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The development of the nervous system requires the proliferation of neuronal 

precursors, their migration to their respective locations, their differentiation into mature 

cells, and their survival since most nervous cells cannot be replaced. Moreover, the 

proper functioning of the nervous systems requires that neurons extend their axons 

according to a precise pattem so they reach their corresponding targets. Ovar the past 

severa! years, the molecular components responsible for neuronal survival and 

differentiation, as well as for axonal guidance are being defined with the discovery of new 

soluble or cell-attached factors, their cognate receptors, and their corresponding signa! 

transduction pathways. 

Neurons, the basic cellular components of the nervous system, control our 

autonomic, sensory and cognitiva activities. Remar1<ably, neurons are only generated 

during ear1y development. Since neurons are post mitotic cells, that is they cannot divide, 

our organism has to previda the means to maintain these cells alive and functional during 

our entire life span. Therefore, understanding the molecular mechanisms that control the 

generation of neurons from neuronal precursors during development as well as their long

terrn adulthood, is one of the majar challenges in biomedical research today. lnvariably, 

as our organism senesce, a certain population of neurons die and cannot be replaced. 

However under soma pathological conditions such as Amyotrophic Lateral Sclerosis, 

Par1<inson's and Alzheimer's disease, the process of neuronal degeneration becomes 

considerably accelerated resulting in significant loss of motor neurons and/or cognitive 

functions. Only when we can understand the cascada of events that led to premature 

neuronal cell death, we will be in a position to rationally prevent, or at least palliate, the 

pathological consequences of these neurodegenerative diseases. 

During the last few years, we have witnessed severa! important developments in 

the field of signaling during neural development. For instance, severa! new neurotrophic 

factors have been discovered. Moreover, their receptors have been identified, thus 

making it possible to decipher the signa! transduction pathways that mediata their 

neurotrophic properties. Mica defectiva in these neurotrophic molecules have also been 

generated by gene targeting approaches. These animals have provided the necessary 

tools to study the role of these molecules in neuronal differentiation and survival in vivo. 
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More recently, three familias of proteins, the netrins, the Eph family of tyrosine protein 

kinase receptors and their cognate ligands (known as ephrins) have been implicated in 

axonal guidance and possibly in the establishment of topographic maps. The expression 

of ephrins and Eph receptors in complementary gradients during the development of the 

nervous systems suggests that these molecules may ad as cues for axonal guidance. 

The generation of gene-targeted mice defectiva in sorne of these molecules should 

provide relevant information to determine the physiological role of these molecules in the 

development of the mammalian nervous system 

The Juan March Workshop on "Signal Transdudion in Neuronal Development and 

Recognition· held on April21-23, 1997 provided a major opportunity to bring together an 

:ntemational group of prominent investigators working in these areas to survey and 

discuss the state of the art of signal transdudion during neuronal development. Severa! 

topics were addressed at this meeting including neurotrophic fadors and signal 

transdudion, neuronal differentiation and survival and neural patteming during 

development. The second half of the meeting focused on a series of recently identified 

molecules involved in axonal guidance and recognition. Severa! talks were dedicated to 

the Eph receptors and their cognate ligands and their possible role as positional labels. 

The generation of mice lacking these molecules also revealed unexpeded roles for these 

molecules during early development. The charaderization of gene-targeted mice lacking 

netrins and their receptors illustrated the positiva role that these novel class of molecules 

play in axonal guidance. Finally, the role of three other classes of molecules in axonal 

guidance processes, the semaphorins, certain tyrosine phosphatases and the Ras-like 

protein, Rac1, was illustrated by using elegant genetic experiments. 

In summary, this Workshop provided the ideal forum to present the state of the art 

of two of the most exciting areas in neurobiology, the signaling mechanisms that control 

the growth and differentiation of neuronal cells and the identification of the molecular 

elements that guide axons to their physiological targets. 
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Neurotrophin switching: Where does it stand? 

Alun M. Daviesl, Jimi Actul, Vladimir Buchmanl, Patrik Ernfors2, 

Luzia Piñónl, Liliana Minichiello3, Rudiger Klein3. 

Natalia Ninkinal and Sean Wyattl 

1 Bute Medica! Buildings, University of St. Andrews, S t. Andrews, Fife KY16 9AJ, Scotland. 

2Dept Medica! Biochernistry and Biophysics, Karolinska Institute, Stockholm, Sweden 

3Differentiation Programme, EMBL, P.O. Box 1022.09, D-69012 Heidelberg, Germany 

In vitro and in vivo studies suggest that certain populations of neurons switch their 

survival requirements from one neurotrophin to another during an early stage in their 

development. Although there is good evidence for neurotrophin switching in sensory neurons, 

the evidence for switching in sympathetic neurons is more controversia! as is the identity of the 

factors that regulate responsiveness to particular neurotrophins. 

The frrst clear evidence that certain populations of neurons switch their survival 

requirements from one set of neurotrophins to another during development carne from in vitro 

studies of the embryonic mouse trigeminal ganglion neurons (Buchman and Davies, 1993). 

When these neurons are grown at low density at the stage when the earliest trigerninal axons 

are starting to grow to their peripheral targets, they do not survive longer than 24 hours unless 

BDNF or NT3 are present in the culture medium. Although NGF has a negligible effect on the 

survival of these early neurons, it supports an increasing proportion of the neurons in cultures 

set up at successively later stages. Concomitan! with the acquisition of NGF survival 

dependence, responsiveness to BDNF and NT3 is rapidly lost in al! neurons except a small 

subset. The number of dying neurons in the trigeminal ganglion of trkB-1- embryos (Pi non et 

al. , 1996) and NT3-/- embryos (Wilkinson et al., 1996) is substantially increased during the 

early stages ofthe development when the neurons respond to BDNF and NT3 in vitro, 

whereas the increased neuronal death occurring in trkA-1- embryos peales later in development 

(Pinon et al., 1996) at the stage when the neurons respond to NGF in vitro . 

Unlike the onset of BDNF dependence, which is controlled by an intrinsic timing 

mechanism in early sensory neurons (Vogel and Davies, 1991, 1993), the switch to NGF 

dependence is triggered by signals that act on the neurons during the switchover period (Paul 

and Davies, 1995). The onset of neurotrophin dependence is associated with marked increases 

in the expression of the corresponding neurotrophin receptor tyrosine kinase (Ninkina et al., 

1996; Wyatt and Davies, 1993), and the loss of BDNF dependence is associated with high 

levels of expression of non-catalytic trkB isoforms in neurons which actas negative 

suppressors of BDNF signalling (Ninkina et al., 1996). The dose responses of the neurons to 

BDNF and NT3 shift by severa! orders of magnitude to higher concentrations with age (Buj 

Bello et al., 1994). 
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Accompanying the changing survival requirements of trigeminal neurons are matching 

changes in the expression of nelirotrophins in their peripheral targets. BDNF and NT3 

mRNAs are expressed in the peripheral trigeminal territory prior to the arrival of the earliest 

sensory axons (Buclunan and Davies, 1993) and NGF mRNA and protein are expressed later 

with the arrival of sensory axons (Davies et al., 1987). The levels of BDNF and NT3 mRNAs 

are initially highest in the mesenchyme through which the axons grow to the periphery 

(Buchman and Davies, 1993; Wilkinson et al., 1996), whereas NGF mRNA is expressed 

predominantly in the target fie1d epithelium (Davies et al., 1987). 

Several in vitro and in vivo studies have led to the widely accepted view that NT3 is 

required for sympathetic neurob1ast survival (Birren et al., 1993; Dechant et al., 1993; 

DiCicco-B1oom et al., 1993; EIShamy et al., 1996), induction ofTrkA expression and the 

acquisition ofNGF dependence (Verdi and Anderson, 1994; Verdi et al., 1996). lt has also 

been proposed that depo1arisation induces TrkA expression in sympathetic neurob1asts (Birren 

et al., 1992). However, we have previous1y shown that TrkA expression occurs normal! y in 

cu1tured sympathetic neurob1asts grown in defmed medium without added NT3 or depolarising 

1evels of KCl (Wyatt and Davies, 1995). In our most recen! studies we have studied the 

development of the superior cervical sympathetic ganglion (SCG) of NT3-/- mouse embryos in 

detai1 to determine if NT3 p1ays any role in the early survival of sympathetic neurob1asts in 

vivo. We show that the number of neurons and the levels of trkA and p75 mRNAs in the 

superior cervical sympathetic gang1ion (SCG) of NTI-1- mouse embryos increase normal! y up 

to E16, two days after SCG neurons start responding to NGF in vitro. At E18 and in the 

postnata1 period, there are significant reductions in the number of SCG neurons and in the 

levels of trkA and p75 mRNAs. These results show that the neurotrophin survival 

requirements of SCG neurons do not switch from NT3 to NGF during development and that 

NT3 is not required for the expression of TrkA and p75 and the acquisition of NGF 

dependence. Rather, sorne sympathetic neurons ha ve a late requirement for NT3 at the time 

when they also depend on NGF for survival. The expression of transcripts encoding catalytic 

TrkC is neg1igible at this stage, suggesting that NT3 acts mainly via TrkA. The demonstration 

that there are no statistically significan! differences between the number of neurons in the SCG 

of trkc-1- and wi1d type rnice throughout development (Fagan et al ., 1996) likewise indicates 

that TrkC receptors are not required for sympathetic neuron survival. 

References 
Birren, S. J., Lo, L., and Anderson, D. J. (1993). Sympathetic neuroblasts undergo a 
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Neurotrophins: 2 receptors, 2 functions 

Y.-A. Barde Max-Pianck lnstitute for Psychiatry 
Oept. of Neurobiochemistry 82152 Martinsried Germany 

During the development of the vertebrate nervous system, many cells are eliminated 

by programmed cell death (PCD) When neurons contact their target cells, net cell 

numbers decrease in a variety of structures, and there is evidence to suggest that 

neuronal numbers are controlled by the limited availability of target-derived, 

secretory molecules belonging to the neurotrophin gene family. Four members have 

been identified in mammals: nerve growth factor (NGF), brain-derived neurotrophic 

factor (BDNF), neurotrophin-3 (NT-3) and neurotrophin-4/5. All neurotrophins can 

preven! PCD by binding to and activating one of the 3 tyrosine kinase receptors of 

the trk-family, by mechanisms that remain to be worked out in detail1
. 

All neurotrophins also bind lo the neurotrophin receptor p75 (p75Nm), a member of a 

gene family of non-catalytic receptors expressed in many cells and comprising more 

than 10 members, including both 2 TNF receptors and FAS. Recently2
, it has 

become apparent that NGF can mediate NF-KB activation in cultured Schwann cells 

following binding to p75Nm_These cells do not express catalytic fonm of any of the trk 

receptors, and activation of NF-KB was only seen with NGF, and not with BDNF or 

NT-3. Furthermore in vivo, NGF induces PCD during normal development in CNS 

cells expressing p75Nrn but not trkA3 

NGF then controls cell numbers in opposite ways by interacting either with its 

tyrosine kinase receptor or with p75NTH Which cells deliver NGF lo kili other cells and 

what are the mechanisms explaining !he apparent!y u:1ique ability of NGF lo act i•Jate 

p7 5NTR are amongst the intriguing questions raised by these results . 

1. Barbacid , M. The trk fam ily of neurotrophin receptors J.Neurobiol. 25 1386-1403, 

1994. 

2. Carter, B.O., Kaltschmidt, C, Kaltschmidt, B., Offenhauser, N , Bóhm-Matthaei, 

R. , Baeuerle, P.A. , and Barde, Y .A. Selective activation of NF-kappaB by nerve 

growth factor through the neurotrophin receptor p75. SCIENCE 272:542-545, 1996. 

3. Frade, J.M., Rodríguez-Tébar, A., and Barde, Y.A. lnduction of cell death by 

endogenous nerve growth factor through its p75 receptor. Nature 383:166-168, 

1996. 
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THE INSULINIIGFs SYSTEM IN RETINAL NEUROGENESIS 

F. DE PABLO, M. GARCÍA-DE LACOBA, B. DÍAZ, C. ALARCÓN, and E. J . DE LA ROSA 

Department of Ce// and Oevelopmental Biology, Centro de Investigaciones 
Biológicas, CSIC, Velázquez 144, E-28006 Madrid, Spain. 

(e-mail: cibfp1 f@fresno.csic.es) 

lnsulin and the insulin-like growth factors 1 and 11 (IGFs) bind to and signa! 
through two membrane tyrosine kinase receptors, the insulin receptor and the 
IGF-1 receptor. Upon activation and autophosphorylation, these receptors 
phosphorylate endogenous substrates, such as IRS-1 and IRS-2, and engage 
in multiple signa! transduction pathways . The cellular effects induced by these 
factors depend on the developmental stage of the target cell and can include 
stimulation of proliferation and differentiation, attenuation of apoptosi s and 
metabolic regulation . 

We have proposed that insulin (and/or its precursor proinsulin) and IGF-1 have 
multiple , perhaps co mpl ementary , roles in early developmen t and 
neurogenesis. The chick neuroretina provides a good system to analyze the 
expression of these factors, thei r receptors and cellular effects both in vivo and 
in organoculture during neurogenesis . 

In the E4-E6 neuroretina, largely proliferative, there is predominan! expression 
of preproinsulin mRNA, while preproiGF-1 expression is lower and highly 
localized in the cill iary processes . In the E9-E 15 neuroretin a, largel y 
differentiative, there is predominan! expression of preproiGF-1 mRNA. At stages 
of synaptic maturation in E17 -E20, there is a second wave of preproproinsulin 
mRNA expression in neuroretina. lnteresti ngly, between E6 and E 15 the 
neuroretina lacks PC2, a necessary enzyme to convert proinsulin in insulin , 
while immunoactivity with the HPLC mobility of proinsulin is accumulated in the 
vitreous at higher concentration than IGF-1. 

Characteristically, mRNA expression for both the insulin receptor and the IGF-1 
receptor is widespread in the developing retina and shows little temporal 
regulation. However, there is high regulation of receptors at the protein level. In 
E6 retina there are two types of receptors of the family. One type with high 
affinity and speci ficities typical of an lGF-1 receptor , and an atypical high affinity -
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low discriminating receptor with near equal affinity for insulin and IGF-1. This 

atypical receptor is not present in E12 neuroretina, where a population of more 

classic insulin receptors coexist with IGF-1 receptors. The receptors in E6 are 

highly phosphorylated in the basal state although they respond to high 

concentrations of ligands with further autophosphorylation. The molecular basis 

of the atypical characteristis of E6 receptors are still under study. 

The presence of this atypical receptor correlates with the observed biological 

actions of the factors . In organoculture of E5-E6 neuroretina insulin and IGF-1 

estimulate with near equal potency DNA and protein synthesis , as well as 

neuronal differentiation. Proinsulin is slightly less poten!. Underlaying these 

effects on proliferation and differentiation may be a cell survival action of the 

peptides. lnsulin indeed decreases the percent of apoptotic cells caused by 

deprivation of factors when the retina is placed in organotypic culture in defined 
medium. Studies on the cell cycle reveal that the major effect of insulin is an 

apparent shortening of the cell-cycle duration. However, this is concomitan! with 
a decrease in the number of apoptotic cells, that may just ify this apparent 
change in cell cycle period. Approaches using antisense oligonucleotides and 

ICE-protease inhibitors should clarify the receptors and mechanisms involved in 
these cellular processes in early neurogenesis. 
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TRKA SIGNALLING IN CELL SURVIV AL. 

Eugen Ulrichl, Annette Duwel2, Andrea Kauffman-Zehl, Gerard Evanl and 

Dionisio Martin Zanca2. Imperial Cancer Research Fund. Londonl.U.K. Instituto de 

Microbiología Bioquínúca CSIC!Universidad de Salamanca2. Spain. 

We have established a cell system to dissect the anti-apoptotic activity and pathways used by the 

TrkA/NGF receptor. In this model, Rat-1 fibroblasts express a conditional Myc-ER fusion 

protein which can be activated by the addition of oestradiol or 4-hydroxytamoxifen, leading to 
apoptosis in the absence of serum or survival factors . We have generated stable cell lines co
expressing wild type TrkA/NGF receptor and the Myc-MER fusion protein. Nanomolar 

concentrations of NGF can block Myc-induced apoptosis as efficiently as IGF-1, the classical 
survival factor in this system. This ability correlates with the leve! of TrkA expression and 
requires its kinase activity, since mutant TrkA receptors devoid of this activity fail to block Myc
induced apoptosis. Ligand activation of TrkA al so blocks X-ray and UV -induced cell death in 

these cell s. 

NGF-stimulated wild type TrkA receptors induce the activation of severa! signalling pathways in 

this model system, including the PI-3Kinase-AKT-S6Kinase, and the Ras-MAPK pathways, 
and actívate PLCy. The role of each of these pathways in mediating anti-apoptotic activity has 

been analysed by the use of specific enzymc inhibitors, as well as by mutation of TrkA 

anúnoacid residues responsible for the binding and/or activation of specific signalling molecules. 
Rat-1-Myc-MER-derived celllines exprcssing TrkA mutan! receptors have been established and 
analyscd for their ability to block Myc, X-ray and UV-induced apoptosis upon NGF treatmcnt. 

