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Dr James Parkinson 
(1755–1824) 
Politician, Geologist, Artist, Doctor 



James Parkinson was the son of John Parkinson, an 
apothecary and surgeon practicing in Hoxton Square, 
London. 
 
Where James studied is not known, but in 1784 his 
name appeared on a list of surgeons approved by the 
Corporation of London. 
 
On May 21, 1783, he married Mary Dale of Hoxton 
Square; they had six children. James eventually 
succeeded his father in his practice in Hoxton 
Square. 
 
James Parkinson died in Kingsland Road on December 
21, 1824. 
 





Parkinson's most important medical work was An Essay on 
the Shaking Palsy (1817). In this short essay Parkinson 
established the disease as a clinical entity: 

 
 "Involuntary tremolous motion, with lessened muscular 

power, in parts not in action and even when supported; 
with a propensity to bend the trunk forewards, and to 
pass from a walking to a running pace: the senses and 
intellect being uninjured.“ 

 
Four decades later Jean-Martin Charcot added rigidity to 

Parkinson's excellent clinical description and attached 
the name Parkinson's disease to the syndrome. 

  
 



Although Parkinson's disease is one of the 
best known medical eponyms, Parkinson 
himself received little attention from his 
english-speaking collegues, until an article 
written by the american J. G. Rowntree in 
1912 appeared in volume 23 of the Bulletin of 
the Johns Hopkins Hospital, titled: 
"English born, English bred, forgotten by the 
English and the world at large, such was the 
fate of James Parkinson".  
 



 

PARKINSON    1817 

 

CHARCOT     1876 
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I circuiti alterati nel Parkinson 



•  The substantia nigra was discovered in 1786 by Félix Vicq d'Azyr, but it took more 
than a century before Paul Blocq and Georges Marinesco alluded to a possible link 
between this structure and Parkinson's disease. The insight came from the study of a 
tuberculosis patient admitted in Charcot's neurology ward at la Salpêtrière because 
he was suffering from unilateral parkinsonian tremor.  

•  At autopsy, Blocq and Marinesco discovered an encapsulated tumor confined to the 
substantia nigra, contralateral to the affected side, and concluded that tremor in that 
particular case resulted from a midbrain lesion.  

•  This pioneering work, published in 1893, led Edouard Brissaud to formulate, in 1895, 
the hypothesis that the substantia nigra is the major pathological site in Parkinson's 
disease.  

•  Brissaud's hypothesis was validated in 1919 by Constantin Trétiakoff in a thesis 
summarizing a post-mortem study of the substantia nigra conducted in Marinesco's 
laboratory. 



 
 
 

What is Parkinson’s? 
The traditional view ! 
•  Parkinson’s	
  disease	
  is	
  one	
  of	
  the	
  most	
  common	
  neurodegenera4ve	
  diseases	
  

•  First	
  described	
  by	
  James	
  Parkinson	
  in	
  1817	
  in	
  An	
  Essay	
  on	
  the	
  Shaking	
  Palsy	
  

•  The	
  main	
  pathological	
  feature	
  is	
  the	
  degenera4on	
  of	
  neuromelanin-­‐containing	
  
neurones	
  in	
  the	
  pars	
  compacta	
  of	
  the	
  substan4a	
  nigra;	
  resul4ng	
  in	
  depleted	
  levels	
  
of	
  dopamine	
  within	
  the	
  brain	
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NORMALPARKINSON’S DISEASE



 

MOTOR PARKINSONISM  
 DEVELOPS AS CONSEQUENCE OF 

DEGENERATION IN THE 
  DOPAMINE-PRODUCING CELLS IN THE NIGRAL SUBSTANCE 

EOSINOPHYLIC α –SYNUCLEIN 

AND 

UBIQUITIN POSITIVE 

DEPOSITS  

OF  

CYTOSCELETAL  

FRAGMENTS 

               Lewy bodies 

C  PD 

leading to a dopaminergic denervation of the basal ganglia 



ARVID CARLSON	


Premio Nobel per la medicina nel 2000	













L- DOPA 

 L-DOPA, o Levodopa (3,4-diidrossi-l-
fenilalanina), è un intermedio nella via 
biosintetica della dopamina.  



