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Psychic disorders, basal ganglia, and Parkinson 's disease 

AGID Yves 

CIC, Fédération de Neurologie et INSERM U 289, H6pital de la Salpetriere, Paris, France 

Parkinson' s disease is characterized classically by the progressive development of 

motor symptoms (bradykinesia, plastic rigidity, rest tremor) with an asymetric onset, well 

responding to levodopa treatment. Parkinsonian patients also present intellectuel (from 

executive dysfunction to dementia) and affective (from anxiety and depression to confusional 

states and hallucinations) disorders. As a result of recent discoveries concerning the anatomo­

functional organization of the basal ganglia and cerebral cortex, the mechanisms of psychic 

disorders in patients start to be elucidated, including: nigro-striatal and extra-striatal 

dopaminergic dysfunction; dopaminergic and non-dopaminergic lesions; subcortical and 

cortical involvement; degenerative and non-degenerative cell loss. Parkinson's disease 

therefore appears as a heuristic model to understand human psychopathology. Conversely, the 

pathophysiology of mental disorders in Parkinson's disease allows to approach the role of 

basal ganglia dysfunction in the occurrence in affective disorders. This will be illustrated by 

showing the implication of limbic circuits of the pallidum, the subthalamic nucleus, the 

substantia nigra and the thalamus in various psychiatric disorders. 
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Achievements and challenges in the treatment of Parkinson's disease 

Anthony E. Lang 

University ofToronto 

Achievements in Parkinson' s disease have been many. The discovery of the 
underlying dopamine deficiency lead to the introduction of levodopa with profound effects on 
quality of life and even longevity. The unexpected development of motor complications has 
remained a therapeutic challenge. However, important advances have occurred in our 
understanding of the pathogenesis of these problems and a number of treatments have been 
introduced that can improve dyskinesias and especially fluctuations once they have 
developed. Strategies designed to provide more continuous dopaminergic stimulation may 
partially reverse pathogenetic mechanisms underlying motor complications and such 
treatment applied at the outset of symptomatic therapy may delay their onset. Advances in our 
understanding of basal ganglia physiology, including an appreciation for the important role of 
the subthalamic nucleus (STN), ha ve been critica! to the development of modern functional 
neurosurgical techniques. These have had a profound impact on the late-stage problems of 
severe motor fluctuations and dyskinesias and sorne patients who maintain an otherwise good 
response to levodopa may be returned to a near normal lifestyle. Advances in the fields of 
cellular therapies, trophic factors and gene therapies are also beginning to be applied in early 
clinical trials. Just as with the introduction of levodopa, new, sometimes unexpected, 
therapeutic challenges have arisen, for example the development of novel psychiatric and 
behavioral symptoms in patients treated with STN deep brain stimulation, the occurrence of 
dyskinesias complicating human fetal mesencephalic transplantation and the development of 
malignancies with gene therapies applied for other indications. Advances in the understanding 
of the possible pathogenesis of PD ha ve come from discoveries of environmental and genetic 
causes of parkinsonism including important roles for mitochondrial dysfunction, reactive 
oxygen species and most recently the proteasomal-ubiquitin system and protein aggregation. 
Critica! challenges remain. To date, no treatment has had a clear impáct on the progressive 
neurodegenerative process. A related challenge is the need to establish effective surrogate 
disease state markers that can help unequivocally define neuroprotective effects of 
experimental interventions. A crucial challenge relates to the widely recognized but often 
neglected fact that Parkinson' s disease is truly a "multisystems" degeneration which may only 
affect the substantia nigra well after it has taken hold in a variety of other lower brainstem 
sites as well as limbic and olfactory regions. It is this widespread neurodegeneration that 
accounts for the broad spectrum of levodopa-resistant symptoms (e.g., motor, behavioral, 
cognitive, sleep-related, sensory, autonomic) that become increasingly prominent as the 
disease progresses and that now constitute the greatest challenge to symptomatic therapy. The 
pattern and distribution of neurodegeneration, beyond the nigrostriatal dopaminergic system, 
highlights the urgent need for advances in our understanding of the pathogenesis of PD and 
with that the discovery of effective neuroprotective treatment. It is critica! that this 
multisystems nature of the neurodegeneration is taken into account in the development and 
application of novel restorative/regenerative therapies. 
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Organization of the basal ganglia, Parkinson 's disease and dyskinesias 

Mahlon R. DeLong 

Movement disorders are associated with increased and disordered discharge and 
synchronization in motor areas of the basal ganglia-thalamocortical loops . A role of 
brainstem projections from the interna! pallidum and the substantia nigra, pars reticulate to the 
pedunculopontine nucleus (PPN) is also also suggested by recen! studies. Severa! issues 
remain controversia!, including the degree of segregation within and between the basal 
ganglia-thalamocortical loops, the scheme of "direct" and "indirect" striatal output pathways, 
the role of extrastriatal dopamine, and the mechanism of action of ablation and chronic 
electrical stimulation of the pallidum, subthalamic nucleus, and thalamus for movement 
disorders. Neuronal recording data and the observed effects of pallidal and thalamic lesions in 
these disorders suggests that the neuronal basis for the different basal ganglia movement 
disorders is not just changes in discharge rate, but al so of altered discharge pattems, abnormal 
and excessive synchronization of discharge, altered proprioceptive feedback, and the 
appearance of increased "noise" in the basal ganglia output signa!. In Parkinson's disease 
there is strong evidence for abnormal synchronized bursting and oscillations and increased 
cross-correlations between individual neurons in the pallidum and subthalamic nucleus. The 
motor circuit in Parkinson's has in a sense been "hijacked." In hyperkinetic disorders there is 
less direct evidence for changes in pattem and synchronization but it is clear that differences 
in rate alone cannot explain the development of these disorders. The effectiveness of ablative 
procedures and chronic stimulation in treating both hypo- and hyperkinetic disorders argues 
against a specific effect of these procedures on the pathophysiologic processes per se. 
Instead, it is more likely that these interventions remove the or replace with a more tolerable 
signa!, the abnormal and disruptive signals directed to the thalamus, cortex and brainstem, 
thus allowing the otherwise relatively intact systems to compensate more efficiently and 
effectively. 
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Basal ganglia 'loops' with motor and non-motor areas of the cerebral 
cortex: a neural substrate to influence movement, cognition and perception 

Peter L. Strick 

Pittsburgh V AMC, Center for the Neural Basis ofCognition & Departments ofNeurobiology, 
Psychiatry and Neurological Surgery, University ofPittsburgh, W1640 Biomedical Science 

Tower, 200 Lothrop Street, Pittsburgh, PA 15261 ; strickp@pitt.edu 

Which cortical areas are the target of basal ganglia output? In the past, the answer to 
this question seemed quite simple. Efferents from the output nuclei of the basal ganglia were 
thought to termínate in a single region of the ventrolateral thalamus and influence a single 
cortical area, the primary motor cortex. Based on this view, the basal ganglia were believed 
to be exclusively motor structures in volved in the generation and control of movement. 

Over the past 20 years, an accumulation of information about the basal ganglia has led 

many investigators to challenge this view. Alexander, DeLong and Strick ('86) proposed that 
the output of the basal ganglia targeted specific areas of prefrontal, cingulate and orbital 
frontal cortex, as well as skeletomotor and oculomotor areas. If true, these circuits would 
provide the basal ganglia with the ability to influence not only motor control, but also 
cognitive and limbic function. 

Until recently, it has been difficult to evaluate the validity of this and other proposals 
because of the problems inherent in tracing the multi-synaptic circuits which interconnect the 
basal ganglia with the cerebral cortex. To overcome sorne of the limitations of conventional 
tracers for circuit analysis, we developed the use of neurotropic viruses as transneuronal 
tracers in the central nervous system of primates (Strick and Card, ' 92; Kelly and Strick, ' 00) . 
When specific strains of herpes simplex virus type 1 (HSV 1) or rabies virus are injected into 
the cerebral cortex, the virus is taken up and transported transneuronally in the retrograde 
direction to label chains of synaptically interconnected neurons. With the appropriate 
adjustment of survival time, we can identify neurons linked to the injection site by one, two or 
even three synapses. 

We have used virus tracing to examine the organization of basal ganglia­
thalamocortical pathways to selected motor (Hoover and Strick, ' 93,'99), prefrontal 
(Middleton and Strick, '94, "02), inferotemporal (Middleton and Strick, '96) and posterior 
parietal areas of cortex (Clower et al., 'O 1 ). The results of these studies indica te that each of 
these cortical areas is the target of basal ganglia output. Thus, it is now clear that the output 
from the basal ganglia influences more widespread regions of the cerebral cortex than 
previously suspected. These connections provide a neural substrate for the involvement ofthe 
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basal ganglia in cognitive and perceptual processes such as working memory, rule-based 

learning, switching attention, visual perception and the planning of future behavior. 

Likewise, abnormal activity in basal ganglia loops with non-motor areas of the cortex could 

be the basis for the broad range of neuropsychiatric symptoms associated with basal ganglia 

disorders like Parkinson's and Huntington's Disease. 

The output stage of basal ganglia processing displays a surprising degree of 

topographic organization. In fact , we have proposed that localized regions of the globus 

pallidus and substantia nigra pars reticulata form distinct output channels with each channel 

directed at a different cortical area. As the data on these circuits has accumulated, a general 

rule has emerged- namely, each cortical area that projects to the input stage of basal ganglia 

processing appears to receive (via the thalamus) efferents from the output stage of basal 

ganglia processing. This rule implies that multiple closed loops with the cerebral cortex 

represen! a fundamental unit ofbasal ganglia circuitry. 

In recent experiments we have used retrograde transneuronal transport of rabies virus 

to reveal third-order connections between areas of the cerebral cortex and the basal ganglia. 

In addition to confirming the presence of closed-loop circuits, these experiments revealed the 

existence of an open loop connection between a region ofthe ventral putamen and the primary 

motor cortex (Kelly and Strick, in press) . The region of the ventral putamen that participates 

in this circuit receives input from the amygdala. Thus, this pathway may provide the limbic 

system with access to MI . 

In summary, the basal ganglia can participate in two types of functional circuits with 

the cerebral cortex. One type involves multiple, parallel , closed-loops. These loops 

interconnect the basal ganglia with a broad and diverse set of cortical areas . Thus, they 

opera te both inside and outside the domain of motor control. ln addition, the ventral putamen 

participates in an open-loop circuit with the primary motor cortex. Whether a similar open­

loop architecture al so exists for other regions of the ventral striatum and non-motor areas of 

cortex remains to be determined. However, the ventral putamen connection with the primary 

motor cortex may represen! an importan! route for interactions between the limbic system and 

the motor system. 

Acknowlctl~cmcnts : Supported by Vetcrans AITairs Medica! Rescarch Servicc and by US Public Health 

Service grants NS24328 and MH56661. 
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Different roles ofDl and D2 receptor subtypes in levodopa-induced 

dyskinesias in a mouse model of Parkinson disease 

Pavón N, Martín AB, Alberti I, Grandy D and R. Moratalla 

Instituto Cajal, CSIC, Madrid, Spain 

Treatment with L-DOP A is toda y the most efficacious, non invasive therapy for 

Parkinson's disease. However, chronic treatment with L-DOPA induces in most of the 

patients the appearance of abnormal involuntary movements known as dyskinesias. The 

molecular mechanisms underlying these abnormal movements are unknown, although the 

implication of dopamine receptors as well as other neurotransmitter receptors interacting with 

the dopaminergic system is suspected. In the present paper, we have studied the contribution 

of D 1 and D2 receptor subtypes in levodopa-induced dyskinesias using knock out mi ce 

lacking D 1 or D2 receptor in a m o use model of dyskinesia. In this experiment dyskinesias 

were induced with intermittent doses of L-DOPA in unilateral 6-0HDA-lesioned mice. In 

wild-type animals chronic treatment with L-DOP A induced abnormal involuntary movements 

including horizontal or vertical abnormal jaw movements (orofacial dyskinesia), ballistic 

movements of the contralateral forelimb (forelimb dyskinesia) and axial dystonia. We have 

found that inactivation of D 1 dopamine receptors completely abolished orofacial dyskinesia, 

did not atfect axial distonia and slightly reduced (aprox. 20%) forelimb dyskinesia. By 

contrast knock out mice lacking D2 receptors showed an increase in orofacial dyskinesia after 

L-DOP A treatment but axial dystonia and forelimb dyskinesia were not present. In summary, 

our results demonstrate that D 1 and D2 receptors play a ditferential and complementary role 

in L-DOP A-induced dyskinesia and that the integrity of the D 1 and D2 receptors is critica! for 

ditferent aspects of levodopa-induced dyskinesias. Funded by the Spanish Ministerio de 

Ciencia y Tecnología, refSAF00/122 and Fundación la Caixa, Spain. 

