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Although the existence of a largc scalc loss of cells during devclopmcnt has long becn 

rccognizcd, it is only in thc last twcnty years that thc significancc of programmed, naturally 

occurring cell death has been appreeiated. Beeause, with the possible exception ofthe immune 

system, thc prograrnmed ccll death of devcloping neurons has been studied longer and more 

cxtcnsivcly than that of any other ce!! type, it is pcrhaps not surprising that knowlcdge about 

the normal biology of ce!! dcath in the nervous systcm is also more complete. Howcver, cven 

in thc ncrvous system our undcrstanding of many aspects of ccll death is still fragmcntary . 

Although many aspects of cell death in the ncrvous system (especially molecular pathways) 

appear to be similar to that of cell death outsidc ofthc nervous system, there are also importan! 

ditTerences that make neuronal cell death novel and uniquc . For example, control of ccll dcath 

of neurons often involvcs interactions betwcen ncurons and interconnccting populations of 

synaptic targcts and afferents that are absent in othcr cell types undergoing ce!! dcath. Another 

difference is that physiol ogical activity, including synaptic transmission, plays a role in the 

regulati on of cell death in the nervous system, whereas similar signals are probably not involved 

outside of the nervous system . Collectively, it is thesc unique and sharcd propertics of cell 

death in nervous and non-ncrvous tissue tbat provided a majar rationale for the first workshop 

on Programmed Ce!! Death in the Dcveloping Nervous System held at the Juan March 

Foundation in Madrid . Because of similarities bctwecn cell death in nervous and other tissues, 

thc information discussed at the meeting will be of intercst toa wide spcctrurn of investigators 

in the cell death field . By fo cusing the meeting on the developing nervous system, however, 

it was assured that th e many unique aspects of neuronal and glial cell death were the majar 

tap ie of di scussion . 

The participants at the workshop rcpresented an international group of prominent 

investigators with diverse interests, baekgrounds, research strategies, animal models and 

viewpoints . I3ecausc of this diversity it was possiblc to address virtually all of the importan\ 

issues in the field . Thesc included the following tapies: What is the biological significance of 

cell death in thc ncrvous system and does this differ for cell types, brain regions and species; 

What role do targets and afferents play in the regulation of cell death and docs this differ 

between vertebrales and invertcbrates ; What are thc si milarities and differences between cel l 

dcath of neurons and glia; What neurotrophic agents and growth factors (and reccptors) regulate 

surv ival in the nervous system and how do thesc act at thc biochemical and molecular levels 

lo prumote survival ; how are other cell-ccll signal s such as activity and hormones involvcd in 

regulating death and survival ; What are thc biochcmical/molccular pathways that result in 

cellul ar degeneration and do thcse differ for difft:rent cells, brain regions and spccit:s ; What 

genes are invo lved in mediating death and survi val in thc nervous system and how are these 

similar or differcnt across species. 

Although consensus was reached on our present understanding of many of thesc issues, 

for othcrs therc werc diffcrences of opinion and a general agreement that more inforrnation is 

needed for a final resolution . Dcspite thc lin gcring diffcrences of opinion on sorne key issues, 

however, all of the participants fclt that the meeting was a great sueccss in asscssing thc prescnl 

state of knowledge in the field and in identifying thc critica! importan! issues that remain for 

futurc investigations. The organizers and participants would like to thank Andres Gonzalez and 

the staff of the Juan March Foundation for their hard work, generosity and perception in 

suppurling this time! y inaugural meeting on Programmcd Cell Death in the Devcluping Ncrvous 

System. 



Instituto Juan March (Madrid)

Vertebrate neuronal death 1 

Chairman: Alun M. Davies 



Instituto Juan March (Madrid)

13 

The !n Vivo Development and Survival of Embryonlc Sensory and Motor Neurons 
Following the Removal of thelr Peripheral Targets 

Ronald W. Oppenheim, Jordi Caldero, David Prevette, Robert Oakley and Xun Mei 

Department of Neurobiology and Anatomy and !he Neuroscience Program 

Bowman Gray School of Medicine of Wake Forest University; Winston-Salem, NC 27157 

The early removal of synaptic (or innervation) targets is a well established model for 

studying the role of target-derived signals in the development and survival of avían neurons. 

Cell death following target-deprivation has been assumed to be a valid model of naturally

occurring neuronal death. By removing the hindlimb bud on embryonic day (E) 2, one can 

examine the development of lumbar spinal sensory (SS) and motor neurons (MN) that have 

never contactad peripheral target cells. Observations and experimental results that will be 

discussed using this model include: 1) Virtually all target-deprived MNs (90%+) undergo 

apoptotic programmed cell death (PCD) during the same developmental period as normal 

MN death . 2) Despite an almos! complete loss of their peripheral targets, and in contras! 

to MNs, a large proportion (40-50%) of SS neurons survive up to late stages of 

embryogenesis. 3) The loss oftarget-deprived SS and MNs is associated with an increase 

in the number of degenerating (apoptotic) cells in each population. 4) Target deletion has 

no apparent effect on the proliferation, migration or early differentiation of MN or SS 

precursor cells. MNs do not enter S-phase of the mitotic cycle prior to normal or induced 

PCD. 5) Following limb-bud removal, many of the surviving lumbar SS neurons project 

peripheral axons to abnormal targets in the tail-bud. Combined tail-bud and limb-bud 

removal results in the loss of many of these SS neurons. 6) Agents that block transcription 

or translation rescue MNs and SS neurons from both normal and target-deprived PCD. 7) 

The PCD of target-deprived MNs is not prevented by certain agents that are effective in 

rescuing them from later normal PCD (e.g. , ICE family protease inhibitors; anti-oxidants). 

8) Treatment of limb-bud removal embryos from E4.5 to E8.5 with NGF alone or with 

combinations of NGF, BDNF and NT-3 rescues many, but not al!, SS neurons. 9) 

Treatment of limb removal embryos with extracts from E9-10 embryonic limb muscles 

(MEX) rescues MNs (but not SS neurons) from both normal and induced cell death. 

10) With the exception of GDNF, several other trophic factors (BDNF, NGF, NT-3, IGF, 

CNTF, bFGF) fail to preven! the loss of MNs following limb removal, whereas sorne of 

these are effective in preventing normal MN PCD (e .g. IGF, CNTF, BDNF). Similar to MEX. 

GDNF rescued MNs on both the ipsilateral (limb removal) and contralateral (control) sides 

of the spinal cord . GDNF may be a muscle-derived survival factor for MNs during early 

stages of the normal cell death period. In conclusion, because the PCD of target-deprived 

SS neurons and MNs exhibit severa! interesting differences from normal PCD in these 

populations, target-deprivation may not be a completely valid model of naturally-occurring 

PCD. The normal trophic requirements of developing avían MNs remain to be clarified. 
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HOW ELECTRICAL ACTIVITY AND TROPIDC SIGNALS COMBINE TO 
REGULA TE NEURONAL DEATH IN DEVELOPMENT 

Peter G.H. Clarke, Institute of Anatomy, University of Lausanne, 1005, 
Switzerland. 

Naturally occurring neuronal death is regulated by anterograde and retrograde 
signals, both of which are influenced by electrical activity. We are studying the 
nature of these signals and their interaction, in chick embryos. 

Anterograde signals 
Our study of anterograde signals (Catsicas et al., 1992) focused on the retino

tectal projection at embryonic day (E) 16. Blocking activity by means of 
intraocularly injected tetrodotoxin induced the death of many neurons in the deep 
tectal layer (SGC) but only slightly increased cell death in the superficial layers 
(upper SGFS). In contrast, blocking axoplasmic transport with intraocular colchicine 
greatly increased cell death in both the superficial and deep layers. This suggests 
that the survival of different tectal neurons is determined, to varying degrees, by 
activity-dependent and activity-independent influences from the retino-tectal axon 
terminals. The influences may be mediated by transmitters and trophic factors. The 
latter may include NT-3, since intraocularly injected NT-3 has been shown to be 
transported to the optic tectum and released there, where it is taken up by tectal 
neurons (van Bartheld et al., 1996). NT-3 is known to be produced in the avían 
retina. 

Retrograde signals 
Our current emphasis is on the study of retrograde signals, which we study in 

the projection from the isthmo-optic nucleus (ION) to the contralateral retina 
(Clarke, 1992). The ION undergoes 55% neuron death between El2 and El7. It 
becomes laminated at El4 owing to dendritic reorganization (Clarke & Kraftsik, 
1996). The ION cell death can be reduced by the intraocular injection of BDNF (but 
not of NGF or NT-3), and we can show that this is by a retrograde signal dueto the 
direct action of BDNF on the isthmo-optic terminals, since the protective effects of 
BDNF occur even after elimination of the ION's target cells (Primi & Clarke, 
1996). 

But we have evidence also for an activitycmediated retrograde signal that may 
be due to a different mechanism. The only means by which electrical activity is 
currently believed to initiate retrograde trophic signals is through postsynaptic 
events: modulated synthesis or release of trophic factors. However, we have severa! 
lines of evidence for the presynaptic initiation by action potentials of retrograde 
signals from retina to isthmo-optic nucleus (ION) (Primi & Clarke, 1995; Posada et 
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al., 1996). Intraocular injections of saxitoxin just before E14 reduce neuron death 
and prevent lamination in the ION within as little as 6h or even less. This is too fast 

to be mediated postsynaptically, and there is no such effect after a selective 

reduction, by glutamate receptor antagonists, in the electrical activity of the ION's 

amacrine target cells. Moreover, the rapid effects in the ION can be demonstrated 

even after pharmacological destruction of the target cells. It can be shown not to be 

mediated anterogradely via the tectum. 
The chain of events between presynaptic action potential and retrograde 

message are unclear. Action potentials may lead to a series of second messenger 

events in the axon terminal that leads to retrograde signaling via the transport of a 
long-lived second messenger. We think the first step is calcium entry, because 

intraocular injection of calcium channel blockers leads to effects in the ION 6 and 

12h later resembling those dueto saxitoxin (Posada et al., 1996) . 

References 
M . Catsicas, Y. Péquignot & P.G.H. Clarke (1992) Rapid onset of neuronal death 
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CONTROL OF SEXUALL Y OIMORPHIC NEURON DEATH IN TiiE AVIAN BRAIN. 
Emie J. Nordeen. Dept. of Brain and Cognitive Sciences, University of Rochester, 
Rochester, NY, USA, 14627 

In severa! reglons ol the vertebrate nervous system programmed cell death is 
ragulated by sexual differentiation to create robust sex differences in neuron number. 
This is exemplified dramatlcally in the development of brain regions controlling song 
behavior in birds. In sorne songbirds, severa! of these song control nuclei possess more 
neurons in adult males (who sing) than In tamales (who do not normally produce song), 
and recent studies have implicated programmed neuron death in sculpting these sex 
differences. Although the hormonal and cellular mechanisms that medlate these sex 
differences in cell death are not yet known. it is likely that sexual differentiation 
influenoes soma of the same cellular interactions that regulate neuron survival more 
generally. This hypothesis will be evaluated in regard te the avian song system through 
an examination of studles investigatlng how neurotrophic effects associated with sexual 
dlfferentiation may be medlated by andlor interact with trophic effects exerted by glia 
cells and/or aflerent inputs. 
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Receptora and ~ntracellular Pathvays Initiatinq 

Deprivation-:Induced Cell Death in Brainstem Auditory 

Neurona 

Edwin W Rubel 

Virginia Merrill Bloedell Hearing Research Center, University of 

Washington, Box 357923, Seattle Washington 98195 

We have examined cell death of second order auditory neurons 
in the brainstem of neonatal chicks and mamrnals following 
manipulations of excitatory synaptic stimulation via the auditory 
nerve. Rernoval of the cochlea or blocking eighth nerve electrical 
activity results in rapid cell death of 30-50% of the postsynaptic 
neurons in the cochlear nucleus, and atrophy of the remaining 
neurons. Examination of the early events associated with neurona] 
death has revealed that afferent activity deprivation leads to a 
rapid decrease in protein synthesis associated with a rise in 
intracellular Ca2+. Using an in vitro brainstem slice we show th2 
both protein synthesis and ca2+ homeostasis are maintained by 
orthodromic stirnulation via the eighth nerve. Antidrofiuc 
stimulation, no stimulation or contralateral nerve stimulation do 
not maintain normal translational activity or Ca2+ homeostasis. 
Pharmacological investigations suggest that glutaminergic 
activation of a metabotropic glutamate receptor plays a central 
role in maintaining normal Ca2+ levels, through inhibition of bott 
calcium influx and release from intracellular stores. When this 
inhibitory role of glutamate is prevented by afferent activity 
deprivation, intracellular calcium may achieve toxic levels, 
thereby initiating a cascade of events culminating. in neuronal 
death. 