Thc rcsults of thesc studies will be prescnted and discussed in the light of curren! hypothesis on 
the survival pathways proposed for NGFffrkA in other cell typcs. 

Rescarch sponsored by grants from thc Spanish Mini stry for Education (DGICYT. Ref.PB94-
ll04), Fonds zur Foerderung der Wissenschaftlichen Forschung, and by the CE (BIOMED. 

Ref. BMHI-CT94-1471). 
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ROLE OF MAMMALIAN POU DOMAIN TRANSCRIPfiON FACTORS IN NEURAL 
DEVELOPMENT 

Linda Erkman, Robert J. McEvilly, Marcus Schonemann, John R. Bermingharn, Mark W. Sornson and 
Michael G. Rosenfeld 

Howard Hughes Medical Institute, University of California San Diego. 9500 Gilman Orive, CMM-W 
Room 345 La Jolla, California 92093-0648 

The POU domain family of transcription factors are characterized by a bipartite DNA binding 
domain containing the POU-specific domain, a highly conserved region of approximately 75 arnino 
acids, tethered by a variable linker region to the POU-horneodomain, another 60 arnino acid region of 
shared homology, related to the Drosophila horneodomain . Examination ofthe POU domain gene family 
provides an opportunity to explore the combination of shared features, functions and diversity of actions 
that are assurned by different members within a family of transcription factors . Following the initial 
discovery ofthe pituitary-specific Pit-1 , the ubiquitously expressed, and B cell specific octamer binding 
proteins Oct-1 and Oct-2, and the C. Elegans unc-86 proteins, severa! new members in different species 
have been cloned, and grouped in six classes based on the arnino acid sequence of their POU domains 
and conservation ofthe variable linker region (reviewed in Wegner et al ., 1993 ; Ryan et al ., 1996). 

Based on their expression pattern in the developing and rnature nervous system, the 
mammalian Class 111 factors Brn-1, Brn-2, Tst-1 /0ct-6/SCIP and Class IV POU domain factors Brn-3 .0 
(Brn-3a), Brn3 .1 (Brn-3c) and Brn3.2 (Brn-3b) have been hypothesized to play key roles in neural 
development. We and others have now generated m ice harboring disruption of the geno mi e loci of Brn-
2, Tst-1, Brn-3 .0, Brn-3 .1 and Brn-3.2, each exhibits a distinct phenotype in the nervous system, despite 
extensive temporal and spatial overlap in the expression pattems of genes within a class. Deletion of 
Brn-2 gene has a profound effect on the endocrine hypothalamus, where the paraventricular and 
supraoptic nuclei are markedly hypocellular, and do not produce corticotropin releasing hormone. 
oxytocin and vasopressin (Nakai et al ., 1995; Schonemann et al ., 1995). In Tst-1 null mice, peripheral 
myelination is affected, probably due to the disturbance of terminal differentiation of Schwan cells: only 
a small percentage of which are able to wrap the axons, despite an initial ensheatement of axons in a 1: 1 
ratio. that appears normal (Bermingham et al., 1996: Jaegle et al.. 1996). 

Disruption of Class IV POU domain transcription factors interferes with normal development of 
sensory and motor neurons, in accordance with the unique features of their spatial and temporal 
expression patterns. Brn-3 .0 deletion causes defects in the brainstem nuclei resulting either from 
neuronal mismigration (inferior olive and cornpact formation of the nucleus ambiguus) or neuronal loss 
(red nucleus). In the peripheral nervous system, a severe cellular loss is observed in the trigerninal and 
upper cervical dorsal root ganglia accompanied by significan! decreases in the ex pression of severa! 
neurotrophins and their receptors (McEvilly et al.. 1996: Xiang et al.. 1996). In contras! to Brn-3 .0 
mutant mice that die shortly after birth. Brn-3.1 and Brn-3 .2 null mice survive to adulthood and appear 
healthy, with no noticeable behavioral defects in Brn-3 .2 mutants. Brn-3 .1 null mice however, develop 
severe balance problems, and later a hyperactive behavior characteristic of inner ear defects. lndeed. 
cochlear and vestibular hair cells fail to differentiate properly in Brn-3 .1 mutant mice, causi ng 
secondary Joss of the sensory ganglia and deafness (Erkman et al.. 1996). The defect observed in mice 
harboring a targeted disruption of Brn-3.2 locus. is the loss of approximately 70% of retina! ganglion 
cell s (Gan et al. , 1996; Erkman et al., 1996) . In Brn-3 .2 (-/-) mice, these cells display abnormalities 
befare cellular loss occurs, since Brn-3 .0 expression is not observed at its normal time of onset, 

suggesting that they are not engaged in the correct differentiation program. 
Despite their broad expression pattern early during neurogenesis, phenotypic manifestations of 

deletion of mammalian neural speciflc POU domain factors relates to relatively late events such as 
m1gration. neuronal survival . and terminal differentiation . Detailed analysis ho\.Vever. indicates that 

altered patterns of gene expression often precede the obvious morphological changes. suggesting, in 
many instances, that the POU domain transcription factors are indispensable from the onset of their 
expression . The lack of a discernible phenotypc in many regions of the nervous system where these 
POU domain proteins are expressed. indicates that other members of the family can fulflll compesatory 
effects, and the study of combinatoria! knockouts may reveal new roles during early embryogenesis. 
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Detailed analysis of the POU domain factor Pit-1 has provided insights into the molecular 
mechanisms of its initial activation and subsequent autoregulation, a characteristic of many POU 
domain factors . Genetic approaches have defined a paired-like homeodomain as a requirement for the 
asymmetrical cell division that generates the Pit- 1 lineage. Both restricting and activating mechanisms 
dictate the cell-type specific expression of Pit-1 distal target genes in the distinct cell phenotypes that are 
regulated by Pit-1 (Somson et al ., 19 96~ DiMattia et al ., 1997). 
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Role of Eph-related receptor tyrosine kinases and their ligands in neural patterning 
Q. Xu, V. Robinson, A. Smith, A. Flenniken, T. Theil and D.G. Wilkinson, Division 
of Developmental Neurobiology, National Institute for Medic31 Research, The 
Ridgeway, Mili Hill, London NW7 1AA, UK. 

Eph-related receptor tyrosine kinases and their ligands have been implicated in cell 
contact dependent interactions and are expressed in complex pattems during early 
vertebrate development. We have identified and analysed the function of members of 
these receptor and ligand families in the segmenta! patterning of the lúndbrain and 
branclúal neural crest. The Sek-1 receptor is expressed in rhombomeres r3 and r5 in 
the hindbrain ( 1,2), and we ha ve shown that inhibition of receptor activation leads to 
the presence of cells with r3/r5 identity in r2/r4/r5 (3). Since ligands for tlús receptor
ELF2/Htk-L and Elk-L3- are expressed in the complementary r2/r4/r6 (4,5), these data 
suggest that receptor-ligand interactions mediate a repulsion that restricts cell movement 
across rhombomere boundaries. In addition, we have shown that Sek-1 expression in 
r31r5 is regulated by the transcription factor Krox-20, wlúch provides a link between 
the processes of segmentation, segment identity and segmenta! restriction of cell 
movement. A further site of Sek-1 expression is in neural crest cells that migrate from 
r5 to the tlúrd branclúal arch. Tlús targeted migration is believed to be critica! for 
craniofacial development, since befare migration neural crest cells acquire a 
rostrocaudal identity that underlies their pattem of differentiation into cartilage. We find 
that inlúbition of Sek-1 function in the Xenopus embryo leads to disruption of the 
targeted migration of third arch neural crest, with cells mi grating rostral or caudal to 
their normal route (6). In addition, we find that ELF21Htk-L is expressed in second 
arch neural crest, and that overexpression of this ligand al so disrupts tlúrd arch crest 
migration. These data suggest that the complementary expression of Sek-1 and 
ELF2/Htk-L mediales repulsive interactions that guide neural crest cells to the correct 
target. Since in the retinotectal system, the complementary expression of members of 
these receptor and ligand families are in volved in axon guidance by repulsive 
interactions, this indicates that similar mechanisms are in volved in the pathfinding of 
neural crest cells and axons. In arder to dissect the mechanism of cellular responses to 
receptor activation, it is essential to identify amino acid residues in the intracellular 
domain that mediate signa! transduction. We will present the results of mapping 
residues required for Sek-1 function during neural patterning. 
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Progressive spatial restriction of Sek-1 and Krox-20 gene expression during 
hindbrain segmentation. Dev. Biol. 173, 26-38 . 

3. X u, Q., Alldus, G., Holder, N. & Wilkinson, D.G. ( 1995) Expression of truncated 
Sek-1 receptor tyrosine kinase disrupts the segmenta! restriction of gene expression 
in the Xenopus and zebrafish hindbrai n. Development 121 , 4005-4016. 

4 . Bergemann, A. D., Cheng, H.-J., Brambilla, R .. Klein, R., & Flanagan, J. G. 
( 1995). ELF-2, a new member of the Eph ligand family, is segmentally expressed in 
the region ofthe hindbrain and newly formed somites. Mol. Cell. Biol. 15, 4921-
4929 . 

S. Gale, N.W., F1enniken, A., Compton, D.C. , Jenkins , N., Copeland, N.G., 
Gi1bert, D.J., Davis, S., Wi1kinson, D.G. & Yancopoulos, G.D. (1996) E1k-L3, a 
novel transmembrane 1igand for the Eph family of receptor tyrosine kinases, 
expressed in embryonic floor plate, roof plate and hindbrain segments. Oncogene 
13, 1343-1352. 

6. Smith, A., Robinson, V., Patel , K. & Wilkinson, D.G. (1997) Eph-related receptor 
tyrosine kinases Sek-1 and Elk and the ligand Htk-L regulate the targeted migration 
of branchial neural crest cells. (submittcd). 



Instituto Juan March (Madrid)

26 

Neuronal survival and axonal pathfinding defects in Trk and Eph 
receptor mutant mice 

Rüdiger Klein, European Molecular Biology Laboratory, MeyerhofstraBe 1, 
D-69117 Heidelberg, Germany 

The Trk family of RTKs (TrkA!B/C) are receptors for neurotrophins, a 
family of proteins that are irnportant physiological regulators of the survival 
of specific peripheral neurons. Mice deficient in Trk RTKs demonstrate tbat 
essentially all sensory neurons require, in a modality-specific way, a single 
Trk receptor for SQrvival. In the CNS, removal of a single Trk receptor does 
not result in majar cellloss. Here, TrkB and TrkC receptors have redundant 
functions in promoting the survival of specific neurons, including 
hippocampal and cerebellar granule cells 1

• To study the downstrearn events 
triggered by activated TrkB receptors, the juxtamembrane docking site for 
the Shc adapter protein was mutated in the trk.B gene. Mutant mice carrying 
this trkB5

hc allele show severe balancing defects due to loss of vestibular 
neurons. These results indicate that coupling of Shc to the TrkB receptor is 
an essential pathway for the survival of at least a subset of TrkB-dependent 
sensory neurons . 
The Eph family of RTKs and their ligands, the ephrins, have been irnplicated 
in cell movement and axonal pathfinding. To address the function of Eph 
receptors during rnouse development, we generated mice deficient in EphB2 
(Nuk) (collaboration with T. Pawson's lab) and EphB3 (Sek4) receptors. We 
show that the formation of the two majar commissural axon tracts, corpus 
callosum and anterior commissure. that connect the two cerebral 
hernispheres. is critically dependent on B2 and B3 receptors1

'
3

. Moreover, 
while mice singly deficient in either B2 or B3 are viable, most ephB2!B3 
double mutants die immediately after birth primarily due to a cleft palate. 
These results demonstrate essential and co-operative functions for B2 and 
B3 in establishing axon pathways in the developing brain and during the 
development of facial structures. Genetic evidence from a second ephB2 
allele (nuk-lacZ) suggests that transmembrane ligands may transduce signals 
in the developing embryo. We show that the cytoplasmic domain of thc 
transrnembrane (TM) ligand ephrin-B 1 (Lerk2) becomes phosphorylated on 
tyrosine residues after contact with the EphB2 receptor ectodomain, 
suggesting that ephrin-B 1 has receptor-like intrinsic signaling potential 
Moreover, ephrin-B 1 is an in vivo substrate for the platelet-derived growth 
factor (PDGF) receptor, suggesting crosstalk between ephrin-B 1 signaling 
and signaling cascades activated by tyrosine kinases4

• We propase that TM 
ligands of Eph receptors act not only as conventional RTK ligands, but also 
as receptor-like signaling molecules. 
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NEUROTROPillNS AND THEIR RECEPTORS AS NEURAL ORGANIZERS IN HEARING AND 
BALANCE DURING DEVELOPMENT. 
Juan Represa 
lnxfituto de Riología y Genetic:a ,\tfolec:ular (!RGM) . [/niver.,·idad de Valladolid..CSJr:, 47()()5 
Valladolid, Spain 

The cochleo-vestibular nerve (cranial nerve. VID) primarily contains afferent fibres whose 
targets are the sensory epithelia of membranous labyrinth in the inner ear. Cochlear fibres commence 
in the organ of Corti , and vestibular flbres originate in the utricular and saccular maculae and the 
ampullary cristae of the semicircular canals. The so mata of these afferent fibres is found in the cochlear 
(CG) and vestibular ganglia (\'G). Most ofthe cochlear and vestibular neurons are bipolar. A peripheral 
process is contacting the hair cells in their respective sensory epithelia and a central process that projects 
in a topographical fashion to the cochlear and vestibular nuclei of the medulla. The inner ear al so 
receives sorne efferent fibres from the centrally located efferent neurons that also use the cochleo
vestibular nerve to innervate the sensory epithelia (Spoendlin. 1988). Embryonic development of the 
vertebrate inner ear starts with the formation of the otic placode and then the otic vesicle. The o tic 
vesicle subsequently grows and differentiates into the membranous labyrinth, which contains the 
cochlear (hearing) and vestibular (balance) sensory epithelia and the highly specific networks of afferent 
and efferent neuronal connections. In the developing CG and VG, neuronal death affects approximately 
to 20-30% ofthe cellular population and that fits the pool ofCG and VG neurones to the peripheral 
and central target fields (Aniko et al. 1983; Ard & Mores t. 1984). On the other han d. distinct e' id en ces 
suggest that cochlear and vestibular neurons requne growth factors released from their natural targets 
to survive and differentiate (Ard et al., 1985). 

As in other sensory systems, the Nerve Growth Factor (1\GF) family of neurotrophins emerges 
asa candidate likely to be mvolved in guiding or maintammg otic innervation (Davaes. 1986; 1994) 
. The NGF-family offactors includes the NGF itself. the Bram- Derived :'lleurotrophic Factor (BDNF) 
and :'lleurotrophins 3, 4 and 5 (NT3 , NT4 and NTS), which are structurally homologous polypeptides 
sharing about 60% of anunoacid identity and membrane receptors . and biological effects (Hallb<i<ik et 
al. 199 1. Berkemeier et al.. 1991 ). The Trk family of protein tyrosine kinase receptors med1ate the 
biological effects of the nef\e growth factor (NGf) famd y of neurotrophms (Meakan and Shooter. 
1992) The rrkA and trkl. gene encode high -aflinity receptors for NGF (Kaplan et al., 1991 : Kle1n et 
al , 199 la) and neurotrophin-3 (NT -3) (Lamballe el al. 199 1 ), respect ively. The product of the lrkfl 
gene ser\'es as the receptor for two related neurotrophins. bram derived neurotrophic facto r (BDNf) 
(Klein et al, 1991 b) and neurotrophin 4 (NT -4) (Berkeme1er et al , 1 991 . K1ein et al., 1992) Trkl3 al:;o 
binds NT-3. although the extent to which thi s occurs an \ lvO is controversia! (Bothwell , M . 1995 ) 
Besides th e Trk.s. all neurotrophins bmd to another cell surface receptor, known as p7 5 or the low 
affmity NGF receptor (L:'IJGFR) whose role may be lo modulate Trk s1gnaling (Meakin and Shooter . 
1992;Dav ies el al, 1994; Hantzopoulos el al , 1994) .O ver the past few years, in vitro studies, bmding 
and m situ hybridiz.ation analysis and targeted gene disrupti ons ha ve revealed that two neurotrophms 
(BDJ\'F, NT-3) and two neurotrophin receptor> (trkB, trkC) are essential to reg u1 ate the de\elopment 
o[ inner ear afferent innervation. Current resea rch evidences that these neurotrophic factors are als<J 
in vo lved in th e trophic support of e!Terent inner\ati on . 

