced Tyrosine Kinase Activity in Neurons 
and PC12 Cells.  Mol.Cell.Biol. 13:2203-2213. 

Radeke, M.J., T.P. Misko, C. Hsu, L.A. Herzenberg, 
and E.M. Shooter. 1987. Gene transfer and 
molecular cloning of the rat nerve growth factor 
receptor.  Nature 325:593-597. 

Rhoades, K.L., S.H. Golub, and J.S. Economou. 1992. 
The regulation of the human tumor necrosis factor 
alpha promoter region in macrophage, T cell, and B 
cell lines.  J Biol Chem 267:22102-22107. 

Riccio, A., S. Ahn, C.M. Davenport, J.A. Blendy, and 
D.D. Ginty. 1999. Mediation by a CREB family 
transcription factor of NGF-dependent survival of 
sympathetic neurons.  Science 286:2358-2361. 

Rodriguez-Tebar A. and H. Rohrer. 1991. Retinoic 
Acid Induces NGF-Dependent Survival Response 
and High- Affinity NGF Receptors in Immature Chick 
Sympathetic Neurons. Development 112:813-820. 

Rodríguez-Viciana, P., P.H. Warne, B. 
Vanhaesebroeck, M.D. Waterfield, and J. Downward. 
1996. Activation of phosphoinositide 3-kinase by 
interaction with Ras and by point mutation. EMBO J
15:2442-2451. 

Rodríguez-Viciana, P., P.H. Warne, R. Dhand, B. 
Vanhaesebroeck, I. Gout, M.J. Fry, M.D. Waterfield, 
and J. Downward. 1994. Phosphatidylinositol-3-OH 
kinase as a direct target of Ras.  Nature 370:527-
532. 

Rordorf-Nikolic, T., D.J. Van Horn, D. Chen, M.F. 
White, and J.M. Backer. 1995. Regulation of 
phosphatidylinositol 3'-kinase by tyrosyl 
phosphoproteins. Full activation requires occupancy 
of both SH2 domains in the 85-kDa regulatory 
subunit.  J.Biol.Chem 270:3662-3666. 

Rosenthal, A., D. Goeddel, V, T. Nguyen, M. Lewis, A. 
Shih, G.R. Laramee, K. Nikolics, and J.W. Winslow. 
1990. Primary Structure and Biological Activity of a 
Novel Human Neurotrophic Factor.  Neuron 4:767-
773. 

Ross M. E. .1996. Cell division and the nervous 
system: regulating the cycle from neural 
differentiation to death. Trends Neurosci. 19:62-68. 

Ross R. A., Spengler B. A., and J. L. Biedler. 1983. 
Coordinate morphological and biochemical 
interconversion of human neuroblastoma cells. J
Natl. Cancer Inst. 71:741-747. 

Rosse T., Olivier R., Monney L., Rager M., Conus S., 
et al.1998. Bcl-2 prolongs cell survival after Bax-
induced release of cytochrome c. Nature 391:496–
99. 

Rossi J., Luukko K., Poteryaev D, Laurikainen A., Sun 
Y.F., Laakso T., Eerikainen S., Tuominen R., Lakso 
M., Rauvala H., Arumae U., Pasternack M., Saarma 
M., and M.S. Airaksinen. 1999. Retarded growth and 
deficits in the enteric and parasympathetic nervous 
system in mice lacking GFR alpha2, a functional 
neurturin receptor. Neuron. 22:243-52. 

Rozakis-Adcock, A., J. McGlade, G. Mbamalu, G. 
Pellici, R. Daly, W. Li, A. Batzer, S. Thomas, J. 
Dugge, P.G. Pellici, and et al. 1992. Association of 
the SHC and Grb2/sem-5 SH2 containing proteins is 
implicated in activation of the Ras pathway by 
tyrosine kinases.  Nature 360:689-692. 

Sadee W., Yu V. C., Richards M. L., Preis P. N., 
Schwab M. R., Brodsky F.M., L. Biedler. 1987. 
Expression of neurotransmitter receptors and myc 
protooncogenes in subclones of a human 
neuroblastoma cell line. Cancer Res. 47:5207-5212. 

