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Enfermedad de Parkinson - Demografía 

• Incidencia EP aumenta con la edad 

– 17 x 100 000 personas/año entre 50 y 59 

– 93 x 100 000 pers/año entre 70 y 79 a 

– riesgo de desarrollar EP a lo largo de la vida de 1·5% 

• Edad media inicio 60 a 

• Duración media desde diagnóstico hasta muerte de 15 años 

• Ratio mortalidad de 1.3 a 2 

• Envejecimiento en occidente 

– se espera ↑ frecuencia por encima de los actuales 1 en 800 

• Causa precisa muerte difícil de identificar mayoría casos  

– neumonia es el certificado más común 

• Hombres 1.5 mas frecuente que mujeres 

– ≠ entre estudios = más acusada en > 70 a y poblaciones occidentales 
• 1.JH Bower, DM Maraganore, SDK McDonnell and WA Rocca, Incidence and distribution of parkinsonism in Olmsted County, Minnesota, 1976–1990, Neurology 52 

(1999), pp. 1214–1220.  

• 2. MC de Rijk, MM Breteler and GA Graveland et al., Prevalence of Parkinson's disease in the elderly: the Rotterdam Study, Neurology 45 (1995), pp. 2143–2146  

• 3. R Katzenschlager, J Head, A Schraq, Y Ben-Shlomo, A Evans and AJ Lees, Fourteen-year final report of the randomized PDRG-UK trial comparing three initial 

treatments in PD, Neurology 71 (2008), pp. 474–480.  

• 4. D Twelves, KS Perkins and C Counsell, Systematic review of incidence studies of Parkinson's disease, Mov Disord 18 (2003), pp. 19–31.  



PD – Classic Concept 
Good correlation of pathology with motor symptoms 

Good correlation of treatment response with dopaminergc (DAc) deficit  

Cardinal Symptoms 

• Rest Tremor  

– > hands, asymmetric 

•  Bradykinesia  

– slowing of movements 

•  Rigidity (joints) 

Other symptoms 

• Gait disturbance 

• reduced steps, festination, loss of  
automatic control, freezing, falls 

• Speech disturbances  

– dysarthria, hypophonia 

•Diagnosis of PD 
– ≥ 2 cardinal motor symptoms 

– Response to DAc treatment 
Hughes AJ. J Neurol Neurosurg Psychiatry 1992; 155: 181-184. 

 

3 Lang AE. N Engl J Med 1998; 339: 1044–53 Hornykiewicz O. Adv Neurol. 1987; 45: 19–34. 
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Two key areas of Research in PD  

• Research exploring specific therapeutic 
approaches that could contribute to the 
development of improved PD treatments  

 

• Research to develop tools and resources that 
will help accelerate the development of PD 
treatments  
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• A progressive multiorgan disease with 

variegated neurological and non-motor 

deficiencies 

 

• Multifocal involvement of the 

– central, peripheral and autonomic nervous 

system 

– and other organs 

 

• Associated with widespread occurrence of  

• Lewy bodies 

• and dystrophic Lewy neurites 

 

– Resulting from deposition of abnormal α-synuclein 

Movement Disorders, vol 27, No 1, 2012 

Adler C, et al. Salivary Gland Biopsy as a Diagnostic Test for Parkinson's Disease (AAN, 2013 - S03.005) 





• 25.8% classified as MCI 

 

– Memory impairment        13.3% 

– Visuospatial impairment  11.0% 

– Attention/executive         10.1% 

 

• Cognitive profiles 
 

– 11.3%  nonamnestic single-domain 

– 8.9%    amnestic single-domain 

– 4.8%    amnestic multiple-domain 

– 1.3%    nonamnestic multiple-domain 

• Risk factors for MCI 
 

– Older age at assessment 

– Older age at disease onset 

– Male gender 

– Depression 

– More severe motor 
symptoms 

– Advanced disease stage 

MCI (age- and education-corrected) z score on  1 cognitive domains at least 1.5 SD below mean of control 

subjects or normative data -     

Aarsland, Bronnick, Williams-Gray, Weintraub, 

Marder, Kulisevsky, Burn, Barone, 

Pagonabarraga, Allcock, Santangelo, Foltynie, 

Janvin, Larsen, Barker, Emre. 