Supported by NIH, NIDCD grant #00520. 



Instituto Juan March (Madrid)

18 

REGULA TION OF SCHW ANN CELL DEA TH IN DEVELOPING VENTRAL 

NERVE ROOTS OF THE CHICK EMBRYO. 

Jordi Calderó\ Dolors Ciutat\ Ronald W. Oppenheim\ Joan Ribera\ Anna 

Casanovasl, Oiga Tarabal
1 
and Josep E. Esquerda

1
• 

1Urútat de Neurobiologia CeHular, Departament de Ciencies Mediques Basiques, 
Facultat de Medicina, Urúversitat de Lleida, Av. Rovira Roure 44, 25198 Lleida, 
Catalorúa, Spain. 
2Departrnent of Neurobiology and Anatomy and Neuroscience Program, Bowman Gray 
School ofMedicine, Wake Forest Urúversity, Wmston-Salem, North Carolina 27157, U. S.A. 

The present study shows that, in the dúck embryo, Schwann cells (Ses) die by 
apoptosis both during normal development and following axonal degeneration induced 
with neurotox.ins. SC apoptosis during development takes place in a period roughly 
coincident with naturally occurring motoneuron death . Admirústration of N-methyl-D
aspartate (NMDA) to E7 chick embryos results in an ex1ensive excitotox.ic motoneuronal 
damage in the spinal cord without any apparent effects on neurons in the dorsal root 
ganglia. Dying Ses in ventral nerve roots from 1\rrv1DA treated embryos display 
ultrastructural features of apoptosis and exhibit in silu detectable DNA fragmentation 
eonversely, NMDA-treatment does not increase the death of Ses in dorsal nerve roots . 
The combination of in situ detection of DNA fragmentation with the avian Se marker 
lES antibody demonstrates that dying cells in ventral nerve roots belong to the se 
lineage Treatment with cyclohexinúde does not prevent the toxic effects of NMDA on 
motoneurons, but dramatically reduces the number of pyknotic Ses and DNA 
fragmentation profiles in the ventral nerve roots In m •o administration of a variety of 
tissue ex1racts (muscle, brain and spinal cord) from the chick embryo or of motoneuron 
conditioned medium fails to prevent se apoptosis in NMDA-treated embryos 
Intramuscular administration of the snake toxin ~-bungarotoxin induces a massive death 

· of both lateral motor colurnn motoneurons and dorsal root ganglia neurons resulting in a 
substantial increase in the number of pyknotic ses in both ventral and dorsal nerve roots. 
ehrorúc blockade of neuromuscular activity during development with pharmacological 
agents such as (+)-tubocurarine (Te) in the chick embryo rescues motoneurons from 
naturally occurring cell death . In our study, treatment of chick embryos with Te from E3 
results in a reduction of se apoptosis on E9-E 1 O, but not in earlier stages. By contrast, 
limb-bud ablation performed on E2, which leads to degeneration and death of up to 90% 
of motoneurons, deternúnes an important increase in se apoptosis coincident with the 
period of maximal motoneuron loss. lt is concluded that, during development, axonal 
derived trophic signals are involved in the regulation of se survival in peripheral nerves. 
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ACTIVITY-DEPENDENT SURVIVAL OF A CNS NEURON. A. 
Meyer-Fran~e. M. Kaplan. F. Pfrjeger. and B. Barres. Stanford 
University Schoo! of Medicine, Stanford, CA 94305-5401. 

The signaling mechanisms that control the survival of CNS 

neurons are poor!y understood. When highly purified postnatal 

rat retina! ganglion cells are cultured in serum-free medium 

they rapidly die in conditions that promete the survival of PNS 

neurons, including peptide trophic factor stimulation, cAMP 

elevation, or depolarization. Their survival is prometed by 

peptide trophic factors, however, if their intracellular cAMP is 

simultaneously increased, either by membrane permeable 

cAMP analogs or by depolarization with K+ or glutamate 

agonists. Astrocyte and tectal-derived factors, such as BDNF, 

CNTF, IGF-1, and an additional protein made by 

oligodendrocytes, together with cAMP elevation, collaborate to 

promete the long-term survival of the majority of purified retina! 

ganglion cells in vitro. 8oth the cAMP- and depolarization

induced responsiveness to survival factors are blocked by 

proteín kinase A ínhibítion. These results suggest that 

electrical activity may be necessary for optimal survival and 

growth of retina! ganglion cells and raise the question of 

whether other CNS neurons have similar survival requirements. 
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The role of the bcl-2 family of proteins 
in regulating neuronal survival 

Alun M. Davies, Jimi Adu and Gayle Middleton 

Rute Building, University of St. Andrews, St. Andrews, Fije KY16 9TS, 
Scotland, UK 

In the developing vertebrate peripheral nervous system, neurons depend 
for survival on one or more neurotrophic factors provided by the tissues they 
innervate [1]. Nerve growth factor (NGF), brain-derived neurotrophic factor 
(BDNF), neurotrophin-3 (NT-3) and neurotrophin-3 (NT-4) comprise a family 
of neurotrophic factors called neurotrophins. Other neurotrophic factors like 
ciliary neurotrophic factor (CNTF) and growth-promoting activity (GPA) are 
unrelated to the neurotrophins. Previous work has shown that over-expression of 
the intracellular protein bcl-2 in certain cytokine-dependent myeloid and 
lymphoid cells prevents death following cytokine withdrawal [2]. To assess the 
role of bcl-2 in neuronal survival, we used rnicroinjection to introduce vectors 
expressing sense and antisense bcl-2 RNA into embryonic neurons [3, 4]. 
Overexpression of bcl-2 prevented the death of neurotrophin-deprived neurons, 
but did not prevent the death of neurons deprived of CNTF or GP A. Antisense 
bcl-2 prevented the long-term survival response of neurons to neurotrophins, but 
did not affect the survival response of the same neurons to CNTF or GP A. These 
findings suggest that Bcl-2 is required for the continued maintenance of 
embryonic neurons by neurotrophins and suggest that altemative, Bcl-2-
independent, survival mechanisms operate in neurons exposed to CNTF. 

In vitro studies of neurons from bcl-2 null mutant animals suggest that the 
role of bcl-2 in regulating neuronal survival changes with age. Sorne populations 
of neurons, like the sensory neurons of the trigerninal ganglion, switch their 
survival requirements from BDNF to NGF during the early stages of target field 
innervation [5, 6]. Whereas early trigeminal neurons from bcl-2-1-embryos 
survive less well with NGF than wild type neurons, bcl-2-deficient neurons 
demonstrate a prolonged survival response to BDNF. This suggests that bcl-2 
selectively modulates the survival response to different neurotrophins at 
particular stages of neuronal development. During the rnid-fetal period when cell 
death is taking place, trigerninal and other sensory neurons from bcl-2-l- animals 
do not survive as long with neurotrophins as wild type neurons. However, by the 
late fetal period, bcl-2-deficient and wild type neurons survive equally well with 
neurotrophins, demonstrating that endogenously expressed bcl-2 is not required 
for the survival of neurons in response to neurotrophins at later stages of 
development. This decreased requirement for endogenous bcl-2 correlates with 
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the decreased effectiveness with which overexpressed bcl-2 rescues neurotrophin
deprived late fetal and postnatal neurons. 

Bcl-2 is the founder member of a family of homo1ogous proteins that 
includes Bcl-x [7] and Bax [8]. Whereas increased expression of Bcl-2 or Bcl-x 
promotes cell survival following withdrawal of survival factors, increased 
expression of Bax is thought to suppress survival [8]. To investigate the potential 
roles of these proteins in regulating the survival of developing neurons, we 
compared the effects of overexpressing these proteins in embryonic neurons 
deprived of different neurotrophic factors in vitro. Surprisingly, overexpression 
of Bax rescued populations of sensory neurons deprived of NGF or BDNF, as did 
overexpression of Bcl-2 and two Bcl-x variants, Bcl-xL and Bcl-x~. Bax also 
enhanced the survival of ciliary neurons deprived of CNTF, although this effect 
was short-lived. Whereas Bcl-2 overexpression did not affect the survival 
response of neurons to neurotrophic factors, Bax overexpression partially 
inhibited the action of neurotrophic factors. Co-injection of Bcl-2 and Bax 
expression vectors promoted the survival of neurotrophic factor-deprived 
neurons if either was in excess, but failed to rescue neurons if they were injected 
at a 1: 1 ratio. Our fmdings demonstrate that Bax can promote the survival of 
neurotrophic factor-deprived neurons and that its effect on survival is dorninant 
to that of neurotrophic factors . Our results. also argue that the relative amounts 
of Bcl-2 and Bax are critica! in regulating neuronal survival [9]. 
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How do neurotTophic factors regulate motoneuron numbers 
during development? 
Christopher E. HENDERSON 
!NSERM U.382, IBDM, Campu~ de Lwniny - Case 907, 13288 
MARSEILLE Cedex 09, Fr(JJ1ce 

Since the original dcmonstration by Hamburger that motoneurons die in 
the absence of thcir target tissues, much effon has been devoted to 
identifying the neurotrophic factors produced hy lhc limb. Over the last 
fcw years, we and othcrs have identified severa] candidates from 
differcnt protein families (neurotrophins, cytokines, TGFBs, FGFs ... ) 
whose precise roles are now under study. Wc recently developed a new 
long-term culture systcm for purified motone.urons from El4 rat 
cmbryos, and have u.sed ítto analysc quantitatively the Sill\ival effccts of 
thc above factors tested singly or in combination. We observe rwo 
phcnomcna that we believe may be of importance in understanding the 
dcvclopmental regulation of motonc:uron numbers: 
Fractiontli survival effects: no .singk factor ís capable of keeping all 
motoneurons alívc in long-term culture Rather, cach factor maintains a 
characteric;;tic fractíon of motoneurons. This is rcminiscent of recent 
results from knockout mice for GDNF or Cl\lF!LIF-rece.ptor genes, and 
suggests that different sub-populations of embryonic motoneuron may 
rcspond to different trophi<: factors 
Synergistic interactions benveen fa crors: thc: combined effect of sorne 
factors is greater than the effect of cach factor tested singly. This result 
(al.so reponed by others in mouse models of motoncuron degeneration) 
implics that sorne single motoneurons ca..r1 rcspond to more than one 
factor at once. Such synergy provides an auractívc possible mechanism 
for sclcctive survival of tho~ e motoneurons which havc successfully 
contacted all thcír cellular partners. A~ an example, our data suggest that 
expression of GD~F and cytok:ines is highly compartmcntalizcd during 
cell death to Schwann cclls and musde, respectively. If the.se factors are 
produccd at sub-optirnallevels by each tissuc, and if there are synergislic 
interactions between thcm, then a combination of Schwann cell and 
muscle influences may be ab.solutcly rcquíred to prevent death of a givcn 
motoneuron . 
Supponed by !NSERM, AFM. IRME, Wellcome Trust. 
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REGULATION OF CELL SURVIVAL ANO CELL DEATH PROCESSES IN THE 
MOTONEURON•POPULATION OF THE CHICK EMBRYO SPINAL CORO. 

J.K. \,{)m~\la\ R.M. Soler', C. Sanz-Rodriguez\ J.Egea1
, E.Becker"', E. Giné' . 

D. Martin-Zanca2
• 

1 
Untt of Molecular Neurablology, Depl Ciéncies Mediques easJques, Unlv. Ueida, E-251 98 - Lieida 

Spain. ' 

2 Instituto de Microblologia Bioquímica, CSJC 1 Univ Salamanca, E-37007 - Slamanca, Spain. 

During development, most neuronal populations undergo a process usually referred to 
as naturally occurring cell death. For motoneurons (MTNs) of the lumbar spinal cord of 
chick embryo, this process takes place in a well defined period of time, between 
embryonic days 6 and 10. For their survival, neuronal populations depend on the 
avallability of specific neurotrophic factors derived form their innervation target tissue. 
Thus neurons that are unable to gain access lo sufficient quantities of thophic factor 
die by apoptosis. The current interests of our groups are to study the mechanisms that 
control and regulate the processes of survival and death of this population of neurons. 
From a cell dissociate derived form entire spinal cord, by means of a gradient 
centrifugation, a 90% pure population of MTNs can be obtained and set up in primary 
culture . In this model we have performed the following studies: 

1.- Characterization of the death process subsiding the l,...ss of trophic support 
(Camella et al., 1994). 