Instituto Juan March (Madrid)



18 

Learning and memory mechanisms of the basal ganglia: Plasticity in 

cortico-basal ganglia loops 

Dr. Ann M. Graybiel 

Department ofBrain and Cognitive Sciences and McGovem Institute for Brain Research, 

Massachusetts Institute ofTechnology; tel : 617/253-5785, fax : 6171253-1599, email : 

graybiel@mit.edu 

The basal ganglia have been centrally implicated in a range of cognitive and motor 

disorders. In normal individuals the basal ganglia may be essential to the development of 

behavioral routines and the kinds of relatively automatic behaviors that underlie the habits of 

everyday life. Still at issue, however, is what the basal ganglia do when considered as a major 

neural processing system of the forebrain . A key fact about the basal ganglia is that they lie as 

nodal points in a set of cortico-basal ganglia-thalamocortical circuits that interconnect many 

parts of the cortex with the basal ganglia. As the cortically directed outputs of these circuits 

preferentially target the frontal cortex, these basal ganglia circuits can be considered to exert a 

primary influence over executive areas ofthe cortex. In our laboratory, we have developed the 

hypothesis that the basal ganglia function as an adaptive mechanism to adjust cortical activity 

in response to detected behavioral contingencies. As a first step in examining this hypothesis, 

we have recorded with single electrode and multiple electrode methods in the striatum as 

animals learn tasks. We have found evidence for remarkable plasticity in the response 

properties of striatal units as animals undergo training in procedural learning tasks. 

Recordings in the striatum during successive bouts of learning, extinction and reacquisition 

indicate that the ensemble activity of striatal units can change, then can be reversed and then 

be reinstated. Sorne of these recordings have been done for identified neurons on the striatum, 

neurons that are thought to be local circuit interneurons. The fact that interneurons as well as 

projection neurons undergo such plastic changes indicates that there is a reconfiguration of 

network activity in the striatum during the course of learning. We have also exposed animals 

to dopaminergic treatments in arder to identify neurons responding dynarnically at the leve! of 

gene expression. Combined ensemble recording and gene-based findings should help to 

unravel the relative roles of the neocortex and the striatum in this process and define the 

mechanisms of striatal neuroplasticity. 
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Striatal synaptic plasticity in normal and pathological conditions 

Paolo Calabresi 

Clinica Neurologica- Dip. Neuroscienze- Universita di Roma Tor Vergata­

Via Montpellier 1 - 00133 - Rome- Italy- Email: calabre@uniroma2.it 

lnteractions between corticostriatal glutamatergic inputs and striatal DA receptors play 
a key role in striatal synaptic plasticity. L TP is induced in striatal spiny neurons both in vitro 

and in vivo following repetitive high-frequency stimulation (HFS) of glutamatergic 
corticostriatal afferents, and may represent a cellular substrate for motor learning. Striatal L TP 

is dependent upon activation of D1 DA receptors by endogenous DA. It is blocked by Dl 
receptor antagonists and is absent in animals lacking the DA and cyclic adenosine 3 '-5' 

monophosphate-regulated phosphoprotein 32 kDa (DARPP-32). lt is also blocked by a 
depletion of endogenous DA as produced by either 6-0HDA lesions. 

The effects of L-DOPA treatment on the inducibility of LTP have thus far remained 

unknown. However, this form of synaptic plasticity has been hypothesized to provide a 
substrate for the development of abnormal motor patterns in L-DOP A-induced dyskinesia. 

We therefore u sed a corticostriatal slice preparation to measure L TP from striatal spiny 
neurons by intracellular recordings. We found that LTP was absent in animals sustaining 
unilateral 6-0HDA lesions as compared to sham-lesioned controls. We have compared the 
plasticity of corticostriatal synapses in two groups of hemiparkinsonian rats treated 
chronically with L-DOP A. One group of L-DOP A-treated animals showed motor 
improvement without dyskinesia, whereas the other group developed debilitating dyskinesias 

in response to the treatment. High-frequency stimulation of cortical afferents induced long­
term potentiation (L TP) of corticostriatal synapses in both groups of animals. Intact control 

and non-dyskinetic, but not dyskinetic rats, showed synaptic depotentiation in response to 
subsequent low-frequency synaptic stimulation. The depotentiation seen in both L-DOP A­
treated, non-dyskinetic rats and intact controls was prevented by activation of dopamine (DA) 
D 1 receptors or inhibition of protein phosphatases. The striata of dyskinetic rats contained 
abnormally high levels of phosphoThr34-DARPP-32, an inhibitor of protein phosphatase l. 
These results provide the demonstration that an abnormal information storage m 
corticostriatal synapses is linked with the development of L-DOP A-induced dyskinesia. 
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Bclx-L-mediated blockade of cell death is critica) to enhance the generation 

of Tyrosine Hydroxylase expressing human neurons from neural stem cells 

Liste l., Navarro B., Bueno C., Villa A., Martínez-Serrano A. 

Oxidative stress is a well-known risk and cell-death triggering factor for dopaminergic 

(DA) neurons. When Tyrosine Hydroxylase (TH) is over-expressed in human neural stem 

cells (hNSCs), neurotrophic factors (BDNF and GDNF) and antioxidant Cu+Zn Superoxide 

Dismutase (SODlcit) moderately (02-fold) enhanced TH expression. Anti-apoptotic Bcl-xL, 

however, induced a much more remarkable protection of TH + hNSCs (one order of 

magnitude). Bcl-xL-mediated neuro-protection is specific upon TH expression, since it does 

not enhance LacZ expression, and is mimicked by the pan-caspase inhibitor zV AD-fmk, 

confirming a block of apoptosis mechanism. Bcl-xL also enhanced (one order of magnitude) 

the capacity for dopaminergic diffcrentiation of Nurrl + immortalized lines of hNSCs and 

human neurosphere cultures. In fact, the production of TH + neurons by a Bcl-xL over­

expressing forebrain hNSC clone and Bcl-xL over-expressing human neurospheres greatly 

exceed that obtained from human ventral mesencephalic tissue. Bcl-xL enhances total neuron 

generation by hNSCs to a lower extent, but his cannot explain the remarkable increase in TH 

+ neurons. Rather Bcl-xL effects suggest a specific survival effect on DA neurons. From the 

evidence presented here obtained using three independent model systems (transgenic TH 

expression and normal differentiation to DA neurons, and also immortal and neurosphere 

cultures of hNSCs), it can be concluded that enhancing Bcl-xL expression may be of direct 

application for the generation of a continuous so urce of human TH/DA neurons. This, in tum, 

will facilitate the development of cell replacement and drug screening activities, in order to 

discover new therapeutic strategies for Parkinson's disease. 
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Dynamic approach of Parkinson's disease pathophysiology 

C. Gross, Basal Gang 

UMR 5543 CNRS, Université de Bordeaux 2, 146, rue léo saignat 

33076 BORDEAUX CEDEX 

Mail :Christian.gross@umr5 543. u-bordeaux2fr 

WEB : www.u-bordeaux2.fr/neurophysio 

Parkinson's disease (PD) is a progressive neurodegenerative disorder which principal 

pathological characteristic is the loss of dopamine (DA) neurons of the substantia nigra pars 

compacta (SNc). Parkinsonian signs appear when dopaminergic neuronal death exceeds a 

critica! threshold: 70-80% of striatal nerve terminals and 50-60% of SNc pericarya. After the 

first appearance of clinical signs, neuronal death continues and motor disturbances increase; 
evolution is, however, slow. This late and gradual appearance of clínica! signs is due to the 

existence of compensatory mechanisms. Their understanding might ha ve a clinical application 
in that their enhancement, if feasible, would allow to further delay the appearance of 

parkinsonian signs (i.e. effectively resulting in an increase of the pre-symptomatic period of 

Parkinson ' s disease) or, at least, allowing the postponement of commencing more traditional 
anti-parkinsonian therapy. 

Unfortunately, in most of the curren! 1-methyl-4-phenyl-1 ,2,3 ,6-tetrahydropyridine 

(MPTP) non-human primate models, nigrostriatal lesion and the onset of PD symptoms are 
due to an immediate neuronal degeneration in the SNc achieved by acute injection of the 

toxin that prevents the pathophysiological characterization of intermediate stages such as the 

presymptomatic period. Recently, an animal m o del of PD which is able to resol ve these issues 

has been developed (Bezard et al., 2001 ). In this model, repeated administration of low do ses 

of MPTP to nonhuman primate initiates a process of neurodegeneration reminiscent of that 
seen in PD. The novelty of the model accrues from the fact that the protocol produces a 

reproducible, progressive DA cell loss over a time course of approximately one month. 

During the first 13-15 days of the protocol, there is significan! dopaminergic loss but 

symptoms are not apparent. During this period, severa! mechanisms compensate for the 

increasing loss ofDA, suppressing the appearance ofsymptoms. 

Using this specific model, we thus defined the neural mechanisms, and potential 

biomarkers, that relate to the presymptomatic and sympomatic period of PD. Severa! diferent 

technical approaches have been used both in vivo and ex vivo . The key findings are that: (i) a 

role for increased DA metabolism as a mechanism of presymptomatic compensation in PD is 

unlikely (Bezard et al., 2001 ). (ii) 0 2 dopamine receptor upregulation may represen! a 

mechanism compensating for progressive dopamine loss in PD (Bezard et al., 2001) while 
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both o, (Bezard et al. , 2001) and 0 3 receptors (Bezard et al. , 2003b) either do not vary or 
linearly decrease, respectively. (iii) Upregulated enkephalin expression in the presymptomatic 
period may also represent a mechanism compensating for progressive dopamine loss in PO 
(Bezard et al. , 2003a). (iv) Structures outside basal ganglia may compensate for progressive 
loss of DA in PO as shown using the 2-deoxyglucose metabolic tracing technique that has 
allowed the identification of changes in neuronal metabolic activity occuring before and after 
the appearance ofparkinsonian motor abnormalities(Bezard et al. , 2001 ). 

In a pilot study, we also showed that the electrophysiological activJty of the 
subthalamic nucleus (STN) and globus pallidus pars internalis (GPi) increased before the 
appearance of the symptoms suggesting that presymptomatic increases may compensate for 
progressive loss of dopamine in PO (Bezard et al. , 2003a). Further investigating this striking 
issue, we recorded the GPi neuronal activity using a multichannel recording device in animals 
rendered parkinsonian according to the same MPTP regiment. The concomitant recording of 
severa! neurons help us in identifying not only the changes in firing frequency or firing 
patterns but also the modifications in the leve! of oscillatory and/or synchronized activity. 
Such an increase in synchronization is thought to be a characteristic of PO. Our preliminary 
results show that PO motor symptoms appear before oscillating activity of GPi neurons and 
its synchronization between different pallidal neurons. This suggests that synchronous 
oscillations in the BG network are not at the origin of PO motor symptoms and further implies 
that other dynamical changes have to be considered to explain the appearance of motor 
symptoms in PO. 

Rcfercnccs: 

Bezard E, Crossman AR, Gross CE, Brotchie JM (200 1) Structures outside the basal ganglia may compensa te 
for dopamine loss in the pre-symptomatic stages of Parkinson's disease. Faseb 1 10.1096: fj .00-0637fje . 
Bezard E, Gross CE, Brotchie JM (2003a) Presymptomatic compensation in Parkinson 's di sease is not 
dopamine-mediated. Trends Neurosci 26 :215-221. 
Bezard E, Ferry S, Mach U, Stark H, Leriche L, Boraud T, Gross CE, Sokoloff P (2003b) Attenuation of 
levodopa-induced dyskinesia by normalizing dopamine D3 receptor function . Nature Med in press. 
Bezard E, Dovero S, Prunier C, Ravenscroft P, Chalon S. Guilloteau D, Bioulac 8 , Brotchie JM, Gross CE 
(2001) Relationship betwecn the appearance of symptoms and the leve! of nigrostriata l degeneration in a 
progressive MPTP-lesioned macaque model of Parkinson 's disease. J Neurosci 21:6853-686 1. 