Pharmachological properties of 
dopamine agonists 

Antonini, Tolosa, Mizuno, Yamamoto & Poewe Lancet Neurol 2009  



Poewe  et al. 2010 

Oral levodopa therapy 
Hurdles on route from the mouth to the brain  



Poewe  et al. 2010 

The evolution of levodopa-associated motor fluctuations  



ASSORBIMENTO 

  Un rallentamento dello svuotamento gastrico è, quindi, 
responsabile di una maggiore permanenza della levodopa nello 
stomaco: qui l’ambiente acido e gli enzimi prodotti dalle pareti 
dello stomaco (decarbossilasi) causano la degradazione della 
levodopa in dopamina. Più a lungo la levodopa rimarrà nello 
stomaco, più verrà degradata con una riduzione del suo 
assorbimento da parte del duodeno e, di conseguenza, una 
minore quantità di levodopa arriverà al cervello perdendo così 
la sua efficacia terapeutica.  
 



TRASPORTO L-DOPA 

  Esistono sistemi di trasporto attivo diversi per i diversi tipi di amminoacidi 
basici, acidi, neutri e aromatici; questi sistemi utilizzano energia e sono 
specifici per classi di amminoacidi, di conseguenza 

tutti gli amminoacidi aromatici (isoleucina, leucina, valina, 
fenilalanina, triptofano e tirosina), provenienti dalle proteine 
ingerite con il pasto utilizzano lo stesso sistema di trasporto 
della levodopa e si pongono in competizione con essa. 

Pasti ricchi di proteine, e in particolar modo di questi 
amminoacidi, possono quindi interferire nell’attività 
farmacologica della levodopa rendendo indisponibili 
i carriers necessari al trasporto.  
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Figure 1 



 Tmax  T1/2  Protein binding
 bioavailability  (min)  (Hours)  (%)

 (%) 
 
L-Dopa  n.d.  0,6 - 0,9  n.d.  99 

L-Dopa + IDD    30 - 120  1 - 3  n.d.  99 

L-Dopa + carbidopa CR  120 - 180  4 - 5  n.d.  70 

L-Dopa + benserazide HBS  120 - 240  6 - 8  n.d.  60 

L-Dopa metilestere  24 - 60  0,2 - 0,6  n.d.  99 
  

DDI 
 
Benserazide  60  <2  n.d.  n.d. 

Carbidopa  30 - 300  2  n.d.  n.d. 



Excessive fragmentation of oral levodopa makes plasma 
levels more erratic and unpredictable 
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•  Patient E: 50 mg levodopa x 10 (hourly) 

•  Patient F: 100 mg levodopa x 5 (every 2 hours) 

Nyholm et al. 2002 



Ottimizzazione farmacocinetica della levodopa (Stalevo) 
 ampliamento della finestra terapeutica 

Inibizione duplice DDC e COMT 
 massimo ingresso di levodopa nel cervello 



Tolosa et al, 1975 

Short half-life  Erratic gastric emptying 

Factors associated with development of motor complications 
2) Peripheral pharmacokinetic of levodopa 

Patterns of clinical response and plasma levodopa levels in PD 
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Plasma	
  Levodopa	
  Concentra2on	
  over	
  2me	
  
during	
  Duodenal	
  infusion	
  

Nyholm	
  D,	
  Odin	
  P,	
  Johansson	
  A	
  et	
  al.	
  Stable	
  Levodopa	
  Plasma	
  Levels	
  with	
  Jejunal	
  Infusion	
  of	
  Levodopa-­‐
Carbidopa	
  Intes4nal	
  Gel	
  in	
  Advanced	
  Parkinson’s	
  Disease	
  Pa4ents.	
  Interna4onal	
  Congress	
  on	
  Parkinson´s	
  
disease	
  and	
  Movement	
  Disorders,	
  Dublin,	
  2012	
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As PD progresses patient mobility becomes 
increasingly dependent from peripheral levodopa 

bioavailability 

off 

Dyskinesia 

on 

off 

Dyskinesia 

on 

off 

Dyskinesia 

on 







\ 

https://www.youtube.com/watch?v=pOhBtTYfSE4https://youtu.be/pOhBtTYfSE4	


	



https://www.youtube.com/watch?v=koL0PWCJ4lo	





Motor fluctuations in advanced Parkinson  





An example of severe end-of-dose dyskinesia 



Severe peak dose dyskinesia in an Early-onset PD with 
Dopamine Disregulation Syndrome 