Upon deprivation of trophic factor MTNs enter a process of neuronal death with the 
typical characteristics of apoptosis. These indude, morphological appearance, 
condensation of c:llromatin and intemucleosomal DNA fragmentation. The process 
requires the synthesis of new macromolecules since it can be prevented by inhibiting 
either RNA or protein synthesis. 

Development of survival responsiveness to severa! neurotrophins during the 
culture period (Becker et al. , 1996). 

Neurotrophins are the bes\ characterized family of neurotrophic factors and include 
NGF, BDNF, NT3 and NT4/5. Their survival elffects are mediated through specific high 
affinity receptors encoded by the trk gene family. These include trk A (for NGF), trk B 
(for BONF and NT4/5) and trk e (for NT3). lt was repeatedly reported that primary 
cultures of c:llicken MTNs do not respond to any of the neurotrophins when isolated 
and cultured from embryos at the beginning of the naturally occunring neuronal death 
period, i.e. E5-E6. However, sorne other labs have reported that daily injections of 
BDNF during the period of neuronal death are able to rescue a fraction of cells that, 
otherwise, would die. Our results are consisten\ with the former reports in primary 
cultures. However, when these MTNs are maintained alive in culture by a yet 
uncharacteriZed trophlc factor from skeletal muscte extrae\ for two days, a . selective 
and specific neurotrophíc response to BDNF, NT3 and NT4/5 deve!ops. This 
phenomenon is correlated with an increased expression of the corresponding 
functíonal receptors, i.e. tri<. B and tri<. e which cou\d explain the in vivo results. 



Instituto Juan March (Madrid)

27 

3.- Role of intracellular calcium in regulating the survival of MTNs (Soler et al., 
1996). 

lt is known that an increase in the intracellular calcium levels allows to maintain 
primary cultures of a wide variety of neuronal populations 
In splte of the absence of neurotrophic factors . This can be achieved by increasing 
the extracellular potassium concentraüon that in tum depolarízes the cytoplasmic 
membrane and voltage dependen! channels open. We have found that the same 
phenomenon can be induced in MTNs by adding 30 mM potassium to the culture 
media. Survival is dependen! on extracellular calcium since addition of the calcium 
chelator EGTA blocks the potassium effect. Calclum entry is mediated by L-type 
voltage dependen! calcium channels and by using FURA-2 intracellular calcium 
measurements it can be demonstrated that potassium increases chron ically the 
concentration of calclum from a resting va lue of ca. 50 nM toa Ca . 150 nM. We have 
also devoted efforts to characterize the intracellular pathways that could be activated 
by this increased concentrations of intracellular ca lcium . We have observed that 
calclum is able to specifically activate the ras/MAPK pathway, which is also activated 
by neurotrophins through trK receptors. Finally, the activation of this pathway by 
calcium is mediated in sorne point by calmodulin since specific inhibitors CN13) but 
not the inactive chemically-related analogue (W12) blocks, both survival effects and 
activation of the ras/MAPK pathway. 
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Cell death and microglial migration during quail retina development 
José L. Marín-Teva, Miguel A. Cuadros, Julio Navascués 
Departamento de Biología Celular. Facultad de Ciencias. 
E-18071 Granada. Spain. 

The distribution of macrophages/microglial cells revealed by QH1 
immunocytochemistry during quail retina development indicates that 
microglial precursors first move tangentially, from the pecten/optic 
nerve head to the periphery of the retina along the nerve fiber layer 
(NFL), and afterwards migrate radially towards the sclera, in order to 
reach their definitive location with in the retina! layers (Navascués et 
al., 1995). These migrations may depend on specific factors guiding the 
cells. 

To analyze the possibility that cell death might be one of these 
factors, we are studying the cell death pattern during normal retina! 
development in quail embryos using TUNEL labeling both on paraffin 
sections and retina! wholemounts . In retinas of incubation day 6 (E6) 
quails, few dead cell fragments were seen, scattered throughout the 
entire retina . At E? the number of labeled cell fragments greatly 
increased, appearing mainly concentrated in the central retina. The 
quantity of cell dead fragments increased progressively from E8, and 
extended to more peripherical regions . The number of labeled fragments 
decreased quickly after E12, so that on E16 (the last incubation day) 
few fragments were present in the retina, scattered in most peripheral 
regions . Cell death was present in both the developing ganglion e e 11 

!ayer (GCL) and the inner nuclear !ayer (INL). 
In the wholemounts , microglial precursors migrating tangentially 

were seen in regions with intense cell death; transversal sections , 
however, revealed that these precursors migrated on Müller cell 
endfeet, thus outside the retina! layers in which cell death took place. 
Radially migrating microglial precursors only entered the INL after the 
number of apoptotic fragments had greatly decreased; electron 
micrographs showed that many fragments were phagocytosed by Müller 
cells befare the arrival of microglial precursors. Our current results 
suggest that retina! cell death influences the migration of microglial 
precursors, not in a simple direct way, but in an indirect way, probably 
through Müller cells. 

Navascués et al ( 199 S) J Comp N euro! 3 54:209-228. 
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RECEPTORS AND EFFECTORS IN THE NEURAL CELL DEATH PROGRAM 

D. Bredesen 

Pioneering studies by Hamburger and Levi-Montalcini, studying nerve 
growth factor, Johnson, studying neural cell death induced by NGF 
withdrawal, and Oppenheim, studying developmental motor neuron cell death, 
led to the concept that apoptosis is induced in developing neurons by the 
withdrawal of trophic factors during a critica! developmental period. A 
search for the molecular basis of this phenomenon led to the identification 
of two neuronal "death receptors": one is p75NTR, the low-affinity 
neurotrophin receptor, and the other is a glycosphingolipid expressed by 
neocortical neurons. 

The expression of p75NTR in neural and non-neural celllines 
induces apoptosis in the absence of binding by neurotrophin, but survival 
is enhanced by the binding of neurotrophins. This thesis has been 
controversia!, in part because it requires that an apoptosis-inducing 
signa! be generated by a naked receptor; however. it is compatible with the 
finding of Barrett and Bartlett, who showed that the antisense inhibition 
of p75NTR expression by developing dorsal root ganglion neurons at E19-P4 
inhibited apoptosis induced by NGF withdrawal. 

The induction of apoptosis by p75NTR in sorne (but, surprisingly, 
not all) cell lines requires a region of the intracytoplasmic doma in that 
has turned out to be similar structurally to the "death doma in" of tumor 
necrosis factor receptor 1, a region required for apoptosis induction by 
TNFR l. 

The expression of p75NTR may be associated with both physiological 
and pathological neural cell death: expression of p75NTR has been shown to 
sensitize ce lis to toxicity from beta-amyloid peptide. This is of interest 
because the cholinergic basal forebrain neurons, which are the predominant 
cells expressing p75NTR in the adult brain, representa selectively 
vulnerable region in Alzheimer's disease. 

A second neuronal cell death receptor has also been identified, 
which is expressed by neurons of the neocortex. This has turned out to be 
a glycosphingolipid. lnterestingly, it is the first one with a portable 
nature, that is, it can move from cell to cell, and then upon triggering, 
induce the death of the cell to which it has migrated. 
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MECHANISMS OF PROGRAMMEO CELL OEATI:I 

M.O. Jacobson and M.C. Raff. MRC Laboratory for Molecular Cell Biology and Oepartment of 
Biology, Uruversity College London, Gower S t., London WClE 6BT, UK. 

We ha ve found that staurosporine (STS), in the presence of cycloheximide (CHX) to inhibit 

protein synthesis, induces apoptotic cell death in a large variety of nucleated mammalian cell types, 

including blastomeres, suggesting that al! nucleated mammalian cells constitutively express al! of the 

proteins required to undergo programmed cell death (PCO) [1) . The mechanisms by which cells 

execute the death programme, however, remain unclear. We ha ve previously shown that the nucleus, 

an intact mitochondrial respiratory chain, or reactive oxygen species (ROS) are not required for the 

death programme to run, or for Bcl-2 to be able to suppress it. To determine whether the nucleus is 

required for cells to undergo PCO, we studied enucleated cells (cytoplasts) [2] . To investigate the 

role of mitochondrial respiration, we studied cells that had been entirely depleted of m tONA (termed 

pO cells) so that the cells cannot carry out oxidative phosphorylation [3). To investigate the role of 

reactive oxygen species (ROS), we cultured cells in very low oxygen (<10 ppm) so that they could 

not make ROS (4] . In al! ofthese experiments cells were able to undergo PCO and Bcl-2 protected 

thern . These fmdings suggested that the death programrne is orchestrated by a cytoplasmic regulator 

that acts on rnultiple intracellular targets in parallel, and is constitutively expressed in al! nucleated 

rnamrnalian cells. 

The reliability of this conclusion depends on the evidence that STS-induced, and 

(STS+CHX)-induced, cell deaths are bone fide examples of PCO. There is rapidly accumulating 

evidence that sorne rnembers of the Ced-3/Interleukin-1 beta Converting Enzyrne (ICE) family of 

cysteine proteases are part of the basic rnachinery of PCD. We have found that Z-Val-Ala-Asp

fluorornethylketone (zV AD-frnk), a cell-permeable, irreversible, tripeptide inhibitor of sorne of these 

proteases, suppresses STS-induced and (STS+CHX)-induced cell death in a wide variety of 

rnammalian cell types, including anucleate cytoplasts, providing strong evidence that these are al! 

bonafide examples of PCO [5). We ha ve also found that, in STS-induced PCO, the Ced-3/ICE 

family rnember CPP32 is cleaved into its active form, and that Bcl-2 inhibits this activation. 

Furthermore, the nuclear protein poly-(ADP ribose) polymerase (PARP) is cleaved, in a pattem 

consistent with its cleavage by a CPP32-like protease, at the same time as PCO occurs. Most 

irnportant, intracellular injection of Ac-OEVO-CHO (an inhibitor of CPP32-like proteases) but not 

Ac-YV AD-CHO (an ICE inhibitor) blocks STS-induced PCO. These findings indicate that STS

induced PCO in sorne cells atleast requires CPP32, ora CPP32-like member of the Ced-3/ICE

family of proteases, but not ICE itself. Final! y, we describe the use of zV AD-frnk to suppresses PCO 

in various developmental processes . 

[1) Weil, M., Jacobson, M.O., Coles , H.S.R., Oavies, T.J ., Gardener, R.L., Raff, K.O. and 

Raff, M.C. (1996) J. Cell Biol. in press. 

[2) Jacobson, M.O., Bume, J.F. and Raff, M.C. (1994) EMBO J. 13, 1899- 1910. 

[3] Jacobson, M.O., Bume, J.F., King, M.P., Miyashita, T., Reed , J.C. and Raff, M.C. 

(1993) Nature 361, 365- 369. 

[4) Jacobson, M.O. and Raff, M.C. (1995) Nature 374, 814-816. 