Instituto Juan March (Madrid)



Session 3: Intracellular events and neurodegeneration 

in Parkinson 's disease 

Chairs: C. Warren Olanow and Rosario Moratalla 

Instituto Juan March (Madrid)



25 

Mechanisms of cell death in Parkinson's disease 

Peter 1 enner 

Neurodegenerative Diseases Research Centre, Guy' s King's and St. Thomas' 

School ofBiomedical Sciences, King ' s College, London, SE! 1 UL UK 

At the curren! time the cause of Parkinson 's disease remains unknown although it appears to 

be a complex interaction between genetic and environmental factors . In contrast, through the 

study of post mortem tissues and the actions of toxins such as MPTP a number of mechanisms 

involved in the degeneration of nigral dopaminergic cells have been uncovered . There is 

good but as yet inconclusive evidence that cell death in Parkinson's disease occurs through 

apoptosis and similarly it is possible to show that many toxins also produce nigral 

degeneration through apoptotic mechanisms and that interference with the apoptotic cascade 

can inlluence the survival of dopaminergic cells . Other key components of a cascade of 

events which occur during nigral cell death include oxidative stress, excitoxicity, nitric oxide 

mediated toxicity, mitochondrial dysfunction and altered protein handling. At the present 

time this series of events appear to be closely interrelated such that it is difficult to determine 

which of these may be a causative factor in nigral cell degeneration and indeed it appears 

likely that all are able to induce the cascade of events leading to the degeneration of 

dopaminergic cells. 

Oxidative stress is well documented as occurring in the substantia nigra in Parkinson 's 

disease based on alterations in levels of iron and changes in antioxidant systems. A key 

component appears to be the early loss of reduced glutathione which appears to be specific to 

substantia nigra and not to occur in other neurodegenerative diseases. Also occurring 

selectively in substantia nigra is a decrease in complex 1 of the mitochondrial respiratory 

chain . AJthough not present in other brain regions, a decrease in complex 1 activity may also 

be present in platelets, fibro blasts and in muscle. There are in addition, alterations in the 

activity of a key Krebs cycle enzyme, namely a-ketoglutarate dehydrogenase. The cause of 

mitochondrial abnormalities in Parkinson's disease remains unknown as no clear genetic 

abnormalities have been uncovered . However, the transfer of mitochondrial DNA from 

patients with Parkinson's disease to form cybrids leads to decreased complex 1 activity and 

oxidative stress accompanied by increased sensitivity to toxins such as MPP+ and alterations 

in pro- and anti-apoptotic genes . 

Another key change which occurs in Park.inson's disease is the onset of reactive microgliosis 

leading to inflammatory changes within substantia nigra. Similarly following treatment with 

MPTP, gliosis involving both microglia and astrocytes is again observed . Importantly, the 

toxicity of MPTP to nigral dopaminergic neurones can be prevented by treatment with anti­

intlammatory drugs as well as selective COX-1 and COX-2 inhibitors and it was recently 

shown that MPTP toxicity is enhanced in COX-2 knock out mice. Activation of glial cells 
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leads to increased release of toxins, including cytokines, glutamate, nitric oxide and reactive 
oxygen species and it is associated with a decrease in the release of trophic factors . In vitro, 
the activation of glial cells leads to doparninergic cell death. In vivo, intra-nigral 
administration of lipopolysaccharide (LPS) also initiates cell death as shown by a loss of 
tyrosine hydroxylase immunoreactivity in substantia nigra. The injection of LPS into the 
substantia nigra caused both reactive microgliosis and an astrocytosis associated with a 
marked induction of 

i-NOS reactive glial cells and3 nitrotyrosine immunoreactivity showing increased nitric oxide 
production and toxic effects of peroxynitrite. The involvement of i-NOS in LPS induced 
nigral cell damage is also shown by the ability of i-NOS inhibitors to partially prevent 
dopaminergic cell death. Interestingly, the toxic effects of LPS to nigral doparninergic cells is 
prevented not only by anti-inflammatory drugs such as dexamethasone but also by the 
administration of doparnine agonists, such as pramipexole. The clinical relevance of the latter 
finding is not clear but may contribute to the postulated neuroprotective effects of the 
dopamine agonists. 

Oxidative damage occurs in substantia nigra in Parkinson's disease as shown by increases in 
markers of lipid peroxidation and DNA damage products. Importantly alterations in protein 
damage also occur and it appears that the substantia nigra is particularly prone to the 
formation of oxidised proteins which form part of its secondary anti-oxidant defence 
mechanisms. The formation of 4-hydroxynonenal (HNE) as a product of lipid peroxidation 
may be of significance in Parkinson's disease due to its highly reactive nature. HNE causes 
apoptotic cell death involving caspase cascades and decreases in the level of reduced 
glutathione and causes inhibition of complexes I and ll of the mitochondrial respiratory chain. 
HNE al so enhances cross-linking of proteins and this may be of importance to the changes in 
proteasomal function which occur in Parkinson's disease. In cell culture, concentrations of 
HNE, which by themselves are non-toxic, impair proteasomal function such that levels 
ubiquitinated proteins rise and this leads to both oxidative and nitrative stress. The role of 
alterations in the ubiquitin-proteasome system in the production of oxidative and nitrative 
stress is emphasised by the changes produced in cell culture by the over-expression of mutant 
forms of parkin and by the over- expression of a mutant form of ubiquitin which prevents the 
polyubiquitination of proteins and their identification for degradation by the proteasome. 

There is considerable evidence for a range of biochemical changes to occur in the substantia 
nigra in Parkinson's disease. Each of these biochemical processes by itself may lead to a 
cascade of events that induces apoptotic cell death and the destruction of dopaminergic 
neurones. However, it is clear that a complex interaction exists between the various 
mechanisms which have been detected such that they appear to be heavily interrelated and 
this suggests that the induction of cell death in Parkinson's disease might be induced through 
a variety of different types of toxic insult coupled to inherent genetic susceptibility. This 
leads to the suggestion that there is no single cause of Parkinson's disease and indeed that 
Parkinson' s disease may rather be a syndrome inducible through a range of different 
mechanisms. 

Instituto Juan March (Madrid)



27 

Proteosomal dysfunction, protein aggregation and neuronal inclusion 

bodies in PD 

C. Warren Olanow, K McNaught 

Mount Sinai School ofMedicine 

Parkinson's disease (PD) is an age-dependent neurological disorder characterized 

pathologically by preferential degeneration of dopaminergic neurons in the substantia nigra 

pars compacta (SNc) and intracytoplasrnic proteinaceous inclusions known as Lewy bodies. 

Genetic and environmental factors are thought to contribute to the etiology of PD, and 

oxidative stress, excitotoxicity, mitochondrial dysfunction, and inflammation have each been 

implicated in the pathogenesis of cell death. Recent studies suggest that a defect in the 

capacity of the ubiquitin proteasome system (UPS) to clear rnisfolded proteins may be central 

to the neurodegenerative process that occurs in the different forms ofPD. 

Mutations have been detected in the genes encoding for the proteins ct.-synuclein, 

parkin, and ubiquitin carboxy-terminal hydrolase-Ll (UCH-Ll) in a small number of familia! 

cases of PD. Defects in a-synuclein could cause the protein to misfold and resist proteasomal 

clearance. Parkin and UCH-L 1 are now known to be components of the UPS that act as a 

ubiquitin ligase and de-ubiquitinating enzymes respectively. There are reasons to consider 

that a defect in the UPS might also play a role in cell death in sporadic forms ofPD. We have 

recently shown that proteasomal structure and function are impaired in the SNc in PD. This 

impairment in proteolysis might account for the increased levels of oxidatively damaged 

proteins and increased protein aggregation that are found in PD. In the laboratory, we and 

others have shown that proteasome inhibitors can induce selective degeneration of dopamine 

neurons with inclusion bodiess in both in vitro and in vivo studies. Further, proteasome 

inhibitors can induce a Parkinsonian syndrome in rodents with levodopa-responsive tremor, 

rigidity, and bradykinesia and cell loss with inclusions in the SNc, locus cerouleous, and 

dorsal motor nucleus of the vagus levodopa. These studies further suggest that Lewy bodies 

might represent defective aggresomes that form in response to accumulating levels of protein 

aggregates. Thus, evidence has converged to suggest that defects in the capacity ofthe UPS to 

clear abnormal proteins rnight account for the neuronal degeneration that occurs in both 

familia! and sporadic cases ofPD. This mechanism can account for Lewy body formation, the 

age-related nature of sporadic PD, and the relatively selective involvement of the S N c. 
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Protein misfolding and PD 

Mark R. Cookson 

In the rare familia! forms of Parkinson' s disease (PD), mutations in alpha-synuclein or 

parlan cause nigral cell loss and other phenotypic effects by mechanisms that are unclear. An 
emerging hypothesis is that subsets of neurons are vulnerable to a failure in proteasome­

mediated protein turnover, which is predisposed to by these genetic factors . The presence of 

misfolded proteins, or unfolded proteins that have an innate tendency to oligomerize, may 

trigger damage in these vulnerable cells and a-synuclein has such a property and is known to 

induce toxicity in a variety of systems. In this talk, a number of examples of involvement of 

the ubiquitin-proteasome system in model cellular systems that are relevant to PD will be 

presented . 

We have shown that expression of mutant alpha-synucleins or exposure to proteasome 

inhibitors both result in selective toxicity towards catecholaminergic neurons in primary 
midbrain cultures (Petrucelli et al. , 2002, Neuron 36, 1007-1 01 9). Mutant alpha-synuclein 

also increases sensitivity to proteasome inhibitors by decreasing net proteasome function . 
Parkin decreases sensitivity to proteasome inhibitors and is capable of rescuing the toxic 

effects of mutant alpha-synuclein in primary neurons. Therefore, parkin and alpha-synuclein 
are linked by common effects on a specific pathway associated with selective cell death in 

catecholaminergic neurons. Alpha-synuclein can also affect expression of the genes involved 
in dopamine synthesis (Baptista et al. , 2003 , J Neurochem 85, 957-968), implicating a 

contribution oftranscriptional regulation to this process. 

A third definitive gene for PO, DJ-1 , has recen ti y been cloned, but its relationship to 

a-synuclein and parkin is currently unknown. The protein appears to have a possible role in 

oxidative events and is a target for the ubiquitin-like modifier SUMO (Cookson, 2003 , 

Neuron 37, 7-10) . There are two causal mutations, a large deletion that is predicted to produce 
an effective knockout ofthe gene, anda point mutation, LI66P. We have recently shows that 

L 166P destabilizes OJ-1 protein and promotes its degradation through the ubiquitin­
proteasome system. Subcellular localization was broadly similar for both wild type and 

L 166P forms of the protein. The L 166P mutation therefore has the simple effect of promoting 

OJ-1 degradation, thereby reducing net OJ-1 protein within the cell . These observations are 

reminiscent of other recessive gene mutations that produce an effective loss of function and 

show how the ubiquitin-proteasome system handles misfolded proteins . It should be noted, 

however, that this explains the recessive nature of Ll66P OJ-1 mutation but does not 
necessarily support the hypothesis that the common link between different PO genes is related 

to proteasome function . 
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Restoring DA striatal deficiency in PD. Will it change the natural history? 

José A. Obeso 

Department ofNeurology-Neuroscience, Clínica Universitaria and Medica! School, 

University ofNavarra, Pamplona, Spain Gobeso@unav.es) 

Major progress has been made in the treatment of Parkinson ' s disease but disease 

progression remains unaltered. The belief that degeneration of nigrostriatal dopamine is the 

major therapeutic challenge has led to considerable effort in developing cell replacement 

therapy aiming to restore striatal dopaminergic (DA) deficit. However, the clinical 

manifestations of striatal DA depletion in Parkinson 's disease (i .e. rigidity, tremor, akinesia) 

are already well controlled with available drugs. Equally, functional surgery of the globus 

pallidum and subthalamic nucleus can efficiently cope with long-term motor complications 

associated with levodopa treatment. Thus, treatment of the motor, cardinal features, of 

Parkinson's disease should not be regarded as a primary therapeutic goal anymore. 