Neurology 2010;75:1062–1069 

1,346 non-demented patients with PD from 8 different cohorts 



Comparative progression of impairment of ‘fronto-executive’ (A, B) and 

‘posterior-cortical’ (C,D) items 

Parkinson Disease Cognitive Rating Scale (PD-CRS) 

• selective decrease in ‘cortical-type’ items scores in PDD 

total scores 
independently discriminated 

controls from PD-ND 

as well as PD-ND from PDD 

(p<0,001) 

 

cortical scores 
independently discriminated  

PDD from PD-ND (p<0.01) 

PDD is characterized by the  

addition of cortical dysfunction 

upon a predominant and 

progressive fronto-subcortical 

impairment 

PD-CRS. Pagonabarraga J, Kulisevsky J, 

Llebaria G, et al. Mov Disord. 2008 

Controls Cog intact MCI PDD Controls Cog intact MCI PDD 



Hypothesised pathways leading to cognitive dysfunction 

in early PD and subsequent PDD  

Based on 5-year follow-up of the CamPaIGN study cohort  

Williams-Gray CH et al. Brain 2009;132:2958–69; Kehagia et al, Lancet Neurol 2010 





Autosomal-Dominant Parkinsonism Associated with a Newly Described Mutation in 

DNAJC13: Clinical, Imaging and Pathological Description (S13.002) 

  
Silke Cresswell1, Ali Rajput2, Michele Rajput3, Carles Vilarino-Guell4, Christina Thompson5, Brinda Shah6, Irene Yu7, David Weir8, Jessamyn 

McKenzie9, Siobhan McCormick10, A. Stoessl11, Vesna Sossi12, Dennis Dickson13, Matthew Farrer14 and Alexander Rajput15 

• BACKGROUND: We identified a large Saskatchewan multi-incident family with autosomal-
dominant parkinsonism and found that a DNAJC13 mutation predisposed to the disease. Two further multi-
incident kindreds with PD were identified as well as two seemingly sporadic cases. All are of Mennonite origin. 

 

• DESIGN/METHODS: Subjects were clinically screened with an interview and a neurological exam and provided 
DNA samples. Symptomatic carriers were clinically followed longitudinally where possible. PET imaging was 
performed with dopaminergic tracers (F-dopa, DTBZ, methylphenidate, raclopride). Pathological examination was 
performed on family members with a clinical diagnosis of PD.  

 

• RESULTS: 57 subjects were screened in the Saskatchewan family, 16 carried the DNAJC13 mutation. Of 
these, 11 were symptomatic for PD: four had clinically definite PD, five possible/probable PD, two had historical 
parkinsonism. The phenotype in those with clinically definite PD was typical for PD including bradykinesia, tremor, 
rigidity, and postural instability. Motor complications (wearing-off and dyskinesias), and non-motor symptoms 
typical for PD were observed in some subjects. Subjects had a good response to levodopa therapy. Age of onset 
of first motor symptoms was 65 years. PET scanning included three mutation carriers, one with clinically definite, 
one with possible PD, one asymptomatic subject. The subject with clinically definite PD had a dopaminergic 
presynaptic deficit in the striatum with a rostro-caudal gradient typical for PD. PET imaging in the two other 
subjects was normal. Pathological examination of three mutation carriers with clinically definite PD revealed Lewy 
body pathology consistent with PD. One of the subjects also had TDP-43 reactive pathology.  

 

• CONCLUSIONS: The clinical, imaging and pathological presentation of parkinsonism caused by DNAJC13 closely 
resembles idiopathic PD. The newly discovered gene mutation will be important for the development of 
pathophysiological models of PD and translational research. 

AAN 2013 



Clinical, imaging and pathological presentation of parkinsonism caused 

by DNAJC13 closely resembles idiopathic PD 

Cresswell S, Rajput A, Rajput M, et al.  