Cost	
  of	
  illness	
  according	
  to	
  disease	
  stages	
  in	
  
different	
  countries	
  

Direct health costs 
Non-health related direct 
costs 
Indirect costs Partly 

€ 0
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€ 10000

€ 15000

€ 20000

€ 25000

France	
  	
  
(Le	
  Pen	
  1999)	
  

Sweden	
  	
  
(Hagell	
  2002)	
  

Germany	
  	
  
(SpoWke	
  2005)	
  

UK	
  	
  
(Findley	
  2007)	
  

Annual	
  costs	
  
for	
  H&Y	
  	
  
Stage	
  0/1	
  
Annual	
  costs	
  	
  
for	
  H&Y	
  	
  
Stage	
  5	
  

Note:	
  Comparison	
  is	
  possible	
  per	
  country	
  and	
  not	
  between	
  countries	
  as	
  different	
  costs	
  were	
  included	
  in	
  different	
  countries	
  

6.2	
  
fold	
  

3.8	
  fold	
  
8.5	
  fold	
  

2.9	
  fold	
  

Increase	
  of	
  
annual	
  costs	
  
from	
  HY1	
  	
  
to	
  HY5	
  







α-­‐synuclein	
  increase	
  in	
  CSF	
  
	
  
Tokuda	
  et	
  al.	
  (2010):	
  
Significant	
  difference	
  in	
  the	
  
oligomers/total	
  α	
  -­‐
synuclein-­‐ra4o	
  in	
  CSF	
  

	
  

Tokuda	
  et	
  al.	
  2010:	
  Detec4on	
  of	
  elevated	
  levels	
  of	
  	
  α–synuclein	
  oligomers	
  in	
  CSF	
  from	
  pa4ents	
  with	
  PD	
  



Use	
  of	
  Saliva	
  
Background	
  
	
  

•  Salivary	
  glands	
  are	
  linked	
  to	
  the	
  CNS	
  and	
  have	
  been	
  found	
  to	
  
be	
  involved	
  in	
  Parkinson’s	
  disease	
  at	
  rela4vely	
  early	
  stages	
  of	
  
the	
  disease	
  

•  Human	
  submandibular	
  gland	
  produces	
  70%	
  of	
  total	
  res4ng	
  
and	
  63%	
  of	
  s4mulated	
  salivary	
  volume	
  

•  Phosphorylated	
  α	
  -­‐Syn	
  was	
  inves4gated	
  with	
  
immunohistochemical	
  methods	
  in	
  different	
  body	
  sites	
  	
  
–  Submandibular	
  gland	
  
–  GIT	
  
-­‐>	
  Highest	
  frequencies	
  located	
  in	
  the	
  lower	
  oesophagus	
  and	
  
the	
  submandibular	
  gland	
  

Del Tredici et al. 2010: Lewy pathology in the submandibular gland of individuals with incidental Lewy body disease and sporadic Parkinson’s disease.	