1) Ne urotmphic: .fac:lors and their receplorsfiJ/Imr spec:ific parterns of' ex¡we.1sion in !he 
dr.:vclopm,f!, ear, Cranial sensory neurons ha\'e been espec1ally useful for studying the speci!ícity and 
time-course ofthe survival-promoting effects of neurotrophins.T rkB , TrkC and L:'IJGfR are expressed 
in the cochlear and ves tibular ganglion be fo re and dunng innervataon of their target fa elds, whereas 
TrkA is expressed earlier and al a low leve! (Emfors et al , 1992: PiT\·ola el al, 1994 ; Schecterson and 
Bothwell . 1994; Vazquez el al, 1994 ). Further Trk analysis revea1ed a apparent preference for ¡j¡fferenl 
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neuronal types such as TrkB for vestibular and TrkC/TrkA for cochlear. On the other hand, BDNF, 
NT-3 and NGF but not NT-4 is detected in the sensory epithelia (Pirvola et al., 1992, 1994; 
Schecterson and Bothwe\1, 1994, Bemd et al, 1994). BDNF and NT-3 show comparable temporal, but 
a different spatial pattem of expression. BDNF is found in the ha ir cells of al\ inner ear sensory epithelia 
(except in the semicircular canals) through development and continues to be expressed in decreased 
amounts during neonatallife and adulthood. While initially expressed in cochlear and vestibular hair 
ce li s, NT-3 becomes progressively restricted to cochlear inner ha ir cells. 

]j BDNF and NT-3 sholl' spec(lic bivlo?,ical effec/s vn cochlc:ar and I'Cslibular neurons. J:n 
explant cultures, exogenous BDNF and NT-4 promete neurite outgrowth from the cochlear and 
vestibular ganglion neurons, while NT -3 is mainly effective on cochlear neurons (Avila et aL, 1993; 
Pirvola et al., 1994; Vazquez et aL, 1994). In dissociated neuron cultures, BDNF and NT-3 promete 
survtval ofboth cochlearand vestibular neurons (Davies et al, 1986; Avila et aL, 1993 ; Pirvola et al., 
1994, Vazquez et al, !994}. Results on the effectiveness of NGF in bioessays are controversia\ 
(Lefeb,re el al, 1990, 1991: Pirvola et al, 1992, 1994). Based on the spatiotemporal expression 
paltems and the biological effects, BDNF and NT-3, rather than NGF and NT-4, are responsible for the 
survtval and neurite outgrowth of cochlear and vestibular neurons, acting via their high-affinity 
receptors TrkB and TrkC, respectively. 

3) The phenorypes olgennline-largered 11111/anlmíce lackingjimcrirmal neumlrophin.v and 
rhe1r n:ceptors defínc the specífic neurvn pvpulation.rthut are de¡.n:ndent vn neurvtrvphin acrivn 
dunúg developmenr Consisten! with the 'IT-3 exprcss10n pattern and m vitro experiments, NT-3 (-/-) 
mutan! m ice show reductions 1n the cochlear and ves11bular ganglion <.Fanñas et al , 1994). BDNF (-/-) 
mut.ant m ice ha ve severe deficiencies in coordinatJOn and balance, suggesting abnormalities in functions 
ofthe vestibular system (Ernfors et al, 1994a, Jones et al, 1994) Vestibular ganglia are drastically 
dcplcted of neurons and the vestibular fibres fui\ to rnnervate thc scnsory epithelia in postnatal antmals 
Wrth the kno\\.11 cxpression pattem ofBDNF and rts effects in vitro systems, the results suggest that 
most ofthe vestibular ganglion cells require BDNr for survival In contras!, the cochlear ganglion, the 
cochlca and thc innervation ofinner and outer harr cells scem unaffected in BDNF (-/-)m ice (Ernfors 
ct al, 1994a). Thc development ofthc vestibular and auditorv systcm tn m ice mutant for the TrkB and 
TrkC rcceplors (Kiem et al, 1993) has been analyzeu Most 1rkB (-i-) homozygous mutants die a1 

poslnatal da y l (P 1) with neuronal de!iciencies m the central (factal motor nucleus and spinal cord) and 
penpheral nervous syslem. The results reveal funher abnonnahlies in the part ofthe peripheral nervous 
sysl em that rs responsible for the mnervat10n ofthe mner ear Vestibular nerve libres and nerve ftbres 
co ntacttn g the outer hair cells of the cochl ea tni liall v reach thetr targets, but fail to mamt.ain the 
nmer-alion 1>.1th their respective sensory epithel ia. Trki3 receplors therefore seem to be dispensable for 
establrshrng 111ncrvation of ganghon cells with their penphcral targets rn rrkR mutants, but are essential 
for thc maintcnance offunctional ncrvc tcrmrnal s rn thc scnsory cpithclia M ice carrying an inactrvc 
fo rm of 1rkC ha'e been also analyzed for inner ear defects (Kiein et al., l994b. Schnnmang et al. , 
1995). showi ng a majar loss (<50%) of cochlear neurons but minar losses in \estibular neuron s 
(l~1a n ch i el al , 1996). Cochlcar innervalion pa llcrn 111 lhi s rrk \ mulant showed a complete lo' s of 
lrlrrcrvation rn 1nner hair cclls. 
Data obt.amed m double trkfl.'irkC null-mulan t mtce proved that the absence ofTriJ3 and TrkC leads 
to ¡.¡ fu rther reduction of vestibular and cochlear neurons anda complete loss of al! afferent and efferent 
innervatt on wtthin the inner ear sensory epitheha (Mmichrello el al, 199 5). 
-!) fJolenlwl uses o( neurotrophins a .1 thera¡Jclitlc agemsfvr hcuring disvrders. Recently it wa s 
, Jwvm that neurotrophins are capable 10 re versean expemnen11ilneuropalhy of 1he cochleovesttbular 
ncr-·e tnduced by ototoxms. pro,tng a neuroproleclrve aclion ofBDNF and NT-3 (Zheng & Gao l99G). 
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As it is apparent from the above revised data, neurotrophins play a critica! role in embryonic 
organization and stabilization of inner ear innervation dur ing development. Consistently in the adult 
cochlear and vestibular gangl ia they may also play a role in maintaining neurons. Finally neurotrophins 
are candidate factors as therapeutic·agents for hearing d isorders. 
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Mammalian Numb homologues and their roles in mouse asymmetric cell 
divisions and cortical neurogenesis 
Weimin Zhong, John N. Feder, Ming-Ming Jiang, Juailito Meneses+, Roger A. Pedersen+, Gerry 
Weinmaster•, Lily Y eh Jan and Yuh Nung Jan. Howard Hughes Medica! lnstitute, Departments 

of Physiology and Biochemistry, and +Jaboratory of Radiobiology and Environmental He a 1 th, 
University of California, San Francisco, California 94143, •nepartrnent of Biological 
Chemistry, School of Medicine, University of California, Los Angeles, California 90024, USA 

During mammalian cortical neurogenesis, a cortical progenitor cell 
may divide asymmetrically to generate two distinct daughter cells, a post
mitotic neuron and another progenitor ce!!. During asymmetric divisions of 
Drosoplzila neural precursor cells, differential segregation of the cell-intrinsic 
Numb protein (d-Numb) is necessary for their daughters to adopt distinct 
fates. d-Nurnb functions by biasing the cell-cell interaction mediated by 
Notch, a transmembrane receptor, possibly via direct physical interaction 
with the intracellular domain of Notch. To uncover molecular mechanisms 
that allow daughters of cortical progenitor cells to adopt distinct fates, we 
isolated the mammalian homologues of d-numb, mouse numb (nz-n11nzb) 
and 1111mblike (nbl) . 

m-Numb and Nbl are both highly homologous to d-Numb, especially 
in the phosphotyrosine binding (PTB) domain. However, when expressed in 
Drosophila, only m-Numb is localized asymmetrically to one half of the cell 
membrane in dividing neural precursors and segregated primarily to one 
daughter cell, just like d-Numb. Nbl is symmetrically distributed in the 
cytoplasm and segregated to both daughter cells. Consequently, in d-1111 mb 
loss of function mutant embryos, expression of m-Numb allows neural 
precursor cells to divide asymmetrically, whereas expression of Nbl allows 
daughter cells of a neural precursor to botl1 adopt the fate of the cell that 
normally inherits d-Numb. 

In developing mouse neocortex, Nbl is only expressed in postmitotic 
neurons in the cortical plate, whereas m-Numb and Notchl, a mouse 
homologue of Notch, are also expressed in progenitors within the ventricular 
zone. In dividing cortical progenitors at the venh·icular surface, m-Numb is 
asymmeh·ically localized to the apical membrane while Notchl is distributed 
around the entire membrane. As a result, while Notchl is always segregated 
to both daughter cells, m-Numb may be differentially segregated to only one 
daughter cell. Furthermore, m-Numb and Nbl can both physically interact 
with the Notchl inh·acellular domain. 

We propose tl1at an evolutionarily conserved interplay between cell
intrinsic mechanisms (executed by m-11umb and 1111mblike) and cell-extrinsic 
mechanisms (mediated by Notch1) may be in volved in both progenitor cell 
proliferation and neuronal differentiation during mammalian cortical 
neurogenesis. We have generated m-1111mb and 11bl mutant mice through 
gene targeting and are currently analyzing their phenotypes in asymmeh·ic 
cell divisions and neurogenesis. 
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CONTROLS ON CELL NUMBERS DURING NEURAL DEVELOPMENT 

Martin Raff, Julia Burne, B=E9atrice Durand and Fen Biao Gao 
MRC Laboratory for Molecular Cell Biology, and !he Biology Oepartment. 
University College London. London WC1E 6BT 

The size of an organism or of an organ such as the brain largely depends on 
the number of ce lis it contains( 1 ). How is the number of ce lis determined? 
We have been addressing this problem in one of the simples! parts of the 
CNS, the optic nerve. and have focused on how the final number of 
oligodendrocytes in the rodent optic nerve is determined(2) . 

Oligodendrocytes are nondividing cells that develop from dividing precursor 
ce lis that migra te into the optic nerve early in development. Their final 
number depends on how many precursor cells migrate in, how many times each 
precursor cell divides befare it stops and differentiates, and how much 
cell death occurs normally in this celllineage . We still do not know how 
many precursor ce lis migrate into the developing nerve, but we have learned 
something about how their proliferation and survival are controlled . 

At leas! 50% of the oligodendrocytes produced ea eh day in the deve loping 
optic nerve undergo programmed cell death, apparently in a competition for 
limiting amounts of survival factors provided by axons (3) : if !he axons 
are made to degenerate, most of the oligodendrocytes die(4); if !he number 
of axons is experimentally increased, few oligodendrocytes die and their 
numbers automatically increase to match the number of axons(S). 

The proliferation of oligodendrocyte precursor ce lis is stimulated mainly 
by PDGF. But even in saturating amounts of PDGF. the precursor cells divide 
a limited number of times befare they stop and differentiate(6). This 
limitation reflects the operation in the precursor cell of an intrinsic 
"clock"(7,8). which consists of at least two components: (1) a counting 
mechanism that mea sures times and (2) an effector mechanism that stops the 
cell cycle when time is reached(9) . 1 shall present evidence that the 
effector mechanism depends on thyroid hormone(9) and that an accumulation 
of the cyclin-dependent kinase inhibitor p27 m ay be part of both the 
counting and effector mechanisms(10.11 ). 

lt seems very likely that the mechanisms that control the numbers of 
neurons in the nervous system will preve to be very similar to those that 
control !he number of oligodendrocytes in the optic nerve. 
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COUPLING SIGNALLING TO TRANSCRIPTION: CREB AND CREM 

AS TARGETS OF THE NGF·RAS-RSK2 PATHWAY 

Darlo De Cesare. Lucia Monaco. Mon1c.a Lamas. David Whttmore. Kath.,rtne Tamai, 
Crtstina ·Mazzuccbelli. Emmanud Zazopoulos , Glan Mana l"tmia. Nlcholas Foulkes. 
ED7..o Lall1 and Paolo Sasson.e-Com 

IGBMC. CNRS. B. P. 163, 67404 Ulldrch. Strasbourg. Ftance 

The ""ents occurtng In the nucleus In response to actJvatlon oí !ntracellular 
pathways determln.,, through the modulatlon of gene expresslon . . whether the cell 
Wl.ll dtfferentlate. proltferate or die . Thus. a fundamental stnde has been the 
dlscovery that many transcrlplton factors constltute final targets of spectf1c 
transducUon pathways. Many dlst!nct klnases have been sho\IIII to dlrectly or 
lnd!rectly modulate the acUv1ty of vanous nuclear factors. Fal' aample. acUVlty of 
t:ranscrtpUon factor AP-l maybe !ncreased by lnduclng e-jos gene tre.nscripUon. a 
process medlated by the ERK-1 and -2 mitogen-acUvated proteln IMAP) klnases. 
which dlrectly phosphorylate the transcrtpuon factor Elk-1/TCF. whlch then blnds 
to the e-jos senun response element. Altematlvely, AP-1 actlvtty maybe be enhanced 
by dltect phosphorylaUon of Jun by a d!fferent type of MAPKs. thé st.ress-actiVated 
proteln klnases IJNK/SAPK) . Transcrlptlon factor A'IT-2. a dlmertzaUon partner of 
Jun. ls also a target of the JNK klnase . Interestlngly. ATF-2 was Ctrst cloned as 
member of the ATF /CREB family of transcrtptlon factors and was shOIJIIl to bind to 
cAMP-responslvc elements (CREs) . The ATF/CREB famlly lncludes s=eral members , 
of whtch only thc CREB. CREM and ATF-1 gene products have been shown to be 
dlrectly phosphoryalted by thc cAMP-depcndent protetn klnao;e A. Cross-talk 
between the mitogcrue slgnalllng pathways and thc c.AMP-responstve transcnptlon 
has been establlshed. whlch relnforces the notlon of convergtng slgnalllng withtn the 
PKA and PKC pathways In the eytoplasm and In the nucleus . 

An interestlng examplc of stgnalllng cross-talk. In the nucleus tnvolves the 
pathway coupled to thc Nerve Growth Factor (NGF') receptor. n-k. whtch results In the 
actlvatlon of :;everalldnases. n-k IS a receptor cyrostne klnase wblch, once activated . 
stlmulates the acUvtty of the srnall GTI'-blndlng proteln Ras. ActiVatlon of Ras 
trtggers the MAPK pathway. whtch lncludes the MAP ldn.ase klnasc (MEK) and the 
rtbosomal S6 kinase pp90rsk. !nterestingly. constltuUvdy acUvated expresslon of 
MAPK and MEK ls sufflclent to Induce neurtte outgrowth In PC12· cells lndlcating a 
dln:ct role of thls pa.thway In el!clting the changes In gene ~resston req,ulred for the 
neuronal di!ferentiatlon program. Although MAPK and MEK have not been sho,.·n to 
dircctly phosphorylate CREB. the use of cells expresslng a dom!nánt-1nterfer1ng Ras 
mutant has revealed the lnvolvement of thls pathway for CREB phosphorylatton 
u pon NGF-Inductlon. lndeed, lt has been proposed the lnvolvement. of a CREB-klnase 
whlch could have characterlsUcs stm11ar to pp90rsk. lnteresUngly, pp90rsk is llkely 
to be responslble for CREB phosphorylat:ion In human mclanocyt~s. v.rhlle the othcr 
member of the RSK famlly, p70s6k, also possesses CREB phosphorylatlon actlv1ty . 
Thus, two dlfkrent slgnalllng pathways may converge to modulate gene ~resslon 
v1a the samc .transcrtptlonal regulator, CREB. 

The CREM gene, becausc of lts modular structure, also generales antagonists 
óf cAMP-Induced t:ranscrlpUon. In particular, an altematlve prometer whlch Hes 
w!thln an lntron ncar the 3' end of the CREM gene . dlrects the transcrtption of a 
truncated product, termed ICER (Induclble cAMP Early Repressorl. The ICER open 
readlng frame corresponds to the e-terminal segment of the gene and generates a 
proléln that. compared wtth the prevtously descrtbed CREM lsoforms con91sts of 
only the bZip DNA blnd!ng-dlmertzaUon domaln. The bZip .domaln dlrecls speclflc 
ICER blndlng to a consensus CRE element. ICER ts able to heterodtmertu with CREB 
and thus to functlon as a domlnant repressor of cAMP-lhduced transcrtpUon. 

The ~resslon of ICER v.-as flrst descrtbed m the plneal gland where it ls the 
s ubject of a dramatlc clrcadlan pattem of expresslon. Addltlonal e\rldence lmpllcates 
dynamlc ICER expresslon as a general feature of neurocndocrtne' systems. The kcy 
feature of ICER ls lts lnduclblllty. Thls makes ICER the only CRE-blnding proteln 
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whose functton ts phystologically regulaled by alterallon tn tts cellular 
concentratlon. 