Sanchez, M.P., I. Silos-Santiago, J. Frisen, B. He, S.A. 
Lira, and M. Barbacid. 1996. Renal agenesis and 
absence of enteric neurons in mice lacking GDNF.  
Nature 392:70-73. 

Sanghera, J.S., H.B. Paddon, and S.L. Pelech. 1991. 
Role of protein phosphorylation in the maturation-
induced activation of a myelin basic protein kinase 
from sea star oocytes.  J.Biol.Chem 266:6700-6707. 

Sanicola, M., Hession, C., Worley, D., Carmillo, P., 
Ehrenfels, C., Walus, L., Robinson, S., Jaworski, G., 
Wei, H., Tizard, R., Whitty, A., Pepinsky, R. B., and 
Cate, R. L. 1997. Glial cell line-derived neurotrophic 
factor-dependent RET activation can be mediated by 
two different cell-surface accessory proteins. 
Proc.Natl.Acad.Sci.USA  94:6238-6243 

Santoro, M., W.T. Wong, P. Aroca, E. Santos, B. 
Matoskova, M. Grieco, A. Fusco, and P.P. Di Fiore. 
1994. An epidermal growth factor receptor/Ret 
chimera generates mitogenic and transforming 
signales: Evidence for a Ret-specific signaling 
pathway.  Mol.Cell Biol. 14:663-675. 

Scaffidi C., Fulda S., Srinivasan A., Friesen C., Li F., 
et al.1998. Two CD95(APO-1/Fas) signaling 
pathway. EMBO J. 17:1675–87. 

Scheid, M.P., K.M. Schubert, and V. Duronio. 1999. 
Regulation of bad phosphorylation and association 
with Bcl-x(L) by the MAPK/Erk kinase.  J Biol Chem
274:31108-31113. 

Schuchardt, A., V. D'agati, L. Larsson-Bloomberg, F. 
Constantini, and V. Pachnis. 1994. Defects in the 
kidney and enteric nervous system of mice lacking 
the tyrosine kinase receptor Ret.  Nature 367:380-
383. 



Bibliografía 

173

Segal, R.A. and M.E. Greenberg. 1996. Intracellular 
signalling pathways activated by neurotrophic 
factors.  Annu.Rev.Neurosci. 19:463-489. 

Segouffin-Cariou C, Billaud M. 2000. Transforming 
ability of MEN2A-RET requires activation of the 
phosphatidylinositol 3-kinase/AKT signaling pathway. 
J Biol Chem 275:3568-76. 

Shan B. and W. H. Lee.1994. Deregulated expression 
of E2f-1 induces S-phase entry and leads to 
apoptosis. Mol. Cell. Biol. 14:8166-8173. 

Shepherd, P.R., D.J. Withers, and K. Siddle. 1998. 
Phosphoinositide 3-kinase: the key switch 
mechanism in insulin signalling.  Biochem J 333:471-
490. 

Shimizu, S., Y. Eguchi, W. Kamiike, H. Matsuda, Y. 
Tsujimoto, and JB. 1996. Bcl-2 expression prevents 
activation of the ICE protease cascade.  Oncogene
12:2251-2257. 

Shimoke, K., T. Kubo, T. Numakawa, Y. Abiru, Y. 
Enokido, N. Takei, T. Ikeuchi, and H. Hatanaka. 
1997. Involvement of phosphatidylinositol-3 kinase in 
prevention of low K+-induced apoptosis of cerebellar 
granule neurons.  Dev.Brain Res. 101:197-206. 

Shindler, K.S., A.M. Yunker, R. Cahn, J. Zha, S.J. 
Korsmeyer, and K.A. Roth. 1998. Trophic support 
promotes survival of bcl-x-deficient telencephalic 
cells in vitro.  Cell Death Differ 5:901-910. 

Sieber-Blum M. .1991. Role of the neurotrophic factors 
BDNF and NGF in the commitment of pluripotent 
neural crest cells. Neuron 6:949-955. 

Silos-Santiago I, Fagan AM, Garber M, Fritzsch B, 
Barbacid M. 1997. Severe sensory deficits but 
normal CNS development in newborn mice lacking 
TrkB and TrkC tyrosine protein kinase receptors. Eur 
J Neurosci:20:45-56. 

Simons, K. and E. Ikonen. 1997. Functional rafts in cell 
membranes.  Nature 387:569-572. 