Silvers et al. 1998: Salivary glands	



Blessing et al. 2004: Lower brain stem regulation of visceral, cardiovascular and respiratory function	


Cook et al. 1994: Secretion by the major salivary glands	



	





Saliva	
  

•  One	
  study	
  could	
  demonstrate	
  that	
  an4-­‐α-­‐Syn	
  
an4bodies	
  and	
  an4-­‐DJ-­‐1	
  an4bodies	
  can	
  be	
  detected	
  
in	
  saliva	
  

•  It	
  seems	
  to	
  be	
  another	
  ideal	
  biofluid	
  to	
  study	
  
poten4al	
  biomarkers	
  for	
  Parkinson’s	
  disease	
  
diagnosis	
  and	
  progression	
  because	
  it	
  is	
  typically	
  free	
  
of	
  blood	
  contamina4on	
  

Beach et al. 2010: Multi-organ distribution of phosphorylated alpha-synuclein histopathology in subjects with Lewy body disorders	


Cersosimo et al. 2010: Alpha-synuclein immunoreactivity in minor salivary gland biopsies of Parkinson’s disease patients	



Devic et al. 2011: Salivary a-synuclein and DJ-1: potential biomarkers for Parkinson’s disease	


	





Iden2fica2on	
  of	
  circula2ng	
  microRNAs	
  for	
  the	
  
differen2al	
  diagnosis	
  of	
  Parkinson’s	
  disease	
  	
  

Vallelunga	
  et	
  al.	
  submiWed	
  



GENE MUTATIONS WITH LINKAGE TO PD 
 

 
 

Most important autosomal dominant gene mutations 
•  α-synuclein gene (PARK 1chromosome 4q21, PARK 4chromosome 4p15)   
       (α-synuclein expression)    PD-LIKE PHENOTYPE 

•  UCH-L1 (PARK 5chromosome 4p14)                                                     
 (key component of ubiquitin-proteasome system)  PD-LIKE PHENOTYPE 

•  LRRK2: Leucine-rich repeat kinase 2 (PARK 8)             
 (regulation of neuronal survival)   PD-LIKE PHENOTYPE 
 
 

Most important autosomal recessive gene mutations 
•  Parkin (PARK 2chromosome 6q25.2-q27)                                                         

(ubiquitin E3 ligase: targeting ubiquitin for proteasomal degradation) SLOW PROGRESS DYSTONIC PAR   

•  PINK 1 (PARK 6chromosome 1p)                                                       
(protection against Mt dysfunction-induced stress)      SLOW PROGRESS DYSTONIC PARKINSONISM 

•  DJ-1 (PARK 7chromosome 1p36)                                                         
(protection against oxidative stress)   SLOW PROGRESS PARK + DYSTONIA + PSYCHIAT. SYMPTOMS 

•  ATP13A2 (PARK 9chromosome 1p36) 
 (lysosomal protein degradation)   PARKINSONISM + SPASTICITY + DEMENTIA 





Non-genetic PD 
Age 63 

6 yrs disease 

PARK 8 
Age 62 

6 yrs disease 

PARK 6 
Age 60 

6 yrs disease 

Healthy 
Control 



Eidelberg et al. Trends Neuroscience 2009	







Melzer et al Brain 2011	





Advanced 
PD 

The Evolution of PD 

O
nset m

otor sym
ptom

s 

olfactory loss 
RBD, 
constipation 
anxiety, 
depression, 
Impaired colour 
vision....................
. 

bradykinesia 
rigidity 
rest-tremor 
(+/- non-motor-symptoms) 

motor complications 
wearing off/
dyskinesias   
gait and balance  
problems 
axial deformities  
dysarthria/dysphagia 

non-motor complications 
cognitive decline /  
dementia, psychosis,  
autonomic dysfunction,  
sleep-wake-dysregulation  

-10a 0 2a 5a 10a 15a 

Preclinical 
PD 

Early treated PD 
(stable) 



Braak	
  PD	
  stages	
  1-­‐2	
  :	
  Pre-­‐clinical	
  PD	
  

Lewy	
  Body	
  Pathology	
  
Non-motor  
Symptoms	
  

REM	
  sleep	
  behavioral	
  disorder 

Hyposmia 
Cons4pa4on 

Depression 

Pain	
  
•	
  Medulla,	
  olfactory	
  bulb	
  
• 	
  Pon4ne	
  tegmentum	
  and	
  locus	
  ceruleus	
  
• 	
  Enteric	
  plexus	
  of	
  the	
  gastrointes4nal	
  tract,	
  
sympathe4c	
  nerve	
  fiber	
  in	
  the	
  heart	
  	
  