The real unmet needs for the treatment of Parkinson ' s disease derive from the 

progressive and multi-systems nature of the neurodegeneration. As a result of extension of the 

pathological process a plethora of symptoms emerge during evolution (i .e. falls, sleepiness, 

fatigue, autonomic disturbance and, most importantly, cognitive abnormalities) that fail to 

respond to current treatment with DA agents and related drugs. lt is very likely that such 

problems will also be resistan\ even to the most "successful" dopamine cellular replacement 

therapy. Current evidence strongly supports the notion that concentrating on restoring the 

nigrostriatal dopamine system should not be the ultimate goal of future research efforts in 

Parkinson ' s disease. Alternatively, research should concentrate in achieving strategies to stop 

disease progression and ultimately prevent its initiation. 
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Surgical therapies for PD: Present achievements and perspectives 

Andres M Lozano 

Toronto Western Hospital, University ofToronto 

Despite significant advances in medica! therapy, a large number of patients with 

Parkinson's disease continue have both motor and non-motor disabilities(l ). For such 

patients, surgical treatments can be considered(2) . A number of surgical procedures including 

making discrete targeted lesions or the application of chronic electrical stimulation to disrupt 

pathological activity are now being applied with a variable degree of success. To date 

however, no procedures or drugs are slowing down or halting the disease process. Future 

efforts must not only provide better symptomatic relief but al so address this shortcoming. A 

number of interesting possibilities are emerging. The direct intraparenchymal administrati on 

of neurotrophic substances(3) or the focal application of neuroactive agents(4 , 5) may be of 

promise. The possible application of electrical stimulation at cortical(6) and at yet to be 

considered non-cortical targets(7) is also intriguing. This rich pipeline will also bring gene 

therapy(8) and stem cell therapeutics(9) . Future therapies will include molecular 

neurosurgery for the supply of missing and defective genes (eg DJ-1 , Parkin) or the 

suppression of deleterious gene products (eg alpha-synuclein) . Further, the newly emerging 

field of brain-machine interfaces may also play a role in ameliorating motor function in 

patients with incapacitating motor disabilities. 
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Mechanisms of action of nigral grafts in experimental parkinsonism 

Stephen B Dunnett 

Nigral grafts can alleviate a range of motor and sensorimotor deficits in 

parkinsonian mice, rats, monk eys and man. However the actual mechani sm of 

functional action is not fully understood, and understanding this question has 

importan! implications for further development of cell therapies on a rational , not just 

empírica!, basis. 

A variety of alternative mechanisms m ay be proposed: 

1. Non-specific effects as consequences of the implantation surgery itself 

11. Phannacological etl'ects, involving local secretion of mi ssing neurotransmitt cr 

dopamine from the implanted cells. 

iii . Protective effects, whereby the grafts provide support for host neurons and/or 

retard progression of disease degeneration. 

iv. Trophic effects, whereby the graft releases local signals for host plasticity and 
intrinsic compensatory reorganisa tion or regenerative processes. 

v. Reinnervation, whereby the grafted dopamine neurones reinnervate the host brain, 

and terminals may be under local regulation 

vi. True circuit reconstruction, whereby the grafted neurones are reintegrated into, 
and ultimately repair, the host neuronal circuitry. 

A variety of lines of evidence to indicate that different types of implants can 

exhibit a functional impact through each of these mechanisms and, specifica ll y, grafts 
derived from primary embryonic mesencephalon most likely exert a combination of 

mechanisms ii and v. Nevertheless, nigral grafts do not alleviate al! deficits associated 

with nigrostriatal degeneration, and this is most plausibly explained by the fact that 

they do not achieve leve! vi of repair, i.e. fui! reconstruction of the nigrostriatal 
pathway. This would require long distance regeneration of embryonic axons from the 

grafts to distan! targets which is not achieved in the adult brain . Although a number of 
strategies for building nigrostriatal bridges to allow such circuit reconstruction have 

been attempted with variable success, no nlily effective strategy for fui! circui t repair 

in model parkinsonism has yet been achieved. 
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Mesencephalic cell transplants in Parkinson disease: Results of double­

blind trials 

Stanley Fahn, MD. 

Columbia University, New York, NY, U.S.A. 

The transplantation offetal mesencephalic cells in patients with Parkinson disease was 

pioneered by neuroscientists in Sweden. They proceeded to develop and improve the 

technique over severa! years, and these endeavors have continued and broadened to include 

research on stem cells. After the initial success of fetal tissue implants in Sweden, 

investigators in other countries became involved in this activity . All studies were open-label 

investigations, and the general consensus was that this technique, although needing 

perfection, has shown improvement in a number of patients who had received the tissue . 

Since then, and in the last 2 years, two randomized, controlled, double-blind clinical trials 
have been reported; both sponsored by the N.I.H. 

The first study (Freed et al., NEJM 2001:344 :710-719) was conducted by three centers: 

University of Colorado, where the surgical procedure was performed ; Columbia University, 

where recruitment and clinical evaluation of subjects was carried out; and North Shore 

University Medica! Center, the site where FDOPA PET scans were performed . Forty patients 

with at least 7 years duration (mean 13.8 years) ofPD were randomized to receive sham or 

transplant surgery using a formula weighted for age, sex, and disease duration, with pre­

specified outcome analysis to evaluate subjects ~60 and >60 years separately to look for an 

age effect. Under local anesthesia, four twist drill holes through the frontal bone were made 
for the needle passes into putamen . Transplant patients, but not controls, received cultured 

mesencephalic tissue from four embryos implanted along four needle tracts bilaterally in the 
putamen . No patient was immunosuppressed. The dura mater was not penetrated in the 

control subjects. Subjects were followed for one year with blinded evaluations. The 
transplant group showed significant transplant growth by 

18
F-fluorodopa (FDOPA) PET scans 

and significant improvement in standardized measures of PD including UPDRS motor "off' 

and Schwab and England "off' scores. Placebo patients had no change in these measures . 

Those aged 60 or under improved while those over 60 did not. Transplant growth was the 

same in younger and older subjects . The primary outcome variable, a subjective Global 

Rating Scale, was not significantly improved in part because of a positive placebo effect in 

sham surgery patients. In two older transplant patients dying of causes unrelated to the 

transplant, surviving dopamine neurons were present in all transplant tracts. Follow-up of 
these subjects revealed that five subjects from the younger group developed persistent 

dyskinesias after prolonged withdrawal from dopaminergic therapy. Three ofthem underwent 
deep brain stimulation in the GPi to reduce these dyskinesias. 

Instituto Juan March (Madrid)



35 

The second controlled study has not yet been published, but was presented at the 

Seventh Intemational Congress of Parkinson's Disease and Movement Disorders in 

November 2002 (Olanow, Mov Disord 2002 ; 17 (Suppl S):S 15). In this study, subjects were 

randomized into three groups: sham; implanted with mesencephalic tissue from one fetus per 

side; and implanted with tissue from four fetuses per side. The implants were placed only in 

the post-commissura1 putamen . Subjects were followed in a double-blind manner for 2 years . 

The investigators found no benefit in the transplanted subjects compared to control s, using 

Motor UPDRS OFF scores as the primary outcome variable. Post hoc analysis revealed 

benefit in milder patients (< median UPDRS of 49). About half of the transplanted patients 

had dyskinesias during the Practically Defined Offassessment peri od. 
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Finding a future for neural transplantation in Parkinson's disease 

Patrik Brundin, Laurent Roybon, Angela Cenci-Nilsson and Ji a-Yi Li 

Section for Neuronal Survival and Division ofNeurobiology, Wallenberg Neuroscience 

Center, Lund University, BMC Al O, 221 84 Lund, Sweden. Email : 

patrik. brundin@neurol .lu . se 

In open-label trials, transplanted human embryonic dopamine neurons have been 

reported to ameliorate severa! of the motor symptoms of Parkinson ' s disease Positron 

emission tomography studies have shown that grafted dopamine neurons can survive and 

reinstate dopaminergic neurotransmission. However, the outcome of two recent double-blind, 

placebo controlled studies ha ve been disappointing . Not only were the effects of the tranplants 

at best minar, but there were al so reports of graft-mediated dyskinesias in a subset of patients. 

The transplantation approach is further hampered by difficulties in obtaining sufficient 

amounts of donar tissue for each patient. 

Therefore, there is clearly a need for further development of transplant technology to 

facilitate graft surgery and improve the chances of a positive outcome. This presentation will 

discuss the importance of appropriate patient selection; possible mechanisms underlying 

graft-related dykinesias; and the development of altemative sources of cells that can be used 

for transplantation . We suggest that advanced-stage Parkinson patients may be less suited for 

graft surgery. Concerning graft-induced dyskinesias, we propase that they are not due to a 

general excess of dopamine, but that small grafts innervating critica! zones of the striatum are 

more likely to support involuntary movements. Moreover, an inflammatory response in the 

striatum could play a role in elicting dyskinesias . These hypotheses can be effectively tested 

by transplanting in a rat model of Parkinson's disease that displays L-dopa induced 

dyskinesias, akin to those seen in patients. Various forms of stem cells may sol ve the problem 

of limited access to suitable donor tissue. Currently dopamine neurons differentiated from 

human embryonic stem (ES) cells constitute one of the most compelling options. Another 

exciting future possibility is autografted neurons derived from the patient ' s own stem cells, 

e.g. those residing in bone marrow. 
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Cell replacement and neuroprotection with stem cells 

Ernest Arenas 

Laboratory ofMolecular Neurobiology, Department ofMedical Biochemistry and Biophysics, 

Karolinska Institute, Stockholm 17177, Sweden. (ernest.arenas@mbb.ki .se) 

Stem cells have been suggested to be an optimal source material for transplantation in 
the treatment of neurodegenerative diseases for their ability to give rise to all neural lineages 
and to integrate in the brain upon transplantation. One of the main candidate disorders for stem 
cell therapies is Parkinson's disease (PD), since most of the symptoms in that di sorder are 
related to the progressive degeneration of a discrete population of dopaminergic neurons in the 
midbrain . Our work has focused on the development of two stem cell -based therapeutic 
strategies for PD: ( 1) A cell replacement strategy, based on engineering stem cells with signals 
that regulate the development of midbrain dopaminergic neurons. (2) A neuroprotective 
strategy, based on the delivery ofneuroprotective signals to dopaminergic neurons. 

With regard to the engineering of a dopaminergic phenotype in stem cells, in the past 
we ha ve achieved a coordinated induction of midbrain dopaminergic neurons (in 80% of the 
cells in culture) by expressing the nuclear orphan receptor Nurrl in neural stem cells (NSC) 
and exposing these cells to soluble factor(s) derived from ventral mesencephalic glial cells 
isolated at the time of birth of dopaminergic neurons. These results ha ve al so been confirmed 
with different Nurrl expressing mouse and human stem and precursor cells. In order to identify 
the glial-derived signals we are performing gene chip and protein purification experiments wi th 
ventral mesencephalic glia. Likewise, we are analyzing genes regulated by Nurrl in NSCs since 
Nurrl confers NSCs responsiveness to the inductive signal/s derived from the astrocytes. Our 
results support a model in which the induction of a specific neuronal phenotype requires the 
convergence of epigenetic signals derived from neighbor cells, including glial cells, and a 
genetic program, including the expression ofNurrl. The identification ofsignaling components 
involved in the induction and maintenance of a dopaminergic phenotype in stem/precursor 
cells, will contribute to improve stem cell-based replacement strategies for PD. 