[5] Jacobson, M.O., Weil, M. and Raff, M.C. (1996) J. Cell Biol. in press. 
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Pathways regulating neuronal cell death. Lloyd A. Greene, Caro/ M. Troy, 

Stephen E. Farinel/i, David S. Park, Irene Yan, Leonidas Stephanis and 

Michael L. Shelanski. Department of Pathology, Columbia University 
College of Physicians and Surgeons, New York, NY USA 

We have compared the pathways that regulate death of rat PC12 
cells and sympathetic neurons causad by trophic factor deprivation and 
by oxidative stress consequent to down-regulation of Cu/Zn superoxide 
dismutase (SOD1 ). Our findings suggest that trophic factor deprivation 
leads neuroblasts and neurons to attempt inappropriate entry/re-entry 
into the cell cycle which in turn triggers an apoptotic pathway. For 
example, drugs that selectively block cyclin dependent kinases rescue 
neuronally differentiated PC12 cells and neurons from death causad by 
withdrawa l of trophic factors . In contrast, death due to SOD1 down
regulation is initiated by an entirely different mechanism that includes 
the formation of peroxynitrite. Despite these divergent initiating 
mechanisms, death in the two paradigms converges on an evolutionarily 
conservad general pathway that includes activation of the aspartase 
family of proteases. However, even for this general pathway, distinct 
espartases appear to be involved, depending on the initiating cause of 
death. In particular, activation of the interleukin-1 P converting enzyme 
(ICE) and consequent formation of IL-1 p is involved in apoptosis caused 
by SOD1 down-regulation whereas a different family member is 
required for death caused by withdrawal of trophic support. 
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GENETIC AND PHARMACOLOGICAL MANIPULATION OF 
NEURONAL DEATH AFTER TROPHIC FACTOR DEPRIVATION. 
Eugene M. Johnson, ,Jr. Departments of Neurology and Molf'.:cular 
Biology and Pharmacology. Washington University Medical School. S l. 
Louis, MO 6311 O, USA 

Depnvatlon of neurolrophic factor leads to a sertes of 
macromolecular synlhesis-dependent events ultlmately leading to 
neuronal apoptosis . We have rather extensively studied this 
programmed cell death in sympathetic neurons after removal of nerve 
growth factor (NGF). Publlshed data descrtbing the biochemical, 
morphological, and gcnetic events that occur will be brtcfly reviewed. 
wíth special emphasts on changes that appcar critica! to the ultimate 
death of the ce ti. 

As in other cells. critical genes 111volved in the terminal apoptottc 
phase of programmed cell death include t11ose encoding a family of 
cystetne proteases (tlle ICE- family) and the bcl-2 family of pro- and 
anli-apoptotic proteins . In collaborative efforts With other la.bs we have 
identified protcase lnhibilors and genetic deletions that prevent 
apoptosis of sympathctic neurons after NGF deprtvation. Particularly 
in thc case of the protease inhibitor. we ha ve systcmatically ex.aroJned 
the effect of blocking death on the biochcmical and genetlc events 
associated with NGF wíthdrawal. Despite the failure of the neurons to 
dle. the calabolic ancl genetic event ~ " associated \\.'Íth NGF wlthdrawal 
are not prevented. and tn sorne cases are amplified. The resulttng 
"saved" neurons are markedly atrophic and pn~sumably hypofunclional. 
H.owever. thesc atrophic neurons are still capable of responding to NGF 
wlth revcrsal of atrophy and renewed growth. 

A similar behavior is seen in ¡:¡yrnpathetic neurons deriVed from 
BAX knockout mice. Such neurons do not die in response to NGF 
deprtvatlon . They become markedly atrophic and s1m1larly respond lo 
NGF readdition by reversa! of atrophy and renewed growth. Naturally 
occurring neuronal death of sympathetic and motor ncurons is reduced 
or abrogated 1n thcse animals. These experlmcnts demonstrate that 
BAX ls required for trophic factor deprivation and naturally occurring 
death of sympathetic and motor neurons. 
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MOLECULAR MECHANISMS OF PROGRAMMED CELL DEATH 
INDUCED BY NERVE GROWTH FACTOR DEPRIVATION IN 
SYMPATHETIC NEURONS. 
Martinou, J.C., Fernandez, P.A., Missotten, M., Frankowski, H., Quiquerez, A.L., 

Martinou, I and Sadoul, R .. 
Glaxo Institute for Molecular Biology, 14 chemin des Aulx, 1228 Plan-Les-Ouates, 
Geneva, Switzerland. 

Sympathetic neurons depend on nerve growth factor (NGF) for survival. When 
deprived of NGF, they undergo programmed cell death (PCD). Our goal is to identify 
the differents components of the cell death program initiated in these neurons after 
NGF deprivation. Three components have been identified: oxidation, interactions 
between Bcl-x and Bax and protease activation. 
l)We have shown that, after NGF deprivation, tbo redox potential of neurons is 
altered probably because of a decrease in glutathione levels. Compounds that sustain 
high levels of glutathione, such as N-acetylcysteine, can delay neuronal cell death. As 
a consequence of glutathione depletion, free radicals are probably generated. Different 
free radical scavengers can also delay neuronal death induced by NGF deprivation. 
Thus, the control of redox potential is crucial for neuronal survival. Glutathione may 
be an effector of cell death. 
2) Bax and Bak proteins were found to accelerate the death of sympathetic neurons 
following NGF deprivation. M oreo ver, we found that overexpression of these proteins 
induce death of sympathetic neurons cultured in tbe presence of NGF, that is in the 
absence of any cell death stimulus. Finally Bax protein increases specifically in 
sympathetic neurons, in the hours following NGF deprivation. Taken together, these 
results suggest that Bax is a key regulator of programmed neuronal death. 
3) ICE-like proteases also play a role in programmed cell death. The death of 
sympathetic neurons can be prevented by overexpression of cnnA, a viral protein that 
inhibits ICE and others proteases of tbis family. We have concentrated our efforts on a 
member of this farnily called Nedd-2/Ich-1. Nedd-2 is expressed constitutively in 
sympathetic neurons and is activated at a post-transcriptional level after NGF 
deprivation. Different isoforms of Nedd-2, with or without the catalytic site, have 
been identified. Only one splice variant induces neuronal death. The function of this 
protease will be discussed. 
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Survival signalling in naivc and injured sympathctic neurons - what's the crucial step? 

A M Tolkovsky, K Virdee, C D Nobes, A J Bannister', S P Hunt2 & A MarcusJ 
Dept of Biochemistry and 1Wellcome/CRC Institute, University of Cambridge, Tennis 
Court Road, Cambridge, UK, 2 Neurobiology Division, MRC Centre, Hills Road, 
Cambridge, UK, 3Ruhr Universitiit Bochum, Abteilung Molekulare Neurobiochemie, D-
4630 Bochum 1, Germany. 

Understanding the mechanisms by which survival factors suppress cell death in the 
nervous system is a major challenge. Of particular interest are the mechanisms that might 
be mobilised for protection against injury. In cultured rat sympathetic neurons which 
depend on NGF for survival it appears that apoptosis caused by withdrawal of NGF can 
be suppressed by NGF and other survival factors at the post-translationallevel ( 1 ). Thus, 
s ignalling systems, rather than gene expression, may lie at the core of the acute phase of 
cell death suppression (2). 

Analysis of death curves suggest that passage through the death commitment 
point of each individual neuron is a highly-cooperative process as opposed to a process 
comprising a sequen tia! series of steps. This behaviour best fits a catalytic mode of death 
si milar to what might be expected if ICE-like proteases were auto-activated to reach a 
cri tica! threshold, thereby unleashing apoptosis by simultaneous cleavage of numerous 
cellular targets. In light of such a death mechanism, it would seem most unlikely that 
convergence on a single intracellular event would be sufficient for survival factors to 
suppress apoptosis. Yet , we have found such a site of convergence in p21Ras, which is 
critica! in mediating survival induced by three survival factors - NGF, the cytokines LIF 
or CNTF, and the cA.\1P analogue CPTcAMP, as evidenced by neutralising p21Ras 
function using anti-Ras Fab antibody fragments (3). Moreover, activated p21Ras can 
sustain the survival anJ neurite regeneration of these neurons in the absence of NGF (4), 
suggesting that activation of p21 Ras is both necessary and sufficient for survival of rat 
sympathetic neurons. Thus, p 12Ras appears to be a critica! co-factor for survival in SCG 
neurons. 

Intrigued by this finding, we asked which factors might couple p21Ras to 
suppression of apoptosis? We first examined a role for the MAP kinase (or ERK) cascade 
but find that contra~ · to the reported critica! role of ERKs in mediating differentiation 
induced by NGF, ERhl do not appear to mediate the Ras-to-survival pathway by any of 
the three survival agents (5). Examining other activities which have been reponed to lie 
down stream of p21 Ras or lo act as co-stimulants, we ha ve investigated a role for 
ph osphatidyl inositol 3 kinase (Pl-3-K) using the pharmacological inhibitor L Y294002 . 
Whil st L Y294002 exerts no apparent effect on survival (over 1-2 days) it dramatically 
abo! ishes initiation of neurite outgrowth in response to NGF and the other survival 
f actors. This lack of initiation of neurite growth is not surprising since PI-3-K is a critica! 
mediator of vesicle f.r'.Jficking . More interestingly, however, LY294002 begins to inhibit 
survival in response 10 NGF after longer periods of incubation, raising the possibility that 
internalisation ofTrkA and vesicle traffic play an importan! role in mediating the survival 
cffects of NGF. IndeeJ. the qucstion of which signals reach the cell body from the targets 
which produce NGF is still unanswcred. A role for serum factors in enhancing the long
tcrm rescue of injured neurons by NGF has al so been noted. 

Withdrawal oí NGF may not necessarily lead to a simple reversa! of the positive 
signals induced by l\GF but rather could lead to the activation of an alternative pathway 
which is kept inhibited by NGF. We have been focusing for some time on the stress
activated signalling pathways (comprising c-Jun N terminal kinase (JNK) and p38) since 
these kinases are differentially activated in response to specific kinds of cellular stress in 
many cell types. Indeed, JNK is activated after NGF-deprivation and is suppressed by 
NGF and cyclic AMP even after severa! hours of increased activity (6). However, it is 
clear that JNK activi!}· per se is not sufficient to promote neuronal death and we think it 
unlikely that suppression of JNK activity is sufficient to rescue SCG neurons. 

The hatched part of the scheme summarises our findings on forward signalling 
induced by the survival factors in SCG neurons, the dotted part of the scheme summarises 
the s ignalling events associated with NGF withdrawal. The remaining elements are 
importan! targets for future investigations: 
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l. Edwards, S.N., Buckmaster, A.E. and Tolkovsky , A.M. •.199 1) The death programme in cultured 

sympathetic neurones is suppressed at the posttranslationalle'd by NGF, cyclic AMP and depolarization. 

J. Neurochem. :il. 2140-2144 
2. Tolkovsky A.M., Buckmaster A.E., Edwards S .N .. Nobes. C.D. and Virdee, K. (1996) Signalling for 

surviva1: the biochemistry of NGF-dependence in post-mitouc sympathetic neurons. In : Cellu1ar Aging 

and Cell Death (eds, N.J. Ho1brook, G.R. Martin and R.A. Lcdshin) Wiley-Liss Inc, New York. pp. 267-

282 
3. Nobes C.D. and To1kovsky A.M. ( 1995) Neutralising anti -p:1ras Fabs suppress rat sympathetic neuron 

survival induced by NGF, UF, CN1F and cyclic AMP. Eur. J Neurosci . ]_, 344-350 

4 . Nobes C.D., Reppas J.B., Markus A. and Tolkovsky A.M. (~ 996) Active p21Ras is sufficient for rescue 

of rat sympathetic neurons. Neuroscience 1Q, 1067-1079 

5. Vi rdee K and To1kovsky AM. (1995) Activation of p4 2 .illd p44 MAP kinases is not essential for 

suppressing apopotsis in NGF-dependent sympathetic neuron;._ Eur. J. Neurosci. ]_, 2159-2169 

6. Virdee K., Bannister A.J., and Tolkovsky, A.M. (1995) ld<ntification of JNK activi ty in symoathetic 

neurons following NGF withdrawal. Co1d Spring Harbar Pr~rammed Cell Death Meeting (Cold Spring 

Harbor, NY Sept 20-24, p177). 
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CHANGES IN GENE EXPRESSION DURING EXCITOTOXIC NEURONAL CELL 
DEATH. 

Britt Mellstrom & Jose R. Naranjo. Cajallnstitute, C.S.I.C. 
Av. Dr. Arce 37, 28002 Madrid, Spain. 

Excitotox.icity refers to the process of neuronal death induced by excitatory 

arnino acids. Abnormal accumulation of glutamate in the extracellular space after 
trauma, hypox.ia-ischemia, hypoglycemia and sustained epilepsy triggers neuronal 
injury that can be attenuated by selective glutamate receptor antagonists (for review 
see Lipton and Rosenberg, 1994). Intracellular Ca2

' overload, depressed rnitochondrial 

function and concomitan! generation of free radicals are thought to be the early 
cytoplasmic events that cause the neuronal damage in excitotox.ic processes (Choi, 
1 995; Coyle and Puttfarcken, 1993; Ankarcrona et al., 1995). Although the early 
induction oftranscriptionally competen! genes has previously been associated with 
excitotox.ic neuronal death, only recently has it been demonstrated that 
intemucleosomal DNA fragmentation and the requirement of protein synthesis, 
fea tu res of apoptosis, are al so involved in sorne models of glutamate-triggered delayed 
neuronal death. 