Braak	
  PD	
  stages	
  3-­‐4	
  :	
  Clinical	
  PD	
  

Lewy	
  Body	
  Pathology	
   Symptoms	
  

•	
  Midbrain	
  (substan4a	
  nigra)	
  
•	
  Basal	
  forebrain	
  
•	
  Medial	
  temporal	
  cortex	
  
• 	
  Amygdala	
  

Bradykinesia/akinesia 

Rigidity	
  

Resting	
  tremor	
  

Mild	
  cognitive	
  impairment	
  

Apathy/anhedonia 

Visual	
  hallucination 
Pain	
  	
  



Braak	
  PD	
  stages	
  5-­‐6	
  :	
  Advanced	
  PD	
  

Lewy	
  Body	
  Pathology	
   Symptoms	
  

•	
  Higher	
  order	
  associa4on	
  cor4ces	
  
(temporal	
  and	
  frontal)	
  
•	
  Primary	
  cor4ces	
  

Postural	
  instability	
  /	
  Fall 

Wearing-­‐off	
  	
  /dyskinesia	
  

Dysphagia	
  

Moderate/severe	
  cogni4ve	
  
impairment	
  

Day4me	
  sleepiness/Sudden	
  
onset	
  of	
  Sleep 

Visual	
  hallucina4on/delusion 



REM sleep behavioral disorder 
Hyposmia 
Autonomic dysfunction 
Depression 

Resting tremor 
Rigidity 
Bradykinesia/Akinesia 

Postural instability 
Freezing of gait 
Fall 

Dementia 
Psychosis 

Disease onset of PD 

Premotor stage Early stage Advanced stage 

Impaired vision 
Mild cognitive impairment 

Disease	
  progression	
  and	
  MS/NMS	




• Depression, apathy, anxiety, anhedonia, attention deficit, 
hallucinations  

• Delusions, dementia, obsessive behaviour 
Neuropsychiatric symptoms 

• Restless legs, periodic limb movements, REM behaviour disorder 
• Excessive daytime sleepiness, vivid dreaming, non-REM sleep-
related movement disorders, insomnia 

Sleep disorders 

• Bladder disturbances, urgency, nocturia, frequency, sweating 
• Orthostatic hypotension (OH), falls related to OH, coat-hanger pain 
• Sexual dysfunction, hypersexuality, erectile impotence  

Autonomic symptoms 

• Dribbling of saliva, ageusia, dysphagia/choking, reflux, vomiting,  
• Nausea, constipation, unsatisfactory voiding of bowel, bowel 
incontinence 

Gastrointestinal symptoms 
(overlaps with autonomic)  

• Pain, paraesthesia, olfactory disturbance Sensory symptoms 

• Fatigue, diplopia, blurred vision, seborrhoea, weight loss	
Other symptoms 

Chaudhuri K R et al. Non-motor symptoms of Parkinson’s disease: dopaminergic pathophysiology and treatment Lancet Neurol 
2009;8:464-74. 



An example of motor and non-motor off 



Antonini A et al. The PRIAMO study: background, methods and recruitment. Neurol Sci 2008;29 (2):61–5. Barone P et al. The 
PRIAMO study: A multicenter assessment of nonmotor symptoms and their impact on quality of life in Parkinson's disease. Mov 
Disorders 2009;15;24(11):1641–9. 

N=1072 



Disease severity as Hoehn & Yahr score 
N=1072 

1  1.5–2 2.5–3 4–5 
Pain  50.9 58.6 67.1 79.6 
Urinary 43.1 51.7 68.3 89.8 
Sleep dysfunction 47.9 60.6 75.4 81.6 
Fatigue 37.7 56.5 68.9 81.6 
Apathy 24.6 26.8 36.6 49.0 
Attention/memory 37.7 40.4 51.7 65.3 
Skin  14.4 19.8 34.5 32.7 
Psychiatric 61.1 63.3 73.2 83.7 
Respiratory 9.6 15.5 22.8 30.6 
Gastrointestinal 45.5 54.4 76.9 73.5 

Adapted from:  
Antonini A et al. The PRIAMO study: background, methods and recruitment. Neurol Sci 2008;29 (2):61–5.  
Barone P et al. The PRIAMO study: A multicenter assessment of nonmotor symptoms and their impact on quality of life in 
Parkinson's disease. Mov Disorders 2009;15;24(11):1641–9. 