ICER lnductbility 1~ achleved vfa the untque o:rgantzaUon of lts :regulatory 
reglen. In contrast te the CREM P1 prometer whlch generales al! the other CREM 
!sofor:ms .. and wl:Uch ls GC-rkh an.d not lnduclble. the tntronlc P2 prometer has a 
normal A-T and 0-C collknt and is strongly tnducible-by cAMP. It contatns t;..to palrs 
of closely-spaced CRE elexnents organized in tandem. In al! analy5es ccnducted to 
date. lt has been shown that ICER expresslon ls not .tndueible by phorbol est:c:rs. 
dexametha.Sone ancl growth factors . The restrlctlon of ICER tnductbllltY te the cAMP
dependent slgnall1ng pathway had suggest.ed a well-deftned. non-promlscuous 
functlon of thls powerful repressor. 

We ha ve found that ICER lS tnductble In PC 12 pheocllromocytoma celJs u pon a 
dlfferentlattng treatment wtth NGF. Th1s result shows that CREM mlght have a key 
functJon In nuclear cross-talk. mcchanisms of stgnal transduction. Indeed. we show 
that a CRE-blndtng repressor l:s actlvated by a cAMP-lndependent pathway. 
lmportantly, we show that tnducUon of ICER expresston by NGF occurs v1a prometer 
elements which have been shown to dlrect cAMP-lnductblllty. Thls ls achieved vla 
thc NGF-mcdíated phospborylatlon of CREB. As for ·CREB phosphorylaUon, also 
ICER Jnductblllty requlres an tntact Ras-dependent stgn;¡.lllng pathway. 
Physiologlcally, an important a.spect of thls work conststs in the acUvaUon of a 
powerful repressor of the cAMP-responslve pathway by NOF. whose transducuon 
stgnal.Ung 1s cAMP-!ndependenl 

The CREB-kln.a.se responslve to NOF and EGF ls RSK2 . Thrcc protetns 
const1tute the p90rsk actlvlty. RSKl, RSK2 and RSK3. In collaboration wtth A. 
Hanauer and J. L. Mande! wc have found that the X-llnked Coffin-Lowry syndrome 
(CLS) ls due to a defect In the RSK2 k1nase . Cells dertved from CLS paticnts have 
non-functlonal RSK2 and show no phosphorylatton ofCREB In respons~ lo EGF. In 
these cells EGR responstveness of the e-jos gene ls tmpalred. 
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GENETIC DISSECTION OF SIGNALING PATHWAYS IN DROSOPHILA 
E. Hafen, J. Riesgo-Escovar, A. van der Straten, Zoologisches lnstitut, Universitat 
Zürich, CH-8057 Zürich, E-mail: hafen@zool.unizh .ch 

Cell tate specification in the developing eye of Drosophila is dependent on 
inductive signals that are mediated by receptor tyrosine kinases such as 
Seven\ess (Sev). Screens for mutations that dominantly enhance or suppress 
signaling from the Sav receptor led to the identification of mutations in genes 
coding for components of the conserved Ras/MAP kinase pathway. daughter of 
seven/ess (dos) encodes an adaptar protein that provides binding sites for mu\tiple 
SH2-containing proteins including Drk, the SHP-2 homologue Csw, and Pl-3 
kinase (1). Dominant negative mutations in the gene coding for the heat shock 
protein 83 (Hsp83) were identified as suppressors of activated Raf (2,3). This 
provided evidence that the interaction between the Raf kinase and Hsp83/90 is 
essential for Raf function . While the Ras/MAP kinase pathway is used at multiple 
steps during development, genetic analysis of the parallel Jun kinase (JNK) also 
called Stress-Activated Protein (SAP) kinase pathway suggests a much more 
restricted requirement during development. Mutations in basket (bsk) encoding 
DJNK and hemipterous (hep) encoding DJNKK specifical\y block dorsal closure 
during embryogenesis but do not interfere with proliferation or cel\ tate 
specification in the imagina\ discs (4,5) . Dorsal c\osure is a process by whích 
lateral epithelial cell sheaths stretch to fuse at the dorsal midline of the embryo. We 
show that activation of the DJNK pathway results in the activation of dpp 

expression , which encodes a TGF-~ homologue, in the dorsal row of cel\s . The 
local activation of dpp is controlled by two antagonistic transcription factors, DJun 
and the ETS repressor Aop/Yan . Like DJNK DJun is not required for cel\ 
proliferatíon or cel\ tate specification in the developing eye. These resu\ts indicate 
that the JNK pathway is conserved in Orosophila and that it plays a restricted role 
during development. 

(1) Raabe, T., etal. Ce//85 , 911-920 (1996) . 
(2) Dickson, B.J., van der Straten, A., Domínguez, M. & Hafen, E. Genetics 142, 

163-171 (1996) . 
(3) van der Straten, A., Rommel, C. , Díckson, B. & Hafen , E. EMBO J. 16, in press 

(1997) . 
(4) Glise, B., Bourbon, H. & Noselli , S. Ce//83, 451 -61 (1995) . 
(5) Riesgo-Escovar, J.R. , Jenni, M., Fritz, A. & Halen , E. Genes Dev. 10, 2759-

2768 (1996) . 
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In Vitro Analysis of Axon Guidance and Axon Targeting in tbe Vertebrate CNS 

Tito Serafini 
University of California, Berkeley 

A ne!Vous system is composed of a network of synaptic connections among excitable 
cells. lbis network comes into being during development as axons extend from presynaptic 
neurons and grow often long distances to reach their correct postsynaptic partners. A growth 
cone at the tip of an extending axon is guided along a speci.fic trajectory by cues present in its 
immediate environment. Using these cues, a growth cone is guided to a target region, where it 
has the task of identif)ring correct targets and initiating synaptogenesis with them. We employ au 
in vitro approach to the identi.fication and characteriz.ation of the molecules mediating both axon 
guidance and target recognition in the developing vertebrate central ne!Vous system. 

Analvsis Q[ grawth cone guidance m vitro 

Chemoattractants were first proposed as axon guidance cues over one hundred years ago 
by Ramón y Cajal. We have used an in vitro system to identi.fY the first known endogenous 
chemoattractants for developing axons, the uetrins. Using tbe outgrowth of commissural axous 
from explants of embryonic spinal cord as au assay, we have purified to appareut homogeneity 
from embryonic chick brain two outgrowth-promoting proteins, named "netrin-1" and "uetriu-2" 
( 1 ). The netrins are chemoattractants in vttro for commissural axons that project circumferentially 
to the ventral midline of the spinal cord during development (2 ). We were also able to identifY 
another component, Netrin Synergizing Activity, that dramatically enhances netrin activity w1der 
certai..t1 couditions. Cloning of cDNAs encodi..t1g the uetrins showed that these proteins are 
roughly 50% identical to the predicted product of thc unc-6 gene of C. elegans, wh.ich whcn 
mutated leads to defects in circumferentially cxtending axons in the nematode, thus suggesting 
similar nwctions for these proteins in organisms separated by over 600 million years of evolution . 
Netrins are bifunctional guidance cues in vtlro . displaying both cbemoattractant and 
chemorepellent activities ou growth eones (3) . Netrin s have also been described in Drosoplulo , 
where they seem to have a role in axon targetin g in the periphery as well as a guidance role at thc 
midline ( 4 ). 

Although the in vitro activities and e>qncssion pattems of thc nctrius strongly suggested 
that they werc required for chemotropic axon guidance in vivo, this evidencc has only come 
recently through our analysis of mutant mice deficicnt in nctrin-1 (S). We have fütmd that thc 
commissural axons that are attracted to a source of nctrin-1 in vi/ro are misrouted in the abscncc 
of netrin-1 in vivo. Thus, netrin-1 is requircd for axon guidauce in vivo, and the defects obsc!Vcd 
are consisten! with the protein acting as a chcmoattractant . Furthcrmore, axona1 systcms in th c 
brain, such as thc hippocampa1 c.ommissurc and corpus callosum, require uctrin-1 for propcr 
fonnation . 
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Analvsis 9.[ target recognition in vitro 

Synaptic specificity and partner selection, occurring in the end phase of axon guidance, 
have also been addressed in vitro, where specific pre- and postsynaptic neurons can be placed 
together in isolation. Studies using invertebrate and vertebrate neurons indicate that growth 

eones often change selectively upon target contact. One change often observed is the arrest of 

presynaptic growth cone extension upon contact with postsynaptic targets (6-8). 

We are employing two systems displaying this growth arrest phenomenon to study target 

recoguition between neurons in vitro. The first has been described by Baird, Hatten, Mason and 

colleagues {8, 9). If explants of neonatal murine basilar pons (which provides a substantial 

portion of the mossy fiber afferent system to the cerebellum) are plated onto a laminin-coated 

surface, many mossy fiber axons extend in excess of 500 ¡.¡m from the explant over 48 hours. U: 
however, the explants are plated onto a laminin-coated surface onto which purified postnatal 

granule ceUs (their correct postsynaptic target) have been plated, a four- to five-fold reduction in 

neurite lengths is observed. This growth arrest requires growth cone-target contact, and growth 

arrest is maintained for at least 16 hours. 

We are also employing a second system to study target recognition in vitro. During tile 

development ofthe spinal cord, the NT-3 responsive axons ofproprioceptive dorsal root ganglion 
(DRG) neurons enter the spinal cord dorsaUy and project ventrally, where they synapse with 

motoneuron s. The NGF-responsive axons of other DRG neurons also enter dorsally but synapse 

in the dorsal aspect of the spinal cord with sensory relay neurons. We have very recently been 

able to demonstrate that purified motoneurons will arrest the growth of NT-3 respousive axons, 

but not NGF-responsive axons. We hope that this assay, together with the assay described above, 
will allow us to identify and characterize molecules mediating target recognition during thc 

devclopmcnt ofthe vertcbrate central nervou s system. 

T Scrafirü, T E. Kenuedy, M. J. Galko, C. Mirzayan , T. M. Jessell., aud M. Tcssicr-Laviguc 
( 1994) The netrins define a family of axon outgrowth-promoting proteins homologous 
to C. clcgans UNC-6 . Cell 78: 409-424 . 

2. T E. Kcnncdy, T Scrafini, J. R. de la Ton e, and M. Tcssicr-Lavigne. (1994) Netrins are 
diflusiblc chcmotropic factors for commissural axons in the embryonic spinal cord . Ce// 

78 42 5-435 . 

3. S A. Colamariuo aud M. Tcssicr-Lavignc ( 1995) TI1c axonal chemoattractant nctrin-1 is also 

a chcmorcpclleut for trocWear motor axon s. Ce // 81 : 621-629. 

4. K. J. Mitchcll, J. L. Doyle, T Serafini, T. E. Kennedy, M. Tessier-Lavigne, C. S. Goodman , 
and D. J. Dickson. (1996) Gcnctic analysis of Netrin genes in Drosophila nctrin s 
guid c CNS commissural axon s and pcriphcral motor axons. Neuron 17: 203-215 

5. T. Scrafini, S. A. Colamarino, E. D. Leonardo , H. Wang, R. Beddington , W C. Skamcs, and 
M. Tessier-Lavigne. ( 1996) Netrin-1 is rcquired for commissural axon guidance in thc 
devcloping vertebra te nervous system. Cel/87: 100 1-l O 14. 
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6. S. Denis-Donini, J. Glowinski, and A Prochiantz. ( 1983) Specific influence of striatal target 
neurons ou the in vitro outgrowth of mesencephalic dopaminergic neurites: a 
morphological quantitative study. J. Neurosci. 3: 2292-2299. 

7. M. Gotz, N. Novak, M. Bastmeyer, and, J. Bolz. ( 1992) Membrane-bound molecules in rat 
cerebral cortex regula te thalamic iunervation. Development 116: 507-519. 

8. D. H. Baird, M. E. Hatten, aud C. A. Masan. (1992) Cerebellar target neurons provide a stop 
signa! for afferent neurite exteusion in vitro. J. Neurosci. 12: 619-634. 

9. D. H. Baird, et al. (1 992) Specificity of a target cell-derived stop signa! for afferent axonal 
growth. J. Neurobiol. 23: 579-591. 
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Vertebrate homologues of C. elegans UNC-5 are candidate netrin 

receptors 

E. DAVID LEONARDO 

University of California, San Francisco 
Programs in Cell Biology, Dpt. of Anatomy 

San Francisco, CA. 94143-0452 (USA) 

In the developing nervous system, migrating cells and axons are guided to their 

targets by cues in the extracellular environment. The netrins are a family of 

phylogenetically-conserved guidance cues that can function as diffusible attractants 

and repellents for different classes of cells and axons. Recent studies in vertebrates, 

insects and nematodes have implicated members of the DCC subfamily of the 

immunoglobulin (lg) superfamily as receptors involved in migrations toward netrin 

sources. The mechanisms that direct migrations away from netrin sources (presumed 

repulsions) are less well understood. In Caenorhabditis elegans, the transmembrane 

protein UNC-5 has been implicated in these responses, as loss of unc-5 function 

causes defects in these migrations, and ectopic expression of unc-5 in sorne neurons 

can redirect their axons away from a netrin source. Whether UNC-5 is a netrin 

receptor or simply an accessory to such a receptor has not, however, been defined . 

We report the identification of two vertebrate homologues of UNC-5, which , with 

UNC-5, define a novel subfamily of the lg superfamily , and whose mRNAs show 

prominent expression in various classes o r ditlerentiating neurons. We provide 

evidence that these UNC-5 homologues are nctrin-binding proteins, supporting the 

hypothesis that UNC-5 and its rebtivcs are nctrin rcccptors. 
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EPH LIGANDS AND RECEPTORS AS POSffiONAL LABELS 
IN NEURAL MAP DEVELOPMENT 

John G. Flanagan 

Topographic maps, which maintain the spatial arder of neurons in the arder of their 
axonal connections, are found throughout the nervous systcm. The visual projection 
from the retina to the tccturn has for decades been a lead.ing model to study topographic 
mapping. Based mainly on studies of this system, Sperry first proposed in the 
chemoaffinity theory that such maps could develop in response to complementary 
position-specific labels in gradients across the projecting and target fields . However, the 
molecular identification of these labels has long remained an elusive goal. Eph family 
ligands and receptors are now implicated as topographic mapping labels. 

The Eph receptors are by far the largest known family of receptor tyrosine kinases, with 
at least 14 members so far identified in vertebrales. Remarkably, however, al! were 
initially identified as orphan receptors without k.nown ligands. ELF-1 (Eph ligand 
family-1) was cloned by methods we developed te characterizc orphan receptor Iigands, 
using a soluble receptor probe with an alkaline phospilatase tag to determine ligand 
expression pattems directly in the embryo, and then using this spatial infonnation to 
construct and screen a cDNA expression libr¡¡ry (1). Since then, we have identified two 
add.itionalligands, ELF-2 (2) and ELF-3, and at least 8 Eph fan1i!y ligands have now 
been found. 

ln the chick retinotectal system at the time of mapping, we fmd that ELF-1 is expressed 
in the tecturn and its receptor Mek.4 in the projecting retina! ganglion cells. Both are in 
gradients along matching axes that m11p to one another. ln arldition, a functional test of 
binding activities, using alkaline phosphatase (AP) fusions of ELF-1 and Mek4, showed 
that each can detect a ma~ehing grad.ient of binding si tes in the reciproca! field , providing 
direct evidence for the gr<~dienl complementarity that would be predicted from the 
chemoaffinity theory (3). We have also tested the effects of ELF-1 on retina! axon 
behavior. ELF-l acts as a repellent axon guidance factor in vitre. ln vivo, when the 
tectal ELF-1 puttern is modified by retroviral overexpression. retina! axons avoid ectopic 
ELF-1 patches and map to llbnormally anterior positions. All these effects were seen on 
axons from temporal but not nasal retina, ind.icating ELF-1 could determine nasal versus 
t"mporal retinotectal specificity , and providing the first demonstration of a celJ 
recognition molecule witb topographically specific effects on neural map developmem 
(4) . Current experiments are further testing the roles of Eph ligands and receptors in 
retinotectal mapping, and in other aspcct~ of nervous system development. 

SeleclC:d references: 

l. Cbeng, H.-J. , and Flanagan, J.G. (1994). Identification and cloning of ELF-1, a 
developmemally expressed ligand for the Mek4 and Sek receptor tyrosine kinases. Cell 
79:157-168. . 

2. Bergemann, A.D .. Cheng, H.-J.. Brambilla. R., Klein, R., and Flanagan, 1 .G. (1995). 
ELF-2, a new member of the Eph ligand family, is segmentally expressed in mouse 
embryos in the region of the hindbrain and newly fom1ing somites. Mol. Cell. Biol. 
15:4921-4929. 

3. Cheng, H.-J .. Nakamoto, M., Bergemann, A.D., and F1anagan, J.G. (1995). 
Complementary grad.ient~ i.n expression aod binding of ELF-1 and Mek4 in development 
of the topographic retinotectal projection map. Cell 82:371-381. 