Efforts to characterize death-related target genes for transactivation after early 
gene induction ha ve fail ed to identify a common target in different models of cell 
death. Genes that have been shown to be induced in cell death processes include the 
heat shock hsp70 (Buttyan et al. , 1988), glycoprotein S-sulphate TRPM-2 (Buttyan et 
al., 1989), calmodulin (Dowd et al., 199 1 ), the non-characterized RP-2 and RP-8 
genes (Owens et al., 1991) and the genes for 13-galactoside binding protein (Goldstone 
and Lavin, 1991) and glutathione S-transferase (Briehl and Miesfeld, 1991 ). lnduced 
genes related to neuronal death include ubiquilin (Schwartz et al. , 1990), cyclin DI 
(Freeman et al.. 1994), the rat hairy-like gene rhl and genes for the extracellular matrix 
proteases transin and collagenase (Estus et al., 1994) and for acidic 40kDa protein 
(Montemayor et al., 1990). None ofthese genes has been implicated in NMDA
induced neuronal death, and so far no death-related target gene has been characterized 
during excitotoxicity. Here we will present the characterization by differential 
scrcening ofthe induction of gasl (growth arres! specific gene 1) during NMDA
induced neuronal death. 

Supported by CAM (C252/9 1 and AE0017/94). 
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Naturally occurring (programmed) and radiation-induced apoptosis 

are associated with c-Jun expression in the developing rat brain 

Isidro Ferrer and Anna M. Planas 

ABSTRACT 

Expression of the different members of transcription factors Fos and }un is 

examined in the developing rat brain. Constitutive expression of c-Fos, Fos

related, }un B and }un D, as revealed with immunohistochemistry, is higher 

and more widely distributed in the developing rat brain than in the adult. 

Selective strong c-Jun expression is observed in the cytoplasm and nucleus of 

apoptotic cells during the whole process of naturally occurring (programmed) 

cell death. Cells expressing strong c-Jun immunoreactivity are undetermined 

cells, neurons and astrocytes. Selective c-Jun expression is also observed 

following ionizing radiation in rats aged 3 days. Induction of c-jun mRNA, as 

revealed with in situ hybridization, occurs between 5 and 15 min following 

gamma-irradiation. Strong c-Jun protein expression appears at 2 h, peaking at 

6 h and decreasing thereafter to reach normal levels 48 h after gamma-ray 

exposure. Strong c-Jun protein expression is coincidental with endonuclease 

activation, as revealed with the method of in situ labelling of nuclear DNA 

fragmentation, and is restricted to apoptotic cells. Cycloheximide injection at 

the time of irradiation blocks c-Jun expression, thus indicating that c-Jun 

immunoreactivity is attributable to de novo protein synthesis. These 

observations demonstrate in vivo selective strong c-Jun expression associated 

with programmed cell death and ionizing radiation-induced apoptosis in the 

developing rat brain. 
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LEONIDAS STEFANIS 

Department of Pathology, College of Physicins & 
Surgeons of Columbia University, 

630 West 168th Street, New York, NY .10032 (USA) 

Induction of a DEVD-AFC/PARP cleavage activity in naive and neuronal PC12 
cells following withdrawal of trophic support 

Inhibitors of ICE and a related group of aspartases of the ICE/ced3 family inhibit apoptotic 
cell death in a variety of settings. However, the particular member(s) of the ICE/ced3 family that 
are relevan! to cell death in these paradigms remain to be determined. We ha ve previously shown 
that zV AD-FMK, a pseudosubstrate ICE inhibitor, and viCE, a novel ICE/ced3 peptide inhibitor, 
block apoptotic death in naive and neuronal PC12 cells and in syrnpathetic neurons following 
withdrawal of trophic support or oxidative stress. In the current study, we ha ve measured the 
enzyrnatic activity of two representative members of the ICE/ced3 family, ICE itself and 

CPP32/Yama/apopain, before and during the apoptotic death of naive and neuronally differentiated 
PC12 cells that have been deprived of trophic supporl To this end, we ha ve used as substrates 
radioactively labelled pll..l-~ and P ARP, the natural substrates of ICE and CPP32/Y ama/apopain 

respectively, and the synthetic fluorogenic substrates YV AD-AFC and DEVD-AFC, that mimic the 
cleavage sites on piLl-~ and P ARP respective! y. There was no detectable cleavage of YV AD-AFC 
or piLl-~ in cells undergoing apoptosis. By contras!, DEVD-AFC and tPARP cleavage activities 

were readily detected prior to apoptotic cell death and correlated with the rate of death. The kinetic 
properties of this activity resembled those reported for CPP321Y ama/apopain. A variety of agents 
that promote survival in our model, including a number of cell cycle blockers, ATA and bcl-2 

blocked the activation of the DEVD-AFCIP ARP cleavage activity, placing them ata point further 
upstream in the apoptotic cascade. Parallel assessement of jun kinase activity revealed that its 
activation temporally preceeded that of DEVD-AFCIP ARP cleavage. These results argue for the 
induction of DEVD-AFC cleavage activity being a relatively late event in the apoptotic cascade. The 
ICE inhibitor zV AD-FMK proved to be a superior inhibitor of the DEVD-AFC cleavage activity in 
vitro compared to YV AD-CMK, reflecting its superiority as a promoter of survival in our model 

and raising the possibilty that it is a more potent inhibitor of the family of ICE/ced3 aspartases in 
general. We tested the ability of zV AD-FMK to inhibit the activity/activation of DEVD-AFCIPARP 
cleavage in vivo, in PC12 cells following withdrawal of trophic supporl We found that the relative 
ability to block the activity/activation occured at doses about one order of magnitude lower than the 
ones required to promote survival Based on this dissociation, we conclude that the DEVD-
AFCIP ARP-cleaving aspartase is not the main death effector in our modeL It may instead serve a 

homeostatic function. Blockade of the activation and promotion of survival in neuronal! y 
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differentiated PC12 cells by actinomycin, an inhlbitor of transcription, argues for ongoing or novel 

transcription as a prerequisite for the induction ofDEVD-AFCIPARP cleavage in nemonal cells 

following trophic factor deprivation. This may also apply to the aspartase(s) that is (are) more 

directly related to cell death in this model 
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DISRUPTION OF THE bcl-2 LOCUS BY REPLACEMENT WITH THE lacZ GENE 

AND NEURONAL CELL DEATH 

T. M. Michaelidis, M. Airaksinen, J. Cooper, B. Holtmann*, M. Meyer, M. Sendtner*, 

and H. Thoenen, Department of Neurochernistry, Max-Planck-Institute for Psychiatry, 

8033 Planegg-Martinsried Germany; *Neurologic Clinic, University of Würzbürg, 97080 

Würzbürg, Germany. 

Bcl-2 is a major regulator of programmed cell death, a process which is critica! in shaping 

the developing nervous system. It is a membrane-associated protein, expressed in various 

places in the nervous system. This molecule, selectively protects cultured neurons from 

apoptosis induced by neurotrophic factor deprivation and its overexpression in transgenic 

animals prevents lesion-mediated motoneuron degeneration. However, its physiological 

function in the nervous system remains elusive. To assess whether and to what extent Bcl-

2 is involved in regulating neuronal survival and in the neuroprotective action of 

neurotrophic factors after axotomy, we generated transgenic rnice carrying a null mutation 

of the bcl-2 gene by homologous recombination. The second exon of bcl-2 which encodes 

most of the Bcl-2 protein was replaced by the E. coli lacZ gene. In this way, the lacZ was 

placed under the transcriptional regulatory sequences of the bcl-2 gene (including its 5' 

untranslated sequence, which might also have a regul atory role in its expression), 

providing a genetic marker of the mutation which allows us to monitor the developmental 

time course and the sites of bcl-2 expression. The basic phenotype of the bcl-2·1- mi ce was 

similar to that described earlier. In our analysis we ha ve focused on the effects of the 

absence of the bcl-2 gene in both the central and peripheral nervous systerns, at different 

developmental stages under physiological and experimental pathophysiological conditions. 

This study revealed that bcl-2 is an essential component of the mechanisms controlling 

neuronal survival during the early postnatal development. 
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GENETIC CONTROL OF PROGRAMMED CELL DEATH IN 
THE NEMATODE CAENORHABD/T/5 ELEGANS 

H. ROBERT HORVITZ 
Howard Hughes Medica! lnstitute, Department of Biology, 
MIT,Cambridge, MA 02139 USA 

Of the 1090 nuclei generated during normal development of the 
Caenorhabditis elegans hermaphrodite, 131 undergo programmed cell 
death. We have characterized develop-mentally, genetically and 
molecularly the roles of 15 genes that function in some or all of these 
programmed cell deaths. Four or five of these genes control the death 
process, six act in the phagocytosis of dying cells by their neighbors, 
and one functions in the digestion of the DNA of cell corpses. Three 
additional genes specify which cells will or will not express this cell 
death program. Some of these genes show structural and functional 
similarities to genes that act in cell death in vertebrales. For example, 
the nematode gene ced-9, which protects against programmed cell 
death in C. elegans, is similar to the human oncogene bcl-2, which also 
protects against cell death. The nematode gene ced-3, which causes 
cell death in C. elegans, is similar to the human gene that encodes the 
enzyme interleukin 1-beta converting enzyme (ICE), which can cause 
the programmed death of mammalian cells. The nematode gene ces-2, 
which controls the decision of specific neurons to survive or undergo 
programmed cell death, is similar to the human gene that encodes the 
bZIP transcription factor HLF (hepatic leukemia factor), which has been 
implicated in acute lymphoblastic leukemia and suggested to affect 
programmed cell death . The baculovirus protein p35, which protects 
cells from undergoing programmed cell death in nematode, insect and 
mammalian cells, acts by inhibiting the aspartate-specific cysteine 
protease activity of CED-3/ICE-Iike enzymes. These findings indicate 
that molecular mechanisms responsible for programmed cell death are 
broadly conserved among organisms as diverse as nematodes and 
humans. 
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The other side of death: molecular genetics of 
necrotic-like cell deathin C. elegans 

Monica Driacolt, Dept. of Molecular Biolo¡y and Bioehemistry, Center for Advaneed 
Biotecbnology and Medicine, Rutgera University, Piscataway, NJ USA 08865 (908) 235-

5193 driacoll @mbcl.rut2ers.edu 

We study the molecular genetics of necrotic-like cell death in the 

nematode C. ele.gans. Unusual dominant mutations in two genes, mec·4 

and deg-1, induce swelling and degeneration of the neurona that exprese 

these genes. mec-4 and deg-1 are members ofthe degenerin gene family 

related to vertebrate genes encoding subunits of the epithelial Na-t channel. 

Molecular analyses support a degeneration model in which the initial 

destructiva Bignal in mec·4(d.l·expressing neurona is generated via an 

aberrant channel which, when "locked" into an open conformation, allows 

toxic excess ion influx. 

Serial thin section electron núcroscopy has revealed that the earliest 

neuropathological changas in mec-4(d)-expressing neurona occur at the 

plasma membrana, where dramatic whorls of membrane appear. 

Membrane whorls move into the cytoplasm and large vacuoles appear. In 

the final stages of cellular demise, chromatin clumps and cytoplasm and 

organelles are degradad. The resultant degenerativa death corpses are 

removed via the activity of several ced genes that function to eliminata 

programmed cell death corpses. 

Some evidence suggests that necrotic-like swelling death can be induced 

by diverse injury signals. We are interested in identifying genes that might 

act downstream of damaging injury to execute degenerativa cell death. 

Toward thls end we are screening for death-suppressing mutations and we 

are testing candidata genes for involvement in the procese. 
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Control of Apoptosis in Drosophila 
Kristin White*, Julie Agapite, cerinda Carboy-Nevlcomb, Christopher 
Hynds, Anne-Francoise Lamblin, Kimberly McCall, Kim Mejia, Zhiwei 
Song, Jan Tittel, Elvan Tahaoglu*, Chia-Lin Wei, and Hermann Steller. 
Howard Hughes Medica! Institute, Depts. of Brain and Cognitive 
Sciences and Biology, MIT, Cambridge, MA 02139, USA. 
*: Cutaneous Biology Research Center, Massachusetts General Hospital, 
Charlestonw, MA 02129, USA. 