• Phenotype in those with clinically definite PD typical for PD 

 

– including bradykinesia, tremor, rigidity, and postural instability 

– Motor complications (wearing-off and dyskinesias), and non-motor 
symptoms typical for PD were observed in some subjects 

– Good response to levodopa therapy 

 

• Age of onset of first motor symptoms 65 years 

 

• PET = dopaminergic presynaptic deficit in the striatum with a rostro-
caudal gradient typical for PD 

 

• Pathological examination (3 mutation carriers with clinically definite PD) 

–  Lewy body pathology consistent with PD 

 

• The newly discovered gene mutation will be important for the development 
of pathophysiological models of PD and translational research. 

AAN 2013 
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PD Genetics 

 

 

• Susceptibility genes (modify risk of PD) 

11/11/2013 15 



• GBA is a susceptibility gene 

across the LBD spectrum, but not 

in AD 

 

• Appears to convey a higher risk 

for PD and pDLB than for LBD-AD 

 

• PD and pDLB might be more 

similar to one another in genetic 

determinants and pathophysiology 

than either disease is to LBD-AD 

Tsuang, et al. Neurology2012;79:1–1 



 

Individual genes may exert different effects over specific cognitive 

domains or in different stages of the disease 

Movement Disorders , Vol. 27, No. 3, 2012 





Svenningsson P et al. Lancet Neurol 2012 

Genetics and cognition in PD 



Carrying the LRRK2 G2019S mutation was associated with lower executive 

performance in a population at risk for PD 

Thaler A, et al. Neurology 2012;79:1027-1032 
60 healthy subjects (30 carriers 

G2019S): 44 sons, 15 brothers, 

1 mother 



• Although LRRK2 seems not to confer increased risk of DEMENTIA…  

• It still, as PD does, confers increased risk of COGNITIVE 

IMPAIRMENT   

• Relating to the differential paths to ‘benign’ and ‘malign’ cognitive 

impairment in PD…. 

Williams-Gray CH et al. Brain 2009;132:2958–69; Kehagia et al, Lancet Neurol 2010 



Commonly accepted markers in the 

pathogenesis of PD  

Berg. Neurodegenerative Dis 2008; 5: 133 

Extended ‘pre-manifest’ phase 



Clinical, Neuropathological, and Genetic Lewy body 

Disease Spectrum 

A growing body of clinical and pathological evidence supports the notion that 

AD, DLB, and PDD are different members of the same disease continuum 



A combination of Lewy- and AD-type pathologies is a robust pathological 

correlate of dementia in PD 

with quantitative and semi-quantitative assessment of Lewy pathology being 

more informative than Braak α-synuclein stages 



Ann Neurol 2012 

Semiquantitative scores for burden of NFT, 

senile plaques, LBs and LNs 

Multivariate logistic regression  

Correlates of comorbid AD also examined. 

Severity of cortical LB (CLB)/LN pathology positively associated with PDD 

  (p < 0.001; OR, 4.06; 95% CI, 1.87-8.81) 

 

As was APOE4 genotype (p = 0.018; OR, 4.19; 95% CI, 1.28-13.75) 



From Parkinson's Disease to Alzheimer Disease 

 

• Across patient groups 
– levels of tau protein 

– and index tau protein/β-amyloid 1-42  

• increasing in the order: 
– PD < PDD < DLB < AD 

• Amiloid β1-42 levels 
– decreasing in the same order  
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 CSF of PDD and DLB patients 
shows similar changes as that in AD 
 but some of these changes not reach 

statistical significance 

 

Jellinger K. Mov Disord 2012;27:8-30 



Potential value of CSF biomarkers 

1. For the diagnosis of PD? 

 

• Biomarker signature for the 
possible recognition of 
prodromal PD? 
– similar to what is being 

pursued with AD biomarkers?  
 

– DeMeyer GAlzheimer’s Disease Neuroimaging 
Initiative. Diagnosis-independent Alzheimer disease 
biomarker signature in cognitively normal elderly 
people. , et al; Arch Neurol. 2010;67(8):949-956. 