4. Nakamoto, M., Cheng, H.-J., Friedman, G.C., McLaughlin, T., Hansen, M., Yoon , C., 
O'Leary, D.D.M., and Flanagan, J.G . (1996). Topographically specific effect~ of ELF-1 
on retina! UJ<OO guidance in vitro and retina.! axon mapping in vivo. Cell86:755-766. 
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Functional characterization of Eph-related receptor tyrosine kinases and 
their ligands during development of the chicken retinotectal system 

Dieter Dütting, Bruno Monschau, Claus Kremoser, Susanne Lang, Claudia 
Handwerker, Friedrich Bonhoeffer and Uwe Drescher 

Results from an in vitro guidance test, the stripe assay, indicated the 
presence of a repulsiva axon guidance activity for temporal retina! axons in 
the posterior part of the vertebrate optic tectum. RAGS and ELF-1 are 
glycosylphosphatidyl-anchored ligands for the Eck subfamily of Eph related 
receptor tyrosine kinases, which are expressed in overlapping gradients in 
the posterior part of the tectum. When recombinantly expressed, both 
proteins can act as axon guidance molecules for retinal ganglion cell axons 
in the stripe assay. Membrane attachment of these ligands is necessary for 
exerting this activity (for review see 1 ). 

Data will be presented showing that soluble forms of RAGS and ELF-1 at 
nanomolar concentrations can block completely the endogenous repulsive 
activity of the posterior tectum seen in vitro. Similar results were 
obtained with the soluble extracellular domain of Cek4, which is a receptor 
for ELF-1 and RAGS, but not with the corresponding domain of Cek10, which is 
a receptor for the transmembrane class of Eph-ligands. These competitiva 
inhibition experiments show, that the endogenous repulsive axon guidance 
activity, which shows up in the stripe assay, is mediated by 
glycosylphosphatidyl-anchored ligands for the Eph-related receptor tyrosine 
kinases. 

In vivo, retrovirally driven ectopic overexpression of RAGS in the anterior 
tectum leads to projection errors of both temporal and nasal retinal 
ganglion cell axons. 

References: 
Drescher, U., Bonhoeffer, F. and Müller, B.K. (1997). The Eph family in 
retina! axon guidance. Current Opinion in Neurobiology 7, 75-80. 

Uwe Drescher 
Max-Pianck-lnstitute for Developmental Biology 
Spemannstr 35/1 
72076 Tuebingen 
Tel +49 7071 601 344 
Fax+497071 601305 
E-mail dr@mpib-tuebingen.mpg.de 
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NEURONAL DEFECfS IN MICE LACKING EPHA8 (EEK) TYROSINE 
PROTEIN KINASES RECEPTORS AND ITS COGNATE LIGAND EPHRIN-A5 
(AL-1/RAGS). 
Jonas Frisen and Mariano Barbacid . Department of Molecular Oncology, 
Bristol-Myers Squibb Pharm. Research Institute, Princeton, NJ 08543-4000. 

Eph8NEek is a member of the Eph family of tyrosine protein kinase 
receptors that binds with similar nanomolar affinity at Ieast three members of the 
GPI-Iinked subfamily of Eph ligands, ephrin-A2/Eif-l, ephrin-A3/Ehk 1-L and 
ephrin-A5/ AL-l. To determine the role of the Eph8A/Eek receptor in vivo, we ha ve 
disrupted the eph8Aieek locus in ES cells by inserting in frame a lacZ reporter gene. 
Mice homozygous for this mutation do not show any overt anatomical or behavioral 
phenotype. Eph8A/Eek expression (as determined by X-gal staining) is restricted to 
a very small subpopulation of neurons located in the rostral part of the superior 
colliculus and to discrete regions of the hindbrain, the dorsal part of the rostral 
spinal cord and the naso-lacrimal groove. Axonal tracing in these homozygous mice 
indicates that axons from a subpopulation of superior colliculus neurons failed to 
reach their targets located in the contralateral inferior colliculus. More importantly, 
these mutant mice display an aberrant ipsilateral axonal tract to the cervical spinal 
cord. Retrograde labeling experiments revealed that these projections originate in 
superior colliculus neurons that normally express Eph8A/Eek receptors . Although 
the developmental origin of these abnorrnal projections remains to be established, 
our results raise the possibility that they represent misguided commisural axons that 
fail to identify appropriate positional cues due to the absence of Eph8A/Eek 
receptors. 

Recently, we have generated mice defective in ephrin-AS/AL-1, a cognate 
ligand for the EphA subclass of receptors and a repulsive axonal guidance factor. 
Most ofthe ephrin-AS/AL-1 (-/-) mice survivc without obvious anatomical and/or 
behavioral defects. However, about 20% of thesc mutant animals are born with 
dcvelopmental deficiencies of variable penetrance in the dorsal midline of the head. 
The milder defects consist of a hematoma or a small aperture in the dorsal midline 
of the cranium with a slight protrusion of brain tissue. The most severely affected 
mice have a completely open cranium with cleft nose and palate, anencephaly and 
absence of pituitary gland and trigeminal ganglia. Analysis of ephrin-A5/ AL-! ( -/-) 
cmbryos revealed that these defects are caused by incomplete closure of the rostral 
neuropore. Interestingly, ephrin-A5/ AL- 1, along with its cognate receptor 
EphA 7/Ehk3, are transiently expressed at thc edgcs of the forebrain neural folds 
during ncurulation, thus suggesting that at this dcvelopmental stage (E8.5-E9) 
cphrin-AS/AL-1 may play a role in promoting ccll-cell interactions. Characterization 
of the retino-tectal projcction in ephrin-AS/AL- 1 (-/- ) mutant mice is currently been 
carricd out in collaboration with Dr. D. O'Leary's group. 
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RETINAL AXON GUIDANCE: MECHANISMS AND MOLECULES. Dennis D.M. O' lea~. 
Molecular Neurobiology Lab, The Salk lnstitute, La Jolla, CA 92037 USA 

Most neural connections in the brain are topographically organized such 
that one neuronal population maps precisely onto another. The retinotectal 
projection has been a model system for studying the mechanisms that control 
the development of these maps. This talk will consider work from our lab and 
others on the behavior of retina! ganglion cell axons during map development 
and the genes and molecules which may control their behavior. 

The development of retinotopic maps is widely believed to be controlled by 
axonal guidance molecules present in a regional or graded distribution in the 
superior colliculus (SC) 1 tectum. Work done in the past few years has 
demonstrated that putative guidance molecules are present in the tectum as 
developing retina! axons enter it, but that these molecules fail to guide or 
restrict the growth of retina! axons to their topographically correct sites, 
and that the formation of appropriate connections is developed principally 
through the formation of collateral branches which go on to form arbors. In 
vitre studies have shown that guidance molecules can control the collateral 
branching of retina! axons in a topographically specific manner. These 
findings suggest that a prominent role of guidance molecules is to regulate 
the topographic formation of collateral branches which go on to develop 
ordered synaptic connections. Ligands of the eph subfamily of receptor 
tyrosine kinases have been implicated as guidance molecules. One of these, 
Elf1, has been found to specifically inhibit or repel the growth of temporal 
retina! axons. 

Another line of investigation has suggested that the engrailed genes, which 
encode homeobox transcription factors, control retina! map development by 
regulating the expression of guidance molecules through a genetic cascade. 
Previous transplantation studies have shown that the pattern of engrailed 
expression correlates with the polarity of the retinotectal map. Work using 
recombinant retroviruses has directly implicated engrailed as a regulator of 
retina! mapping in the tectum. 
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The Semaphorins: A Family of Axonal Guidance 

Molecules 

Andreas W. Puschel, Marion Lohrum, Andreas Klostermann, and 
Angelika Ottemeyer 

Molecular Neurogenetics. Dept of Neurochemistry, Ma x-P ianck-ln stitute f or 

Brain Research, Deutschordenstr . 46, D-60528 Frankfurt/Main, FRG . 

During development axons navigate with remarkable specificity to 
their peripheral and central tar ge ts Proteins encoded by the 
semaphorin gene family have been proposed to actas growth cone 
guidance signals in vertebrates and invertebrates . To identify 
candidate molecules involved in axonal pathfinding during mouse 
embryogenesis we have isolated cDNAs encoding seven new 
members of the semaphorin gene family (sernA - G) These can be 
grouped into three classes by comparison of semaphorin domain 
seq uences and the presence of class-specific carboxyter minal 
domains ( 1, 2) . The secreted class 1 I I semaphorins are synthesized 
as proproteins which are proteoly tically cleaved in the secretory 
pathway b y a furin - like convertase . proSemD is activated upon 
processing at one of severa! highly conserved dibasic cleavage sites. 
Th e murine se maphorin genes are differentially expressed in 
meso de rm a nd neuroectoderm befare and during th e time when 
axons select their pathways in th e e mbryo (E9 - E15l. In explant 
cultures r eco mbinant Sem D and Se m E convert a matrix permissive 
for axonal growth into one that is inhibitory for neurite s of 
peripheral ganglia. W hereas all sensory neurites are responsive to 
Se m D ea rl y in murine developm e nt (E12 5), proprioceptive 
neurons se lectively lo se the ir sen sitiv ity toward s se mD at the time 
w he n the y begin to extend collaterals into the spinal cord (E 14 .5) 

Thus, se maphorins may pattern th e innervation of target areas by 
providing local signals that specify te rritori es inaccessible for 
s ub se t s of axons (3 ). 

1 Puschel e t a l. ( 1995). Neuron 14 . 941 - 948 
2 . Puschel (1996). Eur . j. Neurosci8 . 13 17 - 132 1. 
3 Pu sche l e t al. ( 199 6). Molec . Ce ll . Neurosc i . 7. 4 19 - 43 1 
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NOVEL EXPRESSION GRADIENIS OF EPH-IJKE RECEPTOR TYROSINE KINASES IN 

THE DEVELOPING CHlCK RETINA 

M. Angela Nieto. Instituto Caja!, CSIC, Avenida Doctor Arce, -37, Madrid 28002, Spain. 

Classi.cal experiments led Speny to propase that correct retinotectal mapping is achi.cved by thc: dctcction of 

spatial gra.dients within the tectum by receptors present in the projecting retin.al gaug)i.oo cen axons. Recenrly, 

much attention has been pa.id to the role that members of the Eph-like .fim:ñly of receptor tyrosine lcin.ases 

(RTK's) and their corresponding ligands play in the t$ablishment of the retinotectal map. Compleme:ntary 

gradients of reccptors and Jigands in thc: retina and tc:ctum, have prcviously been descnbed in both the 

dorsoventral and nasotemporal (anteraposterior) axes. Two ligand.s, RAGS and Elfl (expressed in posterior 

to anterior gradie:nts within the tectum) show repulsive activity towards temporal axons (Drescher et al, 199 5; 

Nakamoto et al, 1996), fulfilling the crit:eria proposed by Sperry required to encodc retinotectal topography. 

We havc: been interested in the mle played by RTK's in the developme.nt ofthe cbick retina and have identifi.ed a 

large number ofRTK's cxpressed during rctinal developmcnt including severa] members ofthe Eph-like fumily 

ofkinases. We have dcteceted a novel centroperipheral gradient of expression for one member of this family 

ofreceptors, Cek9, suggesting that retinotectal projections may in.volve coordinate mapping along each of 

the three body axes. In relation to this, we have found matching gradients of two cytoplasmic kinases, 

compatible with their putative involvement in the intracellular signalling pathways used by these receptors 

in the retina . Furthermore, we demonstrate a dorsal to ventral expression gradient for Cekll , an Eck-like 

receptor, the Eph subclass previously suggested to spc:cifY positional infollDation along the nasotemporal 

axis. 

Referencias 

- Dre~cl>er , U., Kiemooer, C., Handwerlcer, C .. L&chi~ . J.. Nada. M.. and Banha:!lfer, F. (1995). Ce/182, 359-370. 

- Nakamoto, M., Cheng. H -J., Friedman. G.C., McLaug)llin, T .• Haru.en, M. J., Yoon. C. H., O'Lcary, D.DM .. and Fla~¡¡¡g¡>n . J.G 

(1996) C../1 86, 755-766. 
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Receptor tyrosine kinases and axonal guidance in Drosophila 

John B. Thomas, Christopher Callahan, Audra Scully, and }oshua Bonkowsky 
Molecular Neurobiology Laboratory, The Salk Institute, La }olla, CA 

Developing neurons are capable of selccting specific pathways which lead them 
to their appropriate target areas. Upon arrival within thcir target a.reas, similar 
recognition events occur as neurons select their correct target cells. A variety of 
molecular mechanisms are thought to mediate these cell-specific choices, 
induding cell adhesion, repulsion and chemotropism. However, apart from a few 
molecules which have been shown genetically to be involved, the mechanisms 
underlying neuronal pathway iiDd targc:t seleclion are largely unknown. We have 
taken a genetic approach in Drosophila to isolate and study genes that control 
neuronal guidance and target recognition. 

To fadlitate our studies of pathway selection and target recognition, we created 
an axon-targeted fusion reporter, tau-lacZ, that efficiently labels the axons and 
dendrites of expressing neurons (Callahan and Thomas, 1994). The tau-lucZ 
reporter has allowed us for the first time to identify and determine the 
relationship~ among many neurons wíthin the CNS. We used a tau-lacZ P 
element transposon in an enhancer trap screen to isolate genes expressed in 
subsets of embryonic neurons that project along common pathways. The 
underlying assumption in this approach is that such genes might be involved in 
the recognition events mediating the specific pathway choices. The deraíled (drl) 
gene was identified in this enhancer trap scrPPn (Caltahan et aL 1995). drl is 
expressed in a subset of interneurons, the majority of which cross the midline in 
the anterior commissure and choose a common pathway within the longitudinal 
connective. By fasciculating with their homologs in adjacent segments, the drl 
neurons form distinct axon bundles that run the length of the CNS. In drl 
mutants, the drl neurons project abnormally within the CNS, often crossing the 
midline in the wrong commissure and extending axons along inappropriate 
pathways within the connectives . The result of these pathfinding defects is that the 
distinct drl axon bundles are obliterated. However, not all pathfinding behaviors 
of the drl neurons are disrupted in drl n:tutants. For example, they still cross the 
midlinc (albeit sorne in the wrong commissure) and extend anteriorly within the 
connective, indicating that these more general aspects of pathfinding, in contrast 
to the more specific aspects of pathway selection and fasciculation, are mediated by 
a different mechanism. 

drl encodes a member of the receptor tyrosinc kinase (RTK) family, displaying 
the greatest similarity to mammnlian Ryk. Drl and Ryk define a distinct RTK 
subfarnily, as they both share novel extracellular domains and unusual amino acid 
substitutions within their catalytic domains. Drl protein is localized to the ~owth 
eones and axons of the drl neurons as they cross the midline within the anterior 
commissure, but not on the axon segments within the connective after the 
neurons have turned anteriorly. Thus, Drl probably does not physica.Uy pa.rticipo.te 
in the adhesion and fasciculation of drl neurons within the connective. Instead, 
our results suggest the existence of multiplc, discrete steps in pathway selection 
with Drl playing a key controlling role in the initial recognition event. We 
envision that once activated by its ligand, Drl controls pathway selection by 
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modulating the function of specific cell adhesion molecules that mediate proper 
axon fasciculation. . 

Drl is also expressed on a subset of devcloping muscles and neighboring 
epidermal cells during the period of muscle attachment site selection. Normally, musdes extend growth eones along the epidermis and form attachments with 
specifically positioned epidermal cells. 111 drl mutants, the drl musdes often fail to int>ert at these locations, although the attachment cells are present and appear 
unaffected (Callahan et al., 1996). This result shows that in addition to its role in 
axon pathway selection within the nervous system, drl participates in a recognition mechanism underlying muscle attachment site selection, and further 
suggests that both neurons and muscles use similar mechanisms to recognize their paths or targets. 

There is mounting evidence from studies in vertebrates that the Eph RTK 
subfamily, like Drl, is involved in neuronal pathfinding (e.g .. Henkemeyer et al., 1996). In collaboration with Mike McKeown we have doned a Drosophila member 
of the Eph subfamily. This Drosophila RTK sharcs significant sequence homology to Cek/Mek subfamily members within both the kinase and extracellular domaim; 
and thus we have named it Dek. In situ hybridízation of dek probes to embryos reveals a pa.ttem of expression restricted tn the CNS during periods of axon 
outgrowth and pathfinding. We have raised antibodies to Dek and found that the 
protein is expressed on the growth eones and axons of differentiating neurons within the CNS. We have mapped the gene and are currently isolating mutations 
to elucidate its possible role in axon guidance. 
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Authors: M. Aguilera, M. Oliveros, J. Barbas andA . Ferrús 
Address: Instituto Cajal. CSIC. Ave. Dr. Arce 37, Madrid 28002 . 

Ariadne is a novel protein encoded in the HL-V transcription 
unit of the haplo-lethal region in the Shaker gene complex 
(Ferrús et al . , 1990). Two major structural features are evident 
from the deduced amino acid sequence : a Zn2

• binding domain of 
the RING finger type and a long Cys-rich region towards the 
carboxy terminus. We have sequenced four lethal mutant alleles 
of ari and localized two of them to key amino acids of these two 
motives. The remaining two alleles are severe hypomorphs located 
outside of the open reading frame. 