In a second approach aiming at preserving the function and survival of midbrain 
dopaminergic neurons, we engineered NSCs to stably express different members of the glial 
cell-line derived neurotrophic factor family (GDNF), which are potent neurotrophic factors for 
midbrain dopaminergic neurons. Our results show that NSCs expressing GDNF or Persephin 
(PSP) integrate in the adult host striatum, survive, give rise to different celllineages, and stably 
release high levels of GDNF or PSP for up to 7 months (the latest time-point tested) . 
Moreover, in a mouse terminal 6-0HDA lesion model of Parkinson's disease, we found that 
GDNF- or PSP-NSCs prevented the motor deficits and the degeneration of substantia nigra 
dopaminergic neurons, suggesting that a neuroprotective therapy based on the delivery of 
GDNF or PSP by NSCs could be useful in the treatment ofPD. 
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Carotid body cell transplantation in Parkinson's disease 

José López-Bameo 

Laboratorio de Investigaciones Biomédicas, Hospital Universitario Virgen del Rocío, 
Universidad de Sevilla, Sevilla, Spain 

Parkinson's disease (PD) mainly results from the destruction of mesencephalic 
dopaminergic neurons projecting to the striatum, therefore a possible therapeutic approach to 
PD is the intrastriatal transplantation of dopamine-secreting cells. For the last few years we 
have studied the efficacy of carotid body (CB) transplants in models of PD. The CB is a 
bilateral organ located at the bifurcation of the carotid artery that contains electrically excitable 
and highly dopaminergic glomus, or type 1, cells and glial-like type 11 cells. Glomus cells are 0 2 

sensitive and release dopamine (and other transmitters) in response to hypoxemia. These 
transmitters actívate afferent sensory fibers, which synapse on brain stem respiratory neurons 
and produce hyperventilation

1
. Glomus cells appeared to us particularly well suited for 

transplantation therapy in PD as they combine a high dopamine content with good survival in 
hypoxic conditions. In addition, as unilateral removal of the CB has no side effects, CB 
autotransplantation could be used to treat PD in humans. We have shown in hemiparkinsonian 
rats that intrastriatal transplantation of CB cell aggregates results in almost complete recovery 
of the motor and sensorimotor deficits. These behavioral effects are correlated with striatal 
dopaminergic reinnervation and the maintenance of metabolically active CB grafts

2 
Carotid 

body grafts and the behavioral recovery last for almost the entire life of the animals3 
Once we 

showed that unilateral CB autotransplants induce clinical and histological recovery in MPTP­
monkeys4, a pilot study was performed on six PD patients. At 1 year after transplantation, 
clear reductions ofthe blinded UPDRS III (24% to 52%) were observed in three patients; the 
improvement was very modest (13% and 17% reduction) in two patients, and the sole patient 
that showed no improvement had the most fibrosis in the CB. The age of the patient and the 
state of the CB tissue appear to be adversely correlated with clinical improvement following 
CB autotransplantation

5
. Parallel studies in rodents have indicated that the beneficia] results of 

intrastriatal CB grafts are due to a trophic effect of the CB transplants rather than to the 
release of dopamine by the grafted cells

3
• We have shown that the adult CB contains large 

amounts of GDNF produced by glomus cells rather than by type 11 cells and that the ability to 
synthesize this trophic factor is maintained in the transplants. Therefore, GDNF and other 
trophic factors released by the grafted glomus cells are possibly responsible for the neuronal 
sprouting and nigrostriatal reinnervation observed after CB grafting. These studies indicate 
that glomus cells besides being dopaminergic are stable and long-lasting pumps of neurotrophic 
factors and, thus, could be used for cell replacement therapy in Parkinson and other 
neurodegenerative diseases. 
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Locally-born olfactory bulb stem cells differentiate into neurons and glia in 

culture and upon transplantation 

María J. Yusta-Boyol, Nancy Pavón2, Manuel González3, Ana B. Martín2, Antonio Bemad3, 

Rosario Moratalla2, Flora de Pablo!, and Carlos Vicario-Abejón! 

1 Centro de Investigaciones Biológicas, Consejo Superior de Investigaciones Científicas 

(CSIC), Madrid, Spain. 2lnstituto Caja!, CSIC, Madrid. 3Centro Nacional de Biotecnología, 

CSIC, Madrid 

At early stages of embryonic development, neuroepithelial precursor cells in the 

vertebrate nervous system have stem cell features , i.e., multipotentiality for neurons and glia 
and have the ability to self-renew. 

Nonetheless, stem cells have not been described within the embryonic olfactory bulb 

(OB). Using tissue culture techniques, we have isolated local OB stem cells from the El4.5 

mouse embryo. These cells were 99.2% nestin-positive, and proliferated extensively in culture 
to at least 150 cell doublings. Clona! analysis demonstrated that neurons (TuJl + ), astrocytes 

(GFAP+) and oligodendrocytes (04+) could be generated from single-plated cells, indicating 

multipotency. At least 90% of proliferating cells expressed IGF-I, (pro )insulin, and their 

cognate receptors; these growth factors collaborated with FGF-2 plus EGF to promote stem 

cell proliferation. Whereas the IGF-I effect was additive, the actions of insulin and its 

unprocessed precursor, proinsulin, were synergistic with FGF-2 plus EGF. Differentiation and 

survival of stem cell-generated neurons and glia showed strong dependence on exogenous 
IGF-I, although oligodendrocyte differentiation also required insulin at low concentration. 
Further, the percentages of stem cell-derived neurons, astrocytes and oligodendrocytes were 
markedly lower in the cultures prepared from the Igf-I -/- mice when compared to those of 
1gf-1 +/+, suggesting a specific role of endogenous 1GF-1 in OB stem cell differentiation. 
These results support the existence within the embryonic mouse OB of stem cells with 

specific requirements for insulin-related growth factors for proliferation or differentiation. To 

test the ability of OB stem cells to differentiate in vivo, cells were prepared from the OB of 

transgenic mice expressing green fluorescent protein (GFP) and transplanted into the adult 
brain. Eight weeks after transplantation, GFP-positive cells having neuronal and glial 

morphologies were found in the striatum, corpus callosum, and cortex suggesting that OB 
stem ce lis differentiated into neurons and glia. The use of the OB as a so urce of stem ce lis for 

transplantation in animal models of Parkinson 's disease is currently being investigated. 
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Mesencephalic cell transplants for PD: Lessons for future developments 

Ole lsacson 

Center for Neuroregeneration Research, NINDS Udall Center ofExcellence for Parkinson's 
Disease at Harvard Medica! Schooi/McLean Hospital , 115 Mili St., Belmont, MA 02478 

The adult mammalian brain is a regenerative system capable of incorporating embryonic stem 
(ES), progenitor or fetal primary neurons into functional circuitries. These implanted neurons 
and glia grow physiologically and functionally to specifically repair damaged or degenerated 
neuronal connections, as shown in a multitude of animal models. New therapeutic non­
pharmacological methodology involves cell and synaptic renewal or replacement in the living 
brain to restore function of neuronal systems, including the dopaminergic (DA) system in 
Parkinson 's disease (PD). Understanding the cell biological principies for generating 
functional DA neurons in lieu of the diseased can provide many new avenues for better 
treatment of patients with PO. Recent laboratory work has focused on using stem cells as a 
starting point for exogenous or endogenous derivation of the optimal DA cells for repair. 
Using fetal DA cell therapy in PD patients and stem cell derived DA neurons in animal 
models, it has been demonstrated that functional motor deficits associated with PD can be 
reduced after application of this new technology. Evidence shows that the underlying disease 
process does not destroy the transplanted fetal DA cells, although the patient's original DA 
system degeneration progresses. The optimal DA cell regeneration system would reconstitute 
a normal network capable of restoring feedback-controlled release of DA in the nigro-striatal 
system. The success of cell therapy for neurological diseases is limited by access to 
preparation and development of highly specialized dopaminergic neurons found in the A9 and 
Al O region of the substantia nigra (SN) in the ventral mesencephalon, as well as technical and 
surgical steps associated with transplantation . 

Alternatives to donor human fetal cells are now studied as more practica! cell sources for 
future clinical treatments; for example, xenogeneic fetal cells, stem cells, progenitor cells and 
genetically modified cells. These cells are studied functionally and in terms of developmental 
and transcription factors such as Nurr 1, PitX 3, SHH and markers relating to growth cone 
behaviors and cell type specification from ES to dopamine neuronal types. 

Flg. l. (A) By using PET and the specific DAT ligand ¡il CJCFT, wc identifi ed spec ific 

binding in the right grafted striatum. as shown in th is brain sl ice (A. Lefl) acquired 26 
min after injection of the ligand into lhe tail vein (ncquisition time wa.o; 15 !iec). Color­
coded (activity) PET images were overlaid with MRf images for anatomical localization. 
The increase in [ 11 C)CFT binding in the right striatum was correlated with thc 
postmortem presence of TH immunoreactive (IR) neurons in the graft (A . Right). (8) 
Neuronal activation mediated by DA rel ea.~e in response to nmphctamine (2 mgykg) was 
restored in animals recciving ES grafts. Colorcodcd maps of the pcrccntage of change in 

rCBV are shown at two striatal levcls for control (Upper) and an ES cell-deri ved DA 
graf\ (Lower). A 6-0HDA lesion w..ults in a complete absence of CIJV response to 
amphetaminc on striatum and cortex ipsilatcral to the lesion (Upper). Rccovery of signa! 
change in motor and somatoscnsory cortex (arrows) and to a minar extcnt in the strintum 
was observed onJy in ES-grafted animnls. (C) Graphic representation of signa! changes 
over time in the same animal shown in B. The response on the grafted (red line) and 
normal (blue line) striata wa.~ simil:u- in magnitude and time cour-se, wherens no changes 
were observed in sham-graft.cd animals (greco line). Bnseline was collected for 10 min 
befare and 1 O m in Rfter monocrystalline iron oxide nanocolloid injection, and 

amphetamine was injected at time O. ce, corpus callosum. (L.M. Bjorklund et al.. Proc. 

Natl. Acad. Sci. 99, 2344-2349, 2002) Instituto Juan March (Madrid)
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At the cellular and molecular leve! of brain repair, we investigated specific axon guidance 
factors in the adult brain. By transplanting ES and fetal neuroblasts into various locations in 
the brain of animal models, we determined that most neuroanatomical systems can reconnect 
and create reparative interactions. In animal models, implanted fetal or ES cell derived 
dopamine neurons can survive long-term and gradually reduce signs of PD. Therefore, the 
curren! state of the art cell therapy for PD appears to require transfer of appropriate and 
selectively placed DA neurons in patients that are responsive to DA substitution therapy. 
Possibly, the emergence of stem cell generated DA neurons in concert with improved surgical 
and technical approaches may provide a more optimal intervention for sorne patients with PD. 
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Cellular and gene therapy delivery in animal rnodels of Parkinson's disease 

and Huntington's disease 

Jeffrey H. Kordower and Jodi McBride 

Department ofNeurological Sciences. Rush Presbyterian St. Luke's Medica! Center 

Chicago IL 60612 

Cell replacement and gene therapy are two promising areas for treatment movement 

disorders. In this regard, glial cell-derived neurotrophic factor (GDNF) potently supports the 

viability and phenotypic expression of dopaminergic nigral neurons. The consistent success of 

GDNF in animal models of Parkinson's disease (PD) has led to a clinical tria! that was 

subsequently abandoned due to mínima! efficacy, significant side effects, and post-mortero 

evidence that this intraventricular GDNF fails to penetrate the brain parenchyma sufficiently 

to access vulnerable nigrostriatal neurons. We have performed a series of studies in which the 

GDNF gene was delivered directly to the nigrostriatal system of young, aged and MPTP­

treated monkeys using a lentiviral vector system. Robust and consistent gene expression (2.5-

3.5 ¡tg/mg protein of GDNF) for up to 8 months was seen in all animals. Anterograde and 

retrograde transport of secreted GDNF was noted. Injections of lenti-GDNF to aged monkeys 

increased the number, size, and THmRNA expression within nigral neurons and dopamine 

and TH-immunoreactivity within the striatum. Enhanced fluordopa uptake was also seen on 

PET sean. Injections of lenti-GDNF to MPTP-treated monkeys reversed the motor deficits 

seen on a clinical rating scale and an operant hand-reach task. The loss of fluorodopa uptake 

seen on PET was prevented by lenti-GDNF. The loss and shrinkage ofnigral neurons, as well 

as the loss of nigral THmRNA and striatal dopamine was also prevented by lenti-GDNF. 