NMS Distribution in PD Patients 

Mean SD Median 25° 
percentile 

75° 
percentile 

Min Max 

Number of NMS/patient 5.49 2.54 6.00 4.00 7.00 0.00 12.00 

1.4

4.9

7.2
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symptoms
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%

Barone et al. Mov Disord 2009 



Antonini et al. Two-year clinical follow-up of a cohort with Parkinson’s disease and other parkinsonisms: the PRIAMO study. Mov 
Disord 24, Suppl 1, 434 (Poster presented at the 13th International Congress of Parkinson’s Disease and Movement Disorders, Paris, 
France; June7-11, 2009.)  

N=134 

N=176 

N=163 

N=199 

N=202 

N=177 

N=207 

N=173 

N=113 

N=103 

N=213 



N=1072; score range between 0 (best health state) and 100 (worst health state) 

Adapted from: 
Antonini A et al. The PRIAMO study: background, methods and recruitment. Neurol Sci 2008;29(2):61-65. Barone P et al. The 
PRIAMO study: A multicenter assessment of nonmotor symptoms and their impact on quality of life in Parkinson's disease. Mov 
Disorders 2009;15;24(11):1641-9. 

Patients with NMS symptoms 
Patients without NMS symptoms 
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What we can learn from NMS in PD 
patients: Preclinical stage	


•  Possibility	
  of	
  early	
  diagnosis	
  and	
  early	
  treatment	
  of	
  PD	
  

Premotor	
  symptoms	
   Onset	
  before	
  motor	
  symptoms	
  

REM	
  sleep	
  behavioral	
  
disorder 

12	
  yrs	
  (up	
  to	
  20	
  yrs)	
  

Hyposmia 2-­‐7	
  yrs	
  

Cons4pa4on 10-­‐18	
  yrs	
  

Depression 3-­‐6	
  yrs	
  

Gaig C and Tolosa E. Mov Disord 24; Supp 2, 2009: 656-664 



•  Anorexia, upper abdominal fullness, bloating, 
pain, nausea, vomiting and reflux have been 
reported in naïve, recently diagnosed, PD 
patients (Eduards et al 1991; Harduff et al, 
2001) 

•  Naïve patients had significantly slower 
gastric emptying (Djaldetti et al, 1995; 
Harduff et al, 2001) 

Early Involvement  
of the Upper GI in PD 





 
 
 

Smell function declines with age 

Haehner	
  et	
  al	
  Park	
  Disease	
  2011	
  



The Sense of Smell and Early PD 

•  Olfactory deficit (detection, discrimination & 
identification) may precede PD motor symptoms by 
many years (Dotty et al, 1988; Tissingh et al, 2001; 
Ponsen et al, 2004) 

•  Abnormal olfaction in first degree relatives of PD 
patients (Montgomery et al, 1999), unaffected twins 
who later developed PD  (Ward et al, 1988; Dickson 
et al, 2001) and children of PD patients who later 
developed PD (Berendse et al, 2001). 

•  Using β CIT SPECT, healthy relatives with olfactory 
dysfunction had increased risk to develop 
dopaminergic dysfunction and PD (Berendse et al, 
2001; Siderowf et al, 2005)     



Tissingh Mov Dis 2001 

Smell and Parkinson



 
 
 

Olfactory function in PD (TD: tremor-dominant, AR: akinetic-
rigid, e: mixed type) and multiple system atrophy (MSA)  