 
 

 

 

2. For the  assessment of heterogeneous 

disease progression in PD? 

 

• PIGD-PD motor subtype 
progress more quickly along 
both motor 

– ZetuskyWJ, et al. Neurology. 1985;35(4):522-526. 

– Graham JM, Sagar HJ. Mov Disord. 
1999;14(1):10-20. 

• and non motor trajectories  
• Williams-Gray CH, et al. Brain. 2007;130:1787-

1798. 

 

 



 

1. First report of CSFAβ1-42,T-tau, P-tau181, and α-syn 

biomarkers in the first 102 members of the PPMI cohort 

 

In drug-naive patients with early-stage PD 

 

• Levels of AD-related CSF biomarkers 
– (Aβ1-42, T-tau, and P-tau181) 

• and CSFα-syn  

• are significantly lower than those in demographically similar HCs 

 

• CSF Aβ1-42 and P-tau181 are significant predictors of PD vs HCs 
(multivariate logistic regression model) 



 
2. T-tau and α-syn are associated with severity of 

motor dysfunction in early PD 

In drug-naive patients with early-stage PD 

 

• Patients who have lower CSF Aβ1-42, P-tau181, and α-syn levels 

 

• are more likely to have the PIGD-dominant motor phenotype 
– which has been associated with more rapid disease progression 



2. T-tau and α-syn are 

associated with severity of 

motor dysfunction in early PD 



State of the art 

• Although the levels of CSF Aβ1-42 
and P-tau181 are significantly 
associated with PD diagnosis… 

 

• Its diagnostic utility to differentiate 
patients with PD from HCs is 
presently low 

– Neither biomarker had an area 
under the ROC curve > 0.80 for 
PD diagnosis 

• The combination of other 
biomarkers including 

– genetic markers  

– plasma or CSF measures of DJ-1, 
for example  

 

• likely be necessary to improve the 
diagnostic utility of the CSF 
biomarkers 

 

 



Complex Disease 
Interaction between genetic and environmental factors 

32 



Complex Disease 
Interaction between genetic and environmental factors 

• Besides genetic factors, are we drawing a 

profile of practices associated with 

decreased/ incidence of PD? 

 

– Physical Exercise (aerobic) 

– Smoking 

– Caffeine 

– Intake of flavonoid 

- Plus a recent newcomer…  



Complex Disease 
Interaction between genetic and environmental factors 

Yen-Chieh Lee, et al. Neurology 2013;81:410-416 

For those who have to be 

on statins, it is a 

comforting thought that 

there is a potential added 

advantage of having a 

lower risk of PD 



Complex Disease 
Interaction between genetic and environmental factors 

Yen-Chieh Lee, et al. Neurology 2013;81:410-416 

For those who have to be 

on statins, it is a 

comforting thought that 

there is a potential added 

advantage of having a 

lower risk of PD 



Mitochondria have long been implicated in the 

pathogenesis of PD 

• Aging might facilitate PD by weakening 

mitochondria and reducing neuron’s ability 

to dispose of harmful α-syn aggregates 

 

• Several mitochondria-related genes 

can cause PD when mutated 

Parkin, PINK1 and Mitochondrial Homeostasis:  

Implications for PD 



PARK2 Mutations Greatly Affect Mitochondrial 

Homeostasis 

• Disease-causing mutations in PARK2 impair mitochondrial 

ubiquitination, aggregation, and mitophagy (Lee et al., JCB 2010) 



PINK1-Mediated Phosphorylation Is Essential for 

Parkin Recruitment  

• PINK1 is Parkin’s regulatory kinase, which selectively 

recruits the E3 ligase to dysfunctional mitochondria (Narenda 

et al., JCB 2008; Vives-Bauza et al., PNAS 2010).  