Mínima! toxicity was observed following lentivirus injections. These data support the concept 

that lentiviral delivery of GDNF may prevent the structural and functional consequences seen 

in patients with PD. Interestingly, administration of recombinant GDNF also has been 

demonstrated to be effective in rodent models of Huntington's disease. Huntington' s disease 

(HD) is an autosomal dominant disorder caused by an expanded polyglutamine (CAG) tract at 

the IT15 locus on chromosome 4. These excessive repeats lead to the degeneration of striatal 

and cortical neurons resulting in a devastating cognitive, psychiatric, and motor disorder for 

which no treatments are available. Neurotrophic factors support the viability of striatal 

neurons suggesting that they might prevent the inevitable neural degeneration and its 

accompanying functional decline associated with HD. We investigated whether glial cellline­

derived neurotrophic factor (GDNF) delivered by an adeno-associated virus could provide 

structural and functional neuroprotection in a rat model of HD. Lewis rats received bilateral 

injections of either AAV-GDNF (n=l2) or AAV-green fluorescence protein (AAV-GFP, 

n=l2) into the striatum followed two weeks later by chronic subcutaneous infusions of the 

mitochondrial toxin, 3-nitropropionic acid (3-NP, 38 mg!kg). All rats underwent 4 weeks of 
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behavioral testing and were then sacrificed. Following 3-NP, the performance by AAV-GFP 
treated rats on a raised platfom1 motor task deteriorated while performance by AA V -GDNF 
treated rats near normal (p<O.OOI). AAV-GDNF treated rats also received better scores on a 
blinded semi-quantitative neurological sca\e compared to rats receiving AA V -GFP (p<O.OO 1 ). 
Histological analyses supported our behavioral findings . 3-NP treated rats receiving AA V­
GDNF displayed 70% more NeuN-immunoreactive (ir) neurons compared to 3-NP treated rats 
receiving AA V -GFP (p=0.002). Similar findings were seen with dopamine-and-adenosine-
3 '5 '-monophosphate-regulated phosphoprotein (DARPP-32) staining. These data indicate that 
the viral-mediated gene transfer of GDNF into the striatum provides neuroanatomical and 
behavioral protection in a rodent model of HD. The urgency to find a clinical intervention for 
this disease has lead to a surge in research focusing on the transplantation of human neural 
stem cells (hNSC). hNSC are attractive candidates for cell replacement therapy because they 
are capable of self renewal and can be maintained in culture for long periods of time prior to 
transplantation. Here we show that hNSC survive transplantation into the rat striatum, migrate 
extensively, differentiate into neurons and astrocytes and attenuate the behavioral deficits seen 
in a rat model of Huntington 's disease. 
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Functional uncoupling of CBl cannabinoid receptors in the caudate­

putamen of mu opioid knockout mice 

Fernando Berrendero 1, Victoria Mendizáball, Patricia Murtral, Brigitte L. Kieffer2 and 

Rafael Maldonado 1 

1 Laboratori de Neurofarrnacologia, Faculta! de Ciencies de la Salut i de la Vida, Universitat 

Pompeu Fabra, C/Doctor Aiguader 80, 08003 Barcelona, Spain 

21nstitut de Génétique et de Biologie Moleculaire et cellulaire, CNRS/INSERMIULP, BP 

16367404 Illkirch, France 

Although the existence of functional links between the endogenous cannabinoid and 

opioid systems has been already been demonstrated in numerous studies, extensive research is 

still needed to elucidate the biochemical mechanisms involved in this interaction. The absence 

of m-opioid receptors has recently been shown to abolish THC conditioned place preference 

in mice, suggesting that m-opioid receptors activity can modulate the pathways involved in 

the rewarding effects of cannabinoids. 

To test the possible existence of changes in the expression and/or functional activity of 

cannabinoid receptors in m-opioid receptors knockout mice, we have perforrned quantitative 

receptor autoradiography of CB 1 cannabinoid receptors and activation of GTP-binding 

proteins by CBI agonists in the brains of wild-type and homozygous knockout mice . No 

significan! differences were obtained in the levels of CB 1 receptors in the brains of m-opioid 

receptors mutant m ice. ln contrast, the activation of CB 1 receptors by the cannabinoid agonist 

WIN 55,212-2 was dramatically reduced in the caudate-putamen of m knockout animals when 

compared to wild-type controls. Sin ce co-expression of CB 1 receptors and m-opioid receptors 

in the same patch neurons of the rat caudate-putamen nucleus has recently been reported, the 

present results suggest that deletion of m-opioid receptors uncouples CB 1 receptors located in 

these striatal neurons. 
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N europrotective effect of VIP in a m o use m o del of Parkinson 's disease by 

blocking microglia activation 

Mario Delgado and Doina Ganea 

Parkinson's disease (PD) is a common neurodegenerative disorder with no effective 

protective treatment, characterized by a massive degeneration of dopaminergic neurons in the 

substantia nigra (SNpc) and the subsequent loss of their projecting nerve fibers in the 

striatum. To elucidate PD pathogenic factors, and thus to develop therapeutic strategies, a 

murine PD model based on the administration of the neurotoxin 1-methyl-4-phenyl-1 ,2,3,6-

tetrahydropyridine (MPTP) has been used extensively. It has been demonstrated that activated 

microglia cells actively participate in the pathogenesis of MPTP-induced PD through the 

release of cytotoxic factors. Because current treatments for PD are not effective, considerable 

research focused lately on a number of regulatory molecules terrned microglia-deactivating 

factors. Vasoactive intestinal peptide (VIP), a neuropeptide with a potent anti-inflammatory 

effect, has been found to be protective in severa! inflammatory disorders. This study 

investigates the putative protective effect of VIP in the MPTP model for PD. VIP treatment 

significantly decreases MPTP-induced dopaminergic neuronal loss in SNpc and nigrostriatal 

nerve-fiber loss. VIP prevents MPTP-induced activation of microglia in SNpc and striatum 

and the expression of the cytotoxic mediators, iN OS, interleukin 1 b, and numor necrosis 

factor a. VIP emerges as a potential valuable neuroprotective agent for the treatment of 

pathologic conditions in the central nervous system, such as PD, where inflammation-induced 

neurodegeneration occurs. 
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Dual control of basal ganglia output by means of the thalamic 

parafascicular nucleus 

JL Lanciego, Gonzalo N, Castle M, Vázquez A, Aymerich M, Obeso JA 

This work is focused on the study of neuronal circuits arising from the rodent caudal 

intralaminar nuclei and their presumed role on basal ganglia function. Emphasis was placed 

on the analysis of the architecture of thalamostriatal and thalamo-subthalamic projections in 

albino rats. Our major interest was to elucidate whether thalamic inputs were related to 

projection neurons or local circuit neurons within targeted structures (striatum and 

subthalamic nucleus). Projections coming from the parafascicular nucleus to the striatum 

displayed a patchy organization throughout the matrix compartment. These patches are 

composed by dense terminal axonal arborizations, often containing striatal neurons 

projecting either to the entopeduncular nucleus (medial globus pallidus in primates) orto the 

externa! globus pallidus, as well as neurons projecting to the substantia nigra reticulata. The 

thalamostriatal projections under scrutiny were also seen to be in register with al! the major 

classes of striatal interneurons (nitrergic neurons, neurons containing the calcium binding 

protein parvalbumin, and cholinergic interneurons). Subthalamic neurons projecting to either 

the entopeduncular nucleus or to the externa! globus pallidus are the presumed postsynaptic 

target for fibers coming from the sensorimotor part (dorsolateral) of the parafascicular 

nucleus. In summary, glutamatergic axons arising from the parafascicular nucleus might 

exert a dual control of the striatal output, either by directly exciting striatal projection 

neurons or indirectly by means of a previous synaptic contact onto a striatal interneuron 

which in turn modulates the activity of projection neurons. Furthermore, thalamic inputs can 

also gain access to basal ganglia output nuclei via subthalamo-pallidal projecting neurons, 

neurons receiving glutamatergic thalamo-subthalamic projections. Thus, activation of either 

circuit has an opposite physiological effect on the basal ganglia output nucleus. Taken 

together, these data suggest that the parafascicular nucleus may influence neuronal activity in 

the direct and indirect circuits and could be considered as an additional component of the 

basal ganglia motor Joops. 
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Bclx-L-rnediated blockade of cell death is critical to enhance the generation 

of Tyrosine Hydroxylase expressing human neurons frorn neural stern cells 

Liste I., Navarro B., Bueno C., Villa A., Martínez-Serrano A. 

Oxidative stress is a well-known risk and cell-death triggering factor for dopaminergic 

(DA) neurons. When Tyrosine Hydroxylase (TH) is over-expressed in human neural stem 

cells (hNSCs), neurotrophic factors (BDNF and GDNF) and antioxidant Cu+Zn Superoxide 

Dismutase (SOD!cit) moderately (C02-fold) enhanced TH expression. Anti-apoptotic Bcl­

XL, however, induced a much more remarkable protection of TH + hNSCs (one order of 

magnitude). Bcl-XL-mediated neuro-protection is specific upon TH expression, since it does 

not enhance LacZ expression, and is mimicked by the pan-caspase inhibitor zV AD-fmk, 

confirrning a block ofapoptosis mechanism. Bcl-XL also enhanced (1-2 orders ofmagnitude) 

the capacity for dopaminergic differentiation of Nurrl + immortalized lines of hNSCs and 

human neurosphere cultures. In fact, the production of TH + neurons by a Bcl-XL over­

expressing forebrain hNSC clone and Bcl-XL over-expressing human neurospheres greatly 

exceed that obtained from human ventral mesencephalic tissue. Bcl-XL enhances total neuron 

generation by hNSCs to a lower extent, but his cannot explain the remarkable increase in TH 

+ neurons. Rather Bcl-XL effects suggest a specific survival effect onDA neurons. From the 

evidence presented here obtained using three independent model systems (transgenic TH 

expression and normal differentiation to DA neurons, and also immortal and neurosphere 

cultures of hNSCs), it can be concluded that enhancing Bcl-XL expression may be of direct 

application for the generation of a continuous so urce of human TH/DA neurons. This, in tum, 

will facilitate the development of cell replacement and drug screening activities, in arder to 

discover new therapeutic strategies for Parkinson's disease. 
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Melatonin attenuates oxidative stress induced during preparation of 
primary dopamine neurons for grafting 

D.M. Marchionini, C.E. Sortwell, M.F. Fleming and TJ. Collier 

Transplantation of embryonic ventral mesencephalic (YM) ti ssue aims to replace 
dopamine in the striatum that is los! in Parkinson 's di sease (PD). 

Unfortunately graft viability is poor, therefore strategies mus! augment graft survival 
befare transplantation can be a practica! therapy for PD. Oxidative stress is hypothesized to be 
a threat to graft viability but it has been unclear whi ch aspect of the grafting procedure may be 
associated with thi s risk. Here we demonstrate th at the di ssoc iation process generales 
oxidative stress and that addition of the anti-oxidant melatonin to the dissoc iation medium 
attenuates this stress. We report that dissociated YMs compared to whole YMs have more 
protein oxidation, as measured by reactive carbonyl derivatives in a Westem blot. 10~1 VM 
microislands were plated on po1y-D-lysine coated plates with horrnone supp1emented serum 
free medium for S days. The addition of 100 or 250 ~M melatonin during the di ssociation 
process yielded a significan! increase in the number of tyrosine hydroxylase immunoreactive 
neurons; 175 ± 6.9 and 218 ± 9.0% ofcontrol, respectively. We have previously shown that 
systemic melatonin administration to the host significantly enhances graft-induced recovery 
of amphetamine-induced rotational behavior. Ongoing studies wi ll compare graft survival and 
functional recovery in animals that receive cells untreated or supplemented with 250 ~M 
melatonin during the dissociation procedure. We show that the dissociation process alone 
triggers oxidative stress, and utilization of anti-oxidants at this point in the grafting paradigm 

may augment graft survival. 
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Transgenic mice over-expressing G6PD in nigrostriatal neurons: General 

characteristics and resistance to MPTP toxicity 

Mejías, R., Villadiego, J., Pintado, O.C.*, Vime, P., Toledo-Ara!, J.J., Echevarría, M. and 

López-Barneo, J. 

Laboratorio de Investigaciones Biomédicas, Hospital Universitario Virgen del Rocío, and 

Centro de Producción y Experimentación Animal*, Universidad de Sevilla, Seville, Spain 

Idiopathic Parkinson's disease (PD) is a multifactorial disorder of unknown origin 

characterized by degeneration of nigrostriatal neurons. A possible pathogenic factor is the 

oxidative stress inherent to dopamine metabolism. Glucose-6-phosphate dehydrogenase 

(G6PD), the rate-limiting enzyme in the synthesis of the NADPH, has been shown to be 

essential to reduce glutathione and to protect ce lis against oxidative stress ( 1-3). So, we ha ve 

developed a tissue-specific transgenic mouse (TG) overexpressing G6PD . The transgene 

expression was directed to the substantia nigra using a rat 9 kb tyrosine hydroxylase (TH) 

promoter ( 4). 