During Drosophila development, large numbers of cells undergo natural 
cell death. Even though the onset of these deaths is controlled by 
many different signals, most of the dying cells display common 
morphologica1 and biochemical changes that are characteristic of 
apoptosis in vertebrares (1 , 2). We have identified two genes, 
reaper and head involution detective (hid), which play a central 
control function for the activation of apoptosis in Drosophila (3, 
4). A small deletion that includes both genes protects against cell 
death in response to many dif ferent death-iDducing signals. The 
reaper gene i s specifical ly expressed in cells that are doomed to die 
and i s transcriptionally activated in response to many different 
death-inducing signals (3). This indicates that the integration of 
different signals occurs , at least in part, by a transcriptional 
mechanism. Ectopic express ion of ei ther reaper or hid activates 
apoptosis in cells that would normal ly live (4, 5). These ectopic 
deaths can be completely blocked by co-expression of the anti
apoptotic baculovirus p35 protein, suggesting that reaper and hid 
kill by activating a ced-3 /ICE protease pathway. We have identified 
severa! ced-J /ICE- like genes in Drosophila . One member of this 
family, DCP-1, is closely related to the ma~malian CPP32 gene and is 
ubiquitously expressed during embryonic development. Finally , we 
have designed a very sensitive and powerful genetic screening system 
to identify novel cell death genes . A large number of rnutations that 
either enhance or suppress reaper and/or hid-mediated apoptos is have 
been identified, and we are in the process of characterizing several 
of the correspondi ng genes. vie expect that this work will rnake a 
fundamental contribution to understanding both the molecular nature 
of the cell dea th program , and how that program is regulated by a 
variety of distinct signalling path,.;ays. 
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INSECT SYSTEMS FOR EXAMINING THE STEROID REGULATION OF CELL 
DEATH 

James w. Truman, Department of Zoology, Univer$ity of 
Washington, seattle, WA 9Sl95 · 

In insects, the steroid .hormones, the ecóysteroids are 
potent agents for inducinq programmed cell death. In moths 
and flies, insects with complete metamorphosis, the surges 
of ecdysteroids that direct metamorphosis also brinq about 
extensive degeneration of larval tissues so that they can 
later be replaced by the tissues of the adult. These surges 
of steroid may kill cell$ outriqht or they may work in 
col!1bination with other·signaling systems to evoke cell 
death. The talk will examine the role of ecdysteroids in 
causinq programmed cell death in various tissues in 
Drosoph!la and in the moth Manduca sexta. Emphasis will be 
on experimental and in vitro approaches that help identify 
cellular interactions that participate with ecdysteroids in 
inducing death. 

A primary interest is unaerstanding the molecular 
pathways that lead from reception of the steroid to the 
subsequent death of the cell. The talk will then deal with 
the ecdysone receptor (EcR) and various transcription 
factors that are ·members of the ecdysone-induced cascada. 
It will explore whether there are patterns of ~cR and . 
transcription factor expression that prestage the ·onset of 
degeneration and how these factors may then interact with 
genes that control cell death such as the reaper gene of 
Drosophila. 
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PROGRESSIVE MOTOR NEURON DEATH IN AN ANIMAL MODEL OF 
FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS. 

AZZOUZ M GURNEY M* • LECLERC N, WARTER JM, POINDRON P, and 
BORO J. 
Département d'lmmunologie, /mmunophannacologie el Patlwlogie, Centre de Recherche 
Phannaceutiques, BP 24, F-67401/LLKIRCH cedex, France. * Pharmacia & Upjohn
CNS Research, 301 Henrietta Street, Kalamazoo, M/49001, USA. 

Mutations of Cu,Zn superoxide dismutase (SOD) cause an autosomal dominant 
fonn of familial amyotrophic lateral sclerosis (ALS). An animal model of the disease has 
been produced by expressing mutant human Cu,Zn SOD containing a glycine93 -> alanine 
substitution (G93A) in transgenic mice (1). In order to quantify the dysfunction of the 
motor unit in G93A transgenic rnice and to identify the origin and the. specificity of the 
motor defects, electromyographic recordings were performed during the course of the 
disease. The first alterations in neuromuscular function appeared between P63 and P90, 
i.e before the clinical symptoms. The deficits became even more striking after PlOO: 
Compound muscle action potential (CMAP) in the hindlimb decreased by 80 % of initial 
value. Signs of collateral reinnervation were found at PlOO, but disappeared at later 
stages. Denervation signs also appeared progressively during the study and were 
measured in more than 50% of transgenic rnice; these spontaneous fibrillation potentials 
(SFP) were frequent and appeared before fasciculation potential (FP), as is usually the 
case in a deficit of neurogenic origin. The number of motor units in the gastrocnemius 
muscle was progressively reduced over time, down lo 28% of the initial value at Pl30. 
This decrease was concommittent with lhe decrease of CMAP and the appearance of SFP. 
The dysfunctions measured by EMG recording became more severe, in parallel with the 
intensification of the clinically significanl paralysis. However, motor unil potential 
(MUP) did not vary significantly during the study, confinning that the disease was not of 
myogenic origin. On the other hand, CMAP measured after stimulation of the facial nerve 
were nol modified, suggesting thal the function of upper motor neurones was not affected 
despile previously documenled vacuolar changes. Neither was the conduction velocity in 
sensory nerves altered. This study showed a biphasic progression of the motor unit 
dysfunctions in these G93A SODl mice, wilh a transition point at PlOO. lt suggests that 
al least two components may be involved in the progression of the disease. 
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Pharmacological agents that increase intracellular glutathione arrest the 

programmed and injury-induced death of motor, but not sensory neurons 
in the developing chick embryo. 

M.J. Burek., R.W. Oppenheim, D. Prevette, C. Milligan, A.C. Lo, and J.E. Caldero, Dept. 
Neurobiol. and Anat., Bowman Gray School of Medicine, Winston-Salem, NC 27157 

In the developing chick embryo large numbers of sensory and motoneurons 
undergo programmed cell death (PCD) when these cells fail to access target-derived 
trophic factors essential for their survival; an ontogenetic process that matches the 
number of sensory and motoneurons to the size of their efferent targets. Since PCD 
may also be induced in these neuronal populations by injury and/or disease we are 
interested in characterizing the molecular mechanisms by which sensory and 
motoneurons undergo PCD. One hypothesis which has received considerable recent 
attention is that an increase in intracellular reactive oxygen species (ROS) directly or 
indirectly triggers the programmed demise of developing neurons. To test this 
hypothesis we determinad whether manipulations which increase the cellular anti
oxidant glutathione (GSH) can attenuate the programmed and induced death of 
sensory and motoneurons. GSH counteracts ROS by reducing the hydroxyl radical, 
and also by serving as a co-substrate for the detoxification of H202 by glutathione 
peroxidase. We have found that administration of n-acetylcysteine (NAC) and 
glutathione ethyl ester (GSH-EE), compounds which increase GSH, arrest the 
programmed death of motoneurons in vitro and in vivo. In addition, these compounds 
also protect motoneurons from death induced by deafferentation and axotomy. These 
observations indirectly implicate oxidants in motoneuron death and suggest that, in 
addition to neurotrophic factors (e.g. GDNF), amino acid analogs such as NAC may be 
of therapeutic value for reducing the pathology-induced demise of motoneurons in 
vivo. In contrast, since pharmacological agents that increase GSH failed to rescue 
sensory neurons from programmed, deafferentation, and axotomy-induced cell death 
in vivo, it suggests that sorne forms neuronal death may occur independent of the 
cellular redox state. To address this issue we are currently measuring changas in RO~ 
during the in vitro PCD of both sensory and motoneurons. Also, experiments are 
under way that will discem whether oxidants induce motoneuron PCD directly, by 
causing cellular damage, or indirectly by signaling other molecular events critica! for 
neuronal death (such as activation of the redox sensitiva transcription factor NF-kB). 
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ACCUMULATION OF C-JUN PROTEIN IS ASSOCIATED WITH THE EARLY 
PHASES OF NORMAL AND INDUCED APOPTOTIC CELL DEATH IN DEVEWPING 
NERVOUS SYSTEM 
J.E. Esguerda, J. Calderó, A Casanovas, D. Ciutat, J. Ribera.and O. Tarabal Urúversitat 

de Lleida, Dpt. Ciencies Mediques Basiques, Urútat de Neurobiologia Cel.lular, Avda Rovira 

Roure 44, 25198, Lleida, Spain. · 

The association ofinducible transcripcion factor c-jun with normal or pathologically induced cell 

death at developing neuromuscular system was investigated. A polyclonal antibody against an 

amino terminal peptide sequence ofmouse c-jun were used. In the chick embryo, motoneurons 

with c-jun positive immunoreactivity were transiently observed in the spinal cord lateral motor 

column in a period (E7 -E8) coincident with the maximum accumulation of pyknotic motoneurons 

during physiologically-ocurring motoneuron death. Fluorescent double labeling demonstrates that 

motoneurons with positive c-jun immunolabeling also contained fragmented DNA evidenced by 

TUNEL procedure. Immunoreactivity to c-jun in dying (apoptotic) motoneurons sharply 

delineates the somata in continuity with varicose profiles corresponding to dendrites and axons 
in a Golgi-like stairúng pattem. Positive labeling was also seen inside the nucleus, but in areas in 

which fargmented DNA is accumulated fornúng dense spherical masses, c-jun immunoreactivity 

was excluded. However, a number of apoptotic bodies displaying positive TUNEL reaction are 

devoid of c-jun immunoreactivity. Similar finding were observed in dying neurons of dorsal root 

ganglia. Excitotoxic motoneuron death was elicited by in ovo administration ofNMDA; in this 

situation dying motoneurons display morphological features of necrotic form of cell death instead 
of apoptosis and they do not shown detectable c-jun immunoreactivity. During normal or altered 

chick embryo development, Schwann cells and muscle cells also undergo a physiologically

regulated process of progranuned cell death with morphological and histochemical characteristics 

of apoptosis (Ciutat et al, J Neurosci in press, and Calderó et al, J Comp N euro! submitted); in 

these cases apoptotic Schwann or muscle cells also displayed c-jun positive immunoreaction. 

Westem blot analysis ofspinal cord extracts from chick embryos, demonstrated that the antibody 

recogrúzes a 39 kDa band that was present in maximum amount on E7-E8. Motoneurons from 

young rats die by apoptosis when were disconnected from their peripheral targets by perpheral 
nerve axotomy (Casanovas et al, Neuroscience 71:313-325, 1996) and positive c-jun 

immunoreactivity was also evidenced in these cells. lt is concluded that c-jun accumulation is 

associated with the early stages of apoptosis in a variery of neuronal and non-neuronal cells. 
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BDNF CAN PREVENT EARLY PROGRAMMED CELL DEATH IN NEUROBLASTS 

FROM EMBRYONIC CHICKEN RETINA RESULTING IN A IDGHER PRODUCTION 

OF RETINAL GANGLIO N CELLS. 

1M Frade'1, E Martí§, MA Rodríguez-Peña•, P Bovolenta1, MA Arribas1, Y-A Barde' and A Rodrígucz

Tébar1. 

'Instituto Cajal (C.S.I.C.), Madrid (Spain). 1 Max-Pianck lnstitut flir Psychiauie, Martinsríed (Gcrmany). • Instituto 

de Investigaciones Biomédicas (C.S.I.C.), Madrid (Spain). 

Neurotrophins are known to be trophic factors for neurons during the period of target inncrvation. 

Nevertheless, there is a previous period of programmed cell death (PCD) which takes place in 

neuroblasts undergoing differentiation. Although known for decades, it is not clear how this kind of 

early PCD is regulated. To address this question we are currently looking for the implication of 

neurotrophins. 