Mitochondrial homeostasis seems to be at the core of PD 

• The E3 ubiquitin ligase, Parkin, 
and its regulatory kinase, 
PINK1, are essential elements 
of the mechanism of 
mitochondrial homeostasis 

 

• A large number of mutations in 
the encoding genes are 
associated with PD 

 

• Molecules that activate -but do 
not hyperactivate-  Parkin, or 
increase PINK1 activity, might 
open new avenues for PD 
therapeutics 

 

 

 



A Neo-Substrate that Amplifies PINK1 Activity Has 

Been Recently Reported 

• The neo-substrate, kinetin triphosphate 

(KTP) can be generated intracellularly 

from the plant hormone, kinetin. 

 

• Kinetin amplify PINK1 activity in cell 

assays, with concomitant increase of 

Parkin recruitment, and decreased cell 

death  (Hertz et al., Cell 2013)  

Kinetin and KTP already have FDA 

approval and do not cause adverse 

reactions in humans. 

 

This should both speed up and 

simplify the process leading to 

clinical trials in humans. 

Kinetin: a molecule long used as the 

basis for anti-wrinkle cream! 



Neuroprotection 

• Dificulty in defining and measuring 

neuroprotection 

• No validated subrogate markers 

• Neuroimaging studies with confusion 

factors  

• Long-term studies required to probe 

benefit 

 
• LeWitt PA. Clinical trials of neuroprotection for Parkinson’s disease. Neurology. 2004:63:S23-S31. 

41 



• Axial symptoms 

– Gait  

– posture 

 

• Evolve more rapidly 
than other motor 
features of PD 

 

• best index of disease 
progression 



Efficacy of modifying treatments 

• More comprehensive 
evaluation in terms of 
delaying ‘major 
events’ of PD  

 

– Dyskinesias 

– Axial symptoms 

– Postural instability 

– Dementia  

 

• That have the major 
impact on patients 



Efficacy of modifying treatments 

• Previous drug screens aiming 

to identify disease-modifying 

compounds for PD  

 

• have typically been based on 

toxin-induced in vitro and in 

vivo models of PD 

 

• All these compounds have 

failed to have a reliable 

disease-modifying effect in 

subsequent clinical trials. 



Novel approach for Neuroprotection 

• Future drug screens may be 

preceeded by in silico screens 

 

• assessing compounds for their 

likely effect on enhancing the 

biological activity of proteins 

such as Parkin or PINK1 

 

• Potential rescue effect of 

pharmacological compounds in 

model systems of early onset PD 

 

• Vitamin K(2) acts as a mitochondrial 

electron carrier that rescues 

mitochondrial dysfunction in pink1-

deficient Drosophila 
– (Vos et al., 2012) 

 

• Rapamycin and the LRRK2 inhibitor 

GW5074 reduced the production of 

mitochondrial reactive oxygen species 

in PINK1 mutant neural cells exposed 

to valinomycin 
– (Cooper et al., 2012). 

 



Recent novel approach: To screen an entire compound library directly 

in patient tissue to identify compounds with a rescue effect on 

mitochondrial dysfunction as a crucial pathogenic mechanism in PD 

The mitochondrial rescue effect 

depends on activation of the 

glucocorticoid receptor with increased 

phosphorylation of Akt and was 

confirmed in a Parkin-deficient neuronal 

model system and in LRRK2G2019S 

mutant fibroblasts 



PD Treatment: General Principles for 

Symptomatic Treatment 

• Why treating patients? 

 

– Keep patient functionally independent  

• As much time as possible  

• Improve motor symptoms  

• Improve non-motor symptoms 

 

• Treatment should be Individualized 

 

• Age, cognitive & mental status 

• Degree of functional impairment 

• Expectatives, social & work condicionants                                  

• Initial response to treatment 

– Side effects 

 

Schapira AHV, Olanow CW. In: Principles of Treatment in Parkinson’s Disease; 2005. 

Hughes AJ, et al. Brain 2002;125:861-70. 



Dopamine Agonists 

Use should be balanced against side effects  

• Similar to L-Dopa, greater risk of   

– Psychiatric side effects (specially older people) 

– Impulse Control Disorder (ICDs)  

– Leg edema  

•Other side effects  

– Positive effects on mood 
• Barone P, et al Lancet Neurol. 2010;9:573-80. 