The expression pattern of G6PD was analyzed by in situ hybridization and 

immunohistochemistry. Expression was mainly observed in ventral mesencephalic neurons, 

although appreciable staining was also seen in hippocampus, hypothalamus, olfactory bulb, 

locus coeruleous, amygdala, and cortex. Besides in the CNS, high levels of G6PD were also 

found in adrenal medulla. G6PD expression in carotid body or sympathetic ganglia was, 

however, below our leve! of detection. An increase in G6PD enzymatic activity was detected 

in substantia nigra and striatum ofTG mice compared with the littermate controls. We have 

studied whether over-expression of G6PD protects dopaminergic neurons against 1-methyl-4-

phenyl-1 ,2,3,6-tetrahydropyridine (MPTP)-induced neuro-toxicity. MPTP ( 40 mg!kg) was 

injected subcutaneously to groups of 5-7 littermate controls and 5-7 TG animals and they were 

sacrificed seven days later to examine the nigrostriatal pathway. Although detailed 

quantitative studies are still underway, observations from three separate experiments suggest 

that the effect of injection of MPTP on nigrostriatal neurons is reduced in TG animals. This is 

observed not only in the number of TH(+) nigra cells, but more importantly, in the leve! of 

striatal innervation. These data suggest that metabolic alterations could underlie the 

pathogenesis of PD and that stimulation of NADPH production could be a potential 

therapeutic approach to this disease. 

References: 

l. Pando1fi, P.P. et al. EMBO J. 14: 5209-5215, 1995. 

2. Ho, H-Y. et al. Free Rad. Biol. Med. 29: 156-169,2000. 

3. Salvemini F. et al. J. Biol. Chem. 274: 2750-2757, 1999. 

4. Min N. et al. Mol. Brain Res. 27: 281-289, 1994. 
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Nitric oxide triggers the toxicity dueto glutathione depletion in midbrain 

cultures through 12-lipoxygenase 

Canals, S., Casarejos, M.J., de Bernardo, S., Rodríguez-Martín, E. and Mena, M.A. 

Glutathione (GSH) depletion is the earliest biochemical alterat ion shown to date in 

brains of Parkinson's disease (PD) patients. However, data from animal models show that 

GSH depletion by itself is not sufficient to induce ni gral degeneration. We have previously 

shown that non-toxic inhibition of GSH synthesis with L-buthionine-(S ,R)-su lfoximine (BSO) 

in primary midbrain cultures, transforms a nitric oxide (NO) neurotrophic effect, selective for 

DA neurons, into a toxic effect with participation of guanylate cyclase (GC) and cGMP­

dependent protein kinase (PKG). Here we demonstrate that arachidonic acid (AA) metabolism 

through the 12-lipoxygenase (12-LOX) pathway is also central for this GSH-NO interaction. 

LOX inhibitors (NDGA and baicalein) but not cyclooxygenase (indomethacin) or 

epoxygenase (clotrimazole) ones, prevent cell death in the culture, even when added 1 Oh after 

NO treatment. Furthermore, AA addition to GSH depleted cultures precipitates a cell death 

process that is indistinguishable from that initiated by NO, in its morphology, time course and 

12-LOX, GC and PKG dependency. The first AA metabolite through 12-LOX enzyme, 12-

HPETE, induces cell death in the culture and its toxicity is greatly enhanced by GSH 

depletion. In addition we show that if GSH synthesis inhibition persists for up to 4 days 

without any additional treatment, it will induce a cell death process that also depends on 12-

LOX, GC and PKG activation. In this study, therefore we show that the signalling pathway 

AA/12-LOX/ 12-HPETE/GC/PKG may be importan! in severa! pathologies in which GSH 

decrease has been documented, like PD. The potentiating effect of NO over such signalling 

pathway, m ay be of relevance as part of the cascad e of events leading to and sustaining nerve 

cell death . 
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Abnormal CaMKII function mediatcs synaptic and motor deficits in 

experimental parkinsonism 

Barbara Picconi,.Fabrizio Gardoni, Diego Centonze, Daniela Mauceri, M. Angela Cenci, 

Paolo Calabresi , and Monica Di Luca 

The NMDA receptor complex represents a molecular key element in the pathogenesis 

of long-term synaptic and motor abnormalities in Parkinson 's Disease (PD). Here we show 

that NMDA-NR! subunit and PSD-95 protein levels are selectively reduced in the striatum of 

dopamine (DA) denervated rats. These effects are accompanied by an increase in striatal 

lcvels of alpha Ca2+/Calmodulin-dependent protein kinase li (alpha CaMKII) 

autophosphorylation. While nom1alizing alpha CaMKII autophosphorylation levels , the 

intrastriatal administration of the CaMKli inhibitor KN-93 is able to reverse both the 

alterations in corticostriatal synaptic plasticity and the deficits in spontaneous motor 

behaviour that are found in this animal model of PD. The same beneficia! effects are produced 

by a regimen of L-DOPA treatment that is able to reduce alpha CaMKII autophosphorylation. 

These data indicate that an abnormal autophosphorylation of alpha CaMKII plays a causal 

role in the alterations of striatal plasticity and motor behaviour that follow DA denervation. 

Normalization of CaMKII activity may be an important underlying mechanism of the 

therapeutic action ofL-DOPA in PD. 
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Wnt-1 signalling in the development of ventral midbrain dopaminergic 

neurons 

Nina Rawal, Goncalo Castelo-Branco, Kyle Sousa, Francisco J Rodriguez, Joseph Wagner 

and Emest Arenas 

Laboratory ofMolecular Neurobiology, Karolinska Institute, 171 77 Stockholm, Sweden 

The Wnt family of secreted protein are involved in cellular proliferation and 

differentiation during development and deletion of the Wnt-1 gene results in loss of midbrain 

and hindbrain structures. We have recently found that Wnt-1 regulates proliferation ofventral 

midbrain neural precursors. We now show that Wnt-1 prometes cell cycle regulation by 

upregulating cyclins DI and D3 and downregulating p27 and p57 mRNAs. By blocking GSK-

3b, we are able to mimic the effect of Wnt-1 on the number of TH+ cell/field, indicating that 

Wnt-1 signals through the canonical b-catenin pathway. 
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Zinc release in the substantia nigra and Glutamate and GABA 

neurotransmission 

Manuel Rodríguez Díaz, Teofilo Jorge Alonso, Juan Perdomo Díaz, Tomás González 

Hemández, Rafael Castro Fuentes, Pablo Varela, Sergio Gonzalez and José García Dopico 

There is ex1stmg evidence which shows a transmitter role for zinc in different 

telencephalic centres and which suggests that it is involved in neurodegenerative disorders of 

forebrain neurones. In the present study, the release of zinc was studied with microdialysis 

methods in the substantia nigra (SN) of rats, a mesencephalic centre involved in the 

pathophysiology of Parkinson 's diease. Evidence was found for an extracellular pool of zinc 

that increases afier depolarization with high doses of K+ or glutamate-receptor agonists. Low 

do ses of zinc increased extracellular glutamate (GLU) and decreased glutamine, suggesting an 
inhibitory role of zinc on nigral GLU-transporters . Low doses of GLU increased extracellular 

zinc, suggesting a facilitatory action bctwecn GLU and zinc relcase. Prev ious evidence 

suggests that both GLU and zinc are involved in the degeneration of telencephalic cells . 

Present data suggest a cooperative action of zinc and GLU in increasing the vulnerability of 

SN-cells, which could be involved in the pathophysiology ofParkinson's diease. 
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Neuronal activity of the subthalamic nucleus during active, passive and 

reflex movements in Parkinson's disease 

M.C.Rodriguez-Oroz; F.Alonso-Frech; M.Alegre; J .Guridi; J.Artieda; I.Zamarbide; 

M.Rodriguez-Diaz; J.A.Obeso 

The subthalamic nucleus is a key structure in nom1al motor control and in the 

pathophysiology of PD. We performed extracellular single cell recording in the subthalamic 

nucleus(STN) during surgery in 15 patients. Modifications of neuronal activity in relation 

with active (ballistic) and passive movements of the wrist and in response to tendon jerk 

tapping of the arm and knee were assessed in 33 well isolated neurones. The 

electromyographic (EMG) activity and joint position of the limb during the manouvres were 

recorded simultaneously. Twenty two neurons were related to active ballistic movements. 

Most units (77 ,6 %) showed an in crease of activity 60-115 ms before EMG onset or joint 

displacement. A few (9.2%) showed a period (\ 00-200 ms long) of decreased activity 

coinciding with EMG onset followed by a rebound increment. Eighteen neurones responded 

to passive movement increasing the discharge rate (up 200 %) sorne 70-130 msec after the 

movement. Six neurons responded to tapping (phasic streching) with a brief (60 ms) but very 

reproducible increment in firing with a latency of 67-78 ms. Al! these neurones were located 

in the dorsolateral region ofthe nucleus. We conclude that the STN in PD is involved in both 

movement initiation and stretch reflex mechanisms. The different pattems of activity 

encountered suggests that the STN sensorimotor activity is related with movement 

modulation. 
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Neuronal differentiation of primate parthenogenetic embryonic stem (ES) 

cells Cyno-1 after transplantation into the rat striatum 

R. Sánchez Pemaute, L. Studer, O. Cooper, & O. Isacson 

We have previously reported that mouse ES cells differentiate in vivo into neurons 

(Deacon et al., 1998). Neuronal differentiation, and, in particular, differentiation into 

dopamine neurons, increased when ES cells were grafted at a low concentration decreasing 

cell-to-cell interaction (Bjorklund et al., 2002). Here we investigated the in vivo 
differentiation of Cyno-1 primate ES cells (Cibelli et al., 2002). These cells are 

parthenogenetic (developed from an unfertilized egg) but develop normally in vitro and in 
vivo, giving rise to cells from the three germ layers. Dopamine neurons are obtained in vitro 
when cells are grown in appropriate conditions (Cibelli et al., 2002). To determine the 

potential of Cyno-1 for transplantation in Parkinson 's disease models, we examined survival, 

proliferation and differentiation of Cyno-1 cclls grafted into the rat striatum. Early 

differentiation was investigated in na"ive rats at 2 weeks. 

Cyno-1 cells in the host brain formed tubular neuroepithelial structures, resembling the 

neuroepithelial rosettes observed in culture dishes. Many cells expressed stage specific 

embryonic antigen 4 (SSEA-4) at this stage, but neurons expressing J3tubulin were already 

present in high numbers at the periphery of the neuroepithelial structures. These neurons co­

expressed a primate specific neuronal marker. Tyrosine hydroxylase (TH) expression was not 

detected at this early stage. Next we grafted undifferentiated Cyno-1 ES cells at low cell 

density into 6-0HDA-lesioned rats and examined the outcome 3-4 months post 

transp1antation. As observed for rodent ES, undifferentiated cells differentiated in vivo 
predominantly into neurons but in contrast to mouse ES cells, the majority of these ES cell­

derived neurons adopted a forebrain (BF-1 positive) phenotype. TH positive neurons were 

observed but, in contrast to rodent ES cells, noradrenergic neurons were more abundant than 

dopaminergic ones. These studies demonstrate that undifferentiated Cyno-1 cells give rise to 

neurons in vivo but the dopaminergic fate does not appear to be favored . Together with the 

presence of cells derived from other germ cell 1ayers in the grafts, our results underscore the 

need for instructed differentiation of primate ES cells and selection of appropriate neuronal 

populations for cell replacement therapy. 

Supported by NINDS Udall Center ofExcellence for Parkinson's disease, PFNCA and the Kinetics Foundation. 
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Increased Ievels ofTGF-beta-1 in striatal regions of PD patients may 

contribute to the neurodegenerative process 

Amelia Sánchez-Capelo and .Jacques Mallet 

lncreased levels of Transforming growth factor ~-1 (TGF-~-1) ha ve been found in the 
central nervous system of patients with Parkinson 's disease (PO), Alzheimer' s di sease, 

Down's syndrome and ischemic 1esions. In PO patients, TGF-~-1 are th ree times higher in the 
striatal regions (caudate nucleus and putamen) than in nom1al individuals. The effect on the 

mesocstriatal dopaminergic system of this incremcnt is sti ll unknow n. In vitro studies on 

embryonic dopaminergic cells have produced opposite results, from neuroprotection to 

ncurotoxicity. We have observed th at striatal overexpression of TGF-~-1 , by recombinant 

adenovirus TGF-~-1 gene transfer, in 6-0HDA dopamine-depleted striata decreases the 
survi val and functionality of transplanted embryonic dopaminergic neurones derived from the 

ventral mesencephalon (Sánchez-Capelo et al., 1999). Moreover, TGF-~-1 overexpression in 
the mesostriatal system of an MPTP mouse model of PO decreased lil e number of 
mesencephalic dopaminergic neurones compare to MPTP-treated mice. This effect also 
involved more extensive DA depletion in the striatum and decrease in dopaminergic 
transmission to the postsynaptic target, measured by striatal mRNA expresion of 

preproenkephalin A. In the absence of MPTP, TGF-~-1 great ly decreased the number of 
dopaminergic neurones in the ventral mesencephalon of fu lly mature mice. These results 

show that an increase in TGF-P-1 Jevels aggravate the parkinsonian status of MPTP mice. 