Embryonic chicken retinas, as expected, showed two temporal peaks of laddering (i .e. apoptotic 

PCD) when genomic DNA isolated from different retina! stages was fractionated in agarose gels, the 

first peak corresponding to the main onset of differentiation which takes place at embryonic da y 6 

(E6) and the second one related to programmed retina! ganglion cell death (El2). Apoptotic nuclei , 

revealed by means of TUNEL staining, showed also a temporal pattem which was consisten! with 

that ofDNA fragments one in agarose gels. 1251- BDNF was shown to bind retina! dissociated cells 

also in a double-wave temporal pattem that resembles that of apoptotic cell death. Moreover, trkB 

message, detected by Northem blot and in si tu hybridization, displayed a two-peak temporal pattern 

as well. E6 retinas from in vivo BDNF-, but not NGF-treated chicken embryos were totally 

prevented of apoptotic PCD as revealed by both agarose gel laddering and TUNEL staining. 

Furtherrnore, four-fold more retina! ganglion cells (RGC) were generated in the former ones, as 

revealed by the increasing of an specific marker and the total number of axons presented in the optic 

nerve. Moreover, TUNEL-positive!RGC-specific-marker-positive double labeled neuroblasts could 

be readily detected as they were migrating to the ganglion cell !ayer, suggesting that the increasing in 

RGC numbers is dueto neuroblast survival in presence ofBDNF. 

These data strongly suggest that early cell death is implicated in the RGC's neurogenesis and that 

BDNF is able to rescue neuroblasts from cell death in vivo in central nervous system. 
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Genetic coaverge.nce of differe.nt transtluctiOD p,tbways ncul~ttiog oearoOAl 1urviv¡}, 

Gaiddon, C., Barthe!, F., Crochemore, C, Kieolen-Campard, P., Larmet, Y. and Loeffler,J.-P. 

CNRS URA 1446, IPCB 21, rue R. Descartes, 67084 Strubourg Ccdex FRANCE. 

In the nervous system differeot metab>tropicpathways are able to mediatt survival signals. For =pie, neurotrophin

activate:i signaliog systems as well as Ca2+- or cAMP-depeodent pathways ex:ert IICilroprotective effects. lo primary 

cultures of cereldlar neurons, neuronal apoptosis induced by K+ deprivation is revened by BDNF or PACAP treaonents, 

which actívate respective! y the trk- or cAMP-dépeodent pathways. At the molecukr level, neuroprotective activities are 

correlated with ao iocrease in the expressioo of several immediate early gen(S, iocluding c-fos ande-jun. We focused our 

atteotioo oo the transcriptiooal regulation of the c-fos prometer by the neurotrophin-. Ca2+- and cAMP-depeodent 

pathways. Thcse regulatory pathways are largely iodependent at the cytoplasmic leve!. lrtieel, only PACAP (as 

Jorskoline) inmases cAMP le veis, BD~F or higb leve! of K+ being witbout effect Similarly, only K +-mediated 

depolaritation significantly increases intracellular free Ca2+. Finally, inactivation of the cAMP dependen! kinase (PKA) 

with a dominant inhibitor mutaot of this enzyme suppress PACAP or forskolio med.iated c-fos tra.nscription but does not 

modify the stimulation effect.s of BD:t-.'F or K+. However, at the nuclear leve!, BDNF, cAMP and Ca2+ appears to operate 

by similar tr¡¡.ns-activ;Uion mechamsms. We show that tbey ultirr..ately recruit the same cis-acring r~ulatory demeots: 

CRE, SRE and. F AP prcsent in the 5' regulatory flanking region of the dos prometer. Moreover, using a Gal4~REB 

fusion proteio sysrem, we demoostrate that althougb the BDNF- and Ca2+-activated patbways are independent of PKA, 

b>th activare the transcription factor CREB by ph~borylat i on of ser 133. Our resuhs suggest that trk, Ca2+ and cAM.P 

dependent pathways may rc.,<TUiate neuronal sur viva! througb similar nuclear targets. 
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Modulation of Bcl-2, Bcl-X, Bax, and c-I•os cell death effector protein 
expression during neuronal cell death in vivo and survival-promoting effects of 
e-jos antisense oligodeoxynucleotides in vitro 
F. Gillardona, C. Lenza, C. Behlb, E. Ublmannc, J.C. Reedd, and M. Zimmennanna 
aphysiologisches Institut, Universitat Heidelberg, bMPI f"ur Psychiatrie, München, cHoechst 
AG, Frankfurt, Germany; dLa )olla Cancer Research Foundation, La Jolla., USA 

Permanent occlusion of the middle cerebral artcry (M CA) in rats was used to assess the effects 
of focal cerebral ischemia on the expression of members of the bcl-2 gene family which have 
been implicated in the regulation of programmed cell death. Aft.er 6 hours of intraluminal MCA 
occlusion ischemic cell damage was detecte<! within the ipsilateral caudate putamen, basolateral 
cortex and parts of the thalamus using magnetic resonance imaging and nitro blue tetrazolium 
staining of brain sections. 1n the infarcted baso lateral cortex and thalamus fragmentation of 
DNA was frequently observed in neuronal nuclei using in situ end-labeling of DNA breaks by 
terminal transferase, whereas only scattered labeled nuclei were visible in the infarcted caudate 
putamen. Immunohistochemical analysis revealed activation of e-Pos in neurons of the infarcted 
cortex and thalamus and in ~e non-í.o!ar_cted cingu~~ cortex. A decrease in immunor~ctivity 
for Bcl-2 and Bcl-X andan mcrease m 1mmunostammg for Bax was observed exclus1vely in 
neurons withín the ischemic cortex and thalamus. Within the infarcted caudate putamen 
however, protein levels of Bcl-2 family members declined and c-Fos remained absent RT -PCR 
revealed a pronounced decrease in bcl-2 mRNA levels in the ischemic hemisphere, whereas the 
amount of bax mRNA was significan ti y elevated despite an ischemia-induced suppression in 
total RNA synthesis. Taken together, a decrea:se in immunoreactivity for Bcl-2, Bcl-X, Bax, 
and absence of c-Fos was observed within the ischemic caudate putamen where blood flow is 
lowest during MCA occlusion and overall protein synthesis is severly suppressed. Low 
incidence of nuclear DNA fragmentation in the ínfarct.ed caudate putamen may indicate that the 
majority of neurons in the infarct core die by necrosis. ln the basolateral cortex and the 
thalamus however, there was a strong spatial correlation between ischemic cell damage, 
appearance of nuclear DNA breaks, activation of c-Fos, and modulation of Bc\-2, Be!-X, and 
Bax expression. In these brain regions, a shift in the ratio of cell death repressors Bc!-2 and 
Bcl-XL to cell death effectors Bax and c-Fos following ischemic cell damage may lead toa 
derepression of the cell death programme and subsequent neuronal apoptosis. 

Amyloid fl protein (A~) has been implicated in the pathogenesis of Alzheimer' s disease ( AD) 
since mutations in its precursor protein lead to tbe overproduction of Ap in some cases of 
familial AD and since A~ is directly toxic to neurons in culture. Although the molecular 
mechanisms by which Atl causes neuronal death are not complete! y understood, severa! in vitro 
studies suggest an Atl-mediated increase in oxidative stress or destabilization of calcium 
homeostasis. Since both oxidative stress and calcium influx induce a rapid expression of c~fos 
proto-<>ncogene in various cells in culture, and since increased immunoreactivity for Fos protein 
has been reported in AD brains, we investigated whether c-Fos is induced in cultured neurons 
following exposure to A~and whether its activation may play a causal role in Al> neurotoxicity. 
Following treatment of a hippocampal neuronal cellline (HT-22) with A~ (2 ¡.¡M) number of 
neurons showing nuclear c-Fos immunoreactivity increased to maximallevels at 1-2 h after 
addition of Ap, remained elevated up to 4 h and declined thereafter. Pretreatm~t with partially 
phosphorothioated c~fos antisense ODNs (S ¡.¡M) significantly attenuated the mcrease in .c-Fos 
immunolabeling 2 h after exposure to AP. whereas random sequence: control ~DNs d1d not 
show any inhibitory activity. Inhibition of Afj-jnduced c-Fos express10n by annsense ODNs 
significantly (P<O.Ol, student' s t-test) increased cell survival following Atl challenge compared 
to control cultures as assessed by MTf assay. Thus, activation of e-Pos rnay not J?erely ref?ect 
an A~-mediated deregulation of signal transduction pathways and may not be m:volved m a 
protective cellular stress response following exposure toA~. but rnay be causally linked to AP 
neurotoxicity. 
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Neurodcgenerntion-associated exprcssion uf cathepsin D 

Micha! Hetman. Robcrt K Filipkowski , WoJciech Danysz# and Leszek Kaczrnarck 
Nencki Institutc, Warsaw, Poland, #Merz+Co . Frankfurt!Main. fRU 

Programmed cell dcath, lllCiuding that occurring in thc ncrvous system. is 
thought to require activity of proteases . However, little is known nbout the 
engagement of lysosomal proteolytic machincry in the neuronal cell death W e ha ve 
investigated exprcssion of cathepsin D (CatO), major lysosomal aspartic protcasc, 111 
two motkls of neurodegencration . Kainic acid, agonist of glutamate receptors. evo k es 
prolonged seiwre:; followed by neu ronal death in the limbic system ofthe rat. rv1K-
80 l. NMDA receptor antagonist . causes neurodegeneratiun in rat 1 ctrospleniul co11ex 
We f()und that. CatlJ mRNA leve! increased in limb1c structures of rats trcatcd 
mtrilpentoneally with 1 O rng/kg of kaillate and in retrosp lcnial cortex of animals 
rcceiving mtraperitoneal injection of S mglkg of MK-80 l . This increa:;e was obscrvcd 
24 hours- 7 days after ea eh kind of treatment, i e. at the time when neuronal ccll death 
occurred. Immunohistochemistry petformed 72 hours afler thc trcatments, 
demonstrated elevated tmmunoreact ivity for CatD localized mainly to dcgcnerutmg 
ncurons appearing in response to both MK-80 1 and kainatc. Whereas apoptotic DNA 
rragmentation was found in kainate-evoked braln degencration, no dear evidencc for 
this altera t; on was provtded 111 MK-801-evoked retr o~ plenial damagc. Thu s, kai n<tle
and MK-80 1- evoked neuronal degenerations. although apparently ditfcrcntially 
cngaging enclonudeoly ti c mach111ery, seem to share thc upregulation of' cathcpslll D 
ex pre::;s10n 
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P53 EXPRESSTON INDUCES APOPTOSIS IN HIPPOCAMPAL PYRAMIDAL 
NEURON CULTURES. 
Joaquín Jordán and Richard J. Miller 
Department of Pharmacological and Physiological Sciences 947 East 58th Street, 
Chicago, IL 60637 

The death of populations of neurons occurs naturally during thc development of the 
nervous system. It is dear. that during this process ncurons die by programmed cell death 
(PCD) or apoptosis. However, it is now also believed that the death of neurons in certain 
disea$~ , including stroke Al7.heimer's disease and AIDS-associated dementia, may be dueto 
events relatcd to or identical to those occurring during development. It is clearly import:mt 
therefore to understand the molecular basis of apoptosis in neurons and how these events 
can be manipulated. 
Studie.s on a variety of cells havc started to define the steps that are involved in apoptosi! 
under different conditions. It is believed that the final common pathway that produces PCt 
operates in the cytoplasm and is probably common to most if not all cells. Severa! classes o. 
proteins have powcrful modulatory effects on apoptosis. Prominent among these are a grou1 
of "tumor su.ppressor proteins " that include the p53 gene product, the retinoblastoma gen¡ 
product and severa! inhibitors of the cyclin dependcnt kinases, particularly th¡ 
p21 / '\"AF1/CIP1 protein (p21). The p53 protein plays a central role in the cellular response te 
DNA camage. It is believed that following DNA damage p53 is responsible for arresting th. 
cell c:cle so that DNA repair can occur and that it is also responsible for activating apoptoti· 
pathways if repai.r seems impossible. Consistent with this idea is the finding that induction o 
overexpression of p53 following irradiation or DNA damaging ("genotoxic") drugs causes ce1 
cycle arrest and/or apoptosis in a variety of ce!l types. It is therefore interesting that excltotox.i 
stimulation has been shown to stimulate p53 production by neurons and it has been suggeste• 
that this is responsible for triggering apoptosis under these circumstances. Although th..i 
seerns to be an interesting possibility, it should be noted that virtually all stud ies on the rule < 
turno: suppressor genes in apoptosb have been carried out on dividing cells. It is not know 
whether p53 actually causes highly diffcrcntiated, post-mitotic cells such as neurons to die a.n 
if so, precisely how this process is manifest in such cells. In the present series of Shtdies "' 
thererore set out to answer this question Our studies examined thb issue and provide suppo 
for a :ole for p53 in neurodegenerative disease. Our data show that overexpression of tf. 
tumo ~ suppressor gene p53 in cultured rat hippocampal pyramidal neurons using a 
ader.c:-\·iral vector cau._c;ed widespread neuronal death. Cell dcath under these circumstanc< 
exhibitcd features typical of apoptosis. X-irradiation of these neurons also produced cell deat 
associated with features typical of apc••1tosis and was accompanied by the indu.ction of p~ 
immunoreactivity. Overexpression of the retinoblastoma gene product blocked irradiatic 
induced neuronal death, whereas overexpression of the cyclin dependent kinase inhibitor p : 
did not. Treatment of neurons with transforming growth factor-~1 or overexpression of tl 
enz}"::'te superoxide dismutase also protected them from irradiation. These results a 
consistent with a possible role for p53 in neurodegenerative disease. 
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INSULIN, ACTING AS AN EMBRYONIC GROWTH FACTOR, 

PREVENTS APOPTOSIS IN CHICK EMBRYOS. 