– Even with rebound effect after withdrawal:  
• Rabinak CA and Nirenberg MJ. Arch Neurol.2010;67:58-63. 

48 



• PD itself does not confer an 
increased risk for development of 
ICD or related behavior symptoms 

 

– further reinforces the reported 
association between PD 
medications and ICD  

 

• ~ 20% of de-novo PD report some IC 
or related behavior symptoms  

 

– long-term follow-up is needed to 
determine whether such patients 
are at increased risk for ICD once 
PD medications are initiated 

 

Weintraub D, et al. Neurology 2013;80:176-180 

Additional findings: increasing severity of depression is 

associated with these symptoms in both the entire 

population and PD patients, but global cognitive abilities 

are not. 



Clinical features of dopamine agonist withdrawal syndrome in a movement 

disorders clinic. Margarita Pondal, Connie Marras, Janis Miyasaki, Elena Moro, Melissa 

J Armstrong, Antonio P Strafella, Binit B Shah, Susan Fox, L K Prashanth, Nicolas Phielipp, Anthony E Lang. J 

Neurol Neurosurg Psychiatry 2013;84:130–135 

• Symptoms similar to addictive drug withdrawal 

 

• 487 PD patient charts reviewed, 84 were withdrawn from the agonists and were evaluable 

 

• 13 patients (15.5%) met criteria for DAWS (DAWS+) and 71 did not (DAWS -) 

 

• DAWS developed upon withdrawal from pergolide, pramipexole and ropinirole, and did not 
respond to levodopa 

 

• Recovery in less than 6 months in 61%, in more than a year in 23%, and an inability to 
discontinue DA in 15% of patients 

 

• Development of ICD  was the reason for DA withdrawal in all DAWS+, but only in 41% of DAWS - 
patients (p<0.0001) 

 

• DAWS+ and DAWS - patients did not differ in other variables. 

 

• DAWS is a disabling complication of DA use 

 

• Critical features of the syndrome are the strong link with ICD, possibly 
the independence of DA dosage and type, and the resistance to 
treatment, including levodopa. 
 



Emergent Therapeutic Strategies in PD 

 

Drug treatment Non-pharmacologic 

Continuous dopaminergic stimulation 

(CDS) 

New DBS and surgical 

techniques 

• Novel delivery systems Cell replacement strategies 

Neuroprotection/disease modification Gene therapy 

• Neurotrophic factors 

• Early treatment 

• Early combination treatment 

Drugs that target both dopaminergic 

and non-dopaminergic systems 



Investigational drugs with non-dopaminergic 

mechanisms of action 

• mGluR5 receptor antagonists 

– AFQ056 

 

• AMPA receptor antagonists 

– Talampanel 

 

 

• 5-HT receptor agonists 

– pimavanserin 

– piclozotan (ACP-103) 

 

 

 

• Adenosine A2A receptor 

antagonists  

– vipadenant (BIIB014) 

– preladenant 

– SYN-115 (Tozadenant) 

 

• α2 adrenoceptor antagonists 

– idazoxan 

– fipamezole 

 

Safinamide – MAO-B inhibitor, dopamine reuptake inhibitor,   

Na+ channel modulator and glutamate release inhibitor (III)  

 



Existing and evolving PD therapies 

= Anti-dyskinesia 

= Non-motor symptoms 

= Delay disease progression 

= Early to/or late PD symptomatic 

= Development for neuroprotection claim 

Phase I 

Phase III 

Marketed 

Adenosine A2a 

antagonist 

Dopamine (receptor) agonist MAOB inhibitor 

L-dopa 

COMT 

inhibitor  

Glutamate/NMDA 

antagonist 

Other 

Gene 

therapy 

Other ion channel 

targeted 

Enzyme 

inhibitor 

XP-21279 

Duodopa  

Pimavanserin 

Istradefylline 

Phase II 

Bromocriptine 

Cabergoline 

Tolcapone 

Entacapone 

Safinamide 

Apomorphine 
Inhaled 

Apomorphine 

(VR-040) 