The existence of mutations in the RING finger and the Cys 
rich region allows a functional dissection of these structural 
motives. Using germ line mosaics of these mutations we find that 
the RING motif is essential for oogenesis while the Cys region 
is not. Later in development, however, at the time of 
metamorphosis when the central nervous system undergoes a major 
reorganization and the adult projection pathways are established, 
both structural motives are required since all mutations yield 
the same neural phenotype. In the four alleles, the lethal phase 
coincides with the mid-pupal period and the CNS of the pharate 
adults exhibits many aberrant projections in all neural centers. 
Interestingly, the sensory projections in these pharate adults 
or in somatic mutant mosaics appears to be normal. This is 
evidence in support for a role of ARI in the axonal projection 
specifically in the CNS versus the PNS. A more direct evidence 
for the role of ARI in pathfinding is provided by the phenotype 
observed in a migratory population of optic glial cells . These 
cells show an aberrant migration in the mutant . 

Although ARI is a novel prot e in, data from various genome 
sequence proj ects indica te that conserved homologs exist in 
yeast, nematods and humans, albeit with unknown function . 

Ref: Ferrús et al. (1990) Genetic s 12 5, 383-398. 
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NEURONAL RECOGNITION ANO SIGNAL TRANSDUCTION BY 
PROTEIN TYROSINE KINASES IN DROSOPHILA 
Diego Pulido 
Centro de Biología Molecular (CSIC-UAM) . Cantoblanco. Madrid-28049. Spain 

The functioning of the nervous system depends on the actions of highly 
stereotyped patterns of neuronal circuits. These circuits function correctly because 
the neuronal components are appropriately interconnected. An importan! problem 
in neurobiology is to understand how these precise patterns o( synaptic 
connections is established during embryonic development. 

Although we are beginning to identify sorne of the molecules responsible for 
neuronal recognition processes, little is know however, about the intracellular 
signaling events induced by the specific interactions between them. Research over 
the past five years has provided sorne evidences indicating that 
phosphorylation/dephosphorylation, mainly in tyrosine residues, could be a 
general mechanism directly associated to these events. 

We are interested in understand the signaling processes generated by 
neuronal recognition molecules in particular those generated by protein tyrosine 
kinases and phosphatases. Using difieren! approaches we have isolated severa! 
genes coding for protein kinases exclusively or mainly expressed in the nervous 
system. These proteins are directly (receptors) or indirectly (cytoplasmic proteins) 
involved in the generation of intracellular signaling events mediated by 
phosphorylation. Sorne of these molecules include two tyrosine kinase receptors 
(Dtrk and Dret) and a cytoplasmic Ser/Thr kinase (Dgcn2). 

Dtrk codes for a novel type of neural cell adhesion molecule with sorne 
homology to the TRK family of neurorotrophin receptors . Trangenic lines 
expressing mutan! forms of this receptor shows clear defects in the axon patterning 
within the central nervous system (CNS) , suggesting a role for Dtrk in axon 
outgrowth. In the case of Dret, this gene codes for a receptor with high homology to 
the mammalian RET proto-oncogene. Recently, severa! papers have show that 
mutations in the human RET gene are associated with severa! diseases, including 
severa! cancer syndromes and a neurodegenerative disease. lnterestingly, many 
of these mutations occurred within codons specifying residues that are conserved 
between the human and Drosophila Ret proteins, suggesting a high degree of 
functional conservation between both receptors. Dgcn2 codes for a Ser/Thr kinase 
that at the end of the embryogenesis is specifically expressed in a restricted group 
of neurons of the CNS (two pairs by neuromer) . This gene is the homologue of the 
yeast GCN2 locus and encodes a protein that is able to phosphorylate the 
Orosophila eiF2a initiation factor. 

Through a combination of biochemical and genetic analysis, we are currently 
investigating the putative roles of these proteins in modulating neuronal 
recognition processes. 
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The GTPase Rae1 and the Transmembrane Tyrosine Phosphatase DLAR Cooperate to 
Control Motor Axon Guidanee in Drosophila. Naney Kaufmann, Zak Wills , Danei lla 
Sealiee and David Van Vactor. Department of Cell Biology and Program in Neuroscience , 
Harvard Medical School, Boston, MA 02115, U.S.A. 

The stereotyped pattern of neuromuscular connections in the Drosophila embryo provides 

an excellent context in which to identify and understand the function of ~ x on guidance 

molecules at single cell resolution (1 ). Our recen! studies have demonstrated that specific 

motor axons require the receptor-like protein tyrosine phosphatase (RPTPase) DLAR to 

correctly enter the appropriate muscle target domain (2) . DLAR is a member of a large class 

of RPTPases, many of which are expressed in the developing nervous systems of 

vertebrales and invertebrates alike. Despite the tremendous significance of tyrosine 

phosphorylation in regulating a variety of cellular behaviors, the molecules that participate in 

RPTPase signaling pathways are poorly understood. In an effort to better define the DLAR 

signaling mechanism, we have begun to search for candidates that may transduce guidance 

information in the context of a very specific axon guidance choice. 

lt has been known for many years that the directional specificity of axon outgrowth 

depends upon cytoskeletal dynamics at the leading edge of the growth cone. From stud ies 

in a variety of systems, it seems likely that actin is a majar effector system downstream of 

many axon guidance signals. The GTPases Rae, Rho and Cdc42, are key regulators of 

actin structures and motility behavior. Here we demonstrate that neuronal expression of a 

dominan! negative Drac1 shows the same phenotype as loss of DLAR. This phenotype is 

also reprodueed eonsistently by low doses of Cytochalasin D. whieh bloeks aetin assembly. 

These observations show that Rae is necessary for normal axon guidanee, and suggest that 

Rae mediales signals to the aetin eytoskeleton from eell surface molecules including DLAR. 

However. when DLAR is eliminated by null mutations, Drae1 still shows a requirement for 

target entry. This indieates that Rae must respond to other extraeellular eues, and suggests 

a model where Rae is an integrator of multiple sources of guidance information . 
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Calmodulin is in volved in membrane depolarization-mediated survival of motoneuron by 

Pl-3K and Ras/MAPK independent pathways 

JX Camella. RM Soler, J Egea 

Grup de Neurobiologia Molecular, Oeparlament de Ciencies Mediques Basiques, Facultar de 

Medicina, Universitat de L/eida, 25198 Lleida, Catalonia, Spain. 

During embryonic development of the vertebral e nervous system, approximately one half of all 

the neurons produced die as a result of a process known as natural or programmed cell death . 

In motoneurons (MTNs) of the lumbar spinal cord of chick embryos, this process takes place 

between embryonic days 6 and 10. lt is now clear that specific target-derived neurotrophic 

factors have a decisive role in this mechanism. There is growing evidence that other non

target-derived factors may also be involved in the regulation of neuronal survival. Bioelectric 

activity plays a crucial role in both the differentiation and survival of nerve cells . Severa! 

populations of neurons can be maintained in culture in the absence of neurotrophic factors 

when their plasma membrane is chronically depolarized by an increased K' concentration in 

the culture medium. 

We have analyzed the effect of elevated extracellular K' on survival of primarily cultured MTNs 

from chick spinal cord and we explore sorne of the molecular mechanisms involved. We find 

that the elevation of extracellular K' concentration prometes the in vitro survival of chick spinal 

cord motoneurons deprived of any neurotrophic support . This treatment induces chronic: 

depolarization of the neuronal plasma membrane, which activates L-type voltage-dependent 

Ca 2
• channels, resulling in Ca2

' influx and elevation of the cytosolic free Ca2
' concentration . 

Pharmacological reduction of intracellular free Ca2
' or withdrawal of extracellular Ca2

• caused 

motoneuron death . The intracellular Ca2
' response to membrane depolarization developed as 

an initial peak followed by a sustained increase in intracellular Ca2
' concentration . Exposure of 

motoneurons lo BDNF, bul not depolarization , caused activation of the tyrosine kinase activity 

of Trk. suggesting that depolarization causes its effect without Trk activation . Both neurotrophin 

and depolarizing treatmenls caused tyrosine phosphorylation of MAPK. The calmodulin 

antagonist W13 inhibited the survival-promoling effect, induced by membrane depolarization. 

but not the tyrosine phosphorylation of the MAPK. Moreover, the PI -3K inhibitor worthmannin 

did not supress the survival promoting effect of K' treatement. These results suggest that 

calmodulin is involved in calcium-mediated cell survival of motoneurons through the activation 

of PI-3K and Ras/MAPK independenl pathways. 
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ODORANT RECEPTORS ANO THEIR LOCALIZATION 
Noelle Dwyer, Piali Sengupta, Emily Troemel, and Cori Bargmann. 
HHMI, Neuroscience Program, UCSF, San Francisco, CA, 94143-0452 

Recent discoveries in signa! transduction in many systems have 
shown that spatial determinants play a critica! role in signa! 
transduction . At cell-cell junctions during development, at the 
neuromuscular junction, and at neuronal synapses, signa! 
transduction components including receptors and channels are often 
clustered together. Membrane domains specialized for signa! 
transduction keep signaling machinery in clase proximity so that 
signa! transduction is rapid and efficient. Little is understood about 
how signaling molecules are targeted to and maintained at these 
plasma membrane specializations. We have been studying two genes 
involved in odorant receptor locali za tion. 

The chemosensory system of C. elegans has provided a useful model 
fo r neuronal signa! transduction and development. This worm can 
detect hundreds of chemicals. Through the use of powerful behavioral 
genetic screens, our laboratory has identified many signaling 
components involved in odorant recogniti on . Among these are over 
two hundred putative odorant receptors, a G protein, a cyclic 
nucleotide-gated channel, and a calc ium channel. All of these 
components are localized to the cili a of chemosensory neurons, 
membrane structures at the tips of the dendrites spec ialized for 
reception of chemicals. How is this limitcd loca li za tion of signaling 
components accomplished within a ceiP 

The genes odr-4 and odr-8 seem to be in vo lved in this process . In 
odr-4 and odr-8 mutants a subse t of odorant recep to rs are not localized 
properl y to the cilia . One of the mis- locali zed recep tors is the putative 
receptor for the odorant liga nd diace tyl, a chemical with a butter-likc 
smell. Mutants in which this receptor is not loca lized to the cilia a re 
notable to sense di ace tyl. l-I ence, luclli ;.a tion to the cilia is critica! for 
olfactory transduction to occu r. 

odr-4 was cloned pos itionally and encocles a nove l protein of 445 
amino acids with a transmembrane domain a t the C-term inus and no 
s igna! peptide. The gene is ex pressed in chemosensory neu rons, and 
\.ve are currently trying tu det ermin e it s specifi c rol e in receptor 
loca li za tion. 
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IMPLICATION OF DCC ("DELETED IN COLORECTAL CANCER") GENE IN EPITHELIAL 
DIFFERENTIA TION. . 
Martín, M, U\loa, F., RW, FX, Fabrc, M. 
Departament de Biología Ccl.lular i Molecular, IMIM, Barcelona. 

In 70% of colorcctal turoors analyzcd, Fearon (1) dcmonstratcd tht prcscnce of a loss of 
heterozygosity (LOH) in the locus 1 8q21.3. In this region, was idcntified by positional cloning a tumor 
suppressor gene, called DCC for "Delcted in Colorectal Cancer", of 1.4Mb, codifying for a transmembrane 
protein of the Ig-CAM superfamily. Rccent data indicatc that thc DCC protcin is implicatcd in thc 
morpbogenesis of the ncrvous systcm during cmbryonic developmcnt, functioning as a receptor for netrin -
! , a diffusible factor controlling axon guidance (2) . On the other band, Hcdrick (3) evidenced a possible 
relation bctwccn DCC expression and roucosccretory differentiation in colonic epithcliutn . .Howevcr, the 
mechanism through which it would act still rcrnains to be elucidatcd. To answcr this question, we decided: 
a) to analyze the rncchanisms of DCC inactivation in colon cancer; b) to characterize its function in 
epithclial differcntiation by idcntifying its ligands and intraccllu!ar substrates. 

First, in order to determine if DCC was specifically implicatcd in the diffcrcntiation of mucosecretor 
cells, wc analyzed DCC cxpression by RT-PCR in normal colon as well as in a panel of 22 cell lines 
derivcd from colorectal carcinomas, with di.ffi:rcnt capacities of diffcrentiation in culture. This study has 
been realized using primers spccific for extra- and intra-cellulat dornains of DCC. In parallel, the 
expression of different mucin genes (MUC2, 3 • 4, 5ac, 5b, 6) was exarnined by northern blot. IY:sults wcre 
confirmed, at protein leve!, on the ccll lines analyzed as well as in normal colon mucosa, by 
irrununohistochemistry with antibodies directed againsl thc DCC protcin and colonic mucins, and by alcian 
bluc: staining to detect rnucus secretion. Thc results were the following oncs: 1) DCC cxpression was 
derectcd in the majority of celllines (16/22), independently ofthe phenotype; 2) Sorne ofthc celllincs wcre 
e:>.:pressing only onc of the two domains of the protein (5122); 3) only one cell line did not present any 
detectable leve! of DCC; 4) We did not observe any specific correlation bcrwccn DCC and mucin gen~s 
expression in the studied celllines, ncithcr did we find any specific colocalization between rnucus secrction 
and DCC in normal colon cpithcliurn. 

Secondly, wc devcloped a working model in culture consisting of liT -29 eells (undifferentiatcd cell 
line with barely detectable levels of DCC cxpression) transfected with thc DCC cONA, inscrted in the 
cucaryotic expression vedor pCMVnca. Wc selected severa! clones expressing the DCC protcin al thc 
mcmbrane and observed that thcy still grow as a multilayer of unpolarized cells as shown by semithin 
sections. Westem blot and inununofluorescence staining analysis ofthc HT-29/DCC transfectants did nat 
detect e:o.-pression of molecular markcrs for intestinal epithelial diffcrentiation such as mucins, DPPIV or 
sucrase-isomaltasc. 

In conclusion., in addition to thc: general mechanism of DCC inactivarion in colon canccr by allclic 
loss, our prelirnioary results suggest that., in sorne cases (25%), the remainiug allele can be affected by 
alterations leading to thc synthesis of a tnmcatcd form of its mRNA, either as a rcsult of abcrrant splicing 
or diffcrential use of exons. Regarding to its function in the differentiation process, the lack of specific 
correlation observed bctween DCC cxpression and the mucosccretory pathway suggests that, first, DCC 
may not be dircctly implicated in differentiation; second, that the expression of a truncated form of DCC 
(as occurs in turnors) may function as a dominant negative in terms of competition for interacting 
molecules; and, third, that the liroiting factor would then be the expression of its ligand(s) or substrat.e(s) . 
Given the receot results obtained in the neiVous system, wc are currently investigating the possibility tlll!t 

one of the DCC ligands in the epithcliurn of the colon could be either a secreted diffusible factor netrin-like 
or a componen! of the cxtracellular matrix, bath at the epitelio/mc:senchyrnal interphasc:. 
(l)Fearon, E., et al., Science, 247, 49-56. 1990; (2)Keino-Masu, K., ct al. , Cell, 87, 175-185, 1':196, 
(3)Hcdrick, L , et al. , Genes & Dev .• ~ . 1174- 1183, 1994. 
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Eph family receptors and their ligands can be divided into two major specificity subclasses that 
form embryonic boundaries 
Nicholas W . Gale. Sacha J. Holland*, Li Pan , Samuel Davis, Tony Pawson•, and George D. 
Yancopoulos. Regeneren Pharmaceuticals, 777 Old Saw Mili River Rd, Tarrytown, NY 10591 
and *Samuel Lunenfeld Research lnstitute, Mount Sinai Hospital, Toronto, Canada M5G 1X5 

The Eph family of receptor ryrosine kinases has 13 distinct members, and eight liga nds fo 1 

these receptors have been described to date . Emerging functional evidence indicares that Eph 
family ligands elicit responses from neurons and their precursors that are quite diffe renr from 
those seen in response to classical neurotrophic and survival factors such as the neurotrophins. Eph 
family ligands may function in regulating axonal bundling, as signals involved in patterning axonal 
projections, and in che formation or in refinement of the sharp boundaries seen between segmems 
in che developing hindbrain , somites and elsewhere. In nonneuronal cells such as endothelial cells, 
Eph ligands seem to be able to regulare cell migration. We find thar in both cell binding and 
receptor activation srud ies receptors of the Eph family and their ligands can be divided inro just 
rwo ma¡or spccificiry subclasses. Moreover, whole embtyo binding expcriments show that a l! 
receprors of a parti cular subclass identif}r similar ligand parrerns in rhe embryo, while all ligands oí 
a panicular subclass detect similar receptor profiles. lnterest ingly, rhese patterns reveal multipl e 
boundarics in rhe embryo--in the developing brain and spinal cord, limb buds, pharyngeal arches, 
so mites, and elscwhere--where ligands of a particul ar subclass interface wirh rheir co rrcsponding 
receptors. Thesc rcsults are consistent with roles for Eph Íamily membcrs as axon guidancc c ucs, 
and also implicatc che Eph family in che formation or refinement o í boundaries in multipk 
cm bryo ni c structures. The surprising lack of binding diversity in this largc family ra iscs ma¡or 
tss ues co ncc rning shared activities and redundancy for members of chis family, and also deman d 
rhar futurc funcrional ana lyses simultaneously consider al! mcmbers of a panicul ar subclass as 
porenrially equivalent mediarors of particu lar proccsscs. The data also presenr a co nrexr in which 
w inttrpret emerging functional data for panicul ar members o f rhis large family . 
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In vivo Cooperation of the Neuropoietic Cytokine LIF and the 

Multifunctional Growth Factor IGF-1 

Flora de Pablo, Jose G. Pichel and Paul H. Patterson 

Department of Gel/ and Developmental Biology, Centro de Investigaciones 

Biológicas, CSIC, Velázquez 144, E-28006 Madrid, Spain and Department of 

Biology, California lnstitute of T echnology, Pasadena, California, USA. 