Skaper SD, Floreani M, Negro A, Facci L, Giusti P. 
1998. Neurotrophins rescue cerebellar granule 
neurons from oxidative stress-mediated apoptotic 
death: selective involvement of phosphatidylinositol 
3-kinase and the mitogen-activated protein kinase 
pathway. J Neurochem 70:1859-68. 

Smeyne RJ, Klein R, Schnapp A, Long LK, Bryant S, 
Lewin A, Lira SA, Barbacid M. 1994. Severe sensory 
and sympathetic neuropathies in mice carrying a 
disrupted Trk/NGF receptor gene. Nature 368:246-9. 

Smith, C.A., T. Farrah, and R.G. Goodwin. 1994. The 
TNF receptor superfamily of cellular and viral 
proteins: activation, costimulation, and death.  Cell
76:959-962. 

Snider, W.D. 1994. Functions of the neurotrophins 
during nervous system development: what the 
knockouts are teaching us.  Cell 77:627-638. 

Soler R.M., Egea J., Mintenig G.M., Sanz-Rodriguez 
C., Iglesias M., J. X. Comella. Calmodulin is involved 
in membrane depolarization-mediated survival of 
motoneurons by phosphatidylinositol-3 kinase- and 

MAPK-independent pathways. J Neurosci. 1998 
18:1230-9. 

Soppet, D., E. Escandon, J. Maragos, D.S. 
Middlemas, S.W. Reid, J. Blair, L.E. Burton, B.R. 
Stanton, D.R. Kaplan, T. Hunter, K. Nikolics, and L.F. 
Parada. 1991. The neurotrophic factors brain-derived 
neurotrophic factor and neurotrophin-3 are ligands 
for the trkB tyrosine kinase receptor.  Cell 65:895-
903. 

Spear N, Estevez AG, Barbeito L, Beckman JS, and 
GV Johnson. 1997. Nerve growth factor protects 
PC12 cells against peroxynitrite-induced apoptosis 
via a mechanism dependent on phosphatidylinositol 
3-kinase. J Neurochem 69:53-9. 

Squinto, S.P., T.N. Stitt, T.H. Aldrich, S. Davis, S.M. 
Blanco, C. Radziejewski, D.J. Glass, P. Masiakowski, 
M.E. Furth, D.M. Valenzuela, P.S. DiStefano, and 
G.D. Yancopoulos. 1991. TrkB encodes a functional 
receptor for brain-derived neurotrophic factor and 
neurotrophin-3 but not nerve growth factor.  Cell
65:885-893. 

Stephens, L., K. Anderson, D. Stokoe, H. 
Erdjumentbromage, G.F. Painter, A.B. Holmes, P.R. 
Gaffney, C.B. Reese, F. Mccormick, P. Tempst, J. 
Coadwell, and P.T. Hawkins. 1998. Protein kinase B 
kinases that mediate phosphatidylinositol 3,4,5- 
trisphosphate-dependent activation of protein kinase 
B.  Science 279:710-714. 

Stephens, R.M., D.M. Loeb, T.D. Copeland, T. 
Pawson, L.A. Greene, and D.R. Kaplan. 1994. Trk 
receptors use redundant signal transduction 
pathways involving shc and PLC-gamma 1 to 
mediate NGF responses.  Neuron 12:691-705. 

Stokoe, D., L.R. Stephens, T. Copeland, P. Gaffney, 
C.B. Reese, G.F. Painter, A.B. Holmes, F. 
Mccormick, and P.T. Hawkins. 1997. Dual Role of 
Phosphatidylinositol-3,4,5-triphosphate in the 
Activation of Protein Kinase B.  Science 277:567-
570. 

Stokoe, D., S.G. MacDonald, K. Cadwallader, M. 
Symons, and J.F. Hancock. 1994. Activation of Raf 
as a result of recruitment to the plasma membrane.  
Science 264:1463-1467. 

Strittmatter S.M., Fankhauser C., Huang P.L., 
Mashimo H. and M.C. Fishman. 1995. Neuronal 
pathfinding is abnormal in mice lacking the neuronal 
growth cone protein GAP-43. Cell 80:445-52. 