TGF-~-1 receptors type I (ALK1, ALK2, and ALK5) , and type li (T-~-R-ll) are expressed in 
the substantia nigra and striatum of nom1al and parkinsonian mice. In an wide variety of 

systems TGF-P-1 is a strong inducer of apoptosis. The increment of TGF-~-1 may therefore 
be a risk fac tor for the development of PO. I will present these results and discuss possible 

mechanisms of neurotoxicity induced by TGF-~-1 in PO. 
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The intranigral injection of thrombin induces in vivo selective degeneration 

of dopaminergic neurons along with the activation of microglia 

Tomás-Camardiel M., Can·eño-Müller E., Herrera A.J., de Pablos R.M. , Venero J.L., Cano J. 

and Machado A. 

Parkinson's disease (PO) is the second most common neurodegenerative disorder. The 

most significan! pathological features of PO are the presence of oxidative stress (Oexter et al. , 

1994; Jenner and Olanow, 1998) and immunc/inflammatory activity shown as a dramatic 

proliferation of reactive amoeboid macrophages and microglia in the substantia nigra (SN) 

(McGeer et al., 1988a,b; Hirsch et al., 1998). 

A great amount of works pointed out the signi ficant importance of the inflammatory 

process and the activation of microglia in the induction of degeneration of dopaminergic 

system of the nigral system. We have studied the effect of one physiological compound, 

thrombin, on the possible inflammatory reaction and its effect on the neurons of the 

nigrostriatal system. Thrombin is a multifunctional serine protease, best known for its role in 

the blood eoagulation caseade. It is derived from its zymogen, prothrombin, and converts 

fibrinogen into fibrin, activates platelets, and stimulates the proliferation of vascular smooth 

muse le cells (Oavey and Luscher, 1967; Oavie et al., 1991; McNamara et al., 1993). 

Seven days after the injection of different concentrations of thrombin into the 

nigrostriatal pathway, it was observed a strong macrophage/microglial reaction in SN, pointed 

out by immunostaining using OX-42 and OX-6 antibodies and by the induction of iNOS, 11-

1 beta; and TNF-alpha. The SN was far more sensitive than the striatum to the inflammatory 

stimulus induced by thrombin injeetion. Moreover, a selective damage to dopaminergic 

neurons was produced after thrombin injcction, evidenced by the loss of tyrosine hydroxylase 

mRNA-expressing cells bodies and thc unaltercd transcription of glutamic acid decarboxylase 

mRNA in SN and striatum. Thcse thrombin effects could be produced through its capability 

to induce the activation of microglia described in in vitro studies, and are in agreement with 

the effects described for other proinflammatory compounds. Thrombin effects are produced 

by its biological activity since they almos! disappeared when thrombin was heat-inactivated or 

injected a long with its inhibitor alpha-NAP AP. These results could ha ve special importance in 

some degenerative processes of the nigrostriatal dopaminergic system and could be also 

involved in some kind ofParkinson 's disease. 

Rcfcrenccs: 
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983 423 588. E-mail: jplloret@ibgm.uva.es 

Laboratory of Molecular Neurobio logy. Karolinska 
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(Sweden). Tel.: 46 8728 7661. Fax: 46 8341 960. E-mail: 
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Opto. de Fisiología. Fac. de Medicina. Univ. de La Laguna. 
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XII 36,31008 Pamplona (Spain). Tel.: 34 948 255 400. Fax: 
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Harvard Medica! School. 115 Mi li Street, Belmont, MA. 
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91 562 75 18. E-mail: cvicario@cib .csic.es 

Clínica Universitaria. Universidad de Navarra. Avda. Pío 
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Texts published in the 
SERIE UNIVERSITARIA 
by the 
FUNDACIÓN JUAN MARCH 
concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

'': Out of stock. 

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

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

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

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. Garcia 
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 RNA 
Viruses. 
Organizers: F. Garcia-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. Azorin, M. Beato and A. 
A. Travers. 

257 Lecture Course on polyamines as 
Modulators of Plant Oevelopment. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

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

*259 Workshop on Transcription and 
Replication of Negative Strand RNA 
Viruses. 
Organizers: D. KolakofskY and J. Ortin. 

*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. 
Martinez-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. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnoveJtions in Pro­
teases and Their lnhi bitors: 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 INTERNATJONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors *10 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 Organ ize rs: 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 
*5 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 and A. Ullrich. 

Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

*8 Workshop on the Diversity of the 
Signalling in Hematopoiesis. 

lmmunoglobulin Superfamily. 
Organizers: E. Donnall Thornas and A. 

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

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 

pression in Yeast. Neuronal Development. 

Organizers : C. Gancedo an d 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 Prometed 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. Downward, 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. Azorfn, M. Beato and A. 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 Yeast 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 Hemato­
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. 

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. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers : R. W. Oppenheim, E. M. 
Johnson and J. X. Camella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

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

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J. López­
Barneo. 

62 1996 Annual Report 

63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bernabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 

Instituto Juan March (Madrid)



65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizar : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­
bination. 
Organizers: J . C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J . L. 
Mico l. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J. Gehring. 

*74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro and A. M. Sillito. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi , 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers: F. García-Arenal , K. J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall, A. P. Wolffe , R. J . 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J . M. Redondo, P. Matthias 
and S. Pettersson. 

87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J. Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­
nisms of Ion Channels. 
Organizers: J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 
Serrano. 
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90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers: J. A. Hoffmann, F. García­
Oimedo and L. Rivas . 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo­
logous Recombination and Genetic 
Rearrangements. 
Organizers: J. C. Alonso , J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers: P. Sassone-Corsi and J. R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers : E. M. De Robertis and J . 

Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizar: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J. L. Bos, J . C. Lacal and A. 
Hall. 

*1 00 Workshop on the Interface Between 
Transcription and DNA Repair, Recom­
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J. H. J . Hoeij­
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

*102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa­
tion. 
Organizers: E. Lanka and J. M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J. Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain: 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J. Schlessinger, G. Thomas, 
F. de Pablo and J . Mosca!. 

107 Workshop on Biochemistry and Mole­
cular Biology of Gibberellins. 
Organizers: P. Hedden and J . L. García­
Martínez. 

1 08 Workshop on lntegration of Transcrip­
tional Regulation and Chromatin 
Structure. 
Organizers: J. T. Kadonaga, J . Ausió and 
E. Palacián. 

109 Workshop on Tumor Suppressor Net­
works. 
Organizers: J. Massagué and M. Serrano. 

11 O Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. D. Burgoyne and G. Álva­
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers: R. Yuste and S. A. Siegel­
baum. 

112 Workshop on the Myc Network: Regu­
lation of Cell Proliferation, Differen­
tiation and Death. 
Organizers: R. N. Eisenman and J . León. 

113 Workshop on Regulation of Messenger 
ANA Processing. 
Organizers : W. Keller, J. Ortín and J. 
Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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115 Workshop on Chaperonins: Structure 
and Function. 
Organizers: W. Baumeister, J. L. Garras­
cosa and J. M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers : J . J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches to 
Tuberculosis. 
Organizers: B. Gicquel and C. Martín. 

118 2000 Annual Report. 

119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers: D. R. Madden, W. Kühlbrandt 
and R. Serrano. 

120 Workshop on Common Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics and 
Bioinformatics. 
Organizers : B. Honig, B. Rost and A. 
Valencia. 

122 Workshop on Mechanisms of DNA­
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers : J. S. Stamler, J . M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín , V. G. Corees, T . 
Kouzarides and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers : C. J . Tabin and J . C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning and 
Specification. 
Organizers: K. G. Storey and J. Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers : E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers : E. Blumwald and A . 
Rodríguez-Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers : V . Sundaresan and C . 
Gutiérrez. 

130 Workshop on Molecular Basis of Hu­
man Congenital Lymphocyte Disorders. 
Organizers: H. D. Ochs and J. R. Re­
gueiro. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions: Encountered or Unified 
Views. 
Organizers: M. G . Park er and M. A. 
Valverde. 

132 2001 Annual Report. 

133 Workshop on Stress in Yeast Cell 
Biology ... and Beyond. 
Organizer: J . Ariño. 

"134 Workshop on Leaf Development. 
Organizers: S. Hake and J. L. Micol. 

135 Workshop on Molecular Mechanisms of 
lmmune Modulation: Lessons from 
Viruses. 
Organizers: A. Alcami , U. H. Koszinowski 
and M. Del Val. 

136 Workshop on Channelopathies. 
Organizers : T . J . Jentsch , A. Ferrer­
Montiel and J. Lerma. 

137 Workshop on Limb Development. 
Organizers: D. Duboule and M. A. Ros. 

138 Workshop on Regulation of Eukaryotic 
Genes in their Natural Chromatin 
Context. 
Organizers: K. S. Zaret and M. Beato. 

139 Workshop on Lipid Signalling: Cellular 
Events and their Biophysical Mecha­
nisms. 
Organizers: E. A. Dennis, A. Alonso and l. 
Varela-Nieto. 

140 Workshop on Regulation and Functio­
nallnsights in Cellular Polarity. 
Organizers : A. R. Horwitz and F. 
Sánchez-Madrid. 
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141 Workshop on The Structure of the 
Cortical Microcircuit. 
Organizers: R. Yuste, E. M. Callaway and 
H. Markram. 

142 Workshop on Control of NF-kB Signal 
Transduction in lnflammation and 
lnnate lmmunity. 
Organizers : M. Karin , l. M. Verma and J. 
Moscat. 

143 Workshop on Engineering ANA Virus 
Genomes as Biosafe Vectors. 
Organizers: C. M. Rice , W. J. M. Spaan 
and L. Enjuanes. 

144 Workshop on Exchange Factors. 
Organizers: X. R. Bustelo , J. S. Gutkind 
and P. Crespo. 

145 Workshop on the Ubiquitin-Proteasome 
System. 
Organizers: A. Ciechanover, D. Finley, T. 
Sommer and C. Mezquita. 

146 Workshop on Manufacturing Bacteria: 
Design, Production and Assembly of 
Cell Division Components. 
Organizers: P. de Boer, J . Errington and 
M. Vicente. 

147 2002. Annual Report. 

148 Workshop on Membranes, Trafficking 
and Signalling during Animal Development 
Organizers: K. Simons, M. Zerial and M. 
González-Gaitán. 

149 Workshop on Synaptic Dysfunction 
and Schizophrenia. 
Organizers: P. Levitt, D. A. Lewis and J. 
DeFelipe. 

150 Workshop on Plasticity in Plant 
Morphogenesis. 
Organizers: G. Coupland, C. Fankhauser 
and M. A. Blázquez. 

151 Workshop on Wnt Genes and Wnt 
Signalling. 
Organizers : J. F. de Celis , J. C. lzpizúa 
Belmonte and R. Nusse. 

152 Workshop on Molecular and Genetic 
Basic of Autoimmune Diseases: SLE 
and RA. 
Organizers : A. Coutinho, W. Haas and C. 
Martínez-A. 

*: Out of Stock. 

153 Workshop on The Dynamics of 
Morphogenesis: Regulation of Cell and 
Tissue Movements in Development. 
Organizers: C. D. Stern and M. A. Nieto. 

154 Workshop on Developmental Mecha­
nisms in Vertebrate Organogenesis. 

Organizers: G. Oliver and M. Torres. 
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The Centre for International Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate 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 Spani sh 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 

Courses, Seminars and Symposia. 

From 1989 through 2002, 

a total of 176 meetings, 

all dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 23rd through the 251h of }une, 2003, 
at the Instituto Juan March. 

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

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


