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Li et a., Nature Medicine, 2009



Grafts of dopsa
into the striatum \
expression of alpha s

Note the physical segregation of
the graft (brown) and gene
delivery (black)
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RESEARCH ARTICLE

Beyond Nine Years of Continuous Subthalamic Nucleus Deep Brain
Stimulation in Parkinson’s Disease

Maurizio Zibetti, MD, PnD, Arstide Marola, MD, Laura Rz, PhD, Valara Ricchy, MD, Serana Angrsano, MD,
Comado Azzaro, MD, Caro Albarto Artusl, Nichy Arduino, Akca Marchisio, Michala Lanotte, MD, Maro Rizzona, MD,
and Leonardo Lopano, MD, PhD
Depariment of Newroaclence, Unwersity of Tonno, Torino, Maly

ABSTRACT: Deeap brain stimulation of the subtha-
lamic nudleus is an effective treatment for advanced
Parkinson's disease. The banefits of bilateral subthala-
mic stimulation are wall documented, and some studies
reported outcomes with a fdlow-up of 5 to 6 years;
navartheless, few data ams available beyond 5 years.
We raport a long-term prospactive evaluation of 14 con-
sacutive parkinsonian patients, treated by bilateral sub-
thalamic stimulation for at least 9 ysars. Motor
symptoms, activity of daily living, and motor complica-
tions wera evaluated by means of the Unifled Parkin-
son's Disease Rating Scale, while cognition and mood
were assessed with a specific nauropsychological test
battery, medication intake, stimulation pamameters,
comorbidity, and adverse avents werme also recordad.
Patients were evaluated before surgery and at 1, 5, and
=9 years after surgery. At last follow-up, deep brain

stimulation significantly improved the motor score by
42% compared to baseline, whereas activities of daily
living were no longer improved, there was a 38% raduc-
tion in the dosage of dopaminergic drugs and a
58% improvement of -doparelated motor complica-
tions. The neuropsychaological assessmant showead that
4 patierts (29%) developed a significant cognitive
dadline over the follow-up period. These rasults indicate
a persistent effect of deep brain stimulation of the
subthalamic nucleus on the cardinal motor symptoms in
advanced Parkinson's disease patients in the long-term;
however, a worsening of patients' disability, mainly
due to disease prograssion, was observed. © 2011
Moverment Disordar Sociaty

Key Words: Parkinson's disease; deep brain stimula-
tion; subthalamic nucleus; long-term follow-up




The motor

constipation, n to believe

these symptoms placement.

The patient population that would benefit from DA cell
replacement Is the same one that would benefit from DBS.

The symptoms that would benefit from cell replacement are the
same ones that would benefit from DBS (levodopa responsive
symptoms).

There is no evidence that the graft would be neuroprotective
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Preservation of
TH-ir nigral
perikarya by

AAV?2-neurturin
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AAV2-NTN injected
into terminal fields
8 (putamen)

NTN-induced upregulation of DA
terminals which induce clinical
benefit

\‘/\ | transported to cell bodies in nigra
[ to induce activation of repair
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Bartus et al, Mov Disord 2011




Arizona
cohort

Disease
durations

Australia
cohort
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durations
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11 years PD 14 years PD 15 years PD

18 years PD 19 years PD 22 years PD 27 years PD
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5 years PD
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® Melanzed neurons in Controls
* Melanized neurons in PD patients

Cell density (neurons / mm3)

0
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Time from PD diagnosis (years)

® TH.ir newrons in Controls
¢ TH-ir neurons in PD patients

Average cell density for age-maiched controls

Cell density (neurons / mm3)
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Chu et al., Brain 2012
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OD of
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nigral
neurons
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nigral
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AAV2-NTN injected
into terminal fields
8 (putamen)

Robust enhancement of DA
axons and enhanced clinical
benefit

“R S an ™ "

f AAV2-NTN injected
~ directly into SNc
\




Parkinson disease

Crohn’s disease

Control







Ulcerative
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Aged-Matched
Control




Shannon et al. Movement Disorders ,2012



24-hour sucralose excretion




100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Healthy Lumen

Healthy sigmoid

Parkinson lumen

Parkinson's sigmoid




Induced Pluripotent Stem (iPS) Cells

Cellular studies
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PD-Patient Derived iPS-DA Neurons Reduce Motor
Asymmetry in PD Rats
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Human Embryonic Stem Cells
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Slide provided by Anders Bjorklund



fived Human DA Neurons in PD Monkey (3-IM




Transplanted HESC-DA cell Retain Midbrain Morphology in MPTP Rhesus Monkey




opaminergic Phenotype & Cell Morpholog

HESC-DA MPTP Rhesus-1 HESC-DA MPTP Rhesus-2

Transplanted HESC-DA Cells Are Similar to Fetal VM Dopaminergic Phenotype



Transplanted HESC-DA Cells Express Midbrain Specific Transcription Factor FoxA2



jved Human DA Neurons in PD Monkey (3-

Transplanted Human Cells Survive and Project Fibers in MPTP Rhesus Monkey
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Transplanted Neurons Retain Dopaminergic Characteristics Up to 3-Months




8t Inmune Reaction (LN3) to Grafted HESC

Transplanted HESC-DA Cells Induce Host Immune Reaction in MPTP Rhesus Monkey







DA Content: Patamen HVA/DA: Putamen
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DA neuron function
a Young vtSN b Old vtSN ¢ Young VTA d OldVTA

Protein mislocalization Ubiquitin proteasome system Lysosomal system
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induced rotational behavior in rats of varying age and lesio

implantation of DA neuron grafts.

Dopamine Neuron Grafts in Rats of Varying Age and Lesion Duration:

Net Ipsilateral Rotations
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ative ventral mesencephalic tissue grafts in rats of varying age and lesion

et | 1¢ JoOurnal of Neuroscience




Normal DA content (%)

3

Stochastic
interaction
between

multiple factors

PD (accelerated DA loss)

Threshold for PD

Time (yrs)

Normal ageing

b UPS

dysfunction

Unknown DA
factors metabolism
d Compénsatory l DA neuron
mechanisms dysfunction
and death

X A %

Oxidative and

Inflammation i x
nitrative stress

Mitochondrial
damage

P

Accelerants

» Genetic predispositions
* Environmental toxins

» Cellular predispositions
* Prenatal infections

* Unknown factors




* Great strides hav abpropriate
phenotypic expression of gr need to improve the
pace and extent of fiber outgrowth remains.

The absence of a need to rely on the host system may put cell
replacement in a competitive advantage when compared to gene
therapy and trophic factor approaches that replay in the presence
of a viable host system
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