Suda, T., T. Takahashi, P. Golstein, and S. Nagata. 
1993. Molecular Cloning and Expression of the Fas 
Ligand, a Novel Member of the Tumor Necrosis 
Factor Family.  Cell 75:1169-1178. 

Sudol, M. 1998. From Src Homology domains to other 
signaling modules: proposal of the 'protein 
recognition code'.  Oncogene  17:1469-1474. 

Sung, S.J., J.A. Walters, J. Hudson, and J.M. Gimble. 
1991. Tumor necrosis factor-alpha mRNA 
accumulation in human myelomonocytic cell lines. 
Role of transcriptional regulation by DNA sequence 
motifs and mRNA stabilization.  J Immunol 147:2047-
2054. 

Susin, S. A., Lorenzo, H. K., Zamzami, N., Marzo, I., 
Snow, B. E., Brothers, G. M., Mangion, J., Jacotot, 



Bibliografía 

 174

E., Costantini, P., Loeffler, M., Larochette, N., 
Goodlett, D. R., Aebersold, R., Siderovski, D. P., 
Penninger, J. M., and G. Kroemer. 1999. Molecular 
characterization of mitochondrial apoptosis-inducing 
factor. Nature 397: 441–446. 

Suvanto, P., K. Wartiowaara, M. Lindahl, U. Arumae, 
M. Moshnyakov, N. Horelli-Kuitunen, M.S. 
Airaksinen, A. Palotie, H. Sariola, and M. Saarma. 
1997. Cloning, mRNA distribution and chromosomal 
localisation of the gene for glial cell line-derived 
neurotrophic factor receptor  a homologue to 
GDNFR- . Human Mol.Gen. 6:1267-1273. 

Szeberenyi, J., H. Cai, and G.M. Cooper. 1990. Effect 
of a dominant inhibitory Ha-ras mutation on neuronal 
differentiation of PC12 cells.  Mol Cell Biol 10:5324-
5332. 

Takahashi J., Palmer T. D., and F. H. Gage. 1999. 
Retinoic acid and neurotrophins collaborate to 
regulate neurogenesis in adult-derived neural stem 
cell cultures. J. Neurobiol. 38:65-81. 

Takahashi, M. and G.M. Cooper. 1987. Ret 
transforming gene encodes a fusion protein 
homologous to tyrosine kinases.  Mol.Cell Biol.
7:1378-1385. 

Takahashi, M., J. Ritz, and G.M. Cooper. 1985. 
Activation of a novel human transforming gene, ret, 
by DNA rearrangement.  Cell 42:581-588. 

Tanaka, H. and L. Landmesser. 1986. Cell death of 
lumbosacral motoneurons in  chick, quail, and chick-
quail chimera embryos: a test of the quantitative 
matching hypothesis of neuronal cell death.  
J.Neurosci. 6:2889-2899. 

Tansey, M.G., R.H. Baloh, J. Milbrandt, and E.M. 
Johnson, Jr. 2000. GFR -mediated localization of 
RET to lipid rafts is required for effective downstream 
signaling, differentiation and neuronal survival.  
Neuron 25:611-623. 

Tartaglia, L.A., T.M. Ayres, G.H.W. Wong, and D.V. 
Goeddel. 1993. A novel domain within the 55 kd TNF 
receptor signals cell death.  Cell 74:845-853. 

Thomas, S.M. and J.S. Brugge. 1997. Cellular 
functions regulated by SRC family kinases.  
Annu.Rev.Cell Dev.Biol 13:513-609. 

Thompson, J., E. Doxakis, L.G. Pinon, P. Strachan, A. 
Bujbello, S. Wyatt, V.L. Buchman, and A.M. Davies. 
1998. GFR alpha-4, a new GDNF family receptor.  
Mol.Cell.Neurosci. 11:117-126. 

Toker, A. and L.C. Cantley. 1997. Signalling through 
the lipid products of phosphoinositide-3-OH kinase.  
Nature 387:673-676. 

Toker, A., M. Meyer, K.K. Reddy, J.R. Falck, R. Aneja, 
and S. Aneja. 1994. Activation of protein kinase C 
family members by the novel polyphosphoinositides 
PtdIns-3,4-P2 and PtdIns-3,4,5-P3. J.Biol.Chem
269:32358-32367. 