Haehner	
  et	
  al	
  Park	
  disease	
  2011	
  





Why	
  Deficits	
  in	
  Olfac4on	
  and	
  Cogni4on	
  
maybe	
  Associated	
  

Silveira-Moriyama, et al.  
Neurosci Lett (2009);453:77-80 



Brain 2010;133:1747-54 

•   58 non-demented, moderate PD patients evaluated with UPSIT, 
neuropsychological assessment and AChE and VMAT2 PET imaging 
• Higher UPSIT scores were associated with better scores on episodic 
verbal learning (r = 0.30, P = 0.023) but not visual non-verbal memory 
(r = 0.18, P = 0.17), visuospatial function (r = 0.001, P = 0.99), 
attention (r = –0.05, P = 0.80) or executive function (r = 0.1, P = 0.46) 
or Global function as assessed with MMSE (r =           
0.25, P = 0.055) 
  
•  Multiple regression analysis controlling for 
age, dz duration and UPDRS score revealed 
a significant association between UPSIT 
scores correlated and limbic AChE activity (F 
= 8.1, P<0.0001) 



Group Differences in Demographics and Disease Characteristics 

Mov Dis  2011; 
26(11):2051-7 



Mov Dis 2011;26(11):2051-7 

Poorer	
  Olfactory	
  Iden4fica4on	
  is	
  Associated	
  
with	
  Psycho4c	
  Symptoms,	
  Poorer	
  Verbal	
  

Memory	
  and	
  Execu4ve	
  func4on	
  

Adjusted for age, sex, disease severity, duration and medication status 



Mov Dis (2011) 26:2045 

•  63	
  PD	
  pa4ents	
  divided	
  up	
  into:	
  
–  	
  	
  24	
  anosmic	
  (B-­‐SIT	
  ≤	
  5)	
  –	
  Mean	
  B-­‐SIT	
  3.7	
  
–  	
  	
  39	
  nonanosmic	
  	
  

•  33	
  hyposmic	
  (B-­‐SIT	
  <	
  9)	
  
•  6	
  normosmic	
  (B-­‐SIT	
  ≥	
  10)	
  

–  	
  	
  15	
  Controls	
  
•  4	
  hyposmic	
  (B-­‐SIT	
  <	
  9)	
  



Anosmic	
  PD	
  pa4ents	
  have	
  Poorer	
  Memory,	
  
Processing	
  Speed	
  and	
  Language	
  but	
  not	
  

Execu4ve	
  Func4on	
  Compared	
  to	
  Non-­‐anosmic	
  PD	
  

Mov Dis (2011) 26:2045 



Cohort	
  
N=272	
  

PD	
   Asymptoma2c	
  
LRRK2-­‐	
  
N=100	
  

LRRK2+	
  
N=89	
  

LRRK2-­‐	
  
N=53	
  

LRRK2+	
  
N=30	
  

Age	
  (y)	
  	
   55	
  ±	
  12	
   58	
  ±	
  11	
   58	
  ±	
  10	
   52	
  ±	
  11	
   42	
  ±	
  13	
  

Gender	
  
N(%)	
  male	
  

140	
  (52%)	
   62	
  (62%)	
   44	
  (50%)	
   21	
  (40%)	
   13	
  (43%)	
  	
  

Smokers	
  
N(%)	
  current	
  

44	
  (16%)	
   14	
  (16%)	
   10	
  (14%)	
   10	
  (24%)	
   10	
  (36%)	
  

Dura4on	
  (y)	
   8.6	
  ±	
  7.6	
  	
  	
   9.2	
  ±	
  8.3	
   7.9	
  ±	
  5.0	
   -­‐	
   -­‐	
  



Olfactory	
  impairment	
  is	
  not	
  influenced	
  by	
  LRRK2	
  status	
  in	
  PD	
  
Iden2fica2on	
   Discrimina2on	
  

Threshold	
   Total	
  score	
  

P<0.001	
  

P=0.48	
  

P<0.001	
   P<0.001	
  

P=0.024	
  

P=0.64	
  

P=0.64	
   P=0.91	
  

P<0.001	
   P<0.001	
  

P<0.001	
   P<0.001	
  



•  44	
  non-­‐demented	
  PD	
  pa4ents	
  assessed	
  at	
  
baseline	
  and	
  3	
  years	
  later	
  with	
  OSIT-­‐J,	
  
cogni4ve	
  baWery,	
  FDG-­‐PET	
  and	
  MRI	
  



PD	
  pa4ents	
  with	
  Severe	
  Hyposmia	
  have	
  much	
  
greater	
  Cogni4ve	
  Decline	
  over	
  next	
  3	
  years	
  



Subjects	
  who	
  Developed	
  Demen4a	
  Similar	
  to	
  others	
  except	
  for	
  Mild	
  