Leukemia inhibitory factor (LIF). also known as Cholinergic differentiation factor, 
is a neuropoietic cytokine that acts through a heterodimeric receptor composed 
of the LIFR subunit and the gp130, signa! transducing componen!. The dimeric 
receptor associates with severa! cytoplasmic JAK kinases. lnterestingly, sorne of 
the JAKs are able to phosphorylate IRS1 and IRS2, the main substrates of the 
lnsuli n and insulin-like growth factor 1 (IGF-1) receptors, both tyrosine kinases. 
Thus, there is convergence of these two signalling systems. The factors, LIF and 
IGF-1 are both expressed and modulated during development in the nervous 
system and other tissues. There is increasing evidence that both proteins, 
depending on the cellular context, are able to regulate proliferation , 
differentiation, survival and gene expression in the central and peripheral 
nervous system. 

To explore whether there is any cross-regulation or cooperative effects of LIF 
and IGF-1 in the nervous system, we have chosen initially to study a model of 
peripheral nervous sytem injury/regeneration in normal and the LIF-null mutan! 
mice. After sciatic nerve crush in normal mice, both LIF and IGF-1 mRNA are 
induced. Markers of Schwann cells, such as Glial Fibrillary Acidic Protein 
(GFAP), are also increased. In the LIF-nu ll mutan! mice, 1 day postcrush, the 
GFAP+ cells are much less abundan! in the cru shed side, compared to the 
normal mice . One day postcrush, the levels of IGF-1 mRNA are low both in wild 

type and mutant mice but the IGF-1+ ce ll s, possibly macrophages, are less 
abundan! in the crushed side of the LIF-nul l mutan! mice. At later times (3-4 
days) during sciatic nerve regeneration, IGF-1 mRNA is increased severa! fold in 
the crushed side of both normal and LIF-nul l mutant mice and a few large cells, 
poss ibly mast cells, are strongly stained for IGF-1. These cells are invading the 
endoneu rium of the crushed side, earlier and in larger numbers in the LIF-null 
mutan! mice than in normal mice. Thus, IGF-1 that has a role in myelinization 
and astrocyte proliferation in the CNS and acts as neurotrophic factor in the 
peripheral nervous system, may contribute to compensate the absence of LIF in 
the regeneration of the lesioned sciatic nerve of mice lacking LIF. A possible 
approach to study functional interactions between LIF and IGF-1 in vivo is the 
generation of double null mutant mice for these factors. 
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CALCIUM TRANSDUCTION SIGNAL IN NON SECRETORY CELLS 

Gasalla-Herraiz JM., Martinez-Cendejas M, Gueni-Cebollada M ., Lopez-Baldovin F. 
and Isales-Forsythe C. 
Unidad de Investigación Hospital Virgen de la Salud Toledo Spain 

We have strong evidence that the pHi and [Ca2+]i signa! transduction mechanisms are 
interelated. 
We measured intracellular calcium in different conditions that modif)re the management 
of calcium. Using Hepes buffer versus Krebs with C02 we got different pattems of 
calcium signals very well related with pHi changes measured by BCECF-AM. 
We got the sarne pattefn by using either Aequorin a photoprotein derived from 
Aequoriae Forskolea and introduced inside the cells by reversible permeabilization and 
by using Fura 2-AM that goes through the membrane and is deesterified inside the cells. 
Fig. 1 and 2. 
These effects affect different functions as we have documented for the second phase 
secretion of aldosterone by the glomerulosa cells and for the second phase secretion of 
insulin by the pancreatic islets Figs. 3 and 4. 
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REGULATION OF THE BRAIN-SPECIFIC GENE RC31NEUROGRANIN BY THYROID 

HORMONE IN VIVO AND IN CULTURED NEURONAL CEU..S 

B. Marte, A. Guadaño-Ferraz; M.A. Iñiguez, P.I .. Lorenzo, M.J. Escamez, P. Vargiu and J. 

Bemal 

Instituto de Investigaciones Biomedicas, CSIC. Arturo Duperi.er 4, 28029 Madrid, Spain. 

RC3/neurogranin is a neuron-speci.fic protein present in the soma and dendri.tic spines 

of telencephalic neurons. It is a PKC substrate that binds calmodulin and is likely to be 

involved in synaptic plasticity. We ha ve reoently sho\IIIl that thyroid horrnone controls in vivo 

the expression of the RC3 mRNA. The goal of this work was to study the mode of action of 

T3 on RC3 expression using rats and neuronal cultures. 

RC3 expression was studied by in situ hybri.dization in rat brains at postnatal day 22. 

In agreemenr with previous studies RC3 expression was decreased by hYPothyroidism in 

!ayer 6 of cerebral cortex, retrosplenial cortex, dentate gyrus and antera-lateral caudate. A 

single injection of T3 restored RC3 mRNA levels in these regions. The T3 action was at the 

transcriptional leve!, as shown by run-on assays using nuclei iso!ated from the caudate . 

However, in other regions the RC3 expression was not affected by thyroida! manipulations . 

To check the possibility that thls affected regions express a specific T3 receptor isoform or 

that the unaffected regions express abundantly the a2 variant receptor, we studied the 

co!ocalization of T3 receptors and RC3 mRNA in normal, hypothyroid and bypothyroid T3 

treated rats . We obtained no evidence for a specific expression of a receptor isoform in a 

subset of RC3 expressing neurons, and T3 increased RC3 mRN A in ceUs that express the a2 

variant receptor. 

To check whether the action ofT3 is direct on the RC3 gene, we studied regulation of 

RC3 e:x:prcssion in the GTl-7 neuronal cellline. These ce!ls express functiooal T3 receptors . 

as shown by T3 binding experiments (7000 sites per nuc!eus) and by activation of a reporter 

gene containing a T3 responsive e!emeot. Under basal culture conditions the cells express !ow 

!eve!s of RC3 mRNA, but increase 10-20 fold 24 hours after addition of 150 nM T3. The 

effect of T3 was a!rendy observed at 6 hours and was not blocked by cyclohexirnide, 

suggesting a direct action of T3 , without invo!vernent of protein synthesis. The half life of the 

RC3 mRNA in these cells was 20 hours, and was not changed by T3. However, T3 failed to 

activate the RC3 prometer region in constructs cont.aining up to 3 kbp of flanki.ng sequence. 

Conclusion: T3 regulates expression of the RC3 gene directly at the transcriptional 

level. The DNA sequence mediating the T3 response remains to be found. RC3 could be a 

component of a subset of genes which are insensitive to the inhlbitory effects of the a2 

variant on thyroid hermane action in the brain. 
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BIRECTIONAL SIGNALLING THROUGH THE EPH RECEPTOR 
NUK ANO ITS TRANSMEMBRANE LIGANDS 

!Sacha J. Holland, IQeraldine Mbamalu, 2Nicholas W. Gale, IMark Henkemeyer, 2Georgc D. 

Yancopoulos, and lTony Pawson. lProgrammc in Molecular Biology and Canccr, Samucl 
Lunenfeld Rcscarch lnstitute, Mount Sinai Hospital, 600 University Avenue, Toronto MSG !X5, 
Canada. 2Regencron Pharmaceuticals, 777 O id Saw Mili River Roa d. Tarrytown. NY 10591. 
USA. 

Receptor tyrosine kinases of the Eph class ha ve bcen implicated in the control of axon guidance 

and fasciculation, in regulating cell migration. and in dcfining compartments in the developing 

embryo. Efficient activation of Eph receptors gencrally rcquircs that their ligands be anchored to the 

cell surface, cithcr through a transmcmbrane (TM) region ora glycosyl phosphatidylinositol (GPI) 

group. These observations have suggested that Eph receptors can transduce signals initiated by 

direct ceU-cell interactions. Nuk belongs Lo a subclass of Eph receptors that bind specifically to TM 

Eph receptor ligands. Genetic analysis of Nuk has revealed a physiological requirement for this 

receptor for correct pathfinding of specific anterior commissure (AC) axons in the mouse brain. 

Surprisingly, however, a truncated Nuk polypeptide containing the extracellular and TM domains . 

butlacking the kinase domain supports normal AC formation in sorne genetic backgrounds. Nuk is 

primarily expressed in cells immediately ventral to the AC, while TM-ligands are cxprcssed in thc 

commissural axons. thus raising the possibility that the TM-ligands might themselves possess a 

signalling function, which is activated by binding of the Nuk extracellular domain. Consistent with 

this suggestion, the three known TM-ligands havc a highly conserved cytoplasmic region with 

multiple potenlial sites for tyrosine phosphorylation. 

Wc ha ve demonstrated that challenging cells expressing Elk-L or Htk-L with the clustcred 

ectodomain of Nuk induces phosphorylation of the ligands on tyrosinc, a process which can be 

mimicked both in vitro and in vivo by an activatcd Src tyrosine kinase. These results suggest that 

the TM-ligands are associated with a tyrosine kinase, and are inducibly phosphorylatcd upon 

hinding Nuk, in a fashion reminiscent of cytokine receptors. We have substitutcd tyrosinL~ 

rcsidues in the conserved C-terminal tail of Elk-L with phcnylalanine in order to map thcsc 

phosphorylation sites. Co-culturing of cells exprcssing a TM-ligand with cells cxpressing Nuk 

leads to tyrosine phosphorylation of both the ligand and Nuk. Eph reccptors and their TM-ligands 

can therefore mediate bi-directional cell signalling. Funhcrmore, we show that TM-ligands. as wcll 

as Nuk, are phosphorylated on tyrosine in mouse embryos, indicating that this is a physiological 

process. Eph family tyrosine kinases may thus be viewed not only as receptors, but also as ligands 

for the activation of transmembrane protejns such as Elk-L, Htk-L and presumably the recently 

cloned Elk -U. 
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A Role for the mDab1 Adaptar Protein in Neural Development 

Brian Howell1, Richard Hawkes2, Frank Gertler 1, Phil Soriano 1, and 
Jonathan Cooper 1 

1 Fred Hutchinson Cancer Research Center Seattle, 1100 Fairview Ave N 
Seattle, WA 98104 2 Department of Anatomy, University of Calgary, 3330 

Hospital Dr. NW Calgary, Alberta. 

We have recently reported the identification of a mouse homolog of the 
Drosophila Disabled (dab) gene, mdabt, and show it encodes a family of 
alternatively spliced products that encode adaptar molecules functioning in 
neural development. We find that mDab1 is expressed in certain neuronal and 
hematopoietic cell lines, and is localized to the growing nerves of embryonic 
mice. The p80 and p120 isoforms of mDab1 are tyrosine phosphorylated when 
the nervous system is undergoing dramatic expansion early in embryogenesis. 
However, when nerve tracts are established, mDab1 lacks detectable 
phosphotyrosine. Tyrosine phosphorylated mDab1 associates with the SH2 
domains of Src, Fyn and Abl. mDab1 contains an aminoterminal 
phosphotyrosine binding (PTB) like domain which we now show binds to the 
cytoplasmic portion of the amyloid precursor protein. 

To investigate the role of mDab1 in neurogenesis we have generated a 
loss of function allele of mdab1. This mutant allele, mdab1-1, encodes the p120 
but not the p80 isoform of the mDab1 protein. Mice which are homozygous for 
mdab1-1 are born, and appear outwardly normal for the first 10 days post 
partum. These mice are noticeably ataxic by P10, display a tremor and 
frequently fall over. The cerebella of these mice are dysplastic and share many 
characteristics with the cerebella of reeler mice, that fail to produce the 
extracellular matrix protein reelin. Like the reeler mice the mdab1 mutants have 
defects in cortical and hippocampal development as well. The developmental 
role for signals which are conveyed by mDab1 and how this may involve reelin 
will be discussed. 
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The Role of the Agrin Binding Protein, a-Dystrogylcan, in MuSK 
Signal Transd uction and Acerylcholi ne Receptor Cl ustering _ 
Christian Iacobson. Federica Montenaro. Michael llndenbaum. Salvatore 
(.arboneno and Michael Fems. Centre for Neurosdence Research/McGill 
University, 1650 Cedar Ave., Montreal, Quebec, H3G 1A4, Canada_ 

The im:eraction of agrin with the Muscle Specific tyrosine kinase 
(MuSK) initiates the fonnation and differentiation of the neuromuscular 
synapse. Although MuSK appears to be the signalling receptor responsible 
for these events, there is evidence that agrin may require a ca-receptor for 
binding to MuSK. Here, we show that the agrin binding protein a 
dystroglycan (a-DG) and heparin sulfate proteoglycans (HSPGs) in general 
are not required for agrin stimuiated MuSK aurophosphorylation or the 
downstream phosphorylation of the acetylcholine receptor (AChR) ~ 
subunit. Using several approaches, including assaying the activity of 
truncated agrin fragments wíth drastically reduced binding to a -DG, and 
analysis of celllines with reduced a-DG expression we conclude that a-OC 
plays a minimal role in the initial stages of agrin induced AChR clustering. 
Nevertheless, a-DG defident musde cells have dramatically reduced levels 
of agrin induced AChR dusters relative to wild type_ Taken together these 
results argue that AChR clustering is bi-phasic and that a-DG, though 
minimally involved in initiation of aggregation, may play a significant role 
in the consolidation and maintence of acetylcholine dusters. 
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Chromophore Assisted Laser lnactivation of Proteins During Growth Cone 
Motility and Axon Guidance 

Daniel G. Jay 
Dept. of Motee. and Cell. Biology, Harvard University, Cambridge MA USA 

The major paradigm for understanding axon guidance is the chemoaffinity hypothesis by Roger 
Sperry that states that neurons generate unique axon morphologies in response to extracellular 
cues. The field of axon guidance has been limited to defining extracellular cues and there ha ve 
been few studies on the intracellular proteins of the growth cone that respond to those cues because 
of technical difficulties. We seek to understand how the growth cone acts as a sensory and motile 
machine to translate signals encountered in the environment to directed motility and guidance. This 
involves the recepúon of extracellular cues, signa! tranducúon and the regulaúon of the 
cytoskeleton and its associated motors. To address th is question , we developed chromophore 
assisted laser inactivaúon (CALI), that can inactiva te any protein of interest at specific times and 
locaúons in the embryo or cell to ascribe functional roles to that protein in complex cellular 
processes. This is done by microinjecting a malachite green-labeled non-blocking antibody that 
binds to the protein of interest Laser exci taúon of the dye results in selecúve free radical damage 
to the bound protein with a high degree of spaúal and temporal resoluúon. CALI has led to the 
determinat:ion of the functional roles of 10 intracellular proteins in neuronal growth cone motility 
and guidance decisions. These include cell adhesion molecules, signa! transduction molecules, 
cytoskeletal -associated proteins and molecular motors. Establishing the functions of these proteins 
provides the frrst opponunity to think about molecul ar mechanisms for growth cone moúlity and 
axon guidance. We have shown that these proteins act independently on 2 discrete steps of growth 
cone behavior: filopodial moúlity and neurite extension. 

We ha ve focused on understanding how different proteins act in growth cone moúlity by studying 
the prote ins, tal in, vinculin, and the act:i n-based motors, myosin I and V. Our work has provided 
ev idence that a cytoskeletal associated protein, talin, couples filopodial motility to actin dynamics. 
Tal in simultaneously binds F-acún and the integrin receptor th at in tum binds to the extracellular 
matrix, and the local inactivation of talio in the growth cone causes filopodia to transiently stall. In 
conrrast, vinculin (which binds to talio) appears to ha ve no role in motility but is required for 
ftlopodial srructure. A key point of conrroversy has been whether filopodial movement is powered 
by the retrograde flow of F-actin or by actin-based motors. We ha ve shown that myosin V is 
spcc ifically required for filopodial extension and this is the frrst direct evidence that an actin-based 
motor acts in growth cone motility. Myosin I ac ts in the opposing direction to hold the periphery of 
the growth cone in check and the local balance of forces between these myosins may dictate where 
filopod ia will emerge. These experiments address fundamental biophysical processes of how 
prote ins work together to determine the shape and subsequent movement of cells. 