Traverse, S. and P. Cohen. 1994. Identification of a 
latent MAP kinase kinase kinase in PC12 cells as B-
raf.  FEBS Lett 350:13-18. 

Traverse, S., K. Seedorf, H. Paterson, C.J. Marshall, 
P. Cohen, and A. Ullrich. 1994. EGF triggers 
neuronal differentiation of PC12 cells that 
overexpress the EGF receptor.  Curr.Biol 4:694-701. 

Traverse, S., N. Gomez, H. Paterson, C. Marshall, and 
P. Cohen. 1992. Sustained activation of the mitogen-
activated protein (MAP) kinase cascade may be 
required for differentiation of PC12 cells.  Biochem.J.
288:351-355. 

Treanor, J.J.S., L. Goodman, F. de Sauvage, D.M. 
Stone, K.T. Poulsen, C.D. Beck, C. Gray, M.P. 
Armanini, R.A. Pollock, F. Hefti, H.S. Phillips, A. 
Goddard, M.W. Moore, A. Buj-Bello, A.M. Davies, N. 
Asai, M. Takahashi, R. Vandlen, C.E. Henderson, 
and A. Rosenthal. 1996. Characterization of a 
multicomponent receptor for GDNF.  Nature 382:80-
83. 

Treisman, R. 1996. Regulation of transcription by MAP 
kinase cascades.  Curr.Opi.Cell Biol. 8:205-215. 

Troy C.M., Stefanis L., Prochiantz A., Greene L.A. and 
M.L. Shelanski. 1996. The contrasting roles of ICE 
family proteases and interleukin-1beta in apoptosis 
induced by trophic factor withdrawal and by 
copper/zinc superoxide dismutase down-
regulation.Proc Natl Acad Sci U S A. 93:5635-40. 

Trupp, M., C. Raynoschek, N. Belluardo, and C.F. 
Ibanez. 1998. Multiple GPI-anchored receptors 
control GDNF-dependent and independent activation 
of the c-Ret receptor tyrosine kinase.  Mol.Cell 
Neurosci. 11:47-63. 

Trupp, M., E. Arenas, M. Fainzilber, A.-S. Nilsson, B.-
A. Sieber, M. Grigoriou, C. Kilkenny, E. Salazar-
Grueso, V. Pachnis, U. Arumae, H. Sariola, M. 
Saarma, and C.F. Ibañez. 1996. Functional receptor 
for GDNF encoded by the c-ret proto-oncogene.  
Nature 381:785-788. 

Trupp, M., M. Ryden, H. Jornvall, H. Funakoshi, T. 
Timmusk, E. Arenas, and C.F. Ibanez. 1995. 
Peripheral expression and biological activities of 
GDNF, a new neurotrophic factor for avian and 
mammalian peripheral neurons.  J.Cell Biol. 130:137-
148. 

Tsai K. Y., Hu Y., Macleod K. F., Crowley D., 
Yamasaki L., and T. Jacks. 1998. Mutaton of E2f-1 
supressess apoptosis and inappropriate S-phase 
entry and extends survival of Rb-deficient mouse 
embryos. Mol. Cell 2:283-292. 

Tsui-Pierchala, B.A., G.V. Putcha, and E.M. Johnson, 
Jr. 2000. Phosphatidylinostol 3-kinase is required for 
the trophic, but not the survival-promoting, actions of 
NGF on sympathetic neurons.  J.Neurosci. 20:7228-
7237. 

Ulrich, E., A. Duwel, A. KauffmannZeh, C. Gilbert, D. 
Lyon, B. Rudkin, G. Evan, and D. Martin-Zanca. 
1998. Specific TrkA survival signals interfere with 
different apoptotic pathways.  Oncogene 16:832 

Vaillancourt, R.R., A.M. Gardner, and G.L. Johnson. 
1994. B-Raf-dependent regulation of the MEK-
1/mitogen-activated protein kinase pathway in PC12 
cells and regulation by cyclic AMP.  Mol.Cell Biol.
14:6522-6530. 



Bibliografía 

175

Vaillancourt, R.R., L.E. Heasley, J. Zamarripa, B. 
Storey, M. Valius, A. Kazlauskas, and G.L. Johnson. 
1995. Mitogen-activated protein kinase activation is 
insufficient for growth factor receptor-mediated PC12 
cell differentiation.  Mol.Cell.Biol. 15:3644-3653. 