Sublingual 

Apomorphine 

DM-1992 

ProSavin 

Rivastigmine 

Ropinirole 

Lisuride sc 

Sinemet Madopar  

Levodopa 

AZD 3241 

SYN-118 

PD-02 

PYM-50028 

TAK-065 

SYN-115 

Fipamezole 

Preladenant 

Neu-120 

GM-1 Ganglioside 

Amantadine 

ADX48621 

AFQ-056 

NLX-P101 

ACR-325 

Lu-02-750 

Nasal 

Apomorphine 

IPX066 

AV-201 

CERE-120 

Pramipexole-ER 

Pardoprunox 

Pramipexole 

Rotigotine 

Ropinirole-ER 
Selegiline 

Rasagiline 

Zonisamide (JP) 





Genetic mouse models 

• Unfortunately, the preclinical models of PD that are currently 

available to investigate the pathogenic mechanisms and explore 

novel therapeutic strategies are inadequate 

 
• Destroy dopaminergic neurons 

– 6-hydroxydopamine (6OHDA) 

– 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine (MPTP) 

 

• No adequate animal model for cognitive deficits in PD 

 

• As an alternative to toxins, newer animal models have utilized 
genetic knockout and knock-in technologies — facilitated by a 
greater understanding of the genetic basis of PD 

 

• One of the major drawbacks of the traditional models is the lack of 
Lewy body pathology.  

 



Genetic mouse models 

• Of the many α-synuclein mouse models, only A53T transgenics 
exhibit a full range of pathology including α-synuclein aggregation, 
oligomers, fibrils, phosphorylation, ubiquitination and progressive 
age-dependent neurodegeneration 

– These mice, however, do not show a loss of substantia nigra dopaminergic 
neurons, and motor deficits are caused by a loss of brain stem neurons and 
anterior horn motor neurons of the spinal cord. 

 

• Unfortunately, with no loss of dopaminergic neurons, the parkin-, 
PINK1- and DJ-1-deficient mouse models have little utility outside of 
basic research and cannot be used to test neuroprotective agents. 

 

• Mouse models of LRRK2 mutations have so far failed to produce 
neurodegeneration of dopaminergic neurons 

 

– The kinase domain of LRRK2, however, might prove to be a useful target for 
drug development, and could potentially be of benefit for patients with either 
mutations of LRRK2 or sporadic PD 

 



Motor deficit responsive to levodopa 

Animals show dopamine release alterations 

No neuronal loss in SN 

Axonal dysfunction 

Accumulation of phosphorilated tau  



Genetic mouse models 

• The most interesting, and perhaps 
most faithful, mouse model for PD 
developed to date…. 

 

• ironically does not involve a known 
genetic mutation in the human 
condition 

 

 

• This is the MitoPark mouse model 

 

• Produced by deleting the gene for 
the mitochondrial transcription factor 
Tfam, which plays a critical role in 
maintaining mitochondrial DNA 

Beal MF. Parkinson's disease: a model dilemma. Nature 2010;466:S8-10. 

Galter D, et al. MitoPark mice mirror the slow progression of key symptoms and l-DOPA response in Parkinson's 

disease. Genes Brain Behav 2010;9:173-81. 



MitoPark mice 

• Striking recapitulation of clinical PD 

pathogenesis 

 

• Cardinal features of PD, including 

 

– adult onset of neurodegeneration 

– progressive decline in motor function 

– presence of intraneuronal inclusions 

(possibly a Lewy body equivalent) 

– preferential death of dopaminergic 

neurons in the SN compared to the VTA 

– Responsiveness to levodopa  

 

Beal MF. Parkinson's disease: a model dilemma. Nature 2010;466:S8-10. 

Galter D, et al. MitoPark mice mirror the slow progression of key symptoms and l-DOPA response in Parkinson's 

disease. Genes Brain Behav 2010;9:173-81. 
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Major areas of translational research 

• Alpha-Synuclein 
– A major focus of therapeutic development given its genetic link and presence in Lewy 

bodies, the cardinal neuropathological feature of PD 

 

• Biomarkers 
– Biomarkers are critical for identifying and tracking the progression of PD, as well as 

detecting how drugs act in the body. 