We are also addressing how signal transduction regulates neurite outgrowth and guidance. An 
importan! signa! in these processes is the localized change of intracellular calcium. The downstream 
effec tors that mediate calcium-induced responses were not previously known. The loss of 
calcineurin , a calcium dependent serine phosphatase, within a subregion of the growth cone results 
in localized filopodial retraction and growth cone turning. These findings provide evidence that 
calcineurin can act to transduce localized rises in interna! calcium to direct growth cone motility. 
We are extending this work by inactivating putarive upstream and downstream components that 
may interact with calcineurin in the growth cone to begin to elucidate how this protein could 
modulate motility. Our future work will be dedicated to understanding molecular pathways of how 
extracellular cues e licit localized signal transduction changes to direct growth cone motility. 
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Stefan Jungbluth, Georgy Koentges. and Andrew Lumsden: 

Coordination of early neural tube development by BDNF/trkB 

Neurotrophins signa! through members of the trk family of tyrosine kinase 

receptors and are known to regulate severa! neuronal properties. Although 

initially characterized by their ability to prevent naturally occuring cell death of 

subsets of neurons during development, neurotrophins can also regulate the 

proliferation and differentiation ofprecursor cells . We have found a novel 

involvement ofneurotrophins in early dorso-ventral patterning ofthe neural tube. 

W e demonstrate that a functional trkB receptor is expressed by motor neuron 

progenitors in the ventral neural tu be and that treatment of explants with the trkB 

ligand Brain-Derived Neurotrophic Factor (BDNF) leads to a significant increase 

in the number of motor neurons. The only BDNF expression detectable at this 

stage is by a subset of ventrally projecting interneurons in the dorsal neural tu be; 

ablating this region in vivo leads to a reduction of motor neuron numbers that can 

be prevented by treatrnent with recombinant BDNF. We propose that BDNF 

produced by dorsal interneurons stimulates proliferation and/or differentiation of 

motor neuron progenitors after anterograde axonaf transport and release in 

proxirnity to the trkB-expressing motor neuron precursors, thereby coordinating 

development between dorsal and ventral regions of the neural tube. 
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EPH RECEPTOR TYROSINE KINASES ARE OVEREXPRESSED IN ADULT 
HIPPOCAMPUS AFTER INJURY. 
Moreno-Flores, M.T. and Wandosell, F. 
Centro B10logta Molec:ular CSIC·UAM Cantoblanco MADRID 28049 
Te!: 397847.5- Fax: 3974799 

The molecular mechanisms underlying the processes 
implicated in response to injury in the Central Nervous System 
(CNS) are incompletely understood. Many cell activation system 
may be involved, sorne of them previously used during 
development and others specific of type of insults. 

Receptor tyrosine kinases (RTK) and their ligands play key 
roles throughout life. The Eph family of RTKs, named for its first 
described member, are developmentally regulated, with temporally 
and spatially restricted expression patterns. They and their ligands 
have been implicated in processes of neural pathfinding. However 
we do not know anything about their role in the adult brain. 

We have used a model of CNS lesion in rat, in which 
intraventricular injection of kainic acid was performed by using 
stereotaxic surgery. This produces neuronal death at CA3 and glial 
activation in the hippocampus. Three days post-injury, ipsilateral 
hippocampi of three rats were dissected and used to extract total 
RNA. 

Degenerated primers described by Lai and Lemke, 1991, in 
the catalytic domain of RTK, with high degree of conservation for all 
the families of protein cyrosine kinases were used for Reverse 
Transcription-PCR of pooled RNA extracted from injured 
hippocampi. The amplified products were ligated to the pGEM-T 
vector (Promega) and cloned. A total of one hundred clones were 
examined and inserts sequenced. We obtained four clones 
containing inserts which belong to the Eph family of RTK. Two of 
these inserts were Sek and the other two were Tyro S and Ehkl. 

We examined the expression in hippocampus of these 
members of Eph family by in situ hybridization. Preliminar results 
confirrn their presence in all fields of hlppocampus. After lesion 
they appear to be up-regulated in CAL This qualitative evaluation 
of the in si tu examination is currently being confrrmed by Northem 
analysis. 

The exact significance of these results is currently unknown 
because the lack of information of Eph RTK in the adult brain. Mice 
deficient in Nuk (Tyro S homologue in mice) and Sek4 appear to 
exhibit defects in pathfinding of anterior commissure axons and 
corpus callosum, respectively. Both hippocampi are interconnected 
through the anterior commissure, so these axons belong to paths . 
affected in these mice. The function of these Eph RTK both in normal 
adult brain and in injury desaves further attention. 
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MUTATIONS AFFECTING CONSERVED AMINOACID RESIDUES WITHIN 
THE SECOND IMMUNOGLOBULIN-LIKE DOMAIN OF TRKA PROMOTE 
RECEPTOR DIMERIZATION ANO ACTIVATION. 
J.C. Arevalo; B. L. Hempstead; M.V. Chao; D. Martin-Zanca and Perez P. 

Instituto de Microbiología Bioquímica, CSIC 1 Universidad de Salamanca, 37007 Salamanca, 
Spain; and Department of Cell Biology and Anatomy, Hematology/Oncology Division, Cornell 
University Medica! College, New York, NY 10021 . USA. 

NGF initiates its biological effects by promoting !he dimerization and activation of the 

tyrosine kinase receptor TrkA. The extracellular region of the TrkA receptor is distinguished by 

severa! structural features, including leucine-rich repeats, cysteine-rich clusters and two 

immunoglobulin-like domains. We have previously identified the two immunoglobulin domains 

as those involved in NGF binding (Perez et al., 1995) although the specific sequences required 

for ligand binding and dimerization have not been determined. 

Mutations that promete ligand-independent dimerization or catalytic activation of TrkA 

receptor have been described; partial deletion of the second lmmunoglobulin-like domain or 

point mutation of a cysteine to a serine in this domain can cause activation of the TrkA tyrosine 

kinase domain (Coulier et al., 1990). To explore the mechanism of dimerization of the TrkA 

receptor we have performed severa! point mutations in both immunoglobulin domains. Those 

mutations change aminoacid residues conserved in all the family of Trk receptors as well as in 

other immunoglobulin domains and are probably involved in the maintenance of the 

immunoglobulin structure. 

We have performed NGF binding assays with those mutan! receptors stably transfected 

into 293 cells in order to see how the ligand binding was affected. Analysis of the receptor 

activation and transforming activity was done in transfected Rat-1 cells by determining growth 

and colony formation in soft agar plates and by measuring 'H-Thymidine incorporation in the 

absence of serum. 

REFERENCES: 

Coulier, F., Kumar, R., Ernst, M., Klein, R., Martín-Zanca, D. and Barbacid, M. (1990). Mol. Cell. 

Biol. 10, 4202-4210. 

Perez, P , Coll, P.M., Hempstead, B.L:, Martín-Zanca, D. and Chao, M.V. (1995). Mol. Ce/l. 

Neurosci. 6, 97-105. 
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A KINASE-DEAD MUT ANT OF p7QS6K INDUCES EPITHELIAL-MESENCHYMAL 

TRANSITION LIKE ACTIVATED RAS IN RESPONSE TO TGFp IN MOUSE 

MAMMARY EPITHELIAL CELLS. 

Claudia Petritschl. Martín Ojrl. Christian Kühne2. Lisa M. Ballou3 and Hartmur 

Beug1. 

l. Institute of Molecular Pathology (l.M.P.) Vienna. Ausuia. 2. ICGEB, Arca Science Park, Triestc, 

!tal y. 3. UTHSC-SA, DepL of Phannacology, San Antonio, Texas, U.S .A. 

We have previously shown, that mammary epithelial cells (Epl-14) cells undergo 

growth arrest and apoptosis in response to TGFp. In contrast, v-Ha-Ras-transformed 

Epl-14 cells (EpRas cells) undergo epithelial/fibroblastoid conversion in collagen matrices in 

the presence of TGFp, which is characterised by a change from a polarised, epithelial 

morphology toa spindle shaped morphology, by acquiring the expression of mesenchymal 

marker proteins and by showing invasive behaviour in in vitro assays (Oft et al, 1996). 

EpRas cells form tumors in nude m ice quite rapidly, acquire fibrob1astoid fea tu res, stan to 

express TGFP themse1ves and grow invasively (Oft et al, 1996). These data suggested that 

an activated Ras pathway protects epithelial cells against TGFP-induced apoptosis and 

rather induces in synergy with TGFP epitheliallfibroblastoid conversion that results in 

invasive growth of tumor cells. Activation of the Ras pathway and increased lcvels of 

TGFP have in fact been corre1ated with certain human tumors and in addition. highly 

invasive spind1e cell tumors ha ve been shown histologically to originate from cpithe lial 

ce lis. Therefore, the synergy of TGF~ and activated Ras might well explain the onset of 

invasive growth of tumor cells in t•ivo. 

Thc Ras pathway.is a mitogen-induced s ignaltransduction pathway , thattran s miL ~ externa! 

growth factor signa! vía erk-encoded MAP kinases and p9orsk into the cell nucleus . We 

wanted to know whether a distinct growth-factor induced pathway, namely the p7oS6k 

pathway can a1so protect Epl-14 cclls against apoptosis and induce epithclial/libroblastoid 

convcrsion in mammary epithelial cells in response to TGF~ . 

p7oS6k activation has been shown to be esseotial for G 1 progression of fibroblasts (Lane 

eral. 1993) and 1ymphocytes (Chung eral . 1992) and is involved in control of translation 

initiation of certain mRNAs in response to growth factor stimu1ation of ccll s (rcv. by 

Brown and Schreiber, 1996). Activation of p7QS6k has been shown lo be independent of 

active p21ras (Ming eral, 1994 ). although a cross-ta1k of the two pathways mighttakc 

place at the leve! ofPI 3-K (RodtigucL.- Yiciana eral , 1994). 

We have creatcd severa! phosphorylation mutants of p7QS6k (Edelmann eral, 

1996), expressed them stahly in EpH4 cells (EpS6k 1-6) and examined thc response of thc 

ccl ls to TGF¡3 . Intcrcstin gly . a mutant vcrsio n of p7oS6k that is catalyticall y in ac ti ve, 
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protected the cells (EpS6k4) against TGFP-induced apoptosis and rather caused 

epitheliaVmesenchymal transition in response to TGFP. In my poster. 1 describe the 
characterisation of the mutant p7QS6k enzymes that we have created and the mutant 
phenotype of the EpS6k cells. 

Brown, E. J., and Schreiber, S. L. 1996. Cel/86:517-520 . 

Chung, J., Kuo, C. J., Crabtree, G. R .. and Blenis, J. 1992. Ce// 69: 1227-1236. 

Edelmann. H .. Kühne, C.. Petritsch, C .. and Ballou. L. M. 1996. J. Biol. Chem. 271:963-971. 

Lane, H. A., Femandez, A .. Lamb, N. J. C.. and 1l10mas. G. 1993. Narure 363: 170· 172. 

Ming, X-F., Burgering. B. M. 1l1., WennStrom. Clacsson-Welsh. L. Held iu , C- H .. Bos. J. L. Koyma. S 

C., aud Thomas. G. 1994. Nature 371:426-429. 

O f~ M., Peli. J.. Rudaz, C.. Schwarz. H .. Beug. H .. aud Reichmann. E. 1996. Genes & Dev. 10:2462· 

2477. 

Rodriguez·Yiciaua, P., Wame. P. H., Dhand, R .. Yaltaesebroeck, B .. Goul, 1., Fry, M .. J .• Waterfield, M. 

D .. aud Dowuward, J. 1994. Nature 370:527·532 
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DISSECTING NEUROTROPHlN SlGNALING IN COCHLEAR 
NEURONS BY HSV-1 MEOIATED GENE TRANSFER 
Juan Jose Garrido, Maria Teresa Alonso, Filip Lim, Juan Represa. 

Fernando Giraldez and Thomas Scbimtnnn¡: 
Instituto de Biología y Gen6tica Molecular (IBGM), Universidad de 
Valladolid-CSIC, 47005 Valladolid, Spnin 

Defective Herpes Simple,; Virus Type 1 (HSV-1) vectors. or 

amplicons, pcrmit transfer and functional studies of recombinant 

genes in postmitotic neurons. We have used this system to examine 

neurotrophin-mediated signaling in avían cochlear neurons at a 
developmental stage (HH E35). when these neurons show a well
characterized biological response to brain derived neurotrophic factor 

(BDNP) . Dissociated cultures of cochlear neurons were transduced with 
an amplicon expressing human 130NF (pHSVbdnf) and annlysed after 
48 hours in culture . Expression of BDNF produced neuritogenesis in 
60% of cochlear neurons, comparahle with the maximal effect obtained 
using recombinant BDNF. Surprisingly. pHSVbdnf infected neurons 
revcaled a glia-contact indep~ndent growth of neurites. whereas 
untransfected cultures treated with exogenous BDNF showed a strict 
association between neurons and glia cells. Transfer of conditioned 
mediurn from cultures transduced with pHSVbdnf to control cultures 
resulted in association of neurons and theif extensions with glial cells . 

Therefore, expression of pHSVbdnf in cochlear neurons apparently 
results in a glia-independent modc of differentiation using an 
autocrine mechnnism. In contrast in cultures treated with recombinant 
BDNF glia cells appear tu act dircctly or indirectly as mediators of 

neurotrophin signaling. 
In a different study wt:. examined the potential of chnnging the 

neurotrophin responsiveness uf avian cochlear neurons , which only 
respond to BDNF and NT -3. but not NGF . We therefot'e unnsduced 
neurons with an amplicon ~:.xpressing the high-affinity receptor for 
NGF, TrkA (pHSVtrkA) . Upon tr~atment with NGF, neurons infected 

with pHSVtrkA survived and differentiated reflecting their capacity 
respond to this factor. lntercs tingly, the extending fibres wcre short 
and ramified unlike thc long bipolar fibres produced by BDNF or NT -3 . 
Therefore, although cochlear neurons can be rendcrcd NGF-rcsponsive, 
they appear to respond in a morphologically distinct manner from 
other neurotl'ophins . The variou s phenotypes may reflect differcnccs 
betwcen the signaling pathways of individual neurotrophin-Trk 
receptor pairs inside these ncu rons . 
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DUAL ROLE OF INSULIN-LIKE GROWTH FACTOR-! IN INNER EAR 
DEVELOPMENT 
Isabel Varela-Nieto, Carmen Sanz, Matías Avila and Yolanda León 
Instituto de Investigaciones Biomédicas, Consejo Superior de 
Investigaciones Científicas (CSIC), Arturo Duperier 4, 28_029 Madrid, Spain. 

ABSTRACT 
We have investigated the cellular mechanisms involved in the 

growth promoting effects of insulin-like growth factor-1 (IGF-1) in the otic 
vesicle. The results suggest that IGF-1 stimulated growth of the otic vesicle is 
associated with the induction of the expression of the nuclear proto
oncogene e-jun. IGF-1 prometed the hydrolysis of a membrane glycosyl
phosphatidylinositol, which was characterised as the endogenous precursor 
for IPG. Both IPG and its synthetic analogue 6-0-(2-amino-2-deoxy-a.-D
glucopyranosyl)-D-myo-inositol-1,2-cyclic phosphate were able to mimic the 
effects of IGF-1 on Jun expression. Anti-IPG antibodies blocked the effects of 
IGF-1, which were rescued by the addition of IPG or its analogue. These 
results along with previous work suggest that there is a release of IPG upon 
IGF-1 binding to membrane receptors which, in turn, induces the expression 
of e-Jos ande-jun. IPG release seems to be necessary to achieve full response 
to IGF-1 in the stimulation of cell growth during embryonic development of 
the chicken inner ear. 

In situ hybridisation analysis of c1os and c-jun in the otic vesicle 
revealed that expression domains overlapped but were not identical. e-Jos 
was broadly distributed in the otic vesicle, whereas c-jun was restricted to 
the dorsal region of the otic vesicle. 

Effects of IGF-1 were also studied on cochleo-vestibular ganglion 
neurones. In organotypic explant cultures of 70-72 h, IGF-1 stimulated 
neurite outgrowth and expression of the neuron-specific antigen G4. This 
effect was neither mimicked by IPG nor blocked by anti-IPG antibodies. 

Taken together, these results indicate that IGF-1 displays multiple 
roles during development of the inner ear. Differential activation of 
signalling mechanisms may account for specific effects. The sequence 
involving the hydrolysis of membrane glycolipids and the expression of c
jun and e-Jos proto-oncogenes is part of the mechanism that activates cell 
division. However, neurite outgrowth and expression of neuronal 
differentiation markers appear to be independent of generation of IPG. 
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59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson , E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S. Quatrano and M . 
Pagas. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers : E. K. Weir and J . López
Barneo. 
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63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J . Benkovic and A. Ba
llesteros. 
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The Centre for Intemational Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones, 

a private foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 
and Experimental Courses, Seminars, 

Symposia and the Juan March Lectures on Biology. 

From 1989 through 1996, a 
total of 96 meetings and 8 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 21st through the 23th of April /997, 
at the Instituto Juan March. 

Al! published articles are exact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