Vaillant, A.R., I. Mazzoni, C. Tudan, M. Boudreau, 
D.R. Kaplan, and F.D. Miller. 1999. Depolarization 
and neurotrophins converge on the 
phosphatidylinositol 3-kinase-Akt pathway to 
sinergistically regulate neuronal survival.  Journal of 
Cell Biology 146:955-966. 

Van der Heiden M.G., Chandel N.S., Williamson E.K., 
Schumacher P.T. and C.B.Thompson.1997. Bcl-xL 
regulates the membrane potential and volume 
homeostasis of mitochondria. Cell 91:627–37. 

van Weering DH, and JL Bos. 1997. Glial cell line-
derived neurotrophic factor induces Ret-mediated 
lamellipodia formation. J Biol Chem 1997 272:249-
54. 

Vanhaesebroeck B. and D.R. Alessi. 2000 The PI3K-
PDK1 connection: more than just a road to PKB. 
Biochem. J. 346:561-76. 

Vanhaesebroeck, B., S.J. Leevers, G. Panayotou, and 
M. Waterfield. 1997. Phosphoinositide 3-kinases: a 
conserved family of signal transducers.  Trends 
Biochem.Sci. 22:267-272. 

Vemuri, G.S. and F.A. McMorris. 1996. 
Oligodendrocytes and their precursors require 
phosphatidylinositol 3-kinase signaling for survival.  
Development 122:2529-2537. 

Venters, H.D., R. Dantzer, and K.W. Kelley. 2000. A 
new concept in neurodegeneration: TNFalpha is a 
silencer of survival signals.  Trends Neurosci 
2000.Apr.;23.(4.):175.-80. 23:175-180. 

Vetter, M.L., D. Martinzanca, L.F. Parada, J.M. Bishop, 
and D.R. Kaplan. 1991. Nerve Growth Factor Rapidly 
Stimulates Tyrosine Phosphorylation of 
Phospholipase C-gamma1 by a Kinase Activity 
Associated with the Product of the trk 
Protooncogene.  Proc.Natl.Acad.Sci.USA 88:5650-
5654. 

Vincent I., Jicha G., Rosado M., and A. J. Dickson. 
1997. Aberrant expression of mitotic cdc2/cyclin B1 
kinase in degenerating neurons of Alzheimer's 
disease brain. J. Neurosci. 17:3588-3598. 

Virdee K. and A. M. Tolkovsky. 1996. Inhibition of p42 
and p44 mitogen-activated protein kinase activity by 
PD98059 does not suppress nerve growth factor-
induced survival of sympathetic neurones. J.
Neurochem. 67:1801–1805. 

Virdee, K., L. Xue, B.A. Hemmings, C. Goemans, R. 
Heumann, and A.M. Tolkovsky. 1999. Nerve growth 
factor-induced PKB/Akt activity is sustained by 
phosphoinositide 3-kinase dependent and 
independent signals in sympathetic neurons.  Brain 
Res 837:127-142. 

Vlahos, C.J., W.F. Matter,  K.Y. Hui, and R.F. Brown. 
1994. A specific inhibitor of phosphatydilinositol 3-
kinase 2-(4-morpholynil-8.phenyl-4H-1-benzopyran-
4-one (LY294002).  J.Biol.Chem. 269:5241-5248. 

Vogel, K.S., C.I. Brannan, N.A. Jenkins, N.G. 
Copeland, and L.F. Parada. 1995. Loss of 
neurofibromin results in neurotrophin-independent 
survival of embryonic sensory and sympathetic 
neurons.  Cell 82:733-742. 

Vojtek, A.B. and J.A. Cooper. 1995. Rho family 
members: activators of MAP kinase cascades.  Cell
82:527-529. 

VonHolst A., Lefcort F., and H. Rohrer. 1997. TrkA 
expression levels of sympathetic neurons correlate 
with NGF- dependent survival during development 
and after treatment with retinoic acid. Eur J Neurosci. 
9:2169-2177. 

Wang, H.G., N. Pathan, I.M. Ethell, S. Krajewski, Y. 
Yamaguchi, F. Shibasaki, F. Mckeon, T. Bobo, T.F. 
Franke, and J.C. Reed. 1999. Ca2+-induced 
apoptosis through calcineurin dephosphorylation of 
BAD.  Science 284:339-343. 