A. V. Morales, J. Serna, C. Alarcón, E. J. de la Rosa and F. de Pablo. Dept. 

Cellular and Developmental Biology, Centro de Investigaciones Biológicas 

CSIC, Velázquez 144, E-28006 Madrid (Spain). Fax 341/5627518. E-mail 
CIBMG7R@PINAR1.CSIC.ES . . . 

Development proceeds orderly as a result of the modulation of the instrinsic 

developmental stage of the cells by signals coming from the cellular 

environment, including multiple growth factors and cytokines. In response to 

tlús orchestrated signalling, the embryonic cells proliferate, differentiate and 

survive. lt is becoming evident that many events triggered by growth factors 

during vertebrate development may use apoptosis as a default pathway. 

Among the signalling factors acting on a broad range of cell types, insulin 

has been exploited over decades to support the growth of cultures of almost 

any cell type. Paradoxically, its recognition as an embryonic growth factor is 

very limited. We have previously demonstrated that insulin is expressed in 

the very early, prepancreatic, chick embryo and promotes growth in early 

organogenesis. Insulin, as well as insulin-receptor mRNAs are widespread in 

neurulating chick embryos, as shown by in situ hybridization. To further 

characterize the role of insulin in the neurulating chick embryo, we have 

studied apoptotic cell death in whole HH 1 O embryos ( 1 O so mi tes) cultured in 

defined medium, a growth factor-deprived situation. In these cultures, the 

embryonic cells undcrgo progressive apoptosis, evident by their pyknotic 

nuclei . Exogenous insulin (1 o·8 M) added to the culture rescued by itself 

about half of the cells. Conversely, oligonucleotides against insulin mRNA 

and insulin receptor mRNA induced in the cultured embryos up to two-fold 

increase in the proportion of apoptotic cells. The insulin antisense 

oligonucleotides indeed decreased the biosynthesis of insulin

immunoreactive material by the embryo. Further more, in ovo treatment with 

AR provoked a 55% increase in apoptotic cells. These facts confirm the 

fisiological relevance of insulin signaling events on cell survival during early 

development. 

Related references: 
Pérez-Villamil et al. (1994). Endocrinology 135, 2342-2350. 
De Pablo and De la Rosa (1995). Trends Neurosci . 18, 143-150. 

Hernández-Sánchez et al. (1995) . Proc. Natl. Acad. Sci. USA 92, 9834-9838. 
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TIMING OF NEURONAL DEATH IN trkA, trkB 
and trkC MUTANT EMBRYOS DEMONSTRATES 
NEUROTROPHIN SWITCHING IN 
DEVELOPING TRIGEMINAL NEURONS 

Luzia G.P. Pinon 1, Liliana Minichiello2, Rudiger Klein2 and Al un 
M. Davies1 -
Sch. of Biol. & Med. Sci., Bute Medica! Buildings, University of 
S t. Andrews, Fife KY 16 9AT, Scotland. 2oiff. Prog., EMBL, 
D-69012 Heidelberg,Germany 

The sensory neurons of the embryonic mouse tri geminal 
ganglion are supported in culture initially by BDNF and NT3 and 
later switch to becoming NGF-dependent. To determine if thi s in 
vitro switch in ncurotrophin responsiveness is ph ys iolog ica ll y 
rclevant, we studied the timing of neuronal dcaú1 in ú1c tri geminal 
ganglia of embryos ú1at ha ve null mutations in tilc t rkA, trf.:.B and 
trkC genes which encodc receptor tyrosine kinases for NGF, DDNF 
and NT3, respec tive! y. In wild typc cmbryos, ú1 c numhcr of 
pyknotic nuclei increased from Ell to peak bctwccn E13 and El4 
and decreased grad uall y at later ages. Neuronal dcath in tl1c 
uigeminal ganglia of rrkA -1- embryos al so peaked betwccn El ::\ <md 
E l4, but was almost lJ1rec-fold grea ter than in wild typc ernbryos at 
Uli s stage.There was a grea t increasc in the number of pyknotic 
nuclei in thc tri geminal ganglia of rrkB-1- at Ell and E12. Counts 
of t11e total num ber of neurons in E l3 tri gcminaJ g<mglia rcvcalcd a 
marked dccrcasc in trJ.:.B-1- but not rrf.:.A -1- or rrfi. CI- embryos. 
Consistcnt wit11 t11e latcr onset of excessive neuronal dca t11 in trkA-

1 - embryos, therc was a markcd decrease in thc neuronal 
complement of t11e trigeminal ganglia of trJ.:.A-1- embryos at E15 . 
Thcsc results dcmonstrate ú1at TrkB signaJling is required for tll e in 
vivo survival of many trigeminal neurons during thc carly stagcs of 
targct ficld inncrvation bcforc they hccomc NGF-dcpcnclcnt. 
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SPHINGOSINE-1-PHOSPHATE, A NOVEL LIPID SECOND MESSENGER IN 
NEOROTROPHIN SIGNALING PATHWAYS IN PC12 CELLS 
Grisha G. Pirianoy. Ricardo A. Rius and Sarah Spiegel, Department of Biochemistry 
and Molecular Biology, Georgetown University, Washington DC 

Members of the tumor necrosis factor superfamily, TNF-a., Fas ligand and nerve 
growth factor (NGF) have been shown to stimulate the activity of 
sphingomyelinase, which catalyzes sphingomyelin degradation and results in the 
formation of ceramide. Breakdown products of membrane sphingolipids, 
including ceramide and sphingosine-1-phosphate (SPP), are now emerging as a 
new class of lipid second messengers. Although most of the effects of NGF are 
mediated by pi4Qtrk, the high-affinity NGF receptor, sorne effects may involve 
the low affinity NGF receptor p7SNTR, which has structural homology with the 
TNF-a. receptor and activates the sphingomyelin cycle (Dobrowsky et al., 
Science, 265:1596, 1994).However,we have previously shown in rat 
pheochromocytoma PC12 cells that NGF activates cytosolic sphingosine kinase, 
which catalyzes the phosphorylation of sphingosine to produce SPP.Further 
studies also indicate that activation of TrkA kinase is required for NGF-induced 
activation of sphingosine kinase.To further substantiate a potential role of SPP in 
the pleiotropic cellular response induced by NGF, we examined its effect on 
survival of PC12 cells. SPP not only mimicked the effects of NGF on cellular 
proliferation, it also prevented programmed cel! death (apoptosis) and decreased 
genomic fragmentation caused by serum deprivation. SPP also attenuated 
apoptosis induced by UNC-01, a selective inhibitor of calcium-dependent protein 
kinase e isoenzymes or by dimethylsphingosine . Thus, similar to other growth 
factors, such as insulin and IGF-1, SPP is a survival factor for neurons. We 
propase that different signaling pathways regulate the dynamic balance between 
levels of sphingisine metabolites, ceramide and SPP, may determine whether a 
cell survives or dies.The beneficia] effect of SPP in preventing apoptosis might be 
important for those diseases in which apoptosis may contribute to the pathology, 
including AIDS, neurodegenerative diseases, such as Alzheimer's and Parkinson's 
disease, ischemic stroke, and even normal aging. 
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Opposing Effects ofERK and JNK-p38 MAP Kinases on Apoptosis 

Zhengui Xia, Martin Dickens, Joel Raingeaud, Roger J. Davis, Michael E. 
Greenberg* 

Apoptosis plays an important role during neuronal development and defects 

in apoptosis may underlie various neurodegenerative disorders. To characterize 

molecular mechanisms that regulate neuronal apoptosis, the contributions to cell 

death of rnitogen-activated protein (MAP) kinase farnily members, including ERK 

(extracellular signa! regulated kinase) , JNK (c-Jun NH2-terrninal protein kinase) and 

p38, were exarnined after withdrawal of nerve growth factor (NGF) from rat PC-1 2 

pheochromocytoma cells. NGF withdrawalled to sustained activation of the JNK 

and p38 enzymes and inhibition of ERKs. The effects of dominant-interfering or 

constitutively activated forms of various components of the JNK-p38 and ERK 

signaling pathways demonstrated that activation of JNK and p38 and concurrent 

inhibition of ERK are critica! for induction of apoptosis in these cells. Therefore, 

the dynamic balance between growth factor-activated ERK and stress-activated 

JNK-p38 pathways may be important in determining whether a cell survives or 

undergoes apoptosis. 
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* : Out of stock. 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers : V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA - Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdomenech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J . M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on P.olyamines as 
Modulators of Plant Development. 
Organizers : A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J . P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J . Ortín. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Cells. 
Organizers : N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T. A. Sp ringer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro
teases and Their lnhibitors: Funda
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Larner. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor· 
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrales. 
Organizers: R. Baker and J. M. Delgado· 
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors ·1o Workshop on Engineering Plants 
Tell the Brain? Against Pests and Pathogens. 
Organizers: C. Belmonte and F. Cerveró. Organizers: G. Bruening, F. García-

Olmedo and F. Ponz. 
.2 Workshop on DNA Structure and 

Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

.3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. Vega. 

Organizers: F. Álvarez and S. Conway 
12 Workshop on Reverse Genetics of Morris. 

Negative Stranded ANA Viruses. 
.4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A. 

of Zea Mays. Melero. 
Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. .13 Workshop on Approaches to Plant 

Hormone Action 
·s Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers: A. Arnaiz-Villena and P. .14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

.6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. .15 Workshop on Signal Transduction by 
Organizers: P. Bateson and M. Gomendio. 

Growth Factor Receptors with Tyro-
.7 Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato andA. Ullrich. 
Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

·a Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- •17 Workshop on Cell Recognition During 
pression in Yeast. Neuronal Development. 
Organizers: C. Gancedo and J. M. Organizers: C. S. Goodman and F. 
Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 

'20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J . Portugal. 

' 22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López· 
Barneo. 

' 23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa
gation PromoteéJ by Plasmids. 
Organizers : C. M. Thomas , E. M. H. 
Willington, M. Espinosa and R. Díaz 
Orejas. 

'24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. · 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
ANA Viruses. 
Organizers: J . J . Bujarski, S. Schlesinger 
and J . Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J . Modolell and P. Simpson. 

• 27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J. Downw&rd, E. Santos and 
D. Martín-Zanca. 

28 Workshop on Human and Experi
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

• 29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

•.30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Veast Morpho
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Coen, Zs. Schwarz
Sommer and J. P. Beltrán. 

37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers : M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timmis and J . L. 
Ramos. 

40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hem.ato

poietic Cells. 
Organizers: J . León and R. Eisenman. 
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41 Workshop on Three-Dimensional 
Structure of Biological Macromole
cules. 
Organizers: T. L Blundell, M. Martínez
Ripoll, M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

44 Workshop on Selective Gene Activa
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin , R. Di Lauro , P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo· 
compatibility Complex Antigens. 
Organizers: J. Strominger. L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A: Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers : B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

49 Workshop on Transcriptional Regula
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín . 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

Out of Stock. 

51 Workshop on Mechanisms of Ex
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA· 
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 
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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 1988 through 1995, a 
total of 83 meetings and 7 

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 1st through the 3rd of July 1996, 
at the lnstituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