  

• Cognition 
– Not well managed by existing treatments, cognitive impairment is a major ”non-

motor” feature of PD that can drastically reduce quality of life. 

  

• Dyskinesia 
– A major side effect of gold-standard levodopa therapy, dyskinesias can be highly 

disabling and reduce overall quality of life for PD patients. 

  

• Imaging 
– Imaging is a powerful tool that can be used to visualize the structure and function of 

the brain in living subjects. An imaging biomarker would be extremely useful both for 
drug development studies and as an outcome measure in clinical trials.  

  



Major areas of translational research 

• LRRK2 
– A compelling drug target given its strong genetic link to Parkinson’s disease and 

highly “druggable” cellular function. 

 

• Neurotrophic Factors 
– Essential for developing and maintaining healthy neurons, neurotrophic factors 

could help protect and restore function in damaged dopamine neurons in the 
brains of Parkinson’s patients. 

  

• Stem cells 
– Using stem cells and iPS cells to discover new treatments for Parkinson's disease. 

 

• Pipeline  
– new and promising research projects 

  



• As we are looking to translate better 

understanding of basic neuroscience into 

clinical interventions, neurologists will be 

very critical to these new efforts… 



Sant Pau Hospital – IIB Sant Pau          
Universitat Autònoma de Barcelona 

 

• Movement Disorders Unit / Research Institute 
 

– Staff Neurologists  
 

• Berta Pascual-Sedano 
• Alexandre Gironell 
• Javier Pagonabarraga 

 
– Research nurses 

 
• Antonia Campolongo 
• Susana DiGiovani 

 
– Staff Neuropsychologist 

 
• Carmen García-Sánchez 

 
– Predoctoral Fellows 

 
• Roser Ribosa 

• Saül Indra 
• Ramón Fernández de Bobadilla 

 
– Neuropsychopharmacology lab  

 
• Victoria Sosti 
• Fabián Arenas 

 
– Director 

 
• Jaime Kulisevsky 

 

• Thank you for your attention 



Visualising nigrosome loss as a novel MRI diagnostic in 

Parkinson’s disease 
Blazejewska AI, et al. University of Nottingham – MDS Sydney 2013 

• To investigate if (1) nigrosomes can be visualised 
directly in vivo (IV) by comparing IV and post 
mortem (PM) high field MRI and histochemical data; 
(2) nigrosome visualization in 7T and 3T MRI could 
provide a new diagnostic marker of PD. 

• Dopaminergic cell loss in the S. nigra is 
predominant in the nigrosomes, calbindin D28k 
(CAL) immunonegative substructures in the SN. 

 

• Conclusions: We have identified 
the substructure of the SNpc , 
TH+, NM+, CAL-, iron-, and 
hypointense region on PM and IV 
T2*w images corresponding to 
nigrosome 

• Its absence on IV T2*w images is 
associated with PD 

– Kwon et al., Ann of Neurol, 2012, 
71:267-77. 

– change in a T2*w hyperintense 
SN substructure in PD  

• it was possible to identify 
nigrosome on 3T scanners 
providing a new diagnostic marker 
of PD 



Locally administered rotenone induces alpha-synucle in phosphorylation, accumulation and 
aggregation withgliosis in ENS ganglia 

control 1.5 meses tto 3 meses tto 

control 3 meses tto 



Intracellularandaxonal alpha-synucleinincreases in theintermediolateral nucleus and the 
dorsal horn lamina I layer of the spinal cord after oral rotenone treatment 
 

Nucleo intermedio lateral de la medula 

Control 1,5 m 3 m 

Control 

3 m 

Incremento de intensidad de -sinucleina 

Incremento -sinucleina en  
el asta posterior de la medula 



• -sinucleína en nervio vago cervical, ramas 
faringeas del nervio X y plexo faríngeo 
• 10 pacientes con EP y 4 controles  