Wang, J., K. Auger, L. Jarvis, Y. Shi, and T. Roberts. 
1995. Direct association of Grb2 with the p85 subunit 
of phosphatidylinositol 3-kinase.  J.Biol.Chem
270:12774-12780. 

Welcher, A.A., C.M. Bitler, M.J. Radeke, and E.M. 
Shooter. 1991. Nerve Growth Factor Binding Domain 
of the Nerve Growth Factor Receptor.  
Proc.Natl.Acad.Sci.USA 88:159-163. 

Wiesmuller, L. and F. Wittinghofer. 1994. Signal 
transduction pathways involving ras.  Cell.Signal.
6:247-267. 

Williams A.G., Hargreaves A. C., Gunn-Moore F. J. 
and J.M. Tavare.1998. Stimulation of neuropeptide Y 
gene expression by brain-derived neuroprophic 
factor requires both the phospholipase C  and Shc 
binding sites on its receptor, TrkB.  Biochem.J.
333:505-509. 

Williams, N.G., T.M. Roberts, and P. Li. 1992. Both 
p21ras and pp60v-src are required, but neither alone 
is sufficient, to activate the Raf-1 kinase.  
Proc.Natl.Acad Sci USA 89:2922-2926. 

Wixler, V., U. Smola, M. Schuler, and U. Rapp. 1996. 
Differential regulation of Raf isozymes by growth 
versus differentiation inducing factors in PC12 
pheochromocytoma cells.  FEBS Lett. 385:131-137. 

Wong, B.R., D. Besser, N. Kim, J.R. Arron, M. 
Vologodskaia, H. Hanafusa, and Y. Choi. 1999. 
TRANCE, a TNF family member, activates Akt/PKB 
through a signaling complex involving TRAF6 and c-
Src.  Mol.Cell 4:1041-1049. 

Wood, K.W., C. Sarnecki, T.M. Roberts, and J. Blenis. 
1992. ras Mediates Nerve Growth Factor Receptor 
Modulation of Three Signal-Transducing Protein 
Kinases - MAP Kinase, Raf-1, and RSK.  Cell
68:1041-1050. 

Wood, K.W., H.Q. Qi, G. Darcangelo, R.C. Armstrong, 
T.M. Roberts, and S. Halegoua. 1993. The 
cytoplasmic raf oncogene induces a neuronal 
phenotype in PC12 cells - a potential role for cellular 
raf kinases in neuronal growth factor signal 
transduction.  Proc.Natl.Acad.Sci.USA 90:5016-
5020. 



Bibliografía 

 176

Worby, C.A., Q.C. Vega, H.H. Chao, A.F. Seasholtz, 
R.C. Thompson, and J.E. Dixon. 1998. Identification 
and characterization of GFR alpha-3, a novel co- 
receptor belonging to the glial cell line-derived 
neurotrophic receptor family.  J.Biol.Chem.
273:3502-3508. 

Wright, J. H., Drueckes, P., Bartoe, J., Zhao, Z. H., 
Shen, S. H., and Krebs, E. G. 1997. A role for the 
SHP-2 tyrosine phosphatase in nerve growth factor- 
induced PC12 cell differentiation. Mol.Biol.Cell 8: 
1575-1585. 

Wu X. and A. J. Levine. 1994. p53 and E2F-1 
cooperate to mediate apoptosis. Proc. Natl. Acad. 
Sci. USA 91:3602-3606. 

Wyatt S., Andres R., Rohrer H., and A. M. Davies. 
1999. Regulation of neurotrophin receptor 
expression by retinoic acid in mouse sympathetic 
neuroblasts. J Neurosci 19:1062-1071. 

Wyllie, A.H., J.F.R. Kerr, and A.R. Currie. 1980. Cell 
death: The significance of apoptosis.  Int.Rev.Cytol.
68:251-306. 

Xia, Z.G., M. Dickens, J. Raingeaud, R.J. Davis, and 
M.E. Greenberg. 1995. Opposing effects of ERK and 
JNK-p38 MAP kinases on apoptosis.  Science
270:1326-1331. 