Cogni4ve	
  Impairment	
  and	
  Severe	
  Olfactory	
  Dysfunc4on	
  



Severely	
  Hyposmic	
  PD	
  Subjects	
  have	
  More	
  
Widespread	
  Cor4cal	
  Atrophy	
  at	
  Baseline	
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   Sarà possibile curare il 
Parkinson con le cellule 

staminali? 
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Embryonic Stem 
(ES) cells 
Totipotent Embryonic Germ 

(EG) cells 
(primordial germ cells) 

Pluripotent Cord Blood Stem cells 
Placental Stem cells 

Pluripotent or Multipotent 

Fetal Tissue 
Stem cells 
Pluripotent 

or 
Multipotent 

“Adult” Stem 
cells 

Pluripotent or 
Multipotent Bone 

marrow 
Multipotent 

Single-cell 
Embryo 

3-day 
Embryo 

5-7 day 
Embryo 

4-week 
Embryo 

6-week 
Embryo Infant Adult 

Teratocarcinoma 
(germ cell tumor) 

Human Developmental Continuum  
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n very low yield of dopaminergic cells 

n very low tissue availability  

n no proven efficacy in controlled trials 
Freed et al, NEJM 2001; Olanow et al, Ann Neurol 2003 

n “off- medication” dyskinesia- a serious  side- effect 

Fetal mesencephalic cells- problems 
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Transplantation of Embryonic Dopamine Neurons 
for Severe Parkinson's Disease (Denver–Columbia trial) 

Curt R. Freed, M.D., Paul E. Greene, M.D., Robert E. Breeze, M.D., Wei-Yann Tsai, Ph.D., 
William DuMouchel, Ph.D., Richard Kao, Sandra Dillon, R.N., Howard Winfield, R.N., 

Sharon Culver, N.P., John Q. Trojanowski, M.D., Ph.D., David Eidelberg, M.D., and Stanley 
Fahn, M.D.  

NEJM 2001;344(10):710-719 
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A double-blind controlled trial of bilateral fetal 
nigral transplantation in Parkinson's disease 

(Tampa–Mount Sinai trial)  
C. Warren Olanow, MD, Christopher G. Goetz, MD, Jeffrey H. Kordower, PhD, A. Jon Stoessl, 
MD, Vesna Sossi, PhD, Mitchell F. Brin, MD, Kathleen M. Shannon, MD, G. Michael Nauert, 

MD, Daniel P. Perl, MD, James Godbold, PhD, Thomas B. Freeman, MD  

Tyrosine 
hydroxylase 

Ann. Neurol. 2003;54(3):403-414 
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TH VMAT DAT 

Is PD a “prion-like” disorder? 
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Many years later…. 
Nat Med. 2008 May;14(5):507-9. Epub 2008 Apr 6. 
 
 

    Dopamine neurons implanted into people with 
Parkinson's disease survive without pathology for 
14 years. 

 
Mendez I, Viñuela A, Astradsson A, Mukhida K, Hallett P, Robertson H, Tierney 

T, Holness R, Dagher A, Trojanowski JQ, Isacson O. 
 
Postmortem analysis of five subjects with Parkinson's disease 9-14 years after 
transplantation of fetal midbrain cell suspensions revealed surviving grafts that 
included dopamine and serotonin neurons without pathology. These findings are 
important for the understanding of the etiopathogenesis of midbrain dopamine 
neuron degeneration and future use of cell replacement therapies. 
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101 

 
 Stem Cells 
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1998;282(5391):1145-1147 
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Embryonic stem cells  
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Hematopoietic 
stem cells 

stromal 
stem cells 

Bone marrow cells  

10
4 
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Mesenchymal stem cells potential 