Xing, S., T.L. Furminger, Q. Tong, and S.M. Jhiang. 
1998. Signal transduction pathways activated by 
RET oncoproteins in PC12 pheochromocytoma 
PC12 cells.  J.Biol.Chem 273:4909-4914. 

Xue, L., J.H. Murray, and A.M. Tolkovsky. 2000. The 
Ras/Phosphatidylinositol 3-kinase and the Ras/ERK 
pathways function as independent survival modules 
each  of which inhibits a distinct apoptotic signaling 
pathway in sympathetic neurons.  J.Biol.Chem.
275:8817-8824. 

Yamada, M., H. Ohnishi, S. Sano, A. Nakatani, T. 
Ikeuchi, and H. Hatanaka. 1997. Insulin receptor 
substate (IRS)-1 and IRS-2 are tyrosine 
phosphorylated and  associated with 
posphatidylinositol 3-kinase in response to brain-
derived neurotrophic factor in cultured cerebelar 
cortical neurons.  J.Biol.Chem 272:30334-30339. 

Yamashita, H., S. Avraham, S. Jiang, I. Dikic, and H. 
Avraham. 1999. The Csk homologous kinase 
associats with TrkA receptors and is involved in 
neurite outgrwoth of PC12 cells.  J.Biol.Chem
274:15059-15065. 

Yan, Q., W.D. Snider, J.J. Pinzone, and E.M. Johnson. 
1988. Retrograde transport of nerve growth factor 
NGF in motoneurons of developing rats: assessment 
of potential neurotrophic effects.  Neuron 1:335-343. 

Yang J., Liu X., Bhalla K., Kim C.N., Ibrado A.M., Cai 
J., Peng T.I., Jones D.P. and X. Wang.1997. 
Prevention of apoptosis by Bcl-2: release of 
cytochrome c from mitochondria blocked. Science 
275:1129–32. 

Yankner B.A., Benowitz L.I., Villa-Komaroff L.,and R.L. 
Neve. 1990. Transfection of PC12 cells with the 
human GAP-43 gene: effects on neurite outgrowth 

and regeneration. Brain Res. Mol. Brain Res. 7:39-
44. 

Yao, R. and G.M. Cooper. 1995. Requirement for 
phosphatidylinositol-3 kinase in the prevention of 
apoptosis by nerve growth factor.  Science
267:2003-2006. 

Yeh, W. C., Hakem, R., Woo, M., and T. W. Mak. 
1999. Gene targeting in the analysis of mammalian 
apoptosis and TNF receptor superfamily signaling. 
Immunol. Rev. 169:283–302. 

York, R.D., H. Yao, T. Dillon, C.L. Ellig, S.P. Eckert, 
E.W. Mccleskey, and P.J.S. Stork. 1998. Rap1 
mediates sustained MAP kinase activation induced 
by nerve growth factor.  Nature 392:622-626. 

Yuan, J. and H.R. Horvitz. 1992. The Caenorhabditis 
elegans cell death gene ced-4 encodes a new 
protein and is expressed during the period of 
extensive cell death.  Development 116:309-320. 

Yuan, J., S. Shaham, S. Ledoux, H.M. Ellis, and H.R. 
Horvitz. 1993. The C. elegans cell death gene ced-3
encodes a protein similar to mammalian interleukin-
1 -converting enzime.  Cell 75:641-652. 

Zha J, Harada H, Yang E, Jockel J, Korsmeyer SJ. 
1996. Serine phosphorylation of death agonist BAD 
in response to survival factor results in binding to 14-
3-3 not BCL-X. Cell 87:619-28. 

Zhan, Q., S. Fan, I. Bae, C. Guillouf, D.A. Liebermann, 
P.M. O'Connor, and A.J.J. Fornace. 1994. Induction 
of bax by genotoxic stress in human cells correlates 
with normal p53 status and apoptosis [published 
erratum appears in Oncogene 1995 Mar 
16;10(6):1259].  Oncogene 9:3743-3751. 

Zou, H., W.J. Henzel, X.S. Liu, A. Lutschg, and X.D. 
Wang. 1997. Apaf-1, a human protein homologous to 
C-elegans CED-4, participates in cytochrome c-
dependent activation of caspase-3.  Cell 90:405-413. 